CHAPTER 18

ENDOCRINE ASSESSMENT

INTRODUCTION
Background

The essential role of membrane and intracellular receptors in human endocrine function
has been firmly established and extensively studied (1). In animal models, much of the basic
research into the mechanism of dioxin endocrine toxicity has focused on the dioxin-binding
aryl hydrocarbon (Ah) receptor, which is superficially similar to endocrine receptors that
mediate function of the thyroid, adrenal, and gonadal hormones. This receptor has been
recently cloned and rapid progress can be expected in elucidating the taxonomy of this
protein. Dioxin has been reported in previous studied to have several endrocrine effects.
Although such receptors have not been isolated in human pancreatic (islet cell) tissue, one
previous (2) and two recent (3,4) reports have raised the possibility that 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD, or dioxin) may be associated with impaired glucose
metabolism.

As documented in previous (5-8) and more recent (9-13) animal studies, the thyroid is a
target organ for TCDD toxicity though the mechanism is not clearly defined. Several reports
have proved that dioxin-induced changes in thyroid indices (serum thyroxin [T,],
triiodothyronine [T;] and thyroid stimulating hormone [TSH]) can be directionally different
with definite species and strain specificity (12,13).

The finding in laboratory animals of physicochemical similarities between the
dioxin-binding Ah and glucocorticoid (GRc) receptors (14,15) has prompted additional
studies of the interaction of TCDD with other steroid hormones. Concern about the potential
for harmful reproductive outcomes in humans, particularly veterans exposed to herbicides
during the Vietnam War, has driven much of the basic research into the effects of dioxin on
estrogen and androgen metabolism. A recent article provides a comprehensive summary of
the extensive research into the developmental toxicity and teratogenicity of TCDD in
laboratory animals (16).

In an early study, Kociba and colleagues defined the anti-estrogen effect of dioxin and
documented a reduction in the incidence of estrogen-dependent uterine and mammary
neoplasms in TCD-treated Long-Evans rats (17). Some of TCDD’s estrogen-antagonistic
effects appear to be mediated through the Ah receptor (18-20), while others mimic the action
of progesterone (21,22). Additional studies (23,24), including recent experiments employing
human breast cancer cell cultures (25-26), have implicated enzyme induction with accelerated
estradiol metabolism as the basis for TCDD’s estrogen-antagonistic effect.

Experimental studies have documented numerous adverse male reproductive effects in

laboratory animals exposed to TCDD, including reduced testicular weight, impaired
spermatogenesis, decreased testicular testosterone secretion, and atrophy of the androgen-
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sensitive seminal vesicles and epididymis (27-30). Although TCDD administration is
associated with diminished testicular testosterone secretion in rats (31,32), the mechanism is
unclear and may involve the hypothalamic-pituitary axis. In rats, TCDD inhibits the
secretion of luteinizing hormone (LH) by the pituitary gland, a reaction associated with
androgen deficiency, and also inhibits the response of the pituitary to gonadotropin-releasing
hormone (GnRH) secreted by the hypothalamus (33-35).

Other experiments have explored the effects of TCDD on the pituitary and the
hypothalamus (36,37). The use of microsurgical techniques in female rats revealed that
TCDD toxicity is aggravated by hypophysectomy, with a sparing effect noted upon
administering either corticosterone or thyroid hormone (36). Another study defined a
biochemical basis for the effect of TCDD on prolactin levels, controlled by the
adenohypophysis in female rats (38).

The relevance of these experimental studies to endocrine disease in humans is uncertain,
but the reports cited above (2-4) have raised the possibility that TCDD exposure is associated
with altered glucose metabolism and an increased risk for diabetes. In the serum dioxin
analyses of examination data collected in 1987-88 (4), Ranch Hand participants with the
highest serum dioxin levels were nearly three times more likely to have elevated fasting
blood sugar than were their Comparisons. Similarly, in a preliminary report from the
National Institute for Occupational Safety and Health (NIOSH), an increased incidence of
diabetes was found in workers exposed to dioxin (mean serum TCDD level of 220 ppt)
versus unexposed controls (mean level of 7 ppt) (39).

Summary of Previous Analyses of the Air Force Health Study
1982 Baseline Study Summary Results

A comprehensive laboratory evaluation of the endocrine system was used for analysis in
the Baseline examination in 1982. Five measures of endocrine status were assessed: T, %
uptake, T,, free thyroxine index (FTI), testosterone, and 2-hour postprandial glucose.

Because technical capability did not exist to reliably perform serum dioxin evaluation in
1982, serum samples were collected and frozen for possible later analysis, but no models
based on actual dioxin level were accomplished in 1982.

Results showed significant group differences for T,;% uptake (abnormally low),
predominantly in Ranch Hands 40 years old or younger; the highest percentage of
abnormalities was in those with high percent body fat. No group difference was noted for
elevated 2-hour postprandial glucose values, and, as expected, the prevalence of abnormal
values was associated with increased age and higher percent body fat. Lower testosterone
values also were associated with increased age and higher percent body fat. Higher mean
testosterone values (although still within normal range) were significantly more prevalent in
the Ranch Hand group. Significant mean shifts were not noted for the T;% uptake, T,, and
FTI variables.
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These data, coupled with the animal literature on the profound influence of the
endocrine system on lethality and body fat metabolism following TCDD exposure, clearly
underscored the importance of evaluating the endocrine system more comprehensively, as in
the subsequent followup examinations.

1985 Followup Study Summary Results

Questionnaire and review-of-systems data for past thyroid disease were essentially
equivalent in both the Ranch Hand and Comparison groups. These historical data were
confirmed by medical record reviews. Physical examination findings were necessarily
limited to data from palpation of thyroid glands and testicles; the unadjusted results showed
no significant group differences.

Evaluation of the endocrine system was conducted primarily by laboratory testing. The
thyroid test battery consisted of T;% uptake and TSH, as determined by radioimmunoassay
(RIA) techniques. Testosterone, initial cortisol, differential cortisol (the difference between
the initial and 2-hour cortisol levels), and 2-hour postprandial glucose levels also were
analyzed. The T,% uptake data showed no group differences for either mean values or
frequency of abnormally low or high values. TSH results revealed a significantly higher
mean level in the Ranch Hand group, but this difference was not detected by discrete analysis
of the proportions of abnormally high TSH results.

The mean level of testosterone remained significantly elevated among Ranch Hands as
contrasted with Comparisons in the 10 to 25 percent body fat category, but this difference
was not reflected in the discrete analyses. For the few participants with less than 10 percent
body fat (six Ranch Hands, four Comparisons), mean testosterone levels were lower for
Ranch Hands than for Comparisons.

Two timed cortisol specimens showed no significant group differences in mean values
and percent abnormalities. The difference between the timed cortisol results, termed the
“differential cortisoi,” showed no significant group differences for non-Blacks or Blacks born
before 1942, but Black Ranch Hands born in or after 1942 had a lower mean differential
cortisol level than did their Comparisons.

Group means of 2-hour postprandial glucose levels were not statistically different, but
discrete analyses revealed that there was a significantly higher frequency of glucose-impaired
(at least 140 mg/dl, but less than 200 mg/dl) Comparisons than Ranch Hands. A constructed
variable, comprising known diabetics and individuals classified as diabetic by the glucose
tolerance test, showed no difference between the Ranch Hand and Comparison groups. As
expected, past and current diabetes were highly influenced by the covariates age, race, and
percent body fat.

1987 Followup Study Summary Results
The endocrinologic assessment did not disclose any statistically significant differences

between the Ranch Hand and Comparison groups. The percentage of participants who
indicated problems with current thyroid disease was similar between groups, as were the
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percentages of thyroid and testicular abnormalities determined by palpation at the physical
examination. Of the six laboratory examination variables examined—T,% uptake, TSH,
follicle stimulating hormone (FSH), testosterone, 2-hour postprandial glucose, and a composite
diabetes indicator—the Ranch Hand TSH mean was marginally higher than the Comparison
TSH mean, a finding that was statistically significant at the 1985 examination. Ranch Hand
and Comparison mean levels for the other laboratory variables, including testosterone, were
similar. For all laboratory variables, the percentage of Ranch Hands with abnormal values
was higher than that of Comparisons with abnormal values, but none of these differences were
statistically significant. Group differences for fasting glucose, analyzed in the gastrointestinal
assessment, also were nonsignificant.

Serum Dioxin Analysis of 1987 Followup Study Summary Results

The endocrine assessment found a strong association between initial dioxin and an
increase in diabetes and testes abnormalities. However, the analyses of current dioxin levels
in Ranch Hands and Comparisons indicated that the increased risk was only apparent for
Ranch Hands in the high current dioxin category (>33.3 ppt, n=187). These Ranch Hands
also had significantly higher mean levels of TSH, fasting glucose, and 2-hour postprandial
glucose than background Comparisons, as well as lower mean levels of T,% uptake and
testosterone. The discrete analyses of these variables found a significant increase in
abnormally elevated fasting glucose levels and diabetic 2-hour postprandial glucose levels.

Parameters for the Endocrine Assessment
Dependent Variables

Questionnaire, physical examination, and laboratory data collected at the Air Force
Health Study (AFHS) 1992 followup were used in the endocrine assessment. The self-
reported information collected from the 1992 questionnaire were subsequently verified and
analyses were based on the verified data.

Medical Records Data

The 1992 questionnaire posed a general screening question on thyroid function and
disease. Each participant was asked during the face-to-face health interview, “Since the date
of the last interview, has a doctor told you for the first time that you had thyroid problems?”
All affirmative responses were verified by medical record review and added to physical
examination data and previously reported and verified information on the thyroid function
from the 1982 Baseline, the 1985 followup, and the 1987 followup for each participant.
Based on the verified data, history of thyroid disease (interviewer-administered) was classified
as “yes” or “no.” Participants with a pre-SEA history of thyroid disease were excluded from
the analysis of the history of thyroid disease variable.

Similar information was asked of each participant regarding diabetes. This information
also was verified and combined with previous information. Participants with a verified
history of diabetes were combined with those participants with a 2-hour postprandial glucose
level of 200 mg/dl or greater at the 1992 physical examination and classified as “yes” for a
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composite diabetes indicator variable. Those participants without a verified history of
diabetes and with a 2-hour postprandial glucose level of less than 200 mg/d] at the 1992
physical examination were classified as “no.” This composite diabetes indicator, derived from
medical records review and laboratory results, was analyzed as part of the endocrine
assessment. This variable also was used to distinguish diabetics from nondiabetics. The
percentage of participants classified as diabetic at each of the examinations (1982, 1985, 1987,
and 1992) are presented in the longitudinal analysis of the composite diabetes indicator (refer
to Table 18-71).

As part of the 1992 questionnaire, questions were asked of diabetics regarding the use of
insulin, oral diabetes medication, and diet. This self-reported information was verified and a
diabetic severity index was constructed and analyzed for all participants. This index was
categorized as “insulin dependent,” “oral hypoglycemics,” “diet only,” or “no treatment” for
diabetics and “no diabetes” for nondiabetics.

The date on which a participant was diagnosed with diabetes was used to create a time to
diabetes onset variable, by determining the number of years between the date of diagnosis and
the end date of the last time of duty in SEA. The number of years for those participants who
have not been diagnosed with diabetes, which includes participants with a 2-hour postprandial
glucose level of > 200 mg/dl at the 1992 physical examination but not yet diagnosed with
diabetes, is the number of years between the 1992 examination date and the end date of the
last time of duty in SEA.

Participants with a pre-SEA history of diabetes were excluded from the analyses of the
composite diabetes indicator, the diabetic severity variable, and the time to diabetes onset
variable. Additionally, any participant who developed diabetes during his time of duty in
SEA was excluded from the time to diabetes onset variable.

Physical Examination Data

The physical examination of the endocrine function included manual palpation of the
thyroid gland and ultrasound techniques to determine testicular abnormalities. Thyroid
abnormalities consisted of enlarged gland, tenderness, presence of nodules, or thyroidectomies.
Ultrasound techniques for the assessment of abnormal testes and measurement of testicular
volume are new to the AFHS for the 1992 followup and represent a major enhancement over
previous cycles, which relied on a more subjective measure determined from manual
palpation. Participants with pre-SEA history of thyroid disease or taking thyroid medication
were excluded from the analysis of the thyroid gland. For the analysis of the testicular
volume, participants with orchiectomies were excluded.

In addition, analyses restricted to diabetic participants were performed for several
variables. Variables generated from the physical examination include retinopathy results,
neuropathy results, and leg and peripheral Doppler pulse data (radial, femoral, popliteal,
dorsalis pedis, posterior tibial, all leg, and all peripheral pulses). Pulse data based on all
participants are analyzed in the cardiovascular assessment (see Chapter 15). Participants with
pre-SEA diabetes were excluded from the analyses of these variables.
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Laboratory Examination Data

For the 1992 followup, 14 laboratory variables were analyzed statistically in the
endocrine assessment for all participants. TSH (uIU/ml), T, (ug/dl), LH (mIU/ml), and FSH
(mIU/ml) were conducted by immunoassays based on chemiluminescence technology.
Measurements for fasting glucose (mg/dl) were made using Paramax® equipment. F asting
urinary glucose analyses were conducted by accepted dipstick methods using a Clinitek 200®
analyzer. Anti-thyroid antibodies, serum insulin (mIU/ml), serum glucagon (pg/ml), total
testosterone (ng/dl), free testosterone (pg/ml), sex hormone binding globulin (nmol/1), and
estradiol (pg/ml) were conducted by radioimmunoassay (RIA). An automated column
chromatography analyzer was used to measure a-1-C hemoglobin (percent). An additional
variable, the ratio of total testosterone to sex hormone binding globulin, also was analyzed.

Also, laboratory results for fasting glucose, fasting urinary glucose, serum insulin, serum
glucagon, and a-1-C hemoglobin were analyzed separately for diabetics. Urinary protein,
serum proinsulin (ng/ml), and serum C peptide (ng/ml) also were analyzed for diabetics only.
Original plans were to analyze islet cell antibodies (present or absent) for diabetics, but no
participant had islet cell antibodies present.

The Nichols Institute laboratory performed the serum proinsulin assays. Elevated serum
proinsulin is often a result of insulinoma, a benign or malignant islet cell tumor of the
pancreatic islets. The proteinuria measurement, while being an indicator of the renal function,
is also important in the endocrine assessment because urinary protein is often present in
diabetics.

Also, laboratory results for fasting glucose, fasting urinary glucose, serum insulin, serum
glucagon, and a-1-C hemoglobin were analyzed with the analysis restricted to nondiabetics.
In addition, the analyses of 2-hour postprandial glucose and 2-hour postprandial urinary
glucose were restricted to nondiabetics only. Measurements for 2-hour postprandial glucose
(mg/dl) were made using Paramax® equipment. Analyses for 2-hour postprandial urinary
glucose were conducted by accepted dipstick methods using a Clinitek 200® analyzer. The
100-gram glucose load for the postprandial assays was standardized by the use of Glucola®
and was not given to diabetics.

All laboratory variables were analyzed in both discrete and continuous forms except for
anti-thyroid antibodies, fasting urinary glucose, 2-hour postprandial urinary glucose, urinary
protein, sex hormone binding globulin, and the total testosterone to sex hormone binding
globulin ratio. These variables were analyzed as discrete variables only. Sex hormone
binding globulin and the total testosterone to sex hormone binding globulin ratio were
categorized as “low” or “normal.” The cutpoints for sex hormone binding globulin were
based on Scripps Clinic and Research Facility (SCRF) reference values. For the total
testosterone to sex hormone binding globulin ratio, “low” is defined as the 10th percentile of
all data, because the clinical cutpoints have not been determined. Sex hormone binding
globulin and the total testosterone to sex hormone binding globulin ratio only were analyzed
as discrete variables due to the large percentage of sex hormone binding globulin
measurements below the minimum level of detection. The other variables were dichotomized
as “present” or “absent.”
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The cutpoints for the discrete analyses of other laboratory variables also were based on
SCRF reference values. TSH, T,, serum insulin, and serum C peptide were categorized as
“abnormally low,” “normal,” and “abnormally high.” However, due to sparse sample sizes,
the “abnormally low” category was combined with the “normal” category for TSH and serum
C peptide. For T,, the “normal” and “abnormally high” categories were combined. The
results for 2-hour postprandial glucose were coded as “normal” and “impaired.” All other
laboratory variables were dichotomized as “normal” or “abnormal” (abnormally high for all
variables, except for total testosterone and free testosterone, which were classified according
to abnormally low values).

Participants with thyroidectomies, a pre-SEA history of thyroid disease, or who are
taking thyroid medication were excluded from the analyses of TSH, T,, and anti-thyroid
antibodies. For total and free testosterone, sex hormone binding globulin, and the total
testosterone to sex hormone binding globulin ratio, participants with orchiectomies and those
taking testosterone medication were excluded. Participants with pre-SEA diabetes were
excluded from the analysis of fasting glucose, 2-hour postprandial glucose, fasting urinary
glucose, 2-hour postprandial urinary glucose, serum insulin, serum glucagon, a-1-C
hemoglobin, urinary protein, serum proinsulin, and serum C peptide. Due to a change in the
preservative used to stabilize glucagon in blood samples, data from examination groups 68 to
81 were excluded from the analysis of the serum glucagon measurements. The batch of
preservative purchased after group 67 was claimed, by the manufacturer, to be identical to the
previous product, which was no longer available, but was later discovered to contain
differences.

Covariates

The endocrine assessment includes the effects of the covariates age, race, and military
occupation in the adjusted analyses of all variables. To adjust for the effects of stress on
endocrinologic measures, personality type was an additional covariate for all variables except
estradiol, luteinizing hormone, and FSH. Body fat was included in the adjusted analyses of
all variables except the thyroid-related variables (past thyroid disease, thyroid gland
abnormalities, TSH, T,, and anti-thyroid antibodies), estradiol, luteinizing hormone, and FSH.

Age and body fat were treated as continuous variables for all adjusted analyses and
categorized, as necessary, for interaction presentations. Personality type was determined from
the Jenkins Activity Survey administered at the 1992 examination. This variable was derived
from a discriminant function equation based on questions that best discriminate men judged to
be Type A from those judged to be Type B (40). Positive scores reflected the Type A
direction; negative scores reflected the Type B direction. This variable was dichotomized into
Type A and Type B for all analyses.

Body fat, a measure of the relative body mass of an individual derived from height and
weight recorded at the physical examination, was computed by the following formula (41).
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Weight (kg)
[Height (m))?

Body Fat (in percent) = x 1.264 - 13.305.

In its discrete form, this variable was dichotomized as lean or normal (<25%) and obese
(>25%).

Each participant was asked in the 1992 questionnaire whether anyone in his immediate
family ever had diabetes or sugar diabetes. A family history of diabetes covariate was
constructed from this question and used in adjusted analyses of all diabetic-related dependent
variables, including variables analyzed for diabetics only.

As described above, analyses restricted to diabetic participants were conducted for a
number of dependent variables. For these analyses, a diabetic severity index was constructed
and used as a covariate. This covariate was categorized as “insulin dependent,” “oral
hypoglycemics,” “diet only,” or “no treatment,” and remained in the adjusted model
throughout the stepwise model reduction.

The analyses of the pulse variables also were adjusted for lifetime cigarette smoking
history, current cigarette smoking, lifetime alcohol history, current alcohol use, cholesterol,
high-density lipoprotein (HDL), cholesterol-HDL ratio, family history of heart disease, and
family history of heart disease before the age of 45, in the same manner as the analysis for
the cardiovascular assessment (see Chapter 15). Based on the preliminary analyses in the
cardiovascular assessment, the subset of these covariates used in the adjusted analyses were
lifetime cigarette smoking history, current cigarette smoking, lifetime alcohol history, total
cholesterol, HDL, and family history of heart disease.

Cutpoints for serum insulin, serum glucagon, serum proinsulin, and serum C peptide
were dependent on whether the participant was fasting. Consequently, normal and abnormal
levels for these variables were constructed according to a participant’s laboratory value and
fasting status at the physical examination. The fasting status-specific cutpoints are listed in
Table 18-1. Additionally, a variable that designates a participant’s fasting status was used in
the continuous analyses of these variables.

Statistical Methods

Chapter 7, Statistical Methods, describes basic statistical methods used throughout this
report. Table 18-1 summarizes the statistical analyses that were done for the endocrine
assessment. The first part of this table describes the dependent variables and identifies the
candidate covariates and the statistical methods. The second part of this table further
describes the candidate covariates. Abbreviations used in the body of the table are defined at
the end of the table. Dependent variable data were missing for some participants. The
number of participants with missing data and those excluded due to medical reasons and pre-
Southeast Asia (SEA) time of duty in SEA conditions are provided in Table 18-2.
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Table 18-1.
Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data ' Candidate Statistical
Variable (Units) Source Form  Cutpoints Covariates Analyses
Past Thyroid Disease MR-V D Yes AGE, RACE, U:LR,CS
No OCC,PERS A:LR
Composite Diabetes MR-V/ D Yes (diabetic): AGE,RACE, U:LR,CS
Indicator LAB Verified OCC,PERS, A LR
History or BFAT, L:LR
=200 mg/dl 2- FAMDIAB
hr. post-
prandial glucose
No: Otherwise
Diabetic Severity MR-V D Insulin Dependent  AGE,RACE, U:PR,CS
Oral OCC,PERS, A:PR
Hypoglycemics  BFAT,
Diet Only FAMDIAB
No Treatment
No Diabetes
Time to Diabetes Onset MR-V/ C -- AGE,RACE, U:GLM
(years) LAB/ OCC,PERS, A:GLM
MIL BFAT,
FAMDIAB
Thyroid Gland PE D Abnormal AGE RACE, U:LR,CS
Normal OCC,PERS A:LR
Testicular Volume: PE C -- AGE,RACE, U:GLM,TT
Minimum (cm?®) OCC,PERS, A:GLM
BFAT
Testicular Volume: Total PE C - AGE.RACE, U.GLM,TT
(cm®) OCC,PERS, A:GLM
BFAT
Retinopathy Results PE D Abnormal AGE RACE, U:LR,CS
{Diabetics only) Normal OCC,PERS, A:LR
BFAT,
FAMDIAB,
DIABSEV
Neuropathy Results PE D Abnormal AGE,RACE, U:LR,CS
(Diabetics only) Normal OCC,PERS, A:LR
BFAT,
FAMDIAB,
DIABSEVY
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Table 18-1. (Continued)

Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data
Variable (Units) Source Form Cutpoints

Candidate Statistical
Covariates Analyses

Radial Pulses (Doppler) PE D Abnormal
(Diabetics only) Normal

Femoral Pulses (Doppler) PE D Abnormal
(Diabetics only) Normal

Popliteal Pulses (Doppler) PE D Abnormal
{Diabetics only) Normal

AGE,RACE, U:LR,CS
OCC,PERS, A:LR
BFAT,

FAMDIAB,

DIABSEV,

PACKYR,

CSMOK,

DRKYR,ALC,
CHOL,HDL,
CHOL/HDL,

HRTDIS,

HRTDIS45

AGE,RACE, U:LR,CS
OCC,PERS, A:LR
BFAT,

FAMDIAB,

DIABSEV,

PACKYR,

CSMOK,

DRKYR,ALC,

CHOL HDL,
CHOL/HDL,

HRTDIS,

HRTDIS45

AGE,RACE, U:LR,CS
OCC,PERS, A:LR
BFAT,

FAMDIARB,

DIABSEYV,

PACKYR,

CSMOK,

DRKYR,ALC,
CHOL,HDL,
CHOL/HDL,

HRTDIS,

HRTDIS45
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Table 18-1. (Continued)
Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source - Form  Cutpoints Covariates Analyses

Dorsaiis Pedis Pulses PE D Abnormal AGE,RACE, U:LR.CS
(Doppler) Normal OCC,PERS, ALR
(Diabetics only) BFAT,

FAMDIAB,
DIABSEV,
PACKYR,
CSMOK,
DRKYR,ALC,
CHOL,HDL,
CHOL/HDL,
HRTDIS,
HRTDIS45

Posterior Tibial Pulses PE D Abnormal AGE,RACE, U:LR,CS
(Doppler) Normal OCC,PERS, A:LR
(Diabetics only) BFAT,

FAMDIAB,
DIABSEV,
PACKYR,
CSMOK,
DRKYR,ALC,
CHOL HDL,
CHOL/HDL,
HRTDIS,
HRTDIS45

Leg Pulses (Doppler) PE D Abnormal AGE RACE, U:LR,CS
(Diabetics only) Normal OCC,PERS, A'LR
BFAT,
FAMDIAB,
DIABSEYV,
PACKYR,
CSMOK,
DRKYR,ALC,
CHOL HDL,
CHOL/HDL,
HRTDIS,
HRTDIS45
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Table 18-1. (Continued)
Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source Form Cutpoints - Covariates Analyses
Peripheral Pulses PE D Abnormal AGE,RACE, U:LR,CS
(Doppler) Normal OCC,PERS, A:LR
(Diabetics only) BFAT,
FAMDIAB,
DIABSEV,
PACKYR,
CSMOK,
DRKYR,ALC,
CHOL,HDL,
CHOL/HDL,
HRTDIS,
HRTDIS45
Thyroid Stimulating LAB D/C Abnormal High: AGE,RACE, U:PR,CS,GLM,
Hormone (TSH) >55 OCC,PERS TT
(pIU/ml) Normal: <5.5 A:PR,GLM
L:PR,GLM
Thyroxine (T,) (ug/dl) LAB D/C Abnormal Low: AGE,RACE, U:PR,CS,GLM,
<4.8 OCC,PERS TT
Normal: =4.8 A:PR,GLM
Anti-Thyroid Antibodies LAB D Present AGE,RACE, U:LR,CS
Absent OCC,PERS A:LR
Fasting Glucose (mg/dl) LAB D/C Abnormal High: AGE,RACE, U:LR,CS,GLM,
(All participants) >115 OCC,PERS, 1T
Normal: <115 BFAT, A:LR,GLM
FAMDIAB L:LR,GLM
(Diabetics only) AGE,RACE, U:LR,CS,GLM,
OCC,PERS, TT
BFAT, A:LR,GLM
FAMDIAB,
DIABSEV
(Nondiabetics only) AGE,RACE, U:LR,CS,GLM,
OCC,PERS, TT
BFAT, A:LR,GLM
FAMDIAB
2-Hour Postprandial LAB D/C Impaired: 140- AGE,RACE, U:LR,CS,GLM,
Glucose (mg/dl) <200 OCC,PERS, TT
(Nondiabetics only) Normal: <140 BFAT, A:LR,GLM
FAMDIAB L:LR,GLM
Fasting Urinary Glucose LAB D Present AGE RACE, U:LR,CS
(All participants) Absent OCC,PERS, A:LR
BFAT,
FAMDIAB
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Table 18-1. (Continued)
Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source Form  Cutpoints Covariates Analyses
{Diabetics only) AGE,RACE, U:LR,CS
OCC,PERS, A:LR
BFAT,
FAMDIAB,
DIABSEV
(Nondiabetics only) AGE,RACE, U:Frequencies
OCC,PERS,
BFAT,
FAMDIAB
2-Hour Postprandial LAB D Present AGE,RACE, U:LR,CS
Urinary Glucose Absent OCC,PERS, A:LR
(Nondiabetics only) BFAT,
FAMDIAB
Serum Insulin (mIU/ml) LAB D/C Abnormal Low: AGE,RACE, U:PR,CS,GLM,
(All participants) > 18 (nonfast.) OCC,PERS, T
Normal: BFAT, A:PR.GLM
18-56 (nonfast.) FAMDIAB,
0-30 (fasting) FAST
Abnormal High:
> 56 (nonfast.)
>30 (fasting)
(Diabetics only) AGE,RACE, U:PR,CS,GLM,
OCC,PERS, TT
BFAT, A:PR,GLM
FAMDIAB,
DIABSEV FAST
{Nondiabetics only) AGE RACE, U:PR,CS,GLM,
OCC,PERS, TT
BFAT, A:PR,GLM
FAMDIAB,
FAST
Serum Glucagon (pg/mi) LAB D/C Abnormal High: AGE,RACE, U:LR,CS,GLM,
(All participants) >200 OCC,PERS, T
(nonfast.) BFAT, A:LR,GLM
>130 (fasting) FAMDIAB,
Normal: FAST
=200
{nonfast.)
<130 (fasting)
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Table 18-1. (Continued)
Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source Form  Cutpoints Covariates Analyses
(Diabetics only) AGE RACE, U:LR,CS,GLM,
OCC,PERS, TT
BFAT, A:LR.GLM
FAMDIAB,
DIABSEV FAST
(Nondiabetics only) AGE,RACE, U:Frequencies,
OCC,PERS, GLM, TT
BFAT, A:GLM
FAMDIAB,
FAST
«-1-C Hemoglobin LAB D/C Abormal High: AGE,RACE, U:LR,CS,GLM,
(percent) >17.3 OCC,PERS, TT
(All participants) Normal: <7.3 BFAT, A:LR,GLM
FAMDIAB
(Diabetics only) AGE,RACE, U:LR,CS,GLM,
OCC,PERS, TT
BFAT, A:LR,GLM
FAMDIAB,
DIABSEV
(Nondiabetics only) AGE,RACE, U:LR,CS,GLM,
OCC,PERS, TT
BFAT, A:LR,GLM
FAMDIAB
Urinary Protein LAB D Present AGE,RACE, U:LR,CS
(Diabetics only) Absent OCC,PERS, A:LR
BFAT,
FAMDIABE,
DIABSEV
Serum Proinsulin (ng/ml) LAB-N D/C Abnormal High: AGE,RACE, U:LR,CS,GLM,
(Diabetics only) >2.1 (nonfast.) OCC,PERS, TT
>0.2 (fasting) BFAT, A:LR,GLM
Normal: FAMDIAB,

=2.1 (nonfast.) DIABSEV,FAST
<0.2 (fasting)

Serumn C Peptide (ng/ml) LAB D/C Abnormal High: AGE,.RACE, U:PR,CS,GLM,
(Diabetics only) <5.6 (nonfast.) OCC,PERS, TT
<4.0 (fasting) BFAT, A:PR,GLM
Normal: FAMDIAB,

>5.6 (nonfast.) DIABSEV,FAST
>4.0 (fasting)
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Table 18-1. (Continued)
Statistical Analyses for the Endocrine Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source Form Cutpoints Covariates Analyses
Total Testosterone (ng/dl) LAB D/C Abnormal Low: AGE,RACE, U:LR,CS,GLM,
<260 OCC,PERS, TT
Nommal: =260 BFAT A:LR,GLM
L:LR,GLM
Free Testosterone (pg/ml) LAB D/C Abnormal Low: AGE,RACE, U:LR,CS,GLM,
<16 (Age 40-49) OCC,PERS, TT
<13 (Age 50-59) BFAT A:LR,GLM
<11 {Age 60-69)
<9 (Age =270)
Normal:
=16 (40-49)
>13 (50-59)
=11 (60-69)
29 (=270
Sex Hormone Binding LAB D Abnormal Low: AGE,RACE, U:LR,CS
Globulin (nmol/1) <10 OCC,PERS, A:LR
Normal: =10 BFAT
Total Testosterone 1o Sex LAB D Abnormal Low AGE,RACE, U:LR,CS
Hormone Binding Normal OCC,PERS, A:LR
Globulin Ratio BFAT
Estradiol (pg/ml) LAB D/C Abnormal High: AGE ,RACE, U:LR,CS,GLM,
>60 OCC TT
Normal; <60 A:LR,GILM
Luteinizing Hormone (LH) LAB D/C Abnormal High: AGE,RACE, U:LR,CS,GLM,
(mIU/mi) >59 0oCC TT
Nommal: =<3.9 A:LR,GLM
Follicle Stimulating LAB D/C Abnormal High: AGE,RACE, U:LR,CS,GLM,
Hormone (FSH) >15 OCC TT
(mIU/ml} Normal: <15 A:LR,GLM
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Table 18-1. (Continued)
Statistical Analyses for the Endocrine Assessment

Covariates
Variable (Abbreviation) Data Source  Data Form - Cutpoints
Age (AGE) MIL D/C Born =>1942
Born <1942
Race (RACE) MIL D Black
Non-Black
Occupation (OCC) MIL D Officer
Enlisted Flyer
Enlisted Groundcrew
Personality Type (PERS) PE D A direction
B direction
Body Fat (percent) (BFAT) PE D/C Obese: >25%
Lean or Normal: <25%
Family History of Diabetes Q-SR D Yes
(FAMDIAB) No
Diabetic Severity (DIABSEV) MR-V D Insulin Dependent
Oral Hypoglycemics
Diet Only
No Treatment
Lifetime Cigarette Smoking Q-SR D/C 0
History (PACKYR) (pack- >0-10
years) >10
Current Cigarette Smoking Q-SR D/C 0-Never
{CSMOK) (cigarettes/day) 0-Former
>0-20
>20
Lifetime Alcohol History Q-SR D/C 0
(DRKYR) (drink-years) >0-40
>40
Current Alcohol Use (ALC) Q-SR D/C 0-1
(drinks/day) >14
>4
Cholesterol (CHOL) (mg/dl) LAB D/C <200
>200-239
>240
High Density Lipoprotein (HDL) LAB D/C 0-35
(mg/dl) >35
Cholesterol-HDL Ratio LAB DIC 0-5
(CHOL/HDL) >5
Family History of Heart Disease = Q-SR D Yes
(HRTDIS) No
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Table 18-1. (Continued)

Statistical Analyses for the Endocrine Assessment

Covariates

Variable (Abbreviation)

Data Source  Data Form  Cutpoints

Family History of Heart Disease  Q-SR D Yes
Before Age 45 (HRTDIS45) No
Fasting Status (FAST) LAB D Yes
No

Abbreviations

Data Source: LLAB
LAB-N
MIL
MR-V
PE
Q-SR

Data Form: C

D/C

Statistical Analyses:

= > a

Statistical Methods: CS

GLM
LR
PR
TT

o

It

n#

nwu

1992 laboratory results

1992 Nichols Institute laboratory results
Air Force military records

Medical records (verified)

1992 physical examination

Health questionnaire (self-reported)

Continuous analysis only

Discrete analysis only

Discrete and continuous analyses for dependent variables; appropriate
form for analysis (either discrete or continuous) for covariates

Unadjusted analyses
Adjusted analyses
Longitudinal analyses

Chi-square contingency table analysis (continuity-adjusted for 2x2
tables)

General linear models analysis

Logistic regression analysis

Polychotomous logistic regression analysis

Two-sample t-test
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' Table 18-2.
Number of Participants with Missing Data for, or Excluded from,
the Endocrine Assessment

Didxin
Group (Ranch Hands Only) Categorized Dioxin
Yariable Ranch Ranch
Variable Use Hand Comparison Initial ©  Current Hand Comparison
Composite DEP 3 5 2 3 3 4
Diabetes Indicator
Time to Diabetes DEP 0 1 0 0 0 1
Onset
Thyroid Gland DEP 2 1 0 1 1 1
Testicular Volume DEP 14 11 7 12 12 6
Diabetic DEP 1 1 0 1 1 1
Retinopathy?®
Thyroid DEP 0 1 0 0 0 0
Stimulating
Hormone (TSH)
Thyroxine (T,) DEP 0 1 0 0 0
Anti-Thyroid DEP 0 1 0 0
Antibodies
Fasting Glucose DEP 0 1 0 0 0 0
2-Hour DEP 1 2 0 1 1 i
Postprandial
Glucose®
Fasting Urinary DEP 2 2 2 2 2 1
Glucose
2-Hour DEP 2 4 1 2 2 2
Postprandial
Urinary Glucose®
Serum Insulin DEP 0 2 0 0 0 1
Serum Glucagon® DEP 0 3 0 0 0 2
«a-1-C Hemoglobin DEP 0 1 0 0 0 0
Urinary Protein® DEP 0 1 0 0 0 1
Serum Proinsulin® DEP 8 7 5 8 8 6
Serum C Peptide? DEP 8 7 5 8 8 6
Total Testosterone DEP 0 1 0 0 0 0
Free Testosterone DEP 0 1 0 0 0 0
Sex Hormone DEP 0 1 0 0 0 0

Binding Globulin
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Table 18-2. (Continued)
Number of Participants with Missing Data for, or Excluded from,
the Endocrine Assessment

Dioxin
Group (Ranch Hands Only) Categorized Dioxin
Variable Ranch ' ' Ranch
Variable Use Hand = Comparison Initial  Current Hand Comparison
Total Testosterone  DEP 0 1 0 0 0 0
te Sex Hormone
Binding Globulin
Ratio
Estradiol DEP 0 1 0 0 0 0
Luteinizing DEP 0 1 0 0 0
Hormone
Follicle DEP 0 1 0 0 0 0
Stimulating
Hormone
Personality Type Ccov 1 1 1 1 1 1
Lifetime Alcohol Ccov 3 3 3 3 3 3
History®
Current Alcohol COoVv 3 3 3 3 3 3
Use?
High Density Cov 5 8 3 5 5 6
Lipoprotein®
Cholesterol-HDL cov 5 8 3 5 5 (]
Ratio?
Family History of  COV 2 1 0 2 2 0
Heart Disease?
Family History of cov 6 6 3 6 6 4
Heart Disease
Before Age 45°
Diabetes EXC 144 182 98 140 140 151
Pre-SEA Diabetes EXC 2 3 2 2 2 3
Pre-SEA Thyroid EXC 7 6 4 7 7 6
Disease
Thyroid EXC 16 33 9 16 16 27
Medication
Thyroidectomy EXC 8 14 3 8 8 11
Testosterone EXC 7 5 t] 6 6 4
Medication
Orchiectomy EXC 9 4 5 9 9 3
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Table 18-2. (Continued)
Number of Participants with Missing Data for, or Excluded from,
the Endocrine Assessment

~ Dioxin
Group - (Ranch Hands Only) Categorized Dioxin
Variable Ranch o ; Ranch
Variable Use Hand Comparison Injtial . Current Hand Comparison
Examination EXC 123 172 66 104 104 102

Groups 68-81
(Exclusion for
Glucagon)

*Missing data for diabetics only.
*Missing data for nondiabetics only.
*Missing data for examination groups 1-67.

Abbreviations: DEP Dependent variable (missing data).
COV = Covariate (missing data).
EXC = Exclusion.

Note: 952 Ranch Hands and 1,281 Comparisons;
520 Ranch Hands for initial dioxin; 894 Ranch Hands for current dioxin;

894 Ranch Hands and 1,063 Comparisons for categorized dioxin.
One Ranch Hand missing total lipids for current dioxin.
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Cutpoints for free testosterone are age-dependent. Consequently, normal and abnormal
levels for free testosterone were constructed according to a participant’s laboratory value and
age at the physical examination. The age-specific cutpoints are listed in Table 18-1, and the
reference ages for these cutpoints are given in parentheses following the cutpoints.

The analysis of time to diabetes onset utilized statistical failure time {or survival time)
models, whereby a time to diabetes onset was estimated for participants who have not
developed diabetes. The failure time analysis incorporates the actual time to diabetes onset
for diabetics and participants diagnosed as diabetic at the 1992 examination and extrapolates
the time at which diabetes would occur for nondiabetics. Further details on the statistical
methods used for analysis of time to diabetes onset are discussed in Chapter 7, Statistical
Methods.

Analyses restricted to diabetics were done for specific variables listed in Table 18-1.
These analyses evaluated whether the association between exposure and the dependent
variable changes depending on the level of diabetic severity for diabetic participants.
Analyses restricted to nondiabetic participants also are specified in Table 18-1.

Analyses of data collected at the 1987 followup study indicated that dioxin was
associated with military occupation. In general, enlisted personnel had higher levels of dioxin
than officers, with enlisted groundcrew having higher levels than enlisted flyers.
Consequently, adjustment for military occupation in statistical models using dioxin as a
measure of exposure may improperly mask an actual dioxin effect. However, occupation also
can be a surrogate for socioeconomic effects. Failure to adjust for occupation could overlook
important risk factors related to lifestyle. If occupation was found to be significantly
associated with a dependent variable in the 1992 followup analyses and was retained in the
final statistical models using dioxin as a measure of exposure, the dioxin effect was evaluated
in the context of two models. Analyses were performed with and without occupation in the
final models to investigate whether conclusions regarding the association between the health
endpoint and dioxin differed.

Similarly, dioxin exhibited a significant positive association with body fat, cholesterol,
and HDL, in the serum dioxin analysis of the 1987 followup data, and these associations also
are seen in the 1992 followup analyses (see Chapter 8). Body fat, and cholesterol and HDL
for the Doppler pulse measurements, are risk factors for the endocrine health endpoints which
must be introduced to the adjusted model; however, adjusting for these covariates has the
potential to over-adjust the model for the effects of dioxin exposure. To investigate the
effects of adjustment, when these covariates were found to be significantly associated with a
dependent variable and retained in the final model, the dioxin effect was evaluated in the
context of two models. Analyses again were performed with and without these covariates in
the model to investigate whether conclusions regarding the associations between the health
endpoint and dioxin differed.

The results of the analyses without occupation, body fat, cholesterol, and HDL in the
final adjusted model are presented in Appendix N-3 and are discussed in the text only if the
level of significance differs from the original final adjusted model (significant versus
nonsignificant).
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Longitudinal Analyses

Longitudinal analyses were performed for the composite diabetes indicator, TSH, fasting
glucose, 2-hour postprandial glucose, and total testosterone to assess if exposure and the
changes in these variables between the 1992 examination and previous examinations are
associated. Longitudinal analyses were conducted on both the continuous and discrete forms
of TSH, fasting glucose, 2-hour postprandial glucose, and total testosterone. Discrete
longitudinal analyses were performed on the composite diabetes indicator.

RESULTS
Dependent Variable-Covariate Associations for the Endocrine Assessment

Tests of covariate associations found past thyroid disease to be highly associated with
age (Appendix Table N-1-1: p=0.009). For participants born in or after 1942, 4.0 percent
reported a history of thyroid disease compared to 6.6 percent of participants born before 1942.

The results of the tests of covariate asscciations for the composite diabetes indicator
revealed all candidate covariates except occupation and race to be statistically significant. The
association between the composite diabetes indicator and race was marginally significant. The
analysis of age showed that 8.2 percent of young participants and 19.1 percent of older
participants were diabetic (p<0.001). For Black participants, 19.9 percent were diabetic, while
only 14.1 percent of non-Black participants were diabetic (p=0.091). The analysis of
personality type revealed that 12.2 percent of Type A participants and 16.1 percent of Type B
participants had diabetes (p=0.012). Covariate analyses showed body fat to be highly
associated with the composite diabetes indicator (p<0.001) with more than twice as many
diabetics in the obese category (26.1 percent) than in the lean or normal category (10.4
percent). For participants who reported a family history of diabetes, 21.9 percent were
diabetic compared to only 12.0 percent of participants who did not report a family history of
diabetes (p<0.001).

Age, race, personality type, body fat, and family history of diabetes were significant in
the covariate analyses for diabetic severity. In the analysis of age, the percentages of younger
participants who used no treatment, diet, oral hypoglycemics, and insulin to treat their
condition were 5.1, 1.8, 0.9, and 0.3 respectively. For older participants, these percentages
were 11.0, 3.5, 2.5, and 2.0 respectively (p<0.001). The analysis of race showed that for
Black participants, 13.0 used no treatment, 0.8 percent used diet as a form of treatment, 4.6
percent used oral hypoglycemics, and 1.5 percent used insulin. The percentages of non-Black
participants who employed no treatment, diet, oral hypoglycemics, and insulin were 8.2, 2.9,
1.7, and 1.3 respectively (p=0.021). Covariate analyses revealed that 15.9 percent, 4.8
percent, 3.9 percent, and 1.6 percent of obese participants utilized no treatment, diet, oral
hypoglycemics, and insulin respectively to treat their disorder while 6.0 percent, 2.1 percent,
1.1 percent, and 1.2 percent of lean or normal participants respectively, used these methods in
the treatment of diabetes (p<0.001). Of the participants with a family history of diabetes,
10.9 used no treatment and 4.8 percent used diet as a form of treatment, compared to 7.5
percent and 2.2 percent for participants without a family history of diabetes. In addition, 3.8
percent and 2.3 percent of diabetic participants with a family history of diabetes used oral
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hypoglycemics or insulin for treatment in contrast to 1.3 percent and 1.0 percent for those
participants without a family history of diabetes (p<0.001). The analysis of personality type
showed, for Type A participants, 7.0 percent, 2.7 percent, 1.6 percent, and 1.0 percent used
no treatment, diet only, oral hypoglycemics, or insulin respectively. For Type B participants,
these percentages were 9.6, 2.8, 2.0, and 1.6 respectively (p=0.098).

Covariate association analyses of time to diabetes onset utilized statistical failure time
models to incorporate the actual time to diabetes onset, from time of duty in SEA, for
diabetics and to estimate the time at which diabetes would occur for nondiabetics. Further
details on the statistical methods used for analysis of time to diabetes onset are discussed in
Chapter 7, Statistical Methods.

Time to diabetes onset was significantly associated with age (p<0.001), personality type
(p=0.027), body fat (p<0.001), and family history of diabetes (p<0.001) and was marginally
associated with race (p=0.069). Older participants developed diabetes sooner after time of
duty in SEA than did younger participants. The number of years to develop diabetes after
time of duty in SEA was shorter for Blacks than for non-Blacks. Type A participants tended
to develop diabetes longer after time of duty in SEA than Type B participants. Obese
participants developed diabetes sooner after time of duty in SEA than did lean or normal
participants. Similarly, participants with a family history of diabetes developed diabetes
sooner after the time of duty in SEA than did participants without a family history of
diabetes.

Minimum testicular volume was shown to be highly associated with both age and race in
the tests of covariate association (p<0.001 for both covariates). In the analysis of age, the
correlation coefficient between minimum testicular volume and age was -0.153. For Black
and non-Black participants, average minimum testicular volumes were 14.30 cm’ and 16.02
cm’ respectively.

The results of the tests of covariate association for total testicular volume paralleled
those for minimum testicular volume. The analysis of age displayed a negative correlation
with total testicular volume (r=-0.140, p<0.001). Mean total testicular volume for Blacks was
30.55 cm’ compared to 34.20 cm® for non-Blacks (p<0.001).

Covariate tests of association for retinopathy revealed diabetic severity and family history
of diabetes to be significant (p<0.001 and p=0.025 respectively). Of the participants who
employed no form of treatment for their diabetes, 0.5 percent had retinopathy. Of the diabetic
participants who relied on diet, oral hypoglycemics, or insulin, the percentages with
retinopathy were 3.3, 7.3, and 21.4 respectively. In the analysis of family history of diabetes,
7.1 percent of the participants who reported a family history of diabetes had retinopathy
compared to only 1.5 percent of those who did not have a history of diabetes in their families.

Neuropathy results was highly associated with diabetic severity in the covariate tests of
association (p<0.001). For participants who treated their diabetes with insulin, 44.8 percent
had neuropathy, compared to 17.1 percent who used oral hypoglycemics and 3.2 percent who
relied on diet alone. Of the diabetic participants who used no treatment for their disorder, 3.7
percent had neuropathy.
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Both diabetic severity and current cigarette smoking were significantly associated with
femoral pulses in the covariate analyses (p=0.090 and p<0.001 respectively). In the analysis
of diabetic severity, 2.7 percent of the diabetics who did not treat their diabetic condition had
abnormal femoral pulses. Of those who treated their diabetes, the percentages with abnormal
femoral pulses were 10.3, 0.0, and 3.2 for insulin, oral hypoglycemics, and diet respectively.
In the analysis of current cigarette smoking, no abnormal femoral pulses were found in
diabetics who had never smoked, whereas 1.2 percent of diabetics who had formerly smoked
had abnormal femoral pulses. Of the participants who smoked 0-20 cigarettes per day, 12.8
percent had abnormal femoral pulses compared to 6.3 percent for those who smoked more
than 20 cigarettes daily.

In the covariate tests of association for popliteal pulses, diabetic severity and current
cigarette smoking were highly significant covariates (p=0.002 and p<0.001 respectively). The
analysis of diabetic severity found that 2.7 percent of diabetic participants who used no
treatment for their condition had abnormal popliteal pulses. Of the diabetics who relied on
diet alone, 3.2 percent had abnormal popliteal pulses compared to 2.4 percent of those who
used oral hypoglycemics. Of the insulin-dependent participants, 17.2 percent had abnormal
popliteal pulses. In the analysis of current cigarette smoking, no abnormal popliteal pulses
were seen for diabetics who had never smoked, whereas for former smokers, 1.2 percent had
abnormal popliteal pulses. For diabetics who smoked either 0 to 20 cigarettes per day, or
more than 20 cigarettes per day, the percentages with abnormal popliteal pulses were 17.0 and
9.4 respectively.

Covariate tests of association found the associations of dorsalis pedis pulses with age,
diabetic severity, family history of heart disease, current cigarette smoking, lifetime cigarette
smoking history, and lifetime alcohol history to be significant or marginally significant. In
the analysis of age, 16.5 percent of diabetics born before 1942 had abnormal dorsalis pedis
pulses compared to 7.7 percent for those born in or after 1942 (p=0.082). The analysis of
diabetic severity showed that 11.6 percent of the participants who did not use a form of
diabetic treatment had abnormal dorsalis pedis pulses, whereas diabetics who used insulin, oral
hypoglycemics, or diet for treatment had 31.0, 17.1, and 12.9 percent abnormal dorsalis pedis
pulses (p=0.045). For family history of heart disease, covariate tests revealed that 18.7
percent of the diabetics who had no history of heart disease in their families had abnormal
dorsalis pedis pulses compared to only 11.2 percent for the diabetics who did report a family
history of the disease (p=0.083). In the analysis of current cigarette smoking, 6.9 percent of
the diabetics who never smoked had abnormal dorsalis pedis pulses, while 13.0 percent of
those who were former smokers had abnormal pulses. Of the diabetics who currently smoke
either O to 20 cigarettes per day or more than 20 cigarettes per day, 27.7 and 18.8 percent
respectively had abnormal dorsalis pedis pulses (p=0.012). The analysis of lifetime cigarette
smoking history found that 6.9 percent of non-smokers possessed abnormal dorsalis pedis
pulses compared to 9.8 and 19.9 percent for participants with between 0 and 10 pack-years
and more than 10 pack-years (p=0.012). Covariate analyses showed that for diabetics with a
lifetime alcohol history of either 0 drink-years, 0 to 40 drink-years, or more than 40 drink-
years, the percentages with abnormal dorsalis pedis pulses were 4.2, 12.1, and 20.8
respectively (p=0.044).
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Posterior tibial pulses was found to be significantly related to age, diabetic severity,
current cigarette smoking, and lifetime cigarette smoking history in the covariate tests of
association. Of the older diabetics, 9.5 percent had abnormal posterior tibial pulses in contrast
to only 1.3 percent of the younger diabetics (p=0.032). In the analysis of diabetic severity,
6.9 percent of the participants who did not treat their diabetic condition possessed abnormal
posterior tibial pulses. Of the participants who treated their diabetes with diet, oral
hypoglycemics, or insulin, 3.2, 7.3, and 20.7 percent had abnormal posterior tibial pulses,
(p=0.029). Covariate tests revealed that non-smokers did not have abnormal posterior tibial
pulses, whereas 6.5 percent of former smokers had abnormal pulses. For those who presently
smoke either 0 to 20 cigarettes per day or more than 20 cigarettes per day, 19.2 and 12.5
percent had abnormal posterior tibial pulses (p=0.001). For diabetics with a lifetime cigarette
smoking history of 0 pack-years, 0 to 10 pack-years, and more than 10 pack-years, the
percentages with abnormal posterior tibial pulses were 0.0, 6.1, and 11.5 respectively.

Covariate analyses showed that leg pulses were significantly associated with age, diabetic
severity, family history of heart disease, current cigarette smoking, lifetime cigarette smoking
history, and lifetime alcohol history. In the analysis of age, 18.1 percent of older diabetics
and 7.7 percent of younger diabetics had abnormal leg pulses (p=0.043). The analysis of
diabetic severity showed that of the diabetics who did not treat their condition, 13.2 percent
had abnormal leg pulses. For those who used insulin, oral hypoglycemics, or diet in the
treatment of their diabetes, 31.0, 19.5, and 12.9 percent had abnormal leg puises (p=0.076).
Of the diabetics who reported a family history of heart disease, 11.7 percent had abnormal leg
pulses in contrast to 20.9 percent of those who did not cite a history of the disease in their
families (p=0.039). In the analysis of current cigarette smoking, 6.9 and 14.2 percent of the
non-smokers and former smokers had abnormal leg pulses. For those who currently smoke 0
to 20 cigarettes per day and more than 20 cigarettes per day, 29.8 and 21.9 percent had
abnormal leg pulses (p=0.005). Of the diabetics who have never smoked, 6.9 percent had
abnormal leg pulses compared to 11.0 and 22.3 percent for those with a history of cigarette
smoking 0 to 10 pack-years and more than 10 pack-years (p=0.006). The analysis of lifetime
alcohol history showed that the percentages of diabetics with abnormal leg pulses were 4.2,
12.6, and 22.8 for the categories of 0 drink-years, 0 to 40 drink-years, and more than 40
drink-years (p=0.021).

Significant associations between peripheral pulses and age, diabetic severity, family
history of heart disease, current cigarette smoking, lifetime cigarette smoking history, and
lifetime alcohol history were evident from the covariate tests of association. Of the diabetics
born before 1942, 18.9 percent had abnormal peripheral pulses in contrast to 7.7 percent of
those born in or after 1942 (p=0.030). The analysis of diabetic severity found that 13.8
percent of the diabetics who did not treat their condition had abnormal peripheral pulses.
Diabetics who used diet only, oral hypoglycemics, or insulin to treat their condition had 12.9,
22.0, and 31.0 percent abnormal peripheral pulses (p=0.071). Of the diabetics without a
history of heart disease in their family, 20.9 percent had abnormal peripheral pulses compared
to only 12.9 percent for those with a family history of heart disease (p=0.078). In the
analysis of current cigarette smoking, 8.2 percent of non-smokers and 14.8 percent of former
smokers had abnormal peripheral pulses whereas 29.8 and 21.9 percent of diabetics smoking
between 0 and 20 and over 20 cigarettes per day had abnormal peripheral pulses (p=0.013).
The analysis of lifetime cigarette smoking history showed that for the categories of 0 pack-
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years, either 0 to 10 pack-years, or more than 10 pack-years, 8.2, 11.0, and 22.3 percent of
the diabetic participants had abnormal peripheral pulses (p=0.008). Of the diabetics with a
lifetime alcohol history of 0 drink-years, 4.2 percent had abnormal peripheral pulses whereas
for those with a history of either 0 to 40 drink-years or more than 40 drink-years, 13.7 and
22.8 percent had abnormal pulses (p=0.034).

Covariate analyses showed that thyroid stimulating hormone in its continuous form was
significantly associated with age, race, and occupation. The correlation coefficient between
age and TSH was 0.088 (p<0.001). For Black participants, the mean TSH was 1.19 mIU/ml
compared to 1.62 mIU/ml for non-Black participants (p<0.001). For officers, enlisted flyers,
and enlisted groundcrew, average TSH was 1.68, 1.49, and 1.56 mIU/ml respectively
(p=0.003). For TSH in its discrete form, covariate analysis revealed that age was the only
significant covariate (p=0.077). For participants born before 1942, 2.9% had an abnormally
high TSH measurement in contrast to 1.7% for participants born in or after 1942.

Occupation was the only covariate significantly associated with thyroxine in both its
discrete and continuous forms in the covariate analyses. For thyroxine measured
continuously, mean levels of thyroxine for officers, enlisted flyers, and enlisted groundcrew
were 7.57 mg/dl, 7.96 mg/dl, and 7.98 mg/dl (p=0.001). Analysis of thyroxine in its discrete
form revealed that 0.3 percent of both enlisted flyers and enlisted groundcrew had abnormally
low thyroxine levels compared to 1.2 percent for officers (p=0.040).

For fasting glucose in its continuous form, covariate analyses involving all participants
found that age, race, personality type, body fat, and family history of diabetes were
significant. In the analysis of age, the correlation coefficient with fasting glucose was 0.191
(p<0.001). The correlation coefficient between body fat and fasting glucose was 0.209
(p<0.001). The mean fasting glucose level for Blacks was 109.06 mg/dl in contrast to 104.03
mg/dl for non-Blacks (p=0.008). The analysis of personality type revealed that mean fasting
glucose for Type A participants was 103.43 mg/dl, while mean fasting glucose for Type B
participants was 105.00 mg/dl. For participants reporting a family history of diabetes, the
mean fasting glucose was 108.12 mg/dl compared to 103.21 mg/dl for those participants who
did not have a family history of the disease (p<0.001).

Age, race, personality type, body fat, and family history of diabetes also were
significantly associated with fasting glucose in the discrete form. The analysis of age revealed
that 17.8 percent of the participants born before 1942 had abnormally high fasting glucose
compared to only 7.0 percent for participants born in or after 1942 (p<0.001). For race, the
percentages of participants with abnormally high fasting glucose levels were 21.4 percent for
Blacks and 12.7 percent for non-Blacks (p=0.007). Of the participants with a Type A
personality, 11.4 percent had abnormal fasting glucose compared to 14.6 percent of the
participants with a Type B personality (p=0.031). The analysis of body fat revealed that 23.1
percent of the participants with an elevated body fat had abnormally high fasting glucose,
while only 9.8 percent of lean or normal participants had abnormal fasting glucose (p<0.001).
For participants with a family history of diabetes, 18.2 percent had abnormally high fasting
glucose whereas 11.6 percent of the participants without a family history of diabetes had
abnormal fasting glucose (p<0.001).
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Covariate analyses using diabetic participants only revealed that race and diabetic
severity were significantly associated with fasting glucose in its continuous form. For Black
participants, mean fasting glucose was 160.58 mg/dl, while for non-Blacks, mean fasting
glucose was 140.48 mg/dl (p=0.058). In the analysis of diabetic severity, mean fasting
glucose was 130.64 mg/dl for diabetics not treating their diabetes. For participants treating
their diabetes with diet only, oral hypoglycemics, or insulin, mean fasting glucose was 141.57
mg/dl, 187.22 mg/dl, and 166.60 mg/di respectively (p<0.001). In the covariate analyses for
diabetics only, age and diabetic severity also were significant for fasting glucose in its discrete
form. Of the diabetics born before 1942, 72.4 percent had abnormally high fasting glucose
compared to 59.0 percent of the diabetics born in or after 1942 (p=0.036). For the diabetic
severity analyses, the percentages of diabetics using no treatment, diet only, oral
hypoglycemics, or insulin were 64.6, 61.3, 92.7, and 82.8 respectively (p=0.001).

In the covariate analyses involving only nondiabetic participants, age, occupation,
personality type, and body fat were significantly associated with fasting glucose measured
continuously. For the analyses of age and body fat, the respective correlation coefficients
were 0.169 and 0.165 (p<0.001 for both covariates). The analysis of occupation showed that
mean fasting glucose for officers and enlisted flyers were 99.51 mg/dl and 99.60 mg/dl
compared to 98.43 mg/dl for enlisted groundcrew (p=0.021). For nondiabetics with a Type A
personality, mean fasting glucose was 98.64 mg/dl in contrast to 99.36 mg/dl for Type B
participants (p=0.068). For nondiabetic participants, covariate tests of association for fasting
glucose in its discrete form found age to be the only significant covariate. The percentages of
abnormalities were 5.0 percent for nondiabetics born before 1942 and 2.4 percent for those
born in or after 1942.

With the exception of race, all candidate covaniates were significantly associated with
discrete and continuous 2-hour postprandial glucose. For continuous 2-hour postprandial
glucose, the respective correlation coefficients for age and body fat were 0.188 (p<0.001) and
0.265 (p<0.001). For officers and enlisted groundcrew, mean 2-hour postprandial glucose
levels were 102.17 mg/dl and 103.31 mg/dl in contrast to 107.66 mg/dl for enlisted flyers
(p=0.018). Average 2-hour postprandial glucose for nondiabetics with a Type A personality
was 100.89 mg/dl compared to 105.61 mg/dl for those with a Type B personality (p<0.001).
For family history of diabetes, mean 2-hour postprandial glucose levels were 108.53 mg/dl for
nondiabetics with a family history of diabetes and 102.46 mg/dl for nondiabetics without a
family history of diabetes (p<0.001). Covariate analyses between discrete 2-hour postprandial
glucose and age revealed that 16.8 percent of nondiabetics born before 1942 had an impaired
2-hour postprandial glucose level compared to only 8.9 percent for those born in or after 1942
(p<0.001). For officers, enlisted flyers, and enlisted groundcrew, the percentages of
nondiabetics with an impaired level of 2-hour postprandial glucose were 11.1 percent, 15.8
percent, and 14.1 percent respectively (p=0.075). Of the nondiabetics with a Type A
personality, 10.4 percent had an impaired level of 2-hour postprandial glucose in contrast to
15.3 percent for those with a Type B personality (p=0.003). The analysis of body fat showed
that 23.2 percent of obese nondiabetics had an impaired level of 2-hour postprandial glucose
whereas, for lean or normal nondiabetics, only 10.4 percent had an impaired level (p<0.001).
For nondiabetics with a family history of diabetes, 17.0 percent had impaired 2-hour
postprandial glucose compared to only 12.1 percent for those without a family history of the
disorder (p=0.014).
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Significant covariates disclosed in the covariate analysis of fasting urinary glucose for all
participants included age, race, body fat, and family history of diabetes. In the analysis of
age, 4.2 percent of participants born before 1942 had fasting urinary glucose present in
contrast to only 1.6 percent for those born in or after 1942 (p=0.001). The analysis of race
showed that 6.1 percent of Blacks and 2.9 percent of non-Blacks had fasting urinary glucose
present (p=0.068). For obese participants, 6.0 percent had fasting urinary glucose present
compared to only 2.1 percent for lean or normal participants (p<0.001). For participants with
a family history of diabetes, 4.8 percent had fasting urinary glucose present compared to only
2.5 percent for those with no family history of diabetes (p=0.010).

Diabetic severity was the only covariate significantly associated with fasting urinary
glucose in the covariate analysis restricted to diabetics. The analysis of diabetic severity
found that 11.7 percent of the diabetics who did not treat their diabetes had fasting urinary
glucose present. Of the diabetics who used diet, oral hypoglycemics, or insulin to treat their
diabetes, 21.0 percent, 43.9 percent, and 48.3 percent had fasting urinary glucose present
(p<0.001).

Restricted to nondiabetics, there was only one participant, a Comparison, with abnormal
fasting urinary glucose. Therefore, tests of covariate association were not performed for this
variable for the nondiabetic cohort.

Covariate analysis revealed that both age and occupation were significantly associated
with 2-hour postprandial urinary glucose. In the analysis of age, 20.5 percent of nondiabetics
born before 1942 had 2-hour postprandial urinary glucose present while only 15.9 percent of
those born in or after 1942 had 2-hour postprandial glucose present (p=0.012). For officers,
enlisted flyers, and enlisted groundcrew, the percentages with 2-hour postprandial urinary
glucose present were 14.3, 21.8, and 20.9 respectively (p=0.001).

Serum insulin in its continuous form increased with age (p<0.001) and body fat
(p<0.001). Black participants had lower serum insulin levels than non-Black participants
(p=0.048). Participants with Type A personalities had lower serum insulin levels than
participants with Type B personalities (p<0.001). The analysis of diabetic participants
revealed that mean serum insulin levels increased as body fat increased (p<0.001). The Black
diabetics had lower mean serum insulin levels than the non-Black diabetics (p=0.001).
Diabetic participants with a family history of diabetes had lower serum insulin levels than
diabetic participants with no family history of diabetes (p=0.030). Diabetic participants who
are insulin dependent had the highest mean serum insulin levels followed by participants not
treating their diabetes, participants using oral hypoglycemics, and participants who control
their diabetes through diet only (p<0.001). Analysis of nondiabetic participants showed mean
serum insulin levels increased with age (p<0.001) and body fat (p<0.001). Nondiabetic
enlisted flyers had the highest mean serum insulin levels followed by the enlisted groundcrew
then the officers (p=0.003). Nondiabetic participants with personality Type A had lower
mean serum insulin levels than those with personality Type B (p<0.001). Nondiabetic
participants with a family history of diabetes had higher serum insulin levels than those
participants with no family history of diabetes (p=0.002).
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Serum insulin, when categorized as abnormally low, normal, or abnormally high,
revealed that the percentage of participants with low serum insulin levels decreased with age
and the percentage of participants with high serum insulin levels increased with age
(p<0.001). The percentage of participants with abnormally low serum insulin levels increased
as body fat decreased and the percentage of participants with abnormally high serum insulin
levels decreased as body fat decreased (p<0.001). A greater percentage of participants with
low serum insulin levels had Type A personalities whereas a greater percentage of participants
with high serum insulin levels had Type B personalities (p<0.001). The percentage of
diabetic participants with abnormally low serum insulin levels increased as body fat increased
and the percentage of diabetic participants with abnormally high serum insulin levels
decreased as body fat increased (p=0.017). In both the abnormally low and abnormally high
strata, a greater percentage of diabetic participants had Type B personalities than Type A
personalities (p=0.030). A higher percentage of diabetic participants with abnormally low
serum insulin levels were Black, whereas a greater percentage of diabetic participants with
abnormally high serum insulin levels were non-Black (p<0.001). The low serum insulin
category contained only diabetic enlisted flyers. No abnormally low serum insulin levels were
noted for the diabetic officers and diabetic enlisted groundcrew. The high serum insulin
category contained a greater percentage of diabetics who are insulin dependent followed by
diabetic enlisted groundcrew and diabetic enlisted flyers (p=0.003). The low serum insulin
category contained only insulin dependent diabetics. The high serum insulin category
contained a greater percentage of insulin dependent diabetics followed by participants not
treating their diabetes, participants who are treating their diabetes with oral hypoglycemics,
and participants who are treating their diabetes with diet only (p<0.001). Analysis of the
nondiabetic cohort showed the percentage of participants with low serum insulin decreased
with age and the percentage of participants with high serum insulin increased with age
(p<0.001). The percentage of nondiabetic participants in the abnormally low strata increases
as body fat increases. The percentage of nondiabetic participants in the abnormally high
strata decreases as body fat increases (p<0.001).

The low serum insulin category contained a greater percentage of officers followed by
enlisted groundcrew and then enlisted flyers. The high serum insulin category contained a
greater percentage of enlisted flyers followed by enlisted groundcrew and then officers
(p=0.018). In both the abnormally low and abnormally high serum insulin strata, a higher
percentage of nondiabetic participants had personality Type B than Type A (p=0.003). A
greater percentage of nondiabetic participants in the abnormally low serum insulin strata did
not have a family history of diabetes. A greater percentage of nondiabetic participants in the
abnormally high serum insulin strata had a family history of diabetes (p=0.013).

Serum glucagon in its continuous form increased with age (p<0.001) and body fat
(p<0.001) for all participants. The analysis of diabetic participants revealed that those who
control their diabetes through diet only had the highest mean serum glucagon levels followed
by participants who did not treat their diabetes, participants who use oral hypoglycemics, and
participants who are insulin dependent (p<0.001). Analysis of nondiabetic participants
showed mean serum glucagon levels increased with age (p=0.007). Non-Black participants
had higher mean serum glucagon levels than Black participants (p=0.024) among the
nondiabetics.

18-29



In its continuous form, a-1-C hemoglobin increased with age (p<0.001) and body fat
(p<0.001). Black participants had higher a-1-C hemoglobin levels than the non-Black
participants (p<0.001). Enlisted flyers had the highest mean «-1-C hemoglobin levels
followed by the enlisted groundcrew and officers (p=0.003). Participants with a family
history of diabetes had higher mean a-1-C hemoglobin levels than those participants without
family history of diabetes (p<0.001). The analysis of diabetic participants revealed that mean
a-1-C hemoglobin levels decreased as diabetic severity increased (p<0.001). Black diabetic
participants had higher mean o-1-C hemoglobin levels than non-Black diabetic participants
(p=0.001). Dnabetic participants with a family history of diabetes had higher a-1-C
hemoglobin levels than diabetic participants with no family history of diabetes (p=0.025).
Analysis of nondiabetic participants showed mean a-1-C hemoglobin levels increased with
age (p<0.001) and body fat (p=0.001). Nondiabetic enlisted flyers had the highest mean o-1-
C hemoglobin levels followed by the nondiabetic enlisted groundcrew and nondiabetic officers
(p=0.001). Black nondiabetic participants had higher mean o-1-C hemoglobin levels than
non-Black nondiabetic participants (p<0.001). Nondiabetic participants with a family history
of diabetes had higher a-1-C hemoglobin levels than nondiabetic participants with no family
history of diabetes (p=0.001).

When categorized as normal or high, a-1-C hemoglobin revealed that the percentage of
participants with high o-1-C hemoglobin levels increased with age (p<0.001) and decreased
with body fat (p<0.001) for all participants. Enlisted flyers had the highest percentage of low
a-1-C hemoglobin levels followed by enlisted groundcrew and officers (p=0.001). Black
participants had a higher percentage of low a-1-C hemoglobin levels than non-Black
participants (p<0.001). The participants with a family history of diabetes had a higher
percentage of low a-1-C hemoglobin levels (p<0.001). The percentage of diabetic
participants with low o.-1-C hemoglobin levels decreased as body fat increased (p=0.013). All
participants who treat their diabetes through diet only and those that do not treat their diabetes
were in the low a-1-C hemoglobin category. Insulin dependent participants had a higher
percentage of low c-1-C hemoglobin levels than participants using oral hypoglycemics
(p<0.001).

Analysis of the nondiabetic cohort showed the percentage of participants with low a-1-C
hemoglobin decreased with body fat (p=0.004). The low a-1-C hemoglobin category
contained a greater percentage of enlisted flyers followed by enlisted groundcrew and officers
(p=0.004). A higher percentage of nondiabetic participants were Black than were non-Black
(p<0.001). A higher percentage of participants with low o-1-C hemoglobin had a family
history of diabetes than those who had no history of diabetes (p=0.024).

The percentage of participants with positive results for urinary protein decreased as
diabetic severity increased (p=0.004).

Serum proinsulin in its continuous form increased as body fat increased (p<0.001).
Participants with Type B personalities had higher mean serum proinsulin levels than
participants with Type A personalities (p=0.021). Non-Black participants had higher mean
serum proinsulin levels than Black participants (p=0.019). Diabetic participants who treat
their diabetes with insulin had the highest mean serum proinsulin level followed by
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participants who treat their diabetes through diet only, participants not treating their diabetes,
and participants who treat their diabetes with oral hypoglycemics (p=0.004).

Categorizing serum proinsulin as normal or abnormally high showed that abnormally
high serum proinsulin levels decreased as body fat increased (p=0.025). Diabetic participants
who treat their diabetes through diet only had the highest percent abnormal serum proinsulin
levels followed by participants who do not treat their diabetes, participants who use oral
hypoglycemics, and participants who are insulin dependent (p<0.001).

Serum C peptide in its continuous form increased with body fat (p=0.001) and diabetic
severity (p<0.001). Black participants had lower mean serum C peptide levels than non-Black
participants (p=0.003). Participants with a family history of diabetes had lower mean serum
C peptide levels than participants with no family history of diabetes (p=0.010).

The percentage of participants with abnormal serum C peptide levels decreased as body
fat increased (p=0.068). A lower percentage of participants with a family history of diabetes
had abnormal serum C peptide levels than participants without a family history of diabetes
(p=0.072). The percentage of participants with abnormal serum C peptide levels decreased as
diabetic severity increased (p<0.001).

Total testosterone in its continuous form decreased with age (p<0.001) and body fat
(p<0.001). Mean total testosterone levels were highest in the enlisted groundcrew followed by
the enlisted flyers and officers (p=0.014). Total testosterone, when categorized as either low
or normal, decreased as body fat increased (p<0.001).

Free testosterone in its continuous form decreased with age (p<0.001) and body fat
{p<0.001). Mean free testosterone levels were highest among the enlisted groundcrew
followed by the enlisted flyers and officers (p<0.001). Participants with Type A personalities
had higher mean free testosterone levels than participants with Type B personalities (p=0.001).

Free testosterone, when categorized as either low or normal, decreased with age
(p<0.001) and body fat (p<0.001). A higher percentage of participants with abnormally low
free testosterone levels had Type B personalities rather than Type A personalities (p=0.016).

A higher percentage of Black participants had abnormally low sex hormone binding
globulin than non-Black participants (p=0.010). A higher percentage of participants with
abnormally low hormone binding globulin levels had Type B personalities rather than Type A
personalities (p=0.036).

The ratio of total testosterone to sex hormone binding globulin increased with age
(p<0.001).

Estradiol in its continuous form decreased with age (p<0.001). Black participants had
higher mean estradiol levels than the non-Black participants (p<0.001).

Luteinizing hormone in both its continuous and discrete forms increased with age
(p<0.001).
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Follicle stimulating hormone in its continuous form increased with age (p<0.001). Mean
follicle stimulating hormone levels were highest in the officers followed by the enlisted flyers
and enlisted groundcrew (p=0.005).

Follicle stimulating hormone, when classified as normal or high, increased with age.
The enlisted flyers had the highest percentage of abnormally high follicle stimulating hormone
levels followed by the officers and enlisted groundcrew (p=0.024).

Exposure Analysis

The following section presents the results of the statistical analyses of the dependent
variables shown in Table 18-1. Dependent variables are grouped into three sections: those
derived and verified from a review of medical records, data obtained during the 1992 physical
examination, and data derived from the laboratory portion of the 1992 followup examination.

Unadjusted and adjusted analyses of six models are presented for each variable. Model 1
examines the relationship between the dependent variable and group (Ranch Hand or
Comparison). Model 2 explores the relationship between the dependent variable and an
extrapolated initial dioxin measure for Ranch Hands who had a 1987 dioxin level greater than
10 ppt. If a participant did not have a 1987 dioxin level, a 1992 level was used. A statistical
adjustment for the percent of body fat at the participant’s time of duty in SEA and the change
in the percent body fat from the participant’s time of duty in SEA to the date of the blood
draw for dioxin is included in this model to account for body-fat-related differences in
elimination rate (42). Model 3 dichotomizes the Ranch Hands in Model 2 based on their
initial dioxin measures; these two categories of Ranch Hands are referred to as the “low
Ranch Hand” category and the “high Ranch Hand” category. These participants are added to
Ranch Hands and Comparisons with current serum dioxin levels (1987, if available; 1992, if
the 1987 level was not available) at or below 10 ppt to create a total of four categories.
Ranch Hands with current serum dioxin levels at or below 10 ppt are referred to as the
“background Ranch Hand” category. The relationship between the dependent variable in each
of the three Ranch Hand categories and the dependent variable in the “Comparison” category
is examined. A fourth contrast, exploring the relationship of the dependent variable in the
low Ranch Hand category and the high Ranch Hand category combined, also is conducted.
This combination is referred to in the text and tables as the “low plus high Ranch Hand”
category. As in Model 2, a statistical adjustment is made for percent body fat at the
participant’s time of duty in SEA and the change in the percent body fat from the time of
duty in SEA to the date of the blood draw for dioxin.

Models 4, 5, and 6 examine the relationship between the dependent variable and 1987
dioxin levels in all Ranch Hands with a dioxin measurement. If a participant did not have a
1987 dioxin measurement, a 1992 measurement was utilized in determining the current dioxin
level. The measure of dioxin in Model 4 is lipid-adjusted, whereas whole-weight dioxin is
used in Models 5 and 6. Model 6 differs from Model 5 in that a statistical adjustment for
total lipids is included in Model 6. Further details on dioxin and the modeling strategy are
found in Chapters 2 and 7 respectively.
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Results of investigations for group-by-covariate and dioxin-by-covariate interactions are
referenced in the text, and tabular results are presented in Appendix N-2. As described
previously, additional analyses were performed when occupation, body fat, cholesterol, or
HDL was retained in the final model for Models 2 through 6. Results excluding these
covariates from these models are tabled in Appendix N-3, and dioxin-by-covariate interactions
with these covariates excluded from these models are presented in Appendix N-4. Results
from analyses excluding occupation, body fat, cholesterol, and HDL are discussed in the text
only if a meaningful change in the results occurred (that is, changes between significant
results, marginally significant results, and nonsignificant results).

Medical Records Variable
Past Thyroid Disease

The overall and stratified Model 1 unadjusted analyses of past thyroid disease did not
show a significant difference between Ranch Hands and Comparisons (Table 18-3(a); p>0.29
for all analyses). In the adjusted analysis, the interaction of group and personality type was
significant (Table 18-3(b): p=0.039). Appendix Table N-2-1 shows the stratified results of
the relationship of past thyroid disease separately for Type A and Type B personalities.
Removal of the interaction from the final model did not lead to a significant group effect
(p>0.19 for all analyses). Age and the race-by-personality type interaction were significant.

Models 2 and 3 examined the relationship between past thyroid disease and initial dioxin.
For Model 2, neither the unadjusted nor the adjusted analyses detected a significant initial
dioxin effect (Table 18-3(c,d): p>0.36 for all analyses). Although the Model 3 unadjusted
analysis showed nonsignificant results (Table 18-3(e): p>0.26 for all analyses), the adjusted
analysis revealed a significant interaction between categorized dioxin and personality type
(Table 18-3(f): p=0.039). Appendix Table N-2-1 displays further analysis of this interaction.
The association between categorized dioxin and past thyroid disease was not significant,
however, once the interaction was removed from the final model (Table 18-3(f): p>0.19).
The interaction of age and race was retained in both Model 2 and 3 adjusted analyses. In
addition, the race-by-personality type interaction was retained in the Model 3 analysis.

The Model 4 unadjusted analysis revealed no significant results, while in the adjusted
analysis, the interaction of current dioxin and personality type was significant (Table 18-3(h):
p=0.037). Results from additional analysis on this interaction are shown in Appendix Table
N-2-1. Current dioxin was not significant once the interaction was removed from the final
model (p=0.954). The association between current dioxin and past thyroid disease was
nonsignificant in the unadjusted and adjusted analyses of Models 5 and 6 (Table 18-3(g,h):
p>0.54 for all analyses). The age-by-race interaction was retained in each of the three
adjusted analyses. Personality type was retained in the Model 5 and 6 analyses. .
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Table 18-3.
Analysis of Past Thyroid Disease

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Percent Est. Relative Risk

Category Group n Yes 95% C.1L) p-Value

All Ranch Hand 945 5.3 0.93 (0.64,1.35) 0.787
Comparison 1,275 5.6

Officer Ranch Hand 364 6.3 1.09 (0.62,1.92) 0.869
Comparison 499 58

Enlisted Flyer Ranch Hand 161 5.0 1.46 (0.52,4.13) 0.646
Comparison 203 3.4

Enlisted Groundcrew Ranch Hand 420 4.5 0.71 (0.40,1.25) (0.291
Comparison 573 6.3

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Relative Risk
Category 95% C.I.) p-Value Covariate Remarks®
All 0.92 (0.63,1.33)%* 0.655%* GROUP*PERS

(p=0.039)

*k ek

Officer 1.08 (0.61,1.90) 0.791 AGE (920006
Enlisted Flyer 1 .48 (0.52.4.18)%* 0.463%* RACE*PERS
Enlisted Groundcrew 0.68 (0.39,1.22)** 0.196%* (p=0.008)

a Covariates and associated p-values correspond to final model based on al! participants with available data.

** Group-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and p-value
derived from 2 model fitted after deletion of this interaction; refer to Appendix Table N-2-1 for further
analysis of this interaction.
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Table 18-3. (Continued)
Analysis of Past Thyroid Disease

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summaiy Statistics Analysis Results for Log, (Initial Dioxin)?
Percent ||~ Estimated Relative Risk
Initial Dioxin n Yes . L (95% CLY p-Value
Low 174 5.7 1.08 (0.80,1.47) 0.621
Medium 171 2.9
High 171 5.3

d) MODEL 2: RANCH HANDS ~- INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.I.)° p-Value Covariate Remarks
516 1.17 (0.84,1.62) 0.365 AGE*RACE (p=0.037)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

® Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-3. (Continued)
Analysis of Past Thyroid Disease

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Yes ¥5% C.L)* p-Value
Comparison 1,057 59
Background RH 371 6.7 1.22 (0.75,1.98) 0.421
Low RH 258 43 0.71 (0.37,1.37) 0.305
High RH 258 5.0 0.81 (0.44,1.50) 0.500
Low plus High RH 516 4.7 0.76 (0.47,1.23) 0.267

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.1)* p-Value Covariate Remarks

Comparison 1,056 DXCAT*PERS (p=0.039)
AGE*RACE (p=0.050)
RACE*PERS (p=0.012)

Background RH 371 1.17 (0.72,1.91)** 0.524**
Low RH 257 0.64 (0.32,1.25)** 0.19]1**
High RH 258 0.88 (0.47,1.64)** 0.678**

Low plus High RH 515 0.75 (0.46,1.23y%* 0.254%*

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” columa.

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a mode] fitted after deletion of this interaction; refer to Appendix Table N-2-1 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
DXCAT = Categorized Dioxin.
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Table 18-3. (Continued)
Analysis of Past Thyroid Disease

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Yes/(n) {Current Dioxin + 1)
‘Est. Relative Risk
Model? Low Medium ~ High (95% C.1.)° p-Value

4 6.1 6.1 : 4.4 0.95 (0.78,1.17) 0.644
294) 297) (296)

5 5.4 6.4 4.8 0.99 (0.83,1.17) 0.874
(298) (296) (293)

6° 54 6.4 4.8 0.94 (0.79,1.13) 0.543
(297) (296) {293)

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n 95% C.L)° p-Value Covariate Remarks

4 886 0.99 (0.80,1.23)*+ 0.954** CURR*PERS (p=0.037)
AGE*RACE (p=0.028)

5 886 1.02 (0.85,1.22) 0.834 PERS (p=0.095)
AGE*RACE (p=0.038)

61 885 0.98 (0.81,1.19) 0.842 PERS (p=0.110)
AGE*RACE (p=0.036)

4 Model 4: Log, (lipid-adjusted current dioxin + 1),
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column,

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table N-2-1 for further analysis of this interaction.

Note: Meodel 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
CURR = Log, {current dioxin + 1).
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Medical Records and Laboratory Variables
Composite Diabetes Indicator

For Model 1, neither the unadjusted nor the adjusted analyses of composite diabetes
indicator revealed a significant group effect (Table 18-4(a,b): p>0.15 for all analyses). Age,
body fat, and the occupation-by-race and race-by-family history of diabetes interactions were
significant in the adjusted analysis.

No significant relationship between initial dioxin and composite diabetes indicator was
evident from the results of the Model 2 unadjusted analysis (Table 18-4(c): p=0.947). In the
adjusted analysis, a significant initial dioxin-by-occupation interaction was found
(Table 18-4(d): p=0.023). Appendix Table N-2-2 displays results stratified by occupation.
After removing the initial dioxin-by-occupation interaction and adjusting for age, race, and
family history of diabetes, a marginally significant interaction between initial dioxin and
occupation was revealed (Table 18-4(d): p=0.075, Adj. RR=1.21).

The Model 3 unadjusted analysis did not detect a significant dioxin effect (Table 18-4(e):
p>0.16). In the adjusted analysis, the interaction of categorized dioxin and occupation was
significant. The results stratified by occupation interaction are displayed in Appendix Table
N-2-2. Deleting this interaction from the final model did not reveal significant differences
between any of the Ranch Hand categories and the Comparison group (Table 18-4(f): p>0.17
for all contrasts). However, the removal of occupation from the final model led to a
marginally significant difference between the high Ranch Hand category and the Comparison
group (Table N-3-1: p=0.091, Adj. RR=1.41). Age, race, and family history of diabetes were
significant covariates.

Each of the Model 4, 5, and 6 unadjusted analyses revealed significant positive
associations between current dioxin and the composite diabetes indicator (Table 18-4(g):
p=0.005, Est. RR=1.19 for Model 4; p<0.001, Est. RR=1.20 for Model 5; and p=0.050, Est.
RR=1.12 for Model 6). Likewise, the adjusted analyses for Models 4 through 6 revealed
significant positive associations with current dioxin (Table 18-4(h): p=0.002, Adj. RR=1.26
for Model 4; p<0.001, Adj. RR=1.27 for Model 5; and p=0.041, Adj. RR=1.16 for Model 6).
Age, race, body fat, and family history of diabetes were significant covariates in each of the
three adjusted analyses. In addition, personality type was a significant covariate in the Model
6 adjusted analysis.

Diabetic Severity

In the unadjusted analysis of diabetic severity, the overall difference between Ranch
Hands and Comparisons was marginally significant for the insulin dependent versus normal
contrast (Table 18-5(a): p=0.084, Est. RR=1.93). Of the Ranch Hands, 1.8 percent were
insulin dependent in contrast to 0.9 percent for Comparisons. After stratifying the analyses by
occupation, the contrast was again marginally significant for the officer category where 2.7
percent of the Ranch Hands were insulin dependent compared to only 1.0 percent of the
Comparisons (p=0.057, Est. RR=2.86). The group contrast for diet only versus nondiabetics
was also marginally significant for officers (p=0.098, Est. RR=2.07). Relative risks for the
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Table 18-4.
Analysis of Composite Diabetes Indicator

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Percent Est. Relative Risk

Category Group n Diabetic 95% C.1.) p-Value

All Ranch Hand 949 15.0 1.08 (0.85,1.37) 0.576
Comparison 1,276 4.0

Officer Ranch Hand 365 15.1 1.36 (0.91,2.02) 0.157
Comparison 502 11.6

Enlisted Flyer Ranch Hand 162 154 0.84 (0.48,1.47) 0.642
Comparison 202 17.8

Enlisted Groundcrew Ranch Hand 422 14.7 0.99 (0.69,1.41) 0.999
Comparison 572 14.9

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Relative Risk

Category (95% C.1.) p-Value Covariate Remarks®

All 1.09 (0.84,1.41) 0.504 AGE (p<0.001)

BFAT (p<0.001)
Officer 1.30 (0.85,1.97) 0.223 OCC*RACE (p=0.003)
RACE*FAMDIAB (p=0.039)
Enlisted Flyer 0.86 (0.47,1.59) 0.630
Enlisted Groundcrew 1.04 (0.71,1.53) 0.849

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-4. (Continued)
Analysis of Composite Diabetes Indicator

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent ~ Estimated Relative Risk
Initial Dioxin n Diabetic _ (95% C.1.) p-Value
Low 173 17.9 1.01 (0.85,1.19) 0.947
Medium 172 18.0
High 173 19.7

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®

n Adj. Relative Risk (95% C.I.)° p-Value ' Covariate Remarks
506 1.21 (0.98,1.50)** 0.075*=* INIT*OCC (p=0.023)
AGE (p<0.001)

RACE (p=0.111)
FAMDIAB (p=0.016)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-2 for

further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
INIT = Log, (initial dioxin).
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Table 18-4. (Continued)
Analysis of Composite Diabetes Indicator

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Diabetic L (95% C1)® p-Value
Comparison 1,059 14.0
Background RH 373 11.3 1.00 (0.69,1.47) 0.988
Low RH 258 19.0 1.30 (0.90,1.89) 0.165
High RH 260 18.1 1.13 (0.77,1.65) 0.523
Low plus High RH 518 18.5 1.21 (0.90,1.63) 0.197

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk _
Dioxin Category n (95% C.1)* p-Value . “Covariate Remarks

Comparison 1,044 DXCAT*OCC (p=0.031)
AGE (p<0.001)
RACE (p=0.062)

ok ok
Background RH 367 0.94 (0.63,1.41) 0.774 FAMDIAB (p<0.001)
Low RH 252 1.21 (0.82,1.79)*%* (.340%=*
High RH 254 1.27 (0.85,1.92)** (.243%*

Low plus High RH 506 1.24 (0.91,1.69)** 0.174**

“ Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of dury
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Categorized dioxin-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-2 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-4. (Continued)
Analysis of Composite Diabetes Indicator

g MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category " Analysis Results for Log,
Percent Diabetic/(n) (Current Dioxin + 1)
Est. Relative Risk

Model? Low Medium High 95% C.L)® p-Value

4 9.5 18.7 18.1 1.19 (1.05,1.34) 0.005
(294) (299) (298)

5 8.7 18.2 19.6 1.20 (1.08,1.34) <0.001
(299) (296) (296)

6° 8.7 18.2 19.6 1.12 (1.00,1.26) 0.050
(298) (296) (296)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Model® n

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
(95% C.L)®

p-Value

Covariate Remarks

4 873

5 873

64 871

1.26 (1.09,1.46)

1.27 (1.11,1.45)

1.16 (1.01,1.34)

0.002

<0.001

0.041

AGE (p<0.001)

RACE (p=0.069)

BFAT (p <0.001)
FAMDIAB (p=0.004)

AGE (p<0.001)
RACE (p=0.059)
BFAT (p<0.001)

FAMDIAB (p=0.005)

AGE (p<0.001)
RACE (p=0.028)
PERS (p=0.147)
BFAT (p <0.001)
FAMDIAB (p=0.005)

 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-5.
Analysis of Diabetic Severity

. a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Occupational Non- No Diet Oral Insulin Contrast vs. Est. Relative Risk
Category Group n Diabetic Treatment Only Hypoglycemic Dependent Nondiabetic (95% C.1.) p-Value
All Ranch Hand 950  85.1 8.2 3.2 18 L8 No Treatment 0.96 (0.71,1.30) 0.770
Comparisen 1,278  86.0 8.7 2.5 19 0.9 Diet Only 1.28 (0.77,2.11) 0.346
Oral Hypoglycemic 0.96 (0.51,1.80) 0.907
Insulin Dependent 1.93 (0.91,4.06) 0.084
Officer Ranch Hand 365 84.9 8.0 3.6 0.8 2.7 No Treatment 1.30 (0.77,2.19) 0.329
Comparison 502 88.5 6.4 1.8 2.4 1.0 Diet Only 2.07 (0.87,4.90) 0.098
Oral Hypoglycemic 0.36 (0.10,1.28) 0.114
Insulin Dependent 2.86 (0.97,8.46) 0.057
Enlisted Ranch Hand 162 84.6 8.0 2.5 3.1 1.9 No Treatment 0.66 (0.32,1.35) 0.254
Flyer Comparison 203 82.3 11.8 3.5 1.0 1.5 Diet Only 0.70 (0.20,2.43) 0.570
Oral Hypoglycemic 3.05 (0.58,16.13) 0.190
Insulin Dependent 1.22 (0.24,6.14) 0.811
Enlisted Ranch Hand 423 85.3 8.5 3.1 2.1 1.0 No Treatment 0.88 (0.57,1.38) 0.587
Groundcrew Comparison 573 85.2 9.6 2.8 1.8 0.7 Diet Only 1.10 (0.52,2.31) 0.805
Oral Hypoglycemic 1.22 (0.49,3.03) 0.674
Insulin Dependent 1.35 (0.27,6.76) 0.714




Table 18-5. (Continued)
Analysis of Diabetic Severity

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

81

Contrast vs. Adj. Relative Risk
Occupational Category - Nondiabetic 5% C.1.) p-Value Covariate Remarks®
All No Treatment 0.94 (0.68,1.29) 0.684 AGE (p<0.001)
Diet Only 1.27 (0.76,2.13) 0.365 OCC (p=0.030)
Oral Hypoglycemic 0.99 (0.52,1.88) 0.965 FAMDIAB (p <0.001)
Insulin Dependent 1.82 (0.85,3.88) 0.124 BFAT*RACE (p=0.011)
Officer No Treatment 1.19 (0.69,2.06) 0.528
Diet Only 2.02 (0.85,4.84) 0.113
Oral Hypoglycemic 0.35 (0.09,1.26) ¢.106
Insulin Dependent 2.77 (0.93,8.25) 0.067
Enlisted Flyer No Treatment (.69 (0.33,1.45) 0.323
Diet Only 0.66 (0.19,2.36) 0.525
Oral Hypoglycemic 2.93 (0.53,16.05) 0.216
Insulin Dependent 0.86 (0.14,5.26) 0.869
Enlisted Groundcrew No Treatment 0.89 (0.56,1.42) 0.627
Diet Only 1.13 (0.53,2.43) 0.755
Oral Hypoglycemic 1.35 (0.53,3.44) 0.535
Insulin Dependent 1.39 (0.34,5.65) 0.647

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-5. (Continued)
Analysis of Diabetic Severity

¢} MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent

Initial Dioxin Non- No Diet Oral Insulin Contrast vs. Est. Relative

Category n Diabetic Treatment Only Hypoglycemic Dependent Nondiabetic Risk (95% C.L)" p-Value

Low 173 82.1 9.8 4.6 23 1.2 No Treatment 0.88 (0.70,1.12) 0.311

Medium 172 82.0 9.9 2.9 1.7 35 Diet Only 1.00 (0.73,1.39) 0.979

High 173 80.4 8.1 5.2 5.8 0.6 Oral Hypoglycemic 1.44 (1.03,2.00) 0.032
Insulin Dependent  0.83 (0.50,1.38) 0.467

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

s e Analysis Results for Log, (Initial Dioxin)®
~m . Contrast vs; Nondiabetic Adj. Relative Risk (95% C.I)> p-Value ' Covariate Remarks

506 No Treatment 1.00 (0.75,1.33) 0.982 AGE (p<0.001)
. FAMDIAB*OCC (p=0.007)
Diet Only 1.29 (0.86,1.95) 0.224 BEAT*RACE (p=0.006)
Oral Hypoglycemic 2.37 (1.42,3.96) 0.001
Insulin Dependent 1.24 (0.60,2.57) 0.566

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, and
covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.



9v-81

Table 18-5. (Continued)

Analysis of Diabetic Severity

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent
No Diet Insulin
Dioxin Category n Nondiabetic Treatment Only Oral Hypoglycemic Dependent
Comparison 1,060 86.0 8.1 2.8 1.9 1.1
Background RH 374 88.8 7.0 2.1 0.0 2.1
Low RH 258 81.0 10.9 4.3 1.9 1.9
High RH 260 81.9 7.7 4.2 4.6 1.5
Low plus High RH 518 81.5 9.3 4.3 33 1.7
, Contrast vs, Nondiabetic
:Nq::‘":'l‘:l"eaﬁnent - . Diet:Only Oral Hypoglycemic Min Dependent
. Eet, Relative Risk Est. Relative Risk Est. Relative Risk Est. Relative Risk

Dioxin Category .

. (95% €1)*® p-Value (95% C.1)*  p-Vahie 95% C.L)® p-Value - (95% C.I)*® p-Value
Comparison
Background RH 1.04 (0.65,1.66)  0.863 0.92 (0.42,2.05) 0.845 - - 2.24 (0.89,5.61) 0.086
Low RH 1.30 (0.82,2.07)  0.270 1.46 (0.72,2.99) 0.298 0.92 (0.33,2.53) 0.870 1.51 (0.52,4.39) 0.447
High RH 0.85(0.51,1.43)  0.545 1.34 (0.65,2.74)  0.430 1.94 (0.91,4.16) 0.088 1.11 (0.34,3.61) 0.862
Low plus High RH 1.07 (0.73,1.56)  0.740 1.40 (0.79,2.47) 0.251 1.46 (0.74,2.87)  0.275 1.31 (0.54,3.20) 0.555
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Table 18-5. (Continued)
Analysis of Diabetic Severity

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

No Treatment vs. Nondiabetic Diet Only vs. Nondiabetic
Adj. Relative Risk Adj. Relative Risk
Dioxin Category n 95% C.L.)* p-Value 95% C.1.)* p-Value
Comparison 1,045
Background RH 368 0.87 (0.53,1.42) 0.569 0.86 (0.38,1.92) 0.708
Low RH 252 1.15 (0.71,1.86) 0.567 1.33 (0.64,2.79) 0.447
High RH 254 1.08 (0.63,1.84) 0.778 1.66 (0.79,3.48) 0.178
Low plus High RH 506 1.12 (0.76,1.66) 0.567 1.48 (0.83,2.66) 0.187
200 s Oral Hypoglycemie vs. Nondiabetic Insulin Dependent vs. Nondiabetic
s AdY. Relative Risk ' Adj. Relative Risk - R
Dioxin Category - n-~ - (95% C.L)* : p-Value (95% C.1.)* p-Value Covariate Remarks
Comparison 1,045 AGE (p <0.001)
FAMDIAB (p<0.001)
Background RH 368 - - 2.07 (0.82,5.27) 0.126 BFAT*RACE (p=0.001)
Low RH 252 0.75 (0.26,2.15) 0.594 1.33 (0.45,3.95) 0.604
High RH 254 2.44 (1.07,5.57) 0.033 1.11 (0.30,4.16) 0.879
Low plus High RH 506 1.45 (0.71,2.96) 0.304 1.24 (0.49,3.16) 0.649

* Relative risk and confidence interval relative to Comparisons.
® Adjusted for percent body fat at the time of duty in SEA and change in body fat from the time of duty in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in body fat from the time of duty in SEA to the date of the blood draw for dioxin, and covariates specified under
"Covariate Remarks” column.

—: Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin = 143 ppt.

High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-5. (Continued)
Analysis of Diabetic Severity

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Summary Statistics Analysis Results for Log, (Current Dioxin + 1)
S Percent '
Current

Dioxin Non- No Diet Oral Insulin Contrast vs. Est. Relative Risk
Model* .| Category = n  Diabetic Treatment Only Hypoglycemic Dependent Nondiabetic 95% C.1.)° p-Value
4 Low 295 90.5 5.8 1.4 0.0 24 No Treatment 1.10(0.93,1.29) 0.266
Medium 299 81.3 10.7 5.0 1.3 1.7 Diet Only 1.27 (1.00,1.62) 0.052
High 298 81.9 8.4 3.7 4.4 1.7 Oral Hypoglycemic 2.17 (1.59,2.96) <0.001
Insulin Dependent 0.75 (0.52,1.08) 0.120
5 Low 300 91.3 53 1.0 0.0 2.3 No Treatment 1.11 (0.97,1.29) 0.140
Medium 296 81.8 10.8 4.7 1.4 1.4 Diet Only 1.35 (1.08,1.68) 0.007
High 296 80.4 8.8 4.4 4.4 2.0 Oral Hypoglycemic 2.12 (1.57,2.85) <0.001
Insulin Dependent 0.80 (0.61,1.05) 0.114
6° Low 299 91.3 54 1.0 0.0 2.3 No Treatment 1.12 (0.96,1.30) 0.155
Medium 296 81.8 10.8 4.7 1.4 1.4 Diet Only 1.30 (1.04,1.63) 0.020
High 296 80.4 8.8 4.4 4.4 2.0 Oral Hypoglycemic 2.16 (1.59,2.93) <0.001
Insulin Dependent 0.78 (0.59,1.03) 0.075

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-5. (Continued)
Analysis of Diabetic Severity

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin)
Model? m Contrast Adj. Relative Risk (95% C.L)" p-Value Covariate Remarks

4 874 No Treatment 1.04 (0.83,1.30)** 0.718*+* CURR*OCC (p=0.046)
Diet Only 1.61 (1.14,2.28)%* 0.007** AGE (p<0.001)
Oral Hypoglycemic 3.96 (2.17,7.21)** <0.001** BFAT*RACE (p=0.008)
Insulin Dependent 0.71 (0.43,1.17)** _ 0.177%* FAMDIAB*BFAT (p=0.006)

5 874 No Treatment 1.08 (0.89,1.31)y** 0.453** CURR*0OCC (p=0.028)
Diet Only 1.77 (1.29,2.44)** <0.001** AGE (p<0.001)
Oral Hypoglycemic 3.90 (2.20,6.89)** <0.001** FAMDIAB*BFAT (p=0.010)
Insulin Dependent 0.78 (0.55,1.11)** 0.168** BFAT*RACE (p=0.005)

6° 873 No Treatment ok okokok CURR*AGE (p<0.001)
Diet Only ook Aok FAMDIAB (p=0.027)
Oral Hypoglycemic *xkk * kK BFAT (p<0.001)
Insulin Dependent ok Hodkk

3 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.

© Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.1 <p <0.05); adjusted relative risk, confidence interval, and p-value derived from a model fitted
after deletion of this interaction; refer to Appendix Table N-2-3 for further analysis of this interaction.

4k | og, (current dioxin + 1)-by-covariate interaction {(p <0.01); adjusted relative risk, confidence interval, and p-value not presented; refer to Appendix
Table N-2-3 for further analysis of this interaction.



enlisted flyer and groundcrew categories were nonsignificant (p>0.19). After adjusting for
age, occupation, family history of diabetes, and the body fat-by-race interaction, a marginally
significant positive difference between Ranch Hands and Comparisons remained in the officer
stratum for the insulin dependent category (Table 18-5(b): p=0.067, Adj. RR=2.77). All other
adjusted results were nonsignificant (p>0.11).

The association between initial dioxin and diabetic severity was significant for the oral
hypoglycemic category in the unadjusted Model 2 analysis (Table 18-5(c): p=0.032, Est.
RR=1.44). Frequencies showed that for the low, medium, and high categories of initial
dioxin, 2.3 percent, 1.7 percent, and 5.8 percent of Ranch Hands treated their diabetes with
oral hypoglycemics. Adjusting for covariate information showed similar results. Significant
covariates in Model 2 were age and the occupation-by-family history of diabetes and body fat-
by-race interactions. Diabetic severity was significantly associated with initial dioxin for the
oral hypoglycemic category (Table 18-5(d): p=0.001, Adj. RR=2.37). The Model 3
unadjusted analysis revealed a marginally significant positive difference between high Ranch
Hands and Comparisons for the oral hypoglycemic category of diabetic severity (Table
18-5(e): p=0.088, Est. RR=1.94). For high Ranch Hands, 4.6 percent used oral
hypoglycemics compared to only 1.9 percent of the Comparisons. Also, a greater percentage
of background Ranch Hands were insulin dependent (2.1 %) in contrast to the Comparisons
(1.1 %) (p=0.086, Est. RR=2.24). After adjusting for age, family history of diabetes, and the
body fat-by-race interaction, the difference between high Ranch Hands and Comparisons
remained significant for the oral hypoglycemic category (Table 18-5(f): p=0.033, Adj.
RR=2.44), although the contrast between background Ranch Hands and Comparisons in the
insulin dependent category became nonsignificant (p=0.126).

In the Models 4 and 5 unadjusted analyses, a significant positive association with current
dioxin was disclosed for the diet only category of diabetic severity (Table 18-5(g): p=0.052,
Est. RR=1.27 for Model 4 and p=0.007, Est. RR=1.35) for Model 5. For the low, medium,
and high categories of current lipid-adjusted dioxin, 1.4, 5.0, and 3.7 percent of Ranch Hands
used diet alone to treat their diabetes. For the current whole-weight dioxin categories, these
percentages were 1.0, 4.7, and 4.4 respectively. Also, in each of the Model 4 through Model
6 unadjusted analyses, diabetic severity exhibited a highly positive significant association with
current dioxin for the oral hypoglycemic category (p<0.001, Est. RR=2.17 for Model 4;
p<0.001, Est. RR=2.12 for Model 5; p<0.001, Est. RR=2.06 for Model 6). The percentages
of Ranch Hands using oral hypoglycemics in the low, medium, and high current lipid-adjusted
dioxin categories were 0.0, 1.3, and 4.4. For Models 5 and 6, these percentages were 0.0,
1.4, and 4.4. Each of the adjusted analyses for Models 4, 5, and 6 revealed significant
interactions with current dioxin. For Models 4 and 5, the interaction involved occupation
(Table 18-5(h): p=0.046 for Mode! 4, p=0.028 for Model 5) whereas for Model 6 the
interaction involved age (p<0.001). Appendix Table N-2-3 presents further analyses of these
interactions. Highly significant positive results were evident for Models 4 and 5 after
removing the interactions from the final models (supplemental analysis for Model 6 was not
performed due to the significance level of the interaction term). The diet only and oral
hypoglycemic categories of diabetic severity were each significantly associated with current
dioxin for Models 4 and 5 (Model 4: p=0. 007, Adj. RR=1.61 for normal vs. diet only and
p<0.001, Adj. RR=3.96 for normal vs. oral hypoglycemic; Model 5: p<0.001, Adj. RR=1.77
for normal vs. diet only and p<0.001, Adj. RR=3.90 for normal vs. oral hypoglycemic).
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Additional covariates significant for Models 4 and 5 were age and the body fat-by-race and
body fat-by-family history of diabetes interactions. For Model 6, covariates retained were
body fat and family history of diabetes.

Time to Diabetes Onset

The time to diabetes onset from time of duty in SEA did not differ significantly between
Ranch Hands and Comparisons in the Model 1 unadjusted and adjusted analyses (Table
18-6(a,b): p>0.16 for all analyses). The significant covariates retained in the adjusted
analysis were age, race, occupation, body fat, and family history of diabetes.

The association between time to diabetes onset and initial dioxin was not significant in
the Model 2 analyses (Table 18-6(c,d): p>0.29 for the unadjusted and adjusted analyses).
The adjusted analysis retained age, race, body fat, and family history of diabetes as significant
covariates. In Model 3, the relationship between time to diabetes onset and categorized dioxin
also was nonsignificant (Table 18-6(e,f): p>0.24 for all contrasts). Age, race, and family
history of diabetes were retained in the adjusted analysis.

A significant negative association between time to diabetes onset and current dioxin was
shown in Models 4, 5, and 6 (Table 18-6(g): p=0.004 for Model 4, p=0.001 for Model 5, and
p=0.026 for Model 6). The time to diabetes onset from time of duty in SEA decreased with
an increase in current serum dioxin levels. That is, Ranch Hands with high current serum
dioxin levels tended to develop diabetes sooner after time of duty in SEA than Ranch Hands
with lower serum dioxin levels. After adjusting for age, race, body fat, and family history of
diabetes, the inverse association remained significant for Models 4, 5, and 6 (Table 18-6(h):
p=0.001, p<0.001, and p=0.012 respectively).

Physical Examination Variables
Thyroid Gland

Less than one percent of the participants analyzed in the Model 1 and Models 3-6
analyses were found to have an abnormal thyroid gland at the physical examination;
consequently, these models employed main effects only and interactions between candidate
covariates were not considered. For Model 2, only one Ranch Hand with a lipid-adjusted
initial dioxin level greater than 10 ppt (241.5 ppt) was found to have an abnormal thyroid
gland; consequently, unadjusted and adjusted analyses were not performed.

Significant differences between Ranch Hands and Comparisons were not evident from
the results of the Model 1 unadjusted analysis of thyroid gland (Table 18-7(a): p>0.62 for all
analyses). No significant covariates were retained in the adjusted analysis; therefore, the
results from this analysis were identical to those of the unadjusted analysis.

In the Model 3 unadjusted analysis of thyroid gland, no significant differences were
revealed between the background, high, and low plus high Ranch Hand categories and the
Comparison group (Table 18-7(e): p>0.16 for all analyses). In the low Ranch Hand
category, there were no participants with an abnormal thyroid gland. The results of the
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Table 18-6.
Analysis of Time to Diabetes Onset (years)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

CoefTicient

Occupational Category Group n (Std. Error)* p-Value®

All Ranch Hand 950 -0.0050 (0.0482) 0.917
Comparison 1,277

Officer Ranch Hand 365 -0.0836 (0.0759) 0.271
Comparison 502

Enlisted Flyer Ranch Hand 162 0.1095 (0.1107) 0.323
Comparison 203

Enlisted Groundcrew Ranch Hand 423 0.0192 (0.0755) 0.800
Comparison 572

b) MODEL t: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Coefficient

Occupational Category Group n (Std. Error)*  p-Value® Covariate Remarks®
All Ranch Hand 932 0.0041 0.935 AGE (p<0.001)

Comparison 1,259 (0.0499) RACE (p=0.051)
Officer Ranch Hand 359 -0.0664 0.400 OCC (p=0.011)

Comparison 499 {0.0790) BFAT (p<0.001)

. FAMDIAB (p<0.001)

Enlisted Flyer Ranch Hand 159 0.1638 0.161

Comparison 198 (0.1169)
Enlisted Groundcrew Ranch Hand 414 0.0046 0.953

Comparison 562 (0.0774)

# Coefficient and standard error for group in a failure time analysis model, using a censored Weibull
distribution. A negative coefficient implies that the time to diabetes onset is shorter for Ranch Hands than for
Comparisons.

® P-value based on the group coefficient in a failure time analysis model, using a censored Weibull distribution.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-6. (Continued)
Analysis of Time to Diabetes Onset (years)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Amilysis Results for Log, (Initial Dioxin)*
Slope

Initial Dioxin n (Std. Error)® p-Value

Low 173 0.0017 (0.0309) 0.957

Medium 172

High 173

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Adj. Slope
Initial Dioxin n (Std. Error)® p-Value Covariate Remarks
Low 171 -0.0344 (0.0329) 0.295 AGE (p<0.001)
. RACE (p=0.092)
Medium 167 BFAT (p=0.077)
High 168 FAMDIAB (p=0.029)

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty

in SEA to the date of the blood draw for dioxin.

® Slope and standard error based on time to diabetes onset versus log;, (initial dioxin) in a failure time analysis

model, using a censored Weibull distribution.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-6. (Continued)
Analysis of Time to Diabetes Onset (years)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Coefficient
Dioxin Category n (Std. Error)™ p-Value®
Comparison 1,059
Background RH 374 0.0477 (0.0741) 0.520
Low RH 258 -0.0777 (0.0700) 0.267
High RH 260 -0.0119 (0.0711) 0.867
Low plus High RH 518 -0.0443 (0.0559) 0.428

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Coefficient

Dioxin Category n (Std. Error)* p-Value® Covariate Remarks

Comparison 1,044 AGE (p<0.001)
RACE (p=0.030)

Background RH 168 0.0908 (0.0785)  0.247 FAMDIAB (p <0.001)

Low RH 252 0.0554 (0.0725)  0.445

High RH 254 0.0791 (0.0744)  0.287

Low plus High RH 506 0.0667 (0.0580)  0.250

# Coefficient and standard error for Ranch Hand versus Comparison contrast in a failure time analysis model,
using a censored Weibull distribution. A negative coefficient implies that the time to diabetes onset is shorter
for the Ranch Hand category than for Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ P-value based on the Ranch Hand versus Comparison contrast in a failure time analysis model, using a
censored Weibull distribution.

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-6. (Continued)

Analysis of Time to Diabetes Onset (years)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category

Analysis Results for Log, (Current

Dioxin + 1)
Low Medium High
Model® n n n Slope (Std. Error)® p-Value
4 295 299 298 -0.0694 (0.0238) 0.004
5 300 296 296 -0.0734 (0.0216) 0.001
6 299 296 296 -0.0506 (0.0228) 0.026

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Model?

Analysis Results for Log, (Current Dioxin + 1)

Adj. Slope
(Std. Error)®

p-Value

Covariate Remarks

6d

-0.0889 (0.0277)

-0.0925 (0.0251)

-0.0663 (0.0263)

0.001

<0.001

0.012

AGE (p<0.001)
RACE (p=0.064)
BFAT (p <0.001)

FAMDIAB (p=0.009)

AGE (p<0.001)
RACE (p=0.053)
BFAT (p<0.001)

FAMDIAB (p=0.009)

AGE (p<0.001)
RACE (p=0.024)
BFAT (p<0.001)

FAMDIAB (p=0.008)

? Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Slope and standard error based on time to diabetes onset versus log, (current dioxin + 1) in a failure time
analysis model, using a censored Weibull distribution.

¢ Adjusted for log, total lipids.

9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-7.
Analysis of Thyroid Gland

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED

Occupational . Percent Est, Relative Risk

Category Group n Abnormal 95% C.L) p-Value

All Ranch Hand 931 0.5 0.67 (0.23,1.95) 0.628
Comparison 1,242 0.8

Officer Ranch Hand 357 0.6 0.90 (0.15,5.41) 0.999
Comparison 482 0.6

Enlisted Flyer Ranch Hand 157 0.0 -- --
Comparison 198 1.0

Enlisted Groundcrew Ranch Hand 417 0.7 0.81 (0.19,3.40) 0.999
Comparison 562 0.9

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Relative Risk

Category 95% C.1.) p-Value Covariate Remarks
All 0.67 (0.23,1.95) 0.628

Officer 0.90 (0.15,5.41) 0.999

Enlisted Flyer -- --

Enlisted Groundcrew 0.81 (0.19,3.40) 0.999

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 18-7. (Continued)
Analysis of Thyroid Gland

c) MODEL 2: RANCH HANDS — INTTTAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log; (Initial Dioxin)*
Percent Estimated Relative Risk
Initial Dioxin n Abnormal 5% C1L) p-Value
Low 170 0.0 - --
Medium 171 0.0 -- -
High 168 0.6 - -

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.L.) p-Value Covariate Remarks

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

-t Sample size, relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-7. (Continued)
Analysis of Thyroid Gland

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal 95% C.L)* p-Value
Comparison 1,030 6.9
Background RH 365 1.1 1.23 (0.37,4.07) 0.740
Low RH 254 0.0 - =
High RH 255 0.4 0.45 (0.06,3.61) 0.453
Low plus High RH 509 0.2 0.23 (0.03,1.81) 0.162

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.1.)® p-Value Covariate Remarks
Comparison 1,030

Background RH 365 1.23 (0.37,4.07)  0.740

Low RH 254 - -

High RH 255 0.45 (0.06,3.61)  0.453

Low plus High RH 509 0.23 (0.03,1.81)  0.162

? Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-7. (Continued)
Analysis of Thyroid Gland

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category - ] Analysis Results for Log,
Percent Abnormal/(n) || . (Current Dioxin + 1)
S " Est. Relative Risk
Model? Low Mediom - High ©(95% C.L)Y p-Value

4 1.0 0.3 0.3 0.67 (0.34,1.30) 0.222
(290) (291) {293)

5 1.0 0.3 0.3 0.78 (0.48,1.26) 0.332
(295) (289) (290)

6° 1.0 0.3 0.3 0.72 (0.44,1.18) 0.219
(294) (289) (290)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk o
Model? n 95% C.1.)° p-Value Covariate Remarks
4 873 0.69 (0.35,1.34) 0.258 PERS (p=0.108)
5 873 0.80 (0.49,1.29) 0.372 PERS (p=0.104)
69 872 0.74 {0.44,1.23) 0.265 PERS (p=0.116)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

P Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Model 3 adjusted analysis of thyroid gland duplicated those of the unadjusted analysis because
no covariates were retained.

The unadjusted and adjusted analyses of Models 4, 5, and 6 revealed negative but
nonsignificant associations between thyroid gland abnormality and current dioxin (Table
18-7(g,h): p>0.21 for all analyses). Personality type was found to be significant in each of
the three adjusted analyses.

Testicular Volume: Minimum

In the unadjusted and adjusted Model 1 analyses of minimum testicular volume, no
significant differences were found to exist between Ranch Hands and Comparisons (Table
18-8(a,b): p>0.69 for all analyses). Significant covariates included age, race, and body fat.

Minimum testicular volume was not significantly associated with initial dioxin in the
unadjusted Model 2 analysis (Table 18-8(c): p=0.551). However, in the adjusted analysis,
the interaction of initial dioxin and occupation was significant (Table 18-8(d): p=0.028) and
upon deleting this interaction from the final model, a marginally significant negative dioxin
effect remained (p=0.080, Slope=-0.3887). The results from analyzing the dioxin levels
separately for each occupation are displayed in Appendix Table N-2-4. The minimum volume
of the testes decreased as current dioxin increased. In addition, initial dioxin was significant
after removing occupation from the final model (Appendix Table N-3-4: p=0.041). No
significant results were revealed in either the unadjusted or adjusted Model 3 analyses of
minimum testicular volume (Table 18-8(e,f): p>0.42 for all analyses). Significant covariates
included age and race for Model 2 and age and the race-by-body fat interaction for Model 3.

For Models 4, 5, and 6, the unadjusted analyses of minimum testicular volume led to
nonsignificant results (Table 18-8(g): p>0.46 for all analyses). In the Model 4 adjusted
analysis, a marginally significant negative association between current dioxin and minimum
testicular volume was detected (Table 18-8(h): p=0.080, Slope=-0.2301). No significant
association with current dioxin was shown in the Model 5 adjusted analysis (p=0.203),
although further adjusting for total lipids led to a significant interaction between current
dioxin and occupation in the adjusted analysis for Model 6 (p=0.034). Appendix Table N-2-4
presents the results from further investigation of current dioxin stratified by occupation. A
negative relationship of marginal significance between minimum testicular volume and current
dioxin was found upon removing the interaction from the final model (p=0.075, Slope=
-0.2411). Age and race were significant in each of the three current dioxin adjusted analyses.

Testicular Volume: Total

The unadjusted and adjusted Model 1 analyses of total testicular volume revealed no
significant group effect (Table 18-9(a,b); p>0.60 for all analyses). Significant covariates
included age, race, and body fat.

In the Model 2 and 3 unadjusted analyses, total testicular volume was not significantly

associated with dioxin (Table 18-9(c,e): p>0.52 for all analyses). The adjusted Model 2
analysis revealed a significant interaction between initial dioxin and occupation
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Table 18-8.
Analysis of Testicular Volume: Minimum (cm?)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational - Difference of Means

Category Group n Mean (95% C.1.) p-Value

All Ranch Hand 937 15.94 0.03(-0.43,0.50) 0.887
Comparison 1,270 15.90

Officer Ranch Hand 360 15.72 0.09 (-0.66,0.84) 0.814
Comparison 497 15.63

Enlisted Flyer Ranch Hand 161 15.80 -0.09 (-1.23,1.05) 0.877
Comparison 202 15.89

Enlisted Groundcrew Ranch Hand 416 16.17 0.03 (-0.65,0.71) 0.926%
Comparison 571 16.14

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean Means (95% C.1.) p-Value Covariate Remarks®

All Ranch Hand 937 15.67 0.07 (-0.39,0.52) 0.769 AGE (p<0.001)
Comparison 1,270 15.00 RACE (p<6.001)

Officer Ranch Hand 360 1520  0.15(0.59.0.88)  0.694 | BFAT (p=0.135)

Comparison 497 15.05

Enlisted Flyer Ranch Hand 161 15.18 -0.06 (-1.17,1.06) 0.923
Comparison 202 15.24

Enlisted Ranch Hand 416 14.95 0.04 (-0.64,0.73) 0.901
Groundcrew  Comparison 571 14.91

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-8. (Continued)
Analysis of Testicular Volume: Minimum (cm?)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics

Analysis Results for Log, (Initial Dioxin)®

Adj. S Slope
Initial Dioxin n Mean Mean® R? - {Std. Error) p-Value
Low 172 15.33 15.31 0.001 -0.1166 (0.1954) 0.551
Medium 170 16.74 16.74
High 171 15.64 15.65

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)"
Statistics
Adj. Adj. Slope

Initial Dioxin n Mean® R? (Std. Error) p-Value  Covariate Remarks
Low 172 14.61** 0.063 -0.3887 (0.2218)** 0.08C** INIT*OCC (p=0.028)

. AGE (p<0.001)

Kok

Medium 170 15.81 RACE (p=0.004)
High 171 14.33**

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty

in SEA to the date of the blood draw for dioxin.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 10 the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p=<0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-4

for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-8. (Continued)
Analysis of of Testicular Volume: Minimum (cm?)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean Mean® 95% C.1.) p-Value
Comparison 1,057 15.90 15.90

Background RH 368 15.90 15.91 0.01 (-0.64,0.66) 0.973
Low RH 256 15.85 15.86 -0.05 (-0.79,0.70) 0.901
High RH 257 15.95 15.93 0.02 (-0.72,0.77) 0.950
Low plus High RH 513 15.90 15.89 -0.01 (-0.59,0.57) 0.968

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® (95% C.1.) p-Value ' Covariate Remarks

Comparison 1,057 15.11 AGE (p<0.001)
RACE*BFAT (p=0.042)

Background RH 368 15.27 0.16 (-0.49,0.80) 0.634

Low RH 256 15.24 0.13 (-0.61,0.87) 0.734

High RH 257  14.81 -0.30 (-1.05,0.44) 0.423

Low plus High RH 513 15.04 -0.09 (-0.66,0.48) 0.767

? Adjusted for percent body fat at the time of duty in SEA and change in percent bedy fat from the time of duty
in SEA to the date of the blood draw for dioxin.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-8. (Continued)
Analysis of Testicular Volume: Minimum (cm?)

g MODELS 4, S, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean/(n) (Current Dioxin + 1)
' Slope
Model* Low Medium High ‘ R? (Std. Error) p-Value

4 16.01 15.67 16.02 <0.001 -0.0782 (0.1307) 0.550
(292) (294) (295)

5 15.71 15.91 16.07 <0.001 -0.0285 (0.1122) 0.799
297) (292) (292)

6° 15.79 15.92 16.00 0.002  -0.0880 (0.1211) 0.467
(296) (292) (292)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean/(n) ‘ Lot {Curvent Dioxin + 1)
Adj. Slope
Model’ | Low  Medium  High R (Std. Error) . p-Value Covariate Remarks
4 15.08 14.90 14.65 ||0.040 -0.2301 0.080 AGE (p<0.001)
(292) (294) (295) (0.1312) RACE (p=0.004)
5 14,74 15.10 14.70 |10.039 -0.1428 0.203 AGE (p<0.001)
297 (292) (252) (0.1121) RACE (p=0.004)
6° 14.90** 15.18*  14.72%* [[0.049 -0.2411 0.075**  CURR*OCC (p=0.034)
(296) (292) (292) (0.1352)*+* AGE (p<0.001)
RACE (p=0.004)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + I})-by-covariate interaction (0.01 <p <0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-4 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-9.
Analysis of Testicular Volume: Total (cm®)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.1)° p-Value

All Ranch Hand 937 33.90 -0.14 -- 0.766
Comparison 1,270 34.04

Officer Ranch Hand 360 33.40 -0.36 -- 0.639
Comparison 497 33.76

Enlisted Flyer Ranch Hand 16t 33.86 -0.59 -- 0.611
Comparison 202 34.45

Enlisted Groundcrew Ranch Hand 416 34.35 0.21 -- 0.753
Comparison 571 34.13

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean®  Means (95% C.1.)®  p-Value® Covariate Remarks®

All Ranch Hand 937 32.08 -0.07 — 0.872 AGE (p <0.001)
Comparison 1,270 32.15 RACE (p<0.001)

Officer Ranch Hand 360  32.23 0.25 -- 0.730 | BFAT(=0.103)
Comparison 497 32.48

Enlisted Flyer Ranch Hand 161 32.52 -0.51 - 0.642
Comparison 202 33.04

Enlisted Ranch Hand 416 31.90 0.23 -- 0.727

Groundcrew  Comparison 571 31.67

3 Transformed from the square root scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
given because analysis was performed on square root scale.

¢ P-values based on difference of means on square root scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-9. (Continued)
Analysis of Analysis of Testicular Volume: Total (cm’)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN - UNADJUSTED

Initial Dioxin Category Summary Statistics ' Analysis Results for Log, (Initial Dioxin)®
Adj. ' Slope
Initial Dioxin n Mean® Mean® R © (Std. Error) p-Value
Low 172 32.87 32.86 0.001 -0.0202 (0.0329) 0.540
Medium 170 35.01 35.02
High 171 33.35 33.35

d) MODEL 2: RANCH HANDS — INTTIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean® R? (Std. Error)* p-Value Covariate Remarks
Low 172 32.28%* 0.078  -0.0708 (0.0374)** 0.059** INIT*OCC (p=0.024)
. RACE (p=0.004)

& A&
Medium 170 33.74 AGE*OCC (p=0.041)
High 171 31.30%*

? Transformed from square root scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on square root of total testicular volume versus log, (initial dioxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** [ og, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-5
for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-9. (Continued)
Analysis of Testicular Volume: Total (cm®)

¢} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

_ Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean®*  Mean® 95% C.I)* p-Value?
Comparison 1,057 34.08 34.08

Background RH 368 33.93 33.96 -0.12 -- 0.857
Low RH 256 33.73 33.74 0.34 - 0.653
High RH 257 33.74 33.69 0.39 -- 0.601
Low plus High RH 513 33.73 33.72 -0.36 - 0.529

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean™ - (95% C.L)* p-Value® Covariate Remarks

Comparison 1,057 3245 AGE (p<0.001)
RACE (p=0.001)

Background RH 368 32.60 0.15 -- 0.818

Low RH 256  32.50 0.05 -- 0.945

High RH 257  31.51 -0.94 -- 0.194

Low plus High RH 513 32.03 -0.42 -- 0.427

? Transformed from square root scale.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not given because analysis was performed on square root scale.

4 P-value is based on difference of means on square root scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-9. (Continued)
Analysis of Testicular Volume: Total (cm?)

g) MODELS 4, §, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category - Analysis Results for Log,
Mean®*/(n) ‘ {Current Dioxin + 1)
' . o Slope
Model® Low Medium . High R (Std. Error)* p-Value

4 34.09 33.48 : 33.88 0.001 -0.0175 (0.0220) 0.426
(292) (294) (295)

5 33.61 33.86 33,99 <0.001 -0.0094 (0.0189) 0.618
297) 292) (292)

69 33.75 33.88 33.85 0.002 -0.0194 (0.0204) 0.341
(296) (292) (292)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN - ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) (Current Dioxin + 1)
Adj. Slope
Model® | Low  Medium High R? (Std. Error)* p-Value Covariate Remarks
4 32.34 32.04 31.28 0.041 -0.0432 0.051 AGE (p<0.001)
(292) (294) (295) 0.0221) RACE (p=0.005)
5 31.79 32.35 31.38 0.039 -0.0288 0.128 AGE (p<0.001)
(297) (292) (292) (0.0189) RACE (p=0.005)
6° 32.05 32.43 31.24 0.042 -0.0424 0.039 AGE (p<0.001)
(296) (292) (292) (0.0205) RACE (p=0.007)

2 Transformed from square root scale.
® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
¢ Slope and standard error based on square root of total testicular volume versus log, (current dioxin + 1).
Adjusted for log, total lipids.

© Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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(Table 18-9(d): p=0.024). Appendix Table N-2-5 presents detailed results of this interaction.
In removing this interaction from the final model, a marginally significant initial dioxin effect
was revealed (Table 18-9(d): p=0.059, Slope=-0.0708). The total volume of the testes
decreased as current dioxin increased. Also, a significant association with initial dioxin was
seen after removing occupation from the final model (Appendix Table N-3-5: p=0.032). In
the adjusted analysis of Model 3, significant associations between total testicular volume and
categorized dioxin were not detected (Table 18-9(f): p>0.19 for all contrasts).

No significant relationship between total testicular volume and current dioxin was
revealed in any of the Model 4, 5, and 6 unadjusted analyses (Table 18-9(g): p>0.34 for all
analyses). The Model 4 adjusted analysis revealed a marginally significant negative
association with current dioxin (Table 18-9(h): p=0.051, Slope=-0.0432). Although the
results of the Model 5 adjusted analysis were nonsignificant (p=0.128), a significant negative
association between total testicular volume and current dioxin was seen in the Model 6
adjusted analysis (p=0.039, Slope=-0.0424). Age and race were covariates retained in all
three current dioxin adjusted analyses.

Retinopathy Results (Diabetics)

No significant results were revealed in the Model 1 unadjusted analysis of retinopathy
restricted to diabetics (Table 18-10(a): p>0.47 for all analyses). The adjusted analysis
revealed a significant interaction between group and personality type (Table 18-10(b):
p=0.018). Results of this interaction stratified by personality type are shown in Appendix
Table N-2-6. Subsequent analysis with the interaction deleted from the final model did not
reveal significant differences between Ranch Hands and Comparisons (Table 18-10(b):
p>0.62 for all contrasts). Covariates retained in the adjusted analysis included family history
of diabetes, diabetic severity, and the personality type-by-body fat interaction.

The Model 2 unadjusted analysis of retinopathy in diabetics did not reveal a significant
association with initial dioxin (Table 18-10(c): p=0.144). Only five Ranch Hands (one with
low initial dioxin and four with high initial dioxin levels) had retinopathy. This sparse
number precluded meaningful adjusted analyses. Therefore, the adjusted relative risk,
confidence interval, and p-value are not presented.

For Model 3, unadjusted and adjusted analyses did not reveal any statistically significant
associations between retinopathy and categorized dioxin in diabetics (Table 18-10(e,f):
p>0.15 for all contrasts). Personality type, family history of diabetes, and diabetic severity
were significant covariates.

In the Model 4 unadjusted analysis, a marginally significant positive association between
retinopathy and current lipid-adjusted dioxin was detected (Table 18-10(g): p=0.076, Est.
RR=1.51). The low and medium current dioxin categories contained 3.7 and 3.6 percent
retinal abnormalities, whereas the high category contained 7.4 percent. After adjusting for
personality type, body fat, family history of diabetes, and diabetic severity, the relationship
between current dioxin and retinopathy remained marginally significant (Table 18-10(h):
p=0.066, Adj. RR=1.64). The Model 5 unadjusted analysis showed a marginally significant
positive association with current whole-weight dioxin (Table 18-10(g): p=0.088, Est.
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Table 18-10.
Analysis of Retinopathy Results (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED

Percent  Est. Relative Risk

Occupational Category Group n Abnormal 95% C.1.) p-Value

All Ranch Hand 141 5.0 1.81 (0.56,5.82) 0.479
Comparison 178 2.8

Officer Ranch Hand 54 3.7 1.06 (0.14,7.79) 0.999
Comparison 57 35

Enlisted Flyer Ranch Hand 25 12.0 -- -
Comparison 36 0.0

Enlisted Groundcrew Ranch Hand 62 32 0.91 (0.15,5.62) 0.999
Comparison 85 3.5

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Adj. Relative Risk |

Occupational Category 95% C.1.) p-Value : Covariate Remarks®
All 1.42 (0.35,5.79)%* 0.623%* GROUP*PERS (p=0.018)
FAMDIAB (p=0.018)
sk e 3k
Officer 0.72 (0.07,7.47) 0.787 DIABSEV (p <0.001)
Enlisted Flyer -- -~ PERS*BFAT (p=0.024)
Enlisted Groundcrew 0.67 (0.08,5.63)** 0.710%*

2 Covariates and associated p-values correspond to final model based on all participants with available data.
** Group-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and p-value
derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-6 for further

analysis of this interaction.

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 18-10. (Continued)
Analysis of Retinopathy Results (Diabetics)

]

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent Estimated Relative Risk
Initial Dioxin n Abnormal (95% C.1.)° p-Value
Low 31 3.2 1.59 (0.88,2.88) 0.144
Medium 31 0.0
High 34 11.8

d) MODEL 2: RANCH HANDS - INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.I.)* p-Value Covariate Remarks

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

® Relative risk for a twofold increase in initial dioxin.

- Sample size, adjusted relative risk, confidence interval, and p-value not presented due to the sparse
number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-10. (Continued)
Analysis of Retinopathy Results (Diabetics)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal 95% C.I.)*» p-Value
Comparison 147 2.7
Background RH 41 ‘ 4.9 1.87 (0.32,11.09) 0.490
Low RH 49 2.0 0.65 (0.07,6.03) 0.702
High RH 47 8.5 2.92 (0.67,12.80) 0.155
Low plus High RH 96 5.2 1.68 (0.42,6.66) 0.460

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n (95% C.L)y* p-Value Covariate Remarks

Comparison 146 PERS (p=0.027)
FAMDIAB (p=0.007)

Background RH 38 1.99(0.25,1593)  0.515 DIABSEV (p<0.001)

Low RH 48  0.57(0.056.79)  0.660

High RH 46  2.66(0.43,16.38)  0.292

Low plus High RH 94  1.46(0.28,7.74)  0.654

* Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-10. (Continued)
Analysis of Retinopathy Results (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category - Analysis Results for Log,
Percent Abnormal/(n) (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medivm High (95% C.L)° p-Value

4 3.7 3.6 7.4 1.51 (0.97,2.36) 0.076
(27) (56) (54)

5 4.0 1.9 8.6 1.43 (0.95,2.15) 0.088
(25) (54) (58)

6° 4.0 1.9 8.6 1.47 (0.93,2.31) 0.103
(25) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model n (95% C.1.)° p-Value Covariate Remarks

4 132 1.64 (0.93,2.88) 0.066 PERS (p=0.001)
BFAT (p=0.098)
FAMDIAB (p=0.010)
DIABSEV (p<0.001)

5 132 1.53 (0.91,2.57) 0.079 PERS (p=0.001)
BFAT (p=0.101)
FAMDIAB (p=0.013)
DIABSEV (p=0.001)

6° 132 1.62 (0.93,2.83) 0.067 PERS (p=0.001)
BFAT (p=0.099)

FAMDIAB (p=0.011)

DIABSEV (p=0.001)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppg; Medium = >46-128 ppq; High = >128 ppq.
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RR=1.43). The tracheotomized levels of current dioxin revealed abnormality in 4.0 percent of
the Ranch Hands in the low category, 1.9 percent in the medium category, and 8.6 percent in
the high category. A marginally significant positive relationship between current dioxin and
retinopathy remained in the Model 5 adjusted analysis (Table 18-10(h): p=0.079, Adj.
RR=1.53). Although no significant results were obtained in the unadjusted analysis for Model
6 (Table 18-10(g): p=0.103), adjusting for covariates led to a positive association of marginal
significance between retinopathy and current dioxin (Table 18-10(h): p=0.067, Adj.
RR=1.62). Personality type, body fat, family history of diabetes, and diabetic severity were
retained in both the Model 5 and 6 adjusted analyses. When body fat was removed from the
adjusted analyses of Models 4, 5, and 6, the association between current dioxin and
retinopathy became nonsignificant (Appendix Table N-3-6: p>0.18 for each model).

Neuropathy Results (Diabetics)

Although no significant overall difference between Ranch Hands and Comparisons was
evident from the Model 1 unadjusted analysis of diabetics (Table 18-11(a): p=0.150),
stratification across occupation revealed a marginally significant difference between the two
groups in the enlisted groundcrew category (p=0.076, Est. RR=3.44), where 14.5 percent of
the diabetic Ranch Hands and 4.7 percent of the diabetic Comparisons had neuropathy. After
adjusting for age, race, occupation, and diabetic severity, the difference between the two
groups in the enlisted groundcrew category remained marginally significant (Table 18-11(b):
p=0.098, Adj. RR=3.38). The overall adjusted contrast and the contrasts involving officers
and enlisted flyers were nonsignificant (p>0.42).

Unadjusted and adjusted Model 2 analyses of neuropathy in diabetics did not reveal a
significant association with initial dioxin (Table 18-11(c,d): p>0.42 for both analyses).
Diabetic severity was the only significant covariate in the adjusted model. In addition,
although the percentage of high Ranch Hands with neuropathy was greater than that of the
Comparisons (17.0% vs. 7.4%), no significant results were shown in the Model 3 unadjusted
analysis (Table 18-11(e): p>0.11 for all contrasts). However, after adjusting for age, race,
diabetic severity, and the personality type-by-body fat interaction, results became significant
for diabetic Ranch Hands in the high category (Table 18-11(f): p=0.076, Adj. RR=3.23).
When body fat was removed from the final model, the difference between the high Ranch
Hand category and the Comparisons became nonsignificant (Table N-3-7(a): p=0.131).

None of the Model 4 through 6 analyses detected any significant associations between
current dioxin and neuropathy in diabetics (Table 18-11(g,h): p>0.32 for all analyses).
Covariates retained in each of the adjusted analyses included occupation and four covariate-
by-covariate interactions: age-by-race, age-by-personality type, body fat-by-diabetic severity,
and family history of diabetes-by-diabetic severity.

Radial Pulses (Doppler) (Diabetics)

The sparse number of diabetic participants with abnormal radial pulses (one Ranch
Hand and two Comparisons) prevented meaningful adjusted analyses for Models 1 through 6.
Consequently, relative risks, confidence intervals, and p-values are not presented. Unadjusted
analyses were performed for all models except Model 2, where there was only one Ranch
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Table 18-11.
Analysis of Neuropathy Results (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent - - Est. Relative Risk

Occupational Category Group n Abnormal 95% C.1.) p-Value

All Ranch Hand 142 12.0 1.89 (0.87,4.11) 0.150
Comparison 179 6.7

Officer Ranch Hand 55 9.1 1.83 (0.42,8.07) 0.656
Comparison 58 5.2

Enlisted Flyer Ranch Hand 25 12.0 0.85 (0.18,3.91) 0.999
Comparison 36 13.9

Enlisted Groundcrew Ranch Hand 62 14.5 3.44 (1.01,11.74) 0.076
Comparison 85 4.7

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 1.45 (0.58,3.59) 0.425 AGE (p=0.001)

RACE (p=0.146)
Officer 1.02 (0.18,5.80) 0.984 0CC (p=0.057)
Enlisted Fiyer 0.52 (0.09,3.14) 0.474 DIABSEYV (p<0.001)
Enlisted Groundcrew 3.38 (0.80,14.30) 0.098

* Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-11. (Continued)
Analysis of Neuropathy Results (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent Estimated Relative Risk
Initial Dioxin n Abnormal 95% C.1.)° p-Value
Low 3t 3.2 1.20 (0.77,1.87) 0.421
Medium 31 12.9
High 34 17.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.l1)® p-Value Covariate Remarks
96 1.20 (0.72,1.99) 0.476 DIABSEV (p=0.002)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-11. (Continued)
Analysis of Neuropathy Results (Diabetics)

¢} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal 95% C.1.)® p-Value
Comparison 148 7.4
Background RH 42 14.3 2.26 (0.74,6.86) 0.151
Low RH 49 6.1 0.68 (0.18,2.61) 0.570
High RH 47 17.0 2.30 (0.82,6.47) 0.115
Low plus High RH 96 11.5 1.37 (0.55,3.42) 0.502

) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n (95% C.1)* p-Value Covariate Remarks
Comparison 148 AGE (p=0.013)
RACE (p=0.009)

DIABSEV (p <0.001)

Background RH 42 2.04 (0.49,8.50) 0.329 PERS*BFAT (p=0.030)

Low RH 49 (.35 (0.07,1.81) 0.210

High RH 47 3.23 (0.89,11.77) 0.076

Low plus High RH 96 1.22 (0.41,3.64) 0.721

2 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 10 the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-11. (Continued)
Analysis of Neuropathy Results (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal/(n) {Current Dioxin + 1)
Est, Relative Risk
Model® Low Medium High (95% C.L)® p-Value

4 17.9 3.6 18.5 1.14 (0.83,1.57) 0.424
(28) (56) (54)

5 19.2 5.6 15.5 1.09 (0.83,1.44) 0.535
(26) (54) (58)

6 19.2 5.6 15.5 1.17 (0.85,1.61) 0.321
(26) (54) (58)

bh) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n 95% C.L)° p-Value Covariate Remarks

4 133 1.01 (0.65,1.56) 0.973 OCC (p=0.07%)
AGE*RACE (p=0.048)
AGE*PERS (p=0.014)

BFAT*DIABSEV (p=0.006)

FAMDIAB*DIABSEV (p=0.010)

5 133 1.00 (0.70,1.43) 0.995 OCC (p=0.066)
AGE*RACE (p=0.048)
AGE*PERS (p=0.014)

FAMDIAB*DIABSEV (p=0.010)

BFAT*DIABSEV (p=0.006)

69 133 1.13 (0.73,1.74) 0.572 OCC (p=0.129)
AGE*RACE (p=0.043)
AGE*PERS (p=0.016)
FAMDIAB*DIABSEV (p=0.006)
BFAT*DIABSEV (p=0.005)

& Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks™ column.
Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Hand with abnormal radial pulses. The unadjusted Model 1 analysis did not show any
significant differences between Ranch Hands and Comparisons (Table 18-12(a): p>0.84 for
all contrasts). No significant differences were revealed between any of the Ranch Hand
categories and the Comparison group in the Model 3 unadjusted analysis (Table 18-12(e):
p>0.26 for all analyses). For Models 4 through 6, the unadjusted analyses did not show any
significant associations between current dioxin and radial pulses (Table 18-12(g): p>0.27 for
all analyses).

Femoral Pulses (Doppler) (Diabetics)

The Model 1 unadjusted analysis of femoral pulses on diabetics did not reveal overall or
stratified differences between Ranch Hands and Comparisons (Table 18-13(a): p>0.48 for all
analyses). Likewise, adjusting for diabetic severity and current cigarette smoking did not
show a significant group effect in the adjusted analysis (Table 18-13(b): p>0.53 for all
contrasts). Neither the unadjusted nor the adjusted analyses for Models 2 and 3 detected a
significant association between femoral pulses and dioxin (Table 18-13(c-f): p>0.21 for all
analyses). The Model 2 adjusted analysis retained diabetic severity only, whereas, in the
Model 3 adjusted analysis, current cigarette smoking also was significant. For Models 4
through 6, the unadjusted and adjusted analyses of femoral pulses showed no significant
association with current dioxin (Table 18-13(g,h): p>0.57 for all analyses). Diabetic severity
was the only covariate retained in each adjusted analysis.

Popliteal Pulses (Doppler) (Diabetics)

No significant group differences were obtained in either the unadjusted or adjusted
analyses of popliteal pulses restricted to diabetics (Table 18-14(a,b): p>0.11 for all analyses).
Diabetic severity and current cigarette smoking were retained in the adjusted analysis. The
relationship between initial or categorized dioxin and popliteal pulses was determined to be
nonsignificant in the unadjusted and adjusted analyses for Models 2 and 3 (Table 18-14(c-f):
p>0.13 for all analyses). Significant covariates retained in each of the adjusted analyses
included current cigarette smoking and age. Diabetic severity was significant in the adjusted
analysis for Model 2. Results of the Models 4, 5, and 6 unadjusted and adjusted analyses are
presented in Table 18-14(g,h). No significant current dioxin effect was revealed in any of
these analyses (p>0.64 for all analyses). In each of the adjusted analyses, diabetic severity
was significant.

Dorsalis Pedis Pulses (Doppler) (Diabetics)

Overall and stratified contrasts for Ranch Hands versus Comparisons were not significant
in the Model 1 analyses of dorsalis pedis pulses restricted to diabetics (Table 18-15(a,b):
p>0.31 for all contrasts). Age, body fat, and lifetime alcohol history were significant in the
adjusted analysis.

The relationship between dorsalis pedis pulses and initial dioxin in diabetics was not
significant in either the unadjusted or adjusted Model 2 analyses (Table 18-15(c,d): p>0.35).
Significant covariates included family history of diabetes, lifetime alcohol history, high
density lipoprotein, and family history of heart disease.
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Table 18-12.

Analysis of Radial Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group n Abnormal - (95% C.L) p-Value

All Ranch Hand 142 1.4 2.54 (0.23,28.33) 0.840
Comparison 179 0.6

Officer Ranch Hand 55 1.8 1.06 {0.06,17.30) 0.999
Comparison 58 1.7

Enlisted Flyer Ranch Hand 25 0.0 - -
Comparison 36 0.0

Enlisted Groundcrew Ranch Hand 62 1.6 - --
Comparison 85 0.0

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.)

p-Value

Covariate Remarks®

All

Officer

Enlisted Flyer
Enlisted Groundcrew

# Covariates and associated p-values correspond to final model based on all participants with available data.

-t Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.

18-80



Table 18-12. (Continued)
Analysis of Radial Pulses (Doppler) (Diabetics)

c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)

. Pereént Estimated Relative Risk
Initial Dioxin n Abnormal | 95% C.1)* p-Value
Low 31 3.2 - -
Medium 3! 0.0
High 34 0.0

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)

n Adj. Relative Risk (95% C.1.)* p-Value Covariate Remarks

2 Relative risk for a twofold increase in initial dioxin.

Sample size, relative risk, confidence interval, and p-value not presented due to the sparse number of

abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-12. (Continued)
Analysis of Radial Pulses (Doppler) (Diabetics)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
‘Dioxin Category n Abnormal 95% C.1)® p-Value
Comparison 148 0.7
Background RH 42 - 24 5.19(0.23,96.2) 0.267
Low RH 49 2.0 2.48 (0.14,44.0) 0.533
High RH 47 0.0 - -
Low plus High RH 96 1.0 1.14 (0.06,20.91) 0.932

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.L)® p-Value " Covariate Remarks

Comparison --

Background RH -- - -
Low RH -- - -
High RH - - -
Low plus High RH - -- -

2 Reiative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

-:  Sample size, relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.

Note: RH = Ranch Hand.
Comparisen: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-12. (Continued)
Analysis of Radial Pulses (Doppler) (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal/(n) (Current Dioxin + 1)
Est. Relative Risk
Model Low Medium High (95% C.L)° p-Value

4 3.6 1.8 0.0 0.58 (0.22,1.53) 0.271
(28) (56) (54)

5 3.8 1.9 0.0 0.71 (0.38,1.30) 0.307
(26) (54) (58)

6° 3.8 1.9 0.0 0.78 {(0.37,1.61) 0.515
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Model® n

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk

95% C.1.)® p-Value

Covariate Remarks

4 -
5 -
6 -

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

--:  Sample size, relative risk, confidence interval, and p-value not presented due to the sparse number of

abnormalities.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-13.
Analysis of Femoral Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group n Abnormal 95% C.L.) p-Value

All Ranch Hand 142 4.2 1.93 (0.53,6.98) 0.486
Comparison 179 2.2

Officer Ranch Hand - 55 7.3 -- --
Comparison 58 0.0

Enlisted Flyer Ranch Hand 25 4.0 0.71 (0.06,8.26) 0.999
Comparison 36 5.6

Enlisted Groundcrew Ranch Hand 62 1.6 0.68 (0.06,7.68) 0.999
Comparison 85 24

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Adj. Relative Risk '

Occupational Category (95% C.1) p-Value Covariate Remarks®
All 1.53 (0.40,5.91) 0.533 DIABSEV (p=0.262)
Officer B __ CSMOK (p=0.032)

Enlisted Flyer 0.58 (0.04,7.72) 0.680

Enlisted Groundcrew 0.70 (0.06,8.25) 0.775

# Covariates and associated p-values correspond to final model based on all participants with available data.

-t Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 18-13. (Continued)
Analysis of Femoral Pulses (Doppler) (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent Estimated: Relative Risk
Initial Dioxin n Abnormal 95% C.1.)° p-Value
Low 31 6.5 0.73 (0.34,1.55) 0.377
Medium 31 3.2
High 34 29

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log; (Initial Dioxin)°
n Adj. Relative Risk (95% C.I.)" p-Value Covariate Remarks
96 0.73 (0.34,1.57) 0.399 DIABSEV (p=0.718)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 PpL.
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Table 18-13. (Continued)
Analysis of Femoral Pulses (Doppler) (Diabetics)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk :
Dioxin Category n Abnormal 95% C.1)® p-Value
Comparison 148 2.0
Background RH 42 24 1.29 (0.12,13.36) 0.833
Low RHE 49 6.1 2.77 (0.53,14.56) 0.228
High RH 47 2.1 0.82 (0.08,8.89) 0.872
Low plus High RH 96 4.2 1.80 (0.38,8.56) 0.458

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.1.)* p-Value Covariate Remarks

Comparison 148 DIABSEV (p=0.704)
CSMOK (p=0.006)

Background RH 42 1.25 (0.11,13.91) 0.857

Low RH 49 2.93 (0.53,16.20) 0.217

High RH 47 0.45 (0.03,6.25) 0.554

Low plus High RH 96 1.49 (0.30,7.41) 0.627

 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.

18-86



Table 18-13. (Continued)
Analysis of Femoral Pulses (Doppler) (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal/(n) ] “(Current Dioxin + 1)
: . Est. Relative Risk '
Model® Low Medium High . 95% C.L)° ~ p-Value

4 3.6 54 : 1.9 0.90 (0.49,1.63) 0.715
(28) (56) (54)

5 3.8 37 34 0.98 (0.61,1.60) 0.950
(26) (54) (58)

6° 3.8 37 34 0.86 (0.50,1.50) 0.606
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk
Model® n 95% C.I)° p-Value + Covariate Remarks
4 138 0.89 (0.51,1.55) 0.674 DIABSEV (p=0.424)
5 138 0.98 (0.63,1.51) 0.911 DIABSEV (p=0.437)
6¢ 138 0.87 (0.52,1.44) 0.579 DIABSEV (p=0.453)

2 Model 4: log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-14.
Analysis of Popliteal Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent - Est. Relative Risk

Occupational Category Group ‘n Abnormal (95% C.1.) p-Value

All Ranch Hand 142 6.3 2.96 (0.89,9.82) 0.117
Comparison 179 2.2

Officer Ranch Hand - 55 10.9 -- -
Comparison 58 0.0

Enlisted Flyer Ranch Hand 25 4.0 0.71 (0.06,8.26) 0.999
Comparison 36 5.6

Enlisted Groundcrew Ranch Hand 62 32 1.38 (0.19,10.10) 0.999
Comparison &5 2.4

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 2.28 (0.65,8.03) 0.189 DIABSEYV (p=0.153)
Officer B ~ CSMOK (p=0.015)
Enlisted Flyer 0.47 (0.03,6.39) 0.572
Enlisted Groundcrew 1.31 (0.17,10.31) 0.799

* Covariates and associated p-values correspond to final model based on all participants with available data.

-t Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 18-14. (Continued)
Analysis of Popliteal Pulses (Doppler) (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics—n Analysis Results for Log, (Initial Dioxin)?
Percent Estimated Relative Risk
Initial Dioxin n Abnormal 95% C.L)® p-Value
Low 31 6.5 0.90 (0.52,1.56) 0.699
Medium 31 9.7
High 34 59

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.I.)® p-Value Covariate Remarks

96 0.89 (0.45,1.77) 0.732 AGE (p=0.125)
DIABSEV (p=0.075)
CSMOK (p=0.029)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-14. (Continued)
Analysis of Popliteal Pulses (Doppler) (Diabetics)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent | Est. Relative Risk
Dioxin Category n Abnormal {95% C.1)® p-Value
Comparison 148 2.7
Background RH 42 2.4 0.86 (0.09,8.21) 0.897
Low RH 49 6.1 2.10 (0.45,9.88) 0.348
High RH 47 8.5 3.04 (0.70,13.15) 0.137
Low plus High RH 96 7.3 2.54 (0.71,9.12) 0.154

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk )
Dioxin Category n 95% C.1)y* p-Value Covariate Remarks

Comparison 148 DIABSEV (p=0.177)
AGE (p=0.023)

Background RH 42 045(0.04,558  0.530 CSMOK (p<0.001)

Low RH 49 150 (0.28,7.97)  0.632

High RH 4T 2.62(0.53.12.91) 0235

Low plus High RH 9  1.99(0.52,7.62) 0317

2 Relative risk and confidence interval relative to Comparisens.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-14. (Continued)
Analysis of Popliteal Pulses (Doppler) (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Cwrrent Dioxin Category : Aaiysis Results for Log,
Percent Abnormal/(n) : (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High . (95% C.L)® p-Value

4 3.6 54 ‘ 7.4 1.02 (0.65,1.62) 0.920
(28) (56) (54)

5 1.8 3.7 8.6 1.09 (0.74,1.61) 0.647
(26) (54) (58)

6° 3.8 3.7 8.6 0.97 (0.62,1.51) 0.884
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk S |
Model® n (95% C.I.)° p-Value Covariate Remarks
4 138 0.97 (0.65,1.45) 0.878 DIABSEV (p=0.019)
5 138 1.04 (0.74,1.45) 0.821 DIABSEV (p=0.021)
64 138 0.93 (0.63,1.37) 0.712 DIABSEV (p=0.021)

* Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-15.
Analysis of Dorsalis Pedis Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent - Est. Relative Risk

Occupational Category Group n Abpormal =~ (95% C.1L) p-Value

All Ranch Hand 142 16.9 1.45 (0.78,2.71) 0.312
Comparison 179 12.3

Officer Ranch Hand 55 18.2 1.62 (0.57,4.61) 0.519
Comparison 58 12.1

Enlisted Flyer Ranch Hand 25 12.0 0.68 (0.15,3.03) 0.890
Comparison 36 16.7

Enlisted Groundcrew Ranch Hand 62 17.7 1.82 (0.70,4.71) 0.315
Comparison 85 10.6

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) -p-Value Covariate Remarks®
All 1.16 (0.59,2.30) 0.668 AGE (p=0.011)

BFAT (p=0.051)
Officer 1.33 (0.44,4.07) 0.616 DIABSEV (p=0.219)
Enlisted Flyer 0.62 (0.13,2.92) 0.543 DRKYR (p=0.022)
Enlisted Groundcrew 1.42 (0.49,4.07) 0.515

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-15. (Continued)
Analysis of Dorsalis Pedis Pulses (Doppler) (Diabetics)

¢} MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent ' Estimated Relative Risk _
Initial Dioxin n Abnormal " (95% C.1)° . p-Value
Low 31 9.7 1.19 (0.83,1.70) 0.351
Medium 31 19.4
High 34 23.5

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.L)° p-Value Covariate Remarks

88 1.20 (0.76,1.89) 0.448 FAMDIAB (p=0.138)
DIABSEV (p=0.159)
DRKYR (p=0.113)
HDL (p=0.083)
HRTDIS (p=0.075)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-15. (Continued)
Analysis of Dorsalis Pedis Pulses (Doppler) (Diabetics)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal L {95% C.L)y® p-Value
Comparison 148 12.8
Background RH 42 . 143 0.96 (0.34,2.70) 0.932
Low RH 49 10.2 0.65 (0.22,1.89) 0.425
High RH 47 25.5 2.36 (0.99,5.59) 0.052
Low plus High RH 96 17.7 1.32 (0.63,2.77) 0.461

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n ©95% C.1)*  p-Value Covariate Remarks

Comparison 145 AGE (p=0.042)
DIABSEV (p=0.336)

Background RH 2 057(0.17,1.89) 0354 DRKYR (p=0.027)

Low RH 47 039(0.11,1.34)  0.133

High RH 46 273 (L1L672)  0.020

Low plus High RH 93 1.21(0.56,2.62) 0.631

“ Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt,
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-15. (Continued)
Analysis of Dorsalis Pedis Pulses (Doppler) (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal/(n) (Current Dioxin + 1)
‘ Est. Relative Risk
Model? Low Medium High 95% C.L)Y p-Value

4 17.9 8.9 24.1 1.10 (0.83,1.46) 0.522
28) (36) (54)

5 19.2 7.4 24.1 1.07 (0.84,1.36) 0.605
(26) (54) (58)

6° 19.2 7.4 24.1 1.04 (0.78,1.37) 0.807
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model? n 95% C.L)° p-Value Covariate Remarks

4 133 1.33 (0.90,1.74) 0.183 DIABSEV (p=0.011)
DRKYR (p=0.016)

5 133 o ak CURR*PACKYR (p=0.007)
DIABSEV (p=0.044)
DRKYR (p=0.107)
HRTDIS (p=0.064)
CHOL (p=0.127)

64 133 Aok ok Rk CURR*PACKYR (p=0.008)
DIABSEV (p=0.065)
DRKYR (p=0.101)
HRTDIS (p=0.066)
CHOL (p=0.115)

d Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for iog, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

**3* Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval,
and p-value not presented; refer to Appendix Table N-2-7 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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For Model 3, the percentage of diabetic Ranch Hands in the high category with abnormal
dorsalis pedis pulses was significantly greater than that of the Comparisons (Table 18-15(e):
25.5% vs. 12.8%, p=0.052, Est. RR=2.36). The difference remained significant after
adjusting for age, diabetic severity, and lifetime alcohol history (Table 18-15(f): p=0.029,
Adj. RR=2.73). Contrasts between the background, low, and low plus high Ranch Hands and
the Comparison group were nonsignificant in both the unadjusted and adjusted analyses (Table
18-15(e,f): p>0.13).

Neither the Model 4 unadjusted nor the adjusted analysis of diabetics detected a
significant association between dorsalis pedis pulses and current dioxin (Table 18-15(g,h):
p>0.18 for both analyses). Lifetime histories of cigarette smoking and alcohol use as well as
family history of heart disease were significant covariates. In the Model 5 and 6 unadjusted
analyses, the current dioxin effect was nonsignificant (Table 18-15(g): p>0.60 for both
analyses). The interaction of current dioxin and lifetime cigarette smoking was significant in
both the Model 5 and 6 adjusted analyses (Table 18-15: p=0.007 for Model 5 and p=0.008
for Model 6). Appendix Table N-2-7 shows the results stratified by smoking history for these
interactions. The association between current dioxin and dorsalis pedis pulses was marginally
significant for Ranch Hands who never smoked (Appendix Table N-2-7(a,b): p=0.081, Adj.
RR=2.33 for Model 5 and p=0.098, Adj. RR=2.25, for Model 6) but was nonsignificant when
cholesterol was removed from the final model (Table N-4-1(a,b): p=0.121 for Model 5 and
p=0.134 for Model 6). For both Models 5 and 6, significant covariates were diabetic severity,
lifetime alcohol history, family history of heart disease, and cholesterol.

Posterior Tibial Pulses (Doppler) (Diabetics)

In Model 1, the unadjusted and adjusted analyses of posterior tibial pulses in diabetics
did not reveal a significant difference between Ranch Hands and Comparisons (Table
18-16(a,b): p>0.26 for all analyses). Significant covariates retained in the adjusted analysis
included age, body fat, and current cigarette smoking.

In the Model 2 analysis of posterior tibial pulses in diabetics, neither the unadjusted nor
the adjusted analysis revealed a significant association with initial dioxin (Table 18-16(c,d):
p>0.31 for both analyses). Diabetic severity was the only significant covariate.

The contrast involving the high Ranch Hand category and the Comparison group was
marginally significant in the Model 3 unadjusted analysis of posterior tibial pulses in diabetes
(Table 18-16(e): p=0.079, Est. RR=2.87). The remaining three contrasts were nonsignificant
(p>0.13). The difference between the high Ranch Hand category and the Comparison group
remained marginally significant after adjusting for age, race, diabetic severity, and current
cigarette smoking (Table 18-16(f): p=0.062, Adj. RR=3.45).

The relationship between current dioxin and posterior tibial pulses in diabetics was not
significant in any of the Model 4 through 6 unadjusted and adjusted analyses (Table 18-16:
p>0.58 for all analyses). Diabetic severity and lifetime cigarette smoking history were
significant in each of the three adjusted analyses.
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Table 18-16.
Analysis of Posterior Tibial Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group n . Abnormal (95% C.L) p-Value

All Ranch Hand 142 9.2 1.54 (0.67,3.55) 0.421
Comparison 179 6.1

Officer Ranch Hand 55 12.7 2.67 (0.65,10.92) 0.279
Comparison 58 52

Enlisted Flyer Ranch Hand 25 4.0 0.33 (0.03,3.18) 0.602
Comparison 36 11.1

Enlisted Groundcrew Ranch Hand 62 8.1 1.78 (0.46,6.91) 0.624
Comparison 85 4.7

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.L) p-Value Covariate Remarks®
All 1.37 (0.53,3.51) 0.519 AGE (p=0.004)

BFAT (p=0.013)
Officer 2.35 (0.50,11.13) 0.281 DIABSEV (p=0.180)
Enlisted Flyer 0.25 (0.02,2.78) 0.262 CSMOK (p=0.085)
Enlisted Groundcrew 1.84 (0.41,8.21) 0.425

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-16. (Continued)
Analysis of Posterior Tibial Pulses (Doppler) (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent Estimated Relative Risk .
Initial Dioxin n Abnormal 95% C.1.)° p-Value
Low 31 9.7 0.84 (0.51,1.37) 0.463
Medium 31 16.1
High 34 5.9

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.1.)° p-Value Covariate Remarks
96 0.76 (0.43,1.34) 0.317 DIABSEV (p=0.065)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-16. (Continued)
Analysis of Posterior Tibial Pulses (Doppler) (Diabetics)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal 95% C.Iy» p-Value
Comparison 148 4.7
Background RH 42 4.8 0.83 (0.16,4.34) 0.829
Low RH 49 8.2 1.61 (0.44,5.83) 0.471
High RH 47 12.8 2.87 (0.89,9.32) 0.079
Low plus High RH 96 10.4 2.18 (0.78,6.05) 0.136

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.L)* p-Value Covariate Remarks
Comparison 148 AGE (p=0.001)
RACE (p=0.113)
DIABSEV (p=0.193)
Background RH 42 0.43 (0.06,3.00) 0.395 CSMOK (p=0.046)
Low RH 49 1.18 (0.30,4.75) 0.812
High RH 47 3.45 (0.94,12.61) 0.062
Low plus High RH 96 1.98 (0.67,5.90) 0.218

® Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-16. (Continued)
Analysis of Posterior Tibial Pulses (Doppler) (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal/(n) (Current Dioxin + 1)
Est. Relative Risk
Model* Low Medium . High (95% C.L)" p-Value

4 3.6 8.9 11.1 0.99 (0.67,1.45) 0.943
(28) (56) 54

5 38 9.3 10.3 1.03 (0.74,1.42) 0.874
(26) (54) (58)

6° 3.8 9.3 10.3 0.98 (0.68,1.41) 0.899
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk

Model? n (95% C.L)° p-Value Covariate Remarks
4 138 1.04 (0.69,1.56) 0.860 DIABSEV (p=0.026)
PACKYR (p=0.067)
5 138 1.09 (0.79,1.51) 0.587 DIABSEV (p=0.025)
' PACKYR (p=0.060)
69 138 1.09 (0.79,1.51) 0.587 DIABSEV (p=0.025)
PACKYR (p=0.060)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Leg Pulses (Doppler) (Diabetics)

No significant overall or stratified differences between Ranch Hands and Comparisons
were revealed in the unadjusted and adjusted Model 1 analyses of leg pulses restricted to
diabetics (Table 18-17(a,b): p>0.19 for all analyses). In the adjusted analysis, age, body fat,
lifetime cigarette smoking history, cholesterol, and family history of heart disease were
significant covariates.

Leg pulses were not significantly associated with initial dioxin in the Model 2 analyses
of diabetics (Table 18-17(c,d): p>0.29 for both analyses). Family history of heart disease
was the only significant covariate in the Model 2 adjusted analysis.

Both the unadjusted and adjusted Model 3 analyses revealed a significant dioxin effect
for the contrast involving high Ranch Hands and Comparisons, restricted to diabetics. The
relative risk for high Ranch Hands was greater than 3.00 for both unadjusted and adjusted
analyses (Table 18-17(e,f): p=0.009, Est. RR=3.05, p=0.013, Adj. RR=3.07 respectively).
The percentage of diabetic Ranch Hands in the high category with abnormal leg pulses was
29.8 percent compared to 12.8 percent for the Comparisons. Significant covariates included
age and lifetime alcohol history.

None of the Model 4 through 6 unadjusted analyses on diabetics revealed a significant
association between leg pulses and current dioxin (Table 18-17(g): p>0.47 for all analyses).
The adjusted Model 4 analysis also had nonsignificant results (Table 18-17(h): p=0.263). For
Model 3, the interaction of current dioxin and lifetime cigarette smoking history was
significant (Table 18-17(h): p=0.026). Results from additional investigation on this
interaction are found in Appendix Table N-2-8. The current dioxin effect was nonsignificant
once the interaction was deleted from the final model (Table 18-17(h): p=0.271). The Model
6 adjusted analysis did not reveal a significant relationship between current dioxin and leg
pulses in diabetics (p=0.391). Diabetic severity and lifetime alcohol history were retained in
each of the three adjusted analyses. In addition, family history of heart disease was
significant in the Model 5 analysis.

Peripheral Pulses (Doppler) (Diabetics)

Neither the unadjusted nor the adjusted Model 1 analysis of peripheral pulses in diabetics
revealed significant results (Table 18-18(a,b): p>0.19 for all analyses). Significant covariates
included age, body fat, lifetime alcohol history, and cholesterol.

Peripheral pulses were not significantly associated with initial dioxin in either analysis
for Model 2, restricted to diabetics (Table 18-18(c,d): p>0.29 for both the unadjusted and
adjusted analyses). Family history of heart disease was significant in the adjusted analysis.

In the Model 3 unadjusted analysis of peripheral pulses in diabetics, a significant
difference between the high Ranch Hand category and the Comparison group was shown, with
29.8 percent of the high Ranch Hands and 13.5 percent of the Comparisons having abnormal
peripheral pulses (Table 18-18(e): p=0.013, Est. RR=2.86). After adjusting for age, diabetic
severity, and lifetime alcohol history, the difference between high Ranch Hands and
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Table 18-17.
Analysis of Leg Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group n  Abnormal  (95% C.1) p-Value

All Ranch Hand 142 18.3 1.45 (0.79,2.65) 0.295
Comparison 179 13.4

Officer Ranch Hand 55 18.2 1.62 (0.56,4.61) 0.519
Comparison 58 12.1

Enlisted Flyer Ranch Hand 25 12.0 0.56 (0.13,2.44) 0.674
Comparison 36 19.4

Enlisted Groundcrew Ranch Hand 62 21.0 1.99 (0.81,4.89) 0.198
Comparison 85 11.8

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 1.17 (0.59,2.32) 0.661 AGE (p=0.045)
BFAT (p=0.010)
Officer 1.41 (0.45,4.44) 0.554 DIABSEV (p=0.341)
Enlisted Flyer 0.49 (0.10,2.31) 0.366 PACKYR (p=0.140)
CHOL (p=0.128)
Enlisted Groundcrew 1.51 (0.53,4.29) 0.435 HRTDIS (p=0.066)

 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-17. (Continued)
Analysis of Leg Pulses (Doppler) (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics " Analysis Results for Log, (Initial Dioxin)®
Percent Estimated Relative Risk
Initial Dioxin n Abnormal : - (95% C.1.)b 'p-Value
Low 31 9.7 1.20 (0.85,1.70) 0.294
Medium 31 25.8
High 34 23.5

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.L.) p-Value Covariate Remarks

96 1.19 (0.82,1.73) 0.366 DIABSEV (p=0.399)
HRTDIS (p=0.039)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-17. (Continued)
Analysis of Leg Pulses (Doppler) (Diabetics)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent . Est. Relative Risk
Dioxin Category n Abnormal (95% C.1)® p-Value
Comparison 148 12.8
Background RH 42 14.3 0.92 (0.33,2.59) 0.875
Low RH 49 10.2 0.66 (0.23,1.92) 0.444
High RH 47 29.8 3.05 (1.32,7.02) 0.009
Low plus High RH 96 19.8 1.56 (0.76,3.21) 0.224

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.L)* p-Value Covariate Remarks

Comparison 145 AGE (p=0.042)
DIABSEV (p=0.271)

Background RH 42 0.56(0.17,1.88)  0.348 DRKYR (p=0.035)

Low RH 47 0.39 {(0.11,1.34) 0.134

High RH 46 3.07 (1.27,7.47) 0.013

Low plus High RH 93 1.31 (0.61,2.80)  0.486

* Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-17. (Continued)
Analysis of Leg Pulses (Doppler) (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category _ Analysis Results for Log,
Percent Abnormal/(n) (Current Dioxin + 1)
: Est. Relative Risk
Model® Low Mediam High (95% C.L)* p-Value

4 17.9 8.9 27.8 1.11 (0.84,1.46) 0.476
(28) (56) (54)

5 19.2 9.3 25.9 1.07 (0.84,1.35) 0.585
@26 (54) (38)

6° 19.2 9.3 259 1.06 (0.81,1.38) 0.677
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk

Model? n (95% C.L)® p-Value ' Covariate Remarks
4 135 1.20 (0.87,1.66) 0.263 DIABSEV (p=0.008)
DRKYR (p=0.028)
5 133 1.16 (0.89,1.52)** 0.271%* CURR*PACKYR (p=0.026)

DIABSEV (p=0.054)
HRTDIS (p=0.050)
DRKYR (p=0.069)

6 135 1.14 (0.84,1.55) 0.391 DIABSEV (p=0.010)
DRKYR (p=0.026)

* Model 4: Log, (lipid-adjusted current dioxin + 1}.
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column,
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table

N-2-8 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-18.
Analysis of Peripheral Pulses (Doppler) (Diabetics)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group mn Abnormal 95% C.1L.) p-Value

All Ranch Hand 142 19.0 1.45 (0.80,2.62) 0.286
Comparison 179 14.0

Officer Ranch Hand 55 20.0 1.56 (0.58,4.23) 0.529
Comparison 58 13.8

Enlisted Flyer Ranch Hand 25 12.0 0.56 (0.13,2.44) 0.674
Comparison 36 19.4

Enlisted Groundcrew Ranch Hand 62 21.0 1.99 (0.81,4.89) 0.198
Comparison 85 11.8

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 1.12 (0.58,2.18) 0.733 AGE (p=0.007)
BFAT (p=0.003)
Officer 1.39 (0.47,4.06) 0.553 DIABSEV (p=0.164)
Enlisted Flyer 0.49 (0.10,2.27) 0.359 DRKYR (p=0.023)
Enlisted Groundcrew 1.40 (0.50,3.90) 0.524 CHOL (p=0.086)

* Covariates and associated p-values correspond to final model based on all participants with available data.

18-106



Table 18-18. (Continued)
Analysis of Peripheral Pulses (Doppler) (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent Estimated Relative Risk
Initial Dioxin n Abnormal ©95% C1) p-Value
Low 31 9.7 1.20 (0.85,1.70) 0.294
Medium 31 25.8
High 34 23.5

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.I.) p-Value Covariate Remarks

96 1.19 (0.82,1.73) 0.366 DIABSEYV (p=0.399)
HRTDIS (p=0.039)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-18. (Continued)
Analysis of Peripheral Pulses (Doppler) (Diabetics)

€¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent :Est. Relative Risk
Dioxin Category n Abnormal 95% C.L)® p-Value
Comparison 148 13.5
Background RH 42 16.7 1.05 (0.39,2.81) 0.919
Low RH 49 10.2 0.62 (0.21,1.79) 0.376
High RH 47 29.8 2.86 (1.25,6.55) 0.013
Low plus High RH 96 19.8 1.47 (0.72,3.00) 0.292

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.L)y* p-Value Covariate Remarks

Comparison 145 AGE (p=0.012)
DIABSEV (p=0.239)

Background RH 42 070023217  0.539 DRKYR (p=0.063)

Low RH 47 035(0.10,1.22)  0.099

High RH 46 2.95(121,7.16  0.017

Low plus High RH 93 1.22(0.57,2.60)  0.605

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-18. (Continued)
Analysis of Peripheral Pulses (Doppler) (Diabetics)

g MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category 11 * Analysis Results for Log,
Percent Abnormal/(n) . {Current Dioxin + 1)
: Il - Est. Relative Risk
Model? Low Medium High (95% C.L)* p-Value

4 21.4 8.9 27.8 1.07 (0.81,1.41) 0.631
(28) (56) (54)

5 23.1 9.3 25.9 1.04 (0.82,1.31) 0.746
(26) (54) (58)

6° 23.1 9.3 25.9 1.03 (0.79,1.34) 0.834
(26) (59) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk _ .
Model® n (95% C.1)* p-Value . Covariate Remarks

4 133 ok AN CURR*HRTDIS (p=0.005)
DIABSEV (p=0.016)
DRKYR (p=0.033)

5 135 1.12 (0.86,1.44) 0.399 DIABSEV (p=0.015)
DRKYR (p=0.031)
6° 133 1.10 (0.81,1.49)** 0.534+* CURR*HRTDIS (p=0.014)

DIABSEV (p=0.022)
DRKYR (p=0.032)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p =<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table N-2-9 for further analysis of this interaction.

**** Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval,
and p-value not presented; refer to Appendix Table N-2-9 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 pPPq-
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Comparisons remained significant (Table 18-18(f): p=0.017, Adj. RR=2.95). In addition, the
contrast involving low Ranch Hands and Comparisons was marginally significant in the
adjusted analysis, with an adjusted relative risk less than one (p=0.099, Adj. RR=0.35).

For Models 4 through 6, the unadjusted analyses of peripheral pulses in diabetics did not
reveal significant results (Table 18-18(g): p>0.63 for all analyses). In the adjusted Model 4
analysis, a highly significant interaction between current dioxin and family history of heart
disease was revealed (Table 18-18(h): p=0.005). This interaction is further explored in
Appendix Table N-2-9. The results in the Model 5 adjusted analysis were nonsignificant
(p=0.399). Adjustment in the whole-weight current dioxin measurement for total lipids led to
a significant interaction between current dioxin and family history of heart disease in Model 6
(Table 18-18(h): p=0.014). However, after removing the interaction from the final model,
the association between peripheral pulses in diabetics and current dioxin was not significant
(p=0.534). Appendix Table N-2-9 shows further analysis stratified by family history of heart
disease (yes, no). Each of the three adjusted analyses retained diabetic severity and lifetime
alcohol history.

Thyroid Stimulating Hormone (Continuous)

The Model 1 unadjusted and adjusted analyses of thyroid stimulating hormone (TSH) in
its continuous form did not show a statistically significant difference in mean TSH levels
between Ranch Hands and Comparisons (Table 18-19(a,b): p>0.26 for all analyses).
Significant covariates included age, race, and occupation.

Both the unadjusted and adjusted analyses of Models 2 and 3 showed nonsignificant
relationships between dioxin and TSH measured continuously (Table 18-19(c-f): p>0.10 for
all analyses). In the Model 2 adjusted analysis, race was the only significant covariate,
whereas in the Model 3 analysis, age, race, and occupation were significant.

None of the unadjusted analyses detected a significant association between current dioxin
and TSH for Models 4 through 6 (Table 18-19(g): p>0.33 for all analyses). The adjusted
Model 4 and Model 6 analyses also had nonsignificant results (Table 18-19(h): p>0.10 for
both analyses). However, a marginally significant positive relationship between current dioxin
and TSH was shown in the adjusted analysis for Model 5 (Table 18-19(h): p=0.056,
Slope=0.0265). But, when occupation was removed from the final model, the relationship
between current dioxin and TSH became nonsignificant (Table N-3-9(b): p=0.345). Race and
occupation were significant covariates in each of the adjusted analyses.

Thyroid Stimulating Hormone (Discrete)

The frequencies of Ranch Hands and Comparisons with abnormally high TSH levels
were not significantly different in either the unadjusted or adjusted Model 1 analyses (Table
18-20(a,b): p>0.27 for all contrasts). Age and race were determined to be significant

covariates in the adjusted model.

A marginally significant association between TSH and initial dioxin was revealed in the
unadjusted Model 2 analysis (Table 18-20(c): Est. RR=1.44, p=0.076). In both the low and
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Table 18-19.
Analysis of Thyroid Stimulating Hormone (TSH) (xIU/ml)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.1.)° p-Value®

All Ranch Hand 932 1.62 0.05 -- 0.275
Comparison 1,237 1,57

Officer Ranch Hand 357 1.73 0.08 -- 0.269
Comparison 480 1.65

Enlisted Flyer Ranch Hand 158 1.47 0.04 -- 0.710
Comparison 198 1.51

Enlisted Groundcrew Ranch Hand 417 1.59 0.06 -- 0.367
Comparison 559 1.53

b} MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.I.)®  p-Value® Covariate Remarks?

All Ranch Hand 932 1.41 0.04 - 0.282 AGE (p<0.001)
Comparison 1,237 1.37 RACE (p<0.001)

Officer Ranch Hand 357 147 0.07 - 0.280 | OCC (=004
Comparison 480 1.40

Enlisted Ranch Hand 158 1.28 -0.04 -- 0.645

Flyer Comparison 198 1.32

Enlisted Ranch Hand 417 1.44 0.05 -- 0.377

Groundcrew  Comparison 559 1.39

# Transformed from the natural logarithm scale.

b Difference of means after transformation 1o original scale; confidence interval on difference of means not
given because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

4 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-19. (Continued)
Analysis of Thyroid Stimulating Hormone (TSH) (xIU/ml)
(Continuous)

c) MODEL 2: RANCH HANDS — INITIAL DIOXIN - UNADJUSTED

Initial Dioxin Category Summary Statistics |l  Analysis Results for Log, (Initial Dioxin)
Adj. .  Slope
Initial Dioxin n Mean? Mean® R? (Std. Error) p-Value
Low 170 1.58 1.58 0.005 0.0043 (0.0215) 0.841
Medium 171 1.58 1.58
High 168 1.70 1.69

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Pioxin)?

Adj. Adj. Slope
Initial Dioxin n Mean® R? {Std. Error)° p-Value Covariate Remarks
Low 170 1.34 0.032 -0.0017 (0.0213) 0.937 RACE (p<0.001)
Medium 171 1.32
High 168 1.41

? Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of TSH versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-19. (Continued)
Analysis of Thyroid Stimulating Hormone (TSH) (x2IU/ml)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
‘Adj. . .. Mean vs. Comparisons

Dioxin Category n Mean®  Mean® (95% C.L)" p-Value?
Comparison 1,027 1.58 1.58

Background RH 365 1.64 1.64 0.07 -- 0.293
Low RH 254 1.60 1.60 0.02 -- 0.7717
High RH 255 1.64 1.64 0.06 -- 0.376
Low plus High RH 509 1.62 1.62 0.04 -- 0.450

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~— ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean* 95% C.L) p-Value! Covariate Remarks

Comparison 1,027 1.36 AGE (p=0.003)
RACE (p<0.001)

Background RH 365 1.37 0.02 - 0.739 0CC (p=0.031)

Low RH 254 1.38 0.03 -- 0.655

High RH 255 1.46 0.10 -- 0.105

Low plus High RH 509  1.42 0.06 - 0.175

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not given because analysis was performed on natural logarithm scale.

¢ p-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 10 the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks”™ column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-19. (Continued)
Analysis of Thyroid Stimulating Hormone (TSH) (zIU/ml)
(Continuous)

g} MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean®/{n) (Current Dioxin + 1)
Slope
Model” Low Medium High R? (Std, Error)* p-Value

4 1.61 1.65 1.63 <0.001 0.0087 0.547
(291) (290) (293) {0.0145)

5 1.59 1.64 1.85 0.001 0.0120 0.334
(296) (288) 290) (0.0124)

6¢ 1.61 1.64 1.63 0.003 0.0060 0.655
(295) (288) (290) (0.0134)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category ‘Analysis Results for Log,
Adjusted Mean®/(n) {Current. Dioxin + 1)
Adj. Slope .
Model® | Low Medium  High R®*  (Std. Error)° = p-Value - Covariate Remarks

4 1.30 1.39 1.42 0.029 0.0265 0.108 RACE (p<0.001)

(291) (290) (293) (0.0165) OCC (p=0.021)
5 1.29 1.39 1.44 0.030 0.0265 0.056 RACE (p<0.001)

{296) (288) (290) (0.0139) OCC (p=0.016)
6° 1.30 1.39 1.43 0.031 0.0233 0.121 RACE (p<0.001)

(295) (288) (290) (0.0150) OCC (p=0.018)

? Transformed from natural logarithm scale.

® Model 4: Log, (lipid-adjusted current dioxin +
Model 5: Log, (whole-weight current dioxin +

1).
1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of TSH versus log, (current dioxin +1).

4 Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-20.
Analysis of Thyroid Stimulating Hormone (TSH)
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent
' Abnormal - Est. Relative Risk
Occupational Category Group n High 95% C.1.) p-Value
All Ranch Hand 932 2.4 1.01 (0.57,1.76) 0.999
Comparison 1,237 2.3
Officer Ranch Hand 357 2.2 0.62 (0.27,1.46) 0.374
Comparison 480 35
Enlisted Flyer Ranch Hand 158 2.5 2.55 (0.46,14.08) 0.488
Comparison 198 1.0
Enlisted Groundcrew Ranch Hand 417 24 1.35 (0.56,3.27) 0.663
Comparison 559 1.8

b) MODEL 1: RANCH HANDS VS, COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1) p-Value Covariate Remarks®
All 1.00 (0.57,1.75) 0.999 AGE (p=0.079)
Officer 0.62 (0.26,1.46) 0.273 RACE (p=0.015)
Enlisted Flyer 2.50 (0.45,13.87) 0.294

Enlisted Groundcrew 1.35 (0.55,3.27) 0.512

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-20. (Continued)
Analysis of Thyreid Stimulating Hormone (TSH)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics  Analysis Results for Log, (Initial Dioxin)®
Percent ' : o
Abnormal Estimated Relative Risk
Initial Dioxin n High 95% C.1.y> p-Value
Low 170 1.2 1.44 (0.97,2.15) 0.076
Medium 171 1.2
High 168 4.8

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.L.)° p-Value Covariate Remarks
509 1.44 (0.97,2.15) 0.076

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-20. (Continued)
Analysis of Thyroid Stimulating Hormone (TSH)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n  Abnormal High - = (95% C.L)» p-Value
Comparison 1,027 2.4
Background RH 365 2.5 0.93 (0.43,2.02) 0.847
Low RH 254 1.2 (.49 (0.15,1.64) 0.246
High RH 255 35 1.59 (0.73,3.47) 0.245
Low plus High RH 509 2.4 1.02 (0.50,2.05) 0.964

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.L)* p-Value _ Covariate Remarks

Comparison 1,027 AGE (p=0.145)
RACE (p=0.029)

Background RH 365 0.88 (0.40,1.92) 0.753

Low RH 254 0.50 (0.15,1.67) 0.260

High RH 255 1.72 (0.78,3.80) 0.176

Low plus High RH 309 1.06 (0.53,2.15) 0.862

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percemt body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-20. (Continued)
Analysis of Thyroid Stimulating Hormone (TSH)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ' .Analysis Results for Log,
Percent Abnormal High/(n) - h {(Current Dioxin + 1)
: Est. Relative Risk
Model® Low Medium High 95% C.L)® p-Value
4 24 1.7 3.1 1.15 (0.87,1.53) 0.327
(291) (290) (293)
5 2.0 2.1 3.1 1.16 (0.90,1.50) 0.242
{296) (288) (250)
6° 2.0 2.1 31 1.12 (0.85,1.47) 0.428
(295} (288) (290)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk
Model* n (95% C.L)° p-Value ' Covariate Remarks
4 874 1.15 (0.87,1.52) 0.330 RACE (p=0.111)
5 874 1.16 (0.90,1.48) 0.252 RACE (p=0.114)
64 873 1.16 (0.90,1.49) 0.257 RACE (p=0.114)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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medium categories of initial dioxin, 1.2 percent of the participants had abnormally high TSH
levels in contrast to 4.8 percent in the high category. In the adjusted analysis, no covariates
were retained; therefore, the results of this analysis were identical to those of the unadjusted
analysis.

For Model 3, no significant differences were evident between the four Ranch Hand
categories and the Comparison group in the unadjusted and adjusted analyses of discrete TSH
(Table 18-20(e,f): p>0.17 for all contrasts). Age and race were significant covariates in the
adjusted analysis.

No significant results were revealed in the Model 4 through 6 unadjusted and adjusted
analyses of discrete TSH versus current dioxin (Table 18-20(g,h): p>0.24 for all analyses).
Race was retained in each of the three adjusted analyses.

Thyrexine (Continuous)

No significant group effect was detected in the unadjusted and adjusted Model 1 analyses
of thyroxine (T,) (Table 18-21(a,b): p>0.22 for all contrasts). Covariates retained in the
adjusted analysis were age and occupation.

For Model 2 neither the unadjusted nor the adjusted analyses of thyroxine detected a
significant association with initial dioxin (Table 18-21(c,d): p>0.28 for both analyses). Race
and occupation were significant covariates.

Likewise, for Model 3, there were no significant differences between Ranch Hands and
Comparisons in either analysis (Table 18-21(e,f): p>0.14 for both the unadjusted and the
adjusted contrasts). Age, occupation, and the race-by-personality type interaction were
significant in the adjusted analysis.

In the Model 4 unadjusted analysis, a marginally significant positive association between
current dioxin and thyroxine was revealed (Table 18-21(g): p=0.085, Slope=0.0532).
However, after adjusting for race, occupation, and personality type, the association became
nonsignificant (Table 18-21(h): p=0.515). The relationship between thyroxine and current
dioxin was not significant in the Models 5 and 6 unadjusted and adjusted analyses (Table 18-
21(g,h): p>0.10 for Models 5 and 6). Race, occupation, and personality type were retained
in both adjusted analyses.

Thyroxine (Discrete)

In the Model 1 unadjusted analysis of thyroxine, the percentage of Ranch Hands with
abnormally low levels of thyroxine did not differ significantly from the percentage of
Comparisons (Table 18-22(a): p=0.999). The difference remained nonsignificant after
adjusting for occupation (Table 18-22(b): p=0.996). Analysis within the three occupational
categories was performed only for the officer stratum because of the sparse number of
abnormalities in the remaining two occupational strata. Only one enlisted flyer Ranch Hand
and three enlisted groundcrew Comparisons had abnormally low thyroxine levels. For
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Table 18-21.

Analysis of Thyroxine (T,) (ug/dl)

(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean 95% C.1.) p-Value

All Ranch Hand 932 7.79 -0.04 (-0.15,0.07) 0.499
Comparison 1,237 7.83

Officer Ranch Hand 357 7.50 -0.11 (-0.28,0.07) 0.224
Comparison 480 7.61

Enlisted Flyer Ranch Hand 158 7.97 0.02 (-0.24,0.28) 0.877
Comparison 198 7.95

Enlisted Groundcrew Ranch Hand 417 7.98 -0.01 (-0.18,0.17) 0.948
Comparison 559 7.98

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Oceupational Adj. Difference of Adj.
Category Group n Mean Means (95% C.1.) p-Value Covariate Remarks®
All Ranch Hand 932 7.81 -0.04 (-0.15,0.07) 0.456 AGE (p=0.044)
Comparison 1,237 7.85 OCC (p<0.001)
Officer Ranch Hand 357 7.48 -0.11 (-0.29,0.07) 0.224
Comparison 480 7.59
Enlisted Flyer Ranch Hand 158 7.96 0.02 (-0.26,0.29) 0.892
Comparison 198 7.94
Enlisted Ranch Hand 417  8.00 -0.01 (-0.17,0.16) 0.945
Groundcrew  Comparison 559 8.01

 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-21. (Continued)
Analysis of Thyroxine (T,) (ug/dl)
(Continuous)

c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statisﬁcs Analysis Results for Log, (Initial Dioxin)*
Adj. : Slope
Initial Dioxin n Mean  Mean® R? ~ (Std. Error) p-Value
Low 170 7.84 7.85 0.008 0.0465 (0.0432) 0.282
Medium 171 7.73 7.73
High 168 7.97 7.96

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®

Adj. Adj. Slope
Initial Dioxin n Mean® R (Std. Error)  p-Value Covariate Remarks
Low 170 7.72 0.023  -0.0101 (0.0500) 0.839 RACE (p=0.060)
Medium 171 7.49 OCC (p=0.069)
High 168 7.64

?# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-21. (Continued)
Analysis of Thyroxine (T,) (zg/dl)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY 'Dlom CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean:  Mean® - (95% C.1) p-Value
Comparison 1,027 7.80 7.80

Background RH 365 7.68 7.70 -0.10 (-0.26,0.06) 0.218
Low RH 254 7.86 7.85 0.05 (0.14,0.23) 0.617
High RH 255 7.84 7.82 0.02 (-0.16,0.20) 0.831
Low plus High RH 509 7.85 7.83 0.03 (0.11,0.17) 0.646

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® (95% C.L) p-Value Covariate Remarks

Comparison 1,026 7.75 AGE (p=0.147)
0CC (p<0.001)

Background RH 365 776 0.01 (-0.15,0.17) 0.874 | RACE*PERS (p=0.043)

Low RH 253 7.79 0.04 (-0.14,0.22) 0.645

High RH 255 7.61 -0.14 (-0.32,0.05) 0.143

Low plus High RH 508 1.70 -0.05 (0.19,0.09) 0.500

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-21. (Continued)
Analysis of Thyroxine (T,) (ug/dl)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category . 'A:ialysis Results for Log,
Mean/(n) : - (Current Dioxin + 1)
: _ § Slope
Model® | Low Medium High O R® (Std. Error) p-Value

4 7.70 7.82 7.82 0.003 0.0532 0.085
(291} {290) (293) (0.0308)

5 7.74 7.74 7.85 0.002 0.0384 0.147
(296) (288) (290) (0.0264)

6> 7.73 7.74 7.86 0.003 0.0469 0.101
(295) (288) (290) (0.0286)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category - Analysis Results for Log,
Adjusted Mean/(n) {Current Dioxin + 1)
Adj. Slope
Model? | Low Medivm  High R*  (Std, Error) p-Value Covariate Remarks

4 7.67 7.70 7.48 0.030 -0.0228 0.515 RACE (p=0.061})
(291) (289) (293) (0.0350) OCC (p<0.001)

PERS (p=0.125)

5 7.71 7.63 7.53 0.030 -0.0243 0.411 RACE (p=0.058)
(296) (287) (290) (0.0295) OCC (p<0.001)

PERS (p=0.126)

6° 7.71 7.63 7.53 0.031 -0.0215 0.503 RACE (p=0.053)
(295) (287) (290) {0.0320) OCC (p<0.001)

PERS (p=0.143)

% Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Adjusted for log, total lipids.

© Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-22.
Analysis of Thyroxine (T,)
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent
. Abnormal - Est. Relative Risk
Occupational Category Group n Low (95% C.1.) p-Value
All Ranch Hand 932 0.6 1.00 (0.34,2.88) 0.999
Comparison 1,237 0.6
Officer Ranch Hand 357 1.4 1.35 (0.39,4.70) 0.880
Comparison 480 1.0
Enlisted Flyer Ranch Hand 158 0.6 -- --
Comparison 198 0.0
Enlisted Groundcrew Ranch Hand 417 0.0 -- --
Comparison 559 0.5

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 1.00 (0.35,2.91) 0.996 OCC (p=0.044)
Officer 1.35 (0.39,4.70) 0.880

Enlisted Flyer -- -

Enlisted Groundcrew - --

* Covariates and associated p-values correspond to final model based on ail participants with available data.

-1 Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.
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Table 18-22. (Continued)
Analysis of Thyroxine (T,)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent - : ' _
Abnormal Estimated Relative Risk
Initial Dioxin n Low : : "(95% C.I.)" p-Value
Low 170 0.0 1.06 (0.43,2.57) 0.903
Medium 171 1.2
High 168 0.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.1.) p-Value Covariate Remarks
509 6.55 (1.02,42.10) 0.028 OCC (p=0.004)

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blocd draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-22. (Continued)
Analysis of Thyroxine (T,)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent . Est. Relative Risk
Dioxin Category n Abnormal Low 95% C.1.)*® p-Value
Comparison 1,027 0.8
Background RH 365 0.5 0.74 (0.16,3.56) 0.712
Low RH 254 0.4 0.47 (0.06,3.83) 0.484
High RH 255 0.8 0.95 (0.20,4.55) 0.947
Low plus High RH 509 0.6 0.71 (0.19,2.71) 0.617

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n (95% C.L)* p-Value _ Covariate Remarks
Comparison 1,027 OCC (p=0.039)
Background RH 365 0.52 (0.11,2.54) 0.423

Low RH 254 (.45 (0.06,3.69) 0.459

High RH 255 2.15(0.36,12.81) 0.400

Low plus High RH 509 0.91 (0.23,3.57) 0.895

® Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin,

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks™ column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt,
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-22. (Continued)
Analysis of Thyroxine (T,)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category : ‘ ‘Analysis Results for Log,
Percent Abnormal Low/(n) _ ~(Current Dioxin + 1)
: Est. Relative Risk
Model? Low Medium - High | (95% C.L)° p-Value
4 0.3 0.7 0.7 1.08 (0.60,1.95) 0.789
(291) (290) (293)
5 0.3 0.7 0.7 1.13 (0.68,1.89) 0.639
(296) (288) (290
6° 0.3 0.7 0.7 1.05 (0.60,1.83) 0.868
(295) (288) (290)

h) MODELS 4, §, AND 6: RANCH HANDS - CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk :
Model® n 95% C.L)° p-Value ‘ Covariate Remarks
4 874 3.22 (1.08,9.63) 0.030 OCC (p=0.004)
5 874 2.60 (1.11,6.10) 0.025 OCC (p=0.004)
64 873 2.83 (0.97,8.24) 0.043 OCC (p=0.005)

* Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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officers, there was no significant difference between Ranch Hands and Comparisons in either
the unadjusted or adjusted analyses (Table 18-22(a,b): p=0.880 for both contrasts).

The unadjusted analyses for Models 2 and 3 did not show a significant association
between discrete thyroxine and dioxin (Table 18-22(c,e): p>0.48 for all analyses). Adjusting
for occupation in the Model 2 analysis led to a significant initial dioxin effect (Table
18-22(d): p=0.028, Adj. RR=6.55). However, for the Model 3 analysis, adjusting for
occupation did not reveal a significant association between thyroxine and categorized dioxin
(Table 18-22(f): p>0.40 for all contrasts).

None of the Model 4 through 6 unadjusted analyses detected a significant association
between discrete thyroxine and current dioxin (Table 18-22(g): p>0.63 for all analyses).
However, adjustment for occupation led to a significant dioxin effect in each of the three
adjusted analyses, the relative risk being greater than 2.5 in each case (Table 18-22(h):
p=0.030, Adj. RR=3.22 for Model 4; p=0.025, Adj. RR=2.60 for Model 5; and p=0.043, Ad.
RR=2.83 for Model 6).

Anti-Thyroid Antibodies

The overall unadjusted contrast for Ranch Hands versus Comparisons was marginally
significant in the Model 1 analysis of anti-thyroid antibodies (Table 18-23(a): p=0.071, Est.
RR=1.62). In the Ranch Hand category, 3.9 percent had anti-thyroid antibodies present in
contrast to 2.4 percent for the Comparison group. When investigated within the three
occupational levels, however, the difference was nonsignificant (p>0.18 for all contrasts). No
covariates were retained in the adjusted analysis; therefore, these results are identical to those
of the unadjusted analysis.

In the Model 2 analyses of anti-thyroid antibodies, the association with initial dioxin was
not significant (Table 18-23(c,d): p>0.54 for both the unadjusted and adjusted analyses). The
age-by-personality type interaction was significant for the adjusted model.

For Model 3, significant differences between both low and low plus high Ranch Hands
and Comparisons were shown in the unadjusted analysis (Table 18-23(e): p=0.060, Est.
RR=1.97, for low Ranch Hands vs. Comparisons and p=0.048, Est. RR=1.80 for low plus
high Ranch Hands vs. Comparisons). In the dioxin categories, 4.7 percent of the low Ranch
Hands and 4.3 percent of the low plus high Ranch Hands had anti-thyroid antibodies present
compared to 2.4 percent of the Comparisons. The results of the adjusted analysis duplicated
those of the unadjusted analysis because no covariates were significant.

None of the unadjusted and adjusted Model 4 through 6 analyses detected a significant
association between current dioxin and the presence of anti-thyroid antibodies (Table
18-23(g,h): p>0.56 for all analyses). The age-by-personality type interaction was significant
in each of the adjusted analyses.
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Table 18-23.
Analysis of Anti-Thyroid Antibodies

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

- Percent . - - Est. Relative Risk

Occupational Category Group n Present 95% C.1.) p-Value

All Ranch Hand 932 3.9 1.62 (0.99,2.64) 0.071
Comparison 1,237 2.4

Officer Ranch Hand 357 3.9 1.36 (0.64,2.89) 0.545
Comparison 480 2.9

Enlisted Flyer Ranch Hand 158 4.4 3.01 (0.77,11.85) 0.183
Comparison 198 L5

Enlisted Groundcrew Ranch Hand 417 3.6 1.57 (0.74,3.33) 0.325
Comparison 559 2.3

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category (95% C.L) p-Value Covariate Remarks®
All 1.62 (0.99,2.64) 0.071
Officer 1.36 (0.64,2.89) 0.545
Enlisted Flyer 3.01 (0.77,11.85) 0.183
Enlisted Groundcrew 1.57 (0.74,3.33) 0.325
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Table 18-23. (Continued)
Analysis of Anti-Thyroid Antibodies

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent Estimated Relative Risk
Initial Dioxin n Present ' ¥5% C.I)> p-Value
Low 170 53 0.92 (0.66,1.30) 0.644
Medium 171 35
High 168 4.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.1.)® p-Value Covariate Remarks
508 0.89 (0.62,1.29) 0.543 AGE*PERS (p=0.036)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-23. (Continued) .
Analysis of Anti-Thyroid Antibodies

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Present 95% C.L)® p-Value
Compariscn 1,027 24
Background RH 365 3.6 1.48 (0.74,2.94) 0.266
Low RH 254 4.7 1.97 (0.97,3.98) 0.060
High RH 255 3.9 1.64 (0.78,3.48) 0.195
Low plus High RH 509 4.3 1.80 (1.00,3.24) 0.048

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n (95% C.LY*®  p-Value Covariate Remarks
Comparison 1,027

Background RH 365 1.48 (0.74,2.94) 0.266

Low RH 254 1.97 (0.97,3.98) 0.060

High RH 255 1.64 (0.78,3.48) 0.195

Low plus High RH 509 1.80 (1.00,3.24) 0.048

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

Note: RH = Ranch Hand.
Comparison: Curtent Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-23. (Continued)
Analysis of Anti-Thyreid Antibodies

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ‘Analysis Results for Log,
Percent Present/(n) (Current Dioxin + 1)
‘ Est. Relative Risk
Model® Low Medium - High J| - (95% C.L) p-Value

4 34 4.8 . 38 I 1.03 (0.82,1.30) 0.776
(291) (290) (293)

$ 3.0 5.2 3.8 1.06 (0.87,1.29) 0.563
(296) (288) (290)

6° 3.1 5.2 3.8 1.01 (0.82,1.26) 0.903
(295) (288) (290)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk a |
Model* n (95% C.1.)° p-Value Covariate Remarks
4 873 1.02 (0.80,1.30) 0.866 AGE*PERS (p=0.022)
5 873 1.05 (0.85,1.29) 0.644 AGE*PERS (p=0.024)
6¢ 872 1.00 (0.80,1.25) 0.999 AGE*PERS (p=0.022)

* Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Modeis 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Fasting Glucose (All Participants—Continuous)

The difference in mean fasting glucose levels between Ranch Hands and Comparisons
was not statistically significant in either the Model 1 unadjusted or adjusted analyses (Table
18-24(a,b): p>0.14 for all analyses). The race-by-occupation, age-by-race, age-by-body fat,
and body fat-by-family history of diabetes interactions were retained in the adjusted analysis.

The association between fasting glucose and dioxin was not significant in either of the
unadjusted analyses for Models 2 and 3 (Table 18-24(c,e): p>0.10 for all analyses). In the
Model 2 adjusted analysis, a significant interaction between initial dioxin and occupation was
revealed (Table 18-24(d): p=0.013). Appendix Table N-2-10 displays the results stratified by
occupation. A highly significant dioxin effect remained after deleting the interaction from the
final model (p=0.003, Slope=0.0248). The respective adjusted means for fasting glucose for
the low, medium, and high categories of initial dioxin were 110.27 mg/dl, 112.56 mg/dl, and
117.28 mg/dl. Additional covariates retained in the adjusted analysis were age, race, body fat,
and the personality type-by-family history of diabetes and occupation-by-family history of
diabetes interactions.

Analogous to the Model 2 analysis, the interaction between categorized dioxin and
occupation was significant in the Model 3 adjusted analysis (Table 18-24(f): p=0.015).
Appendix Table N-2-10 contains additional information on this interaction. Removal of the
interaction from the final model led to a marginally significant difference in mean fasting
glucose levels between Ranch Hands in the high category and the Comparison group
(p=0.067, Diff. of Adj. Means=2.74). The adjusted fasting glucose mean for high Ranch
Hands was 110.16 mg/dl compared to 107.43 mg/dl for Comparisons. Family history of
diabetes and the age-by-body fat and race-by-occupation interactions were significant in the
adjusted analysis.

Each of the unadjusted Model 4 through 6 analyses detected a highly significant positive
association between current dioxin and fasting glucose. For Model 4, the respective mean
fasting glucose levels for the low, medium, and high categories of initial dioxin were 101.39
mg/dl, 105.70 mg/dl, and 106.41 mg/dl (Table 18-24(g): p<0.001, Slope=0.0185). For
Model 5, the respective means were 101.34 mg/dl, 103.86 mg/dl, and 108.43 mg/dl (p<0.001,
Slope=0.0193). For Model 6, after adjusting for total lipids, the respective means were
101.39 mg/dl, 103.86 mg/dl, and 108.43 mg/dl (p=0.005, Slope=0.0116). The Model 4
adjusted analysis of fasting glucose detected a highly significant positive association with
current dioxin (Table 18-24(h): p<0.001, Slope=0.0217). Adjusted fasting glucose means
were 103.01 mg/dl, 105.50 mg/dl, and 108.71 mg/dl for the low, medium, and high categories
of current dioxin. In the Model 5 adjusted analysis, the interaction of current dioxin and body
fat was significant (p=0.044). Further analysis of this interaction is found in Appendix Table
N-2-10. After deleting the interaction from the final model, a highly significant dioxin effect
remained (p<0.001, Slope=0.0214). For Model 5, the adjusted means for the low, medium,
and high current dioxin categories were 102.71 mg/dl, 103.84 mg/dl, and 110.87 mg/dl. For
the Model 6 adjusted analysis, the association between fasting glucose and current dioxin was
again highly significant (p=0.005, Slope=0.0122). Adjusted means for fasting glucose in
Model 6 were 106.81 mg/dl, 106.64 mg/dl, and 110.94 mg/d] for the low, medium, and high
current dioxin categories. The age-by-body fat, occupation-by-family history of diabetes, and
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Table 18-24.
Analysis of Fasting Glucose (mg/dl) (All Participants)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean? 95% C.L.)° p-Value®

All Ranch Hand 950 104.29 -0.05 -- 0.954
Comparison 1,277 104.34

Officer Ranch Hand 365 105.13 1.12 -- 0.414
Comparison 502 104.01

Enlisted Flyer Ranch Hand 162 103.95 -3.49 -- 0.149
Comparisen 202 107.44

Enlisted Groundcrew Ranch Hand 423 103.71 0.14 -- 0.914
Comparison 573  103.56

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.L.)° p-Value Covariate Remarks?

All Ranch Hand 932  107.69 0.01 — 0.993 RACE*QCC (p=0.004)
Comparison 1,259 107.68 AGE*RACE (p=0.030)

AGE*BFAT (p=0.009)

Officer Ranch Hand 359  101.25 0.81 -- 0.540 . =
Comparison 499  100.44 BFAT*FAMDIAB (p=0.020)

Enlisted Ranch Hand 159 111.29 -3.13 - 0.167

Fiyer Comparison 197 114.42

Enlisted Ranch Hand 414 109.74 0.38 -- 0.779

Groundcrew  Comparison 563 109.36

2 Transformed from the natural logarithm scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
given because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

4 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-24. (Continued)
Analysis of Fasting Glucose (mg/dl) (All Participants)
(Continuous)

¢) MODEL 2: RANCH HANDS —

INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Coag. | | Slope
Initial Dioxin n Mean® = Mean® R (Std. Error)® p-Value
Low 173 104.61 105.03 0.095  0.0119 (0.0073)  0.101
Medium 172 104.71 105.25
High 173 108.92 107.94

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)¢
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean® R? {(Std. Error)° p-Value Covariate Remarks
Low 170 110.27** 0.201 0.0248 0.003%* INIT*OCC (p=0.013)
(0.0083)** AGE (p=0.005)
. RACE (p=0.018)
Fek
Medium 167 112.56 BFAT (p=0.001)
. - OCC*FAMDIAB (p=0.002)
High 168 117.28 PERS*FAMDIAB (p=0.007)

2 Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty

in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (initial dioxin).

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-10 for

further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-24. (Continued)
Analysis of Fasting Glucose (mg/dl) (All Participants)
(Continuous)

¢} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

. Difference of Adj.
Adj. ‘Mean vs. Comparisons

Dioxin Category n Mean®  Mean® (95% C.L)° p-Valued
Comparison 1,060 104.05 104.02

Background RH 374 102.35 104.20 0.18 -- 0.881
Low RH 258 104.98 103.97 -0.05 -- 0.971
High RH 260 107.16 105.58 1.56 -- 0.266
Low plus High RH 518 106.06 104.77 0.75 -- 0.486

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj.  Mean vs. Comparisons

Dioxin Category n Mean* (95% C.1.)° p-Value! Covariate Remarks

Comparison 1,045 107.43%* DXCAT*OCC (p=0.015)
FAMDIAB (p <0.001)
AGE*BFAT (p=0.015)

*k kK ok

Background RH 368 107.14 0.29 0.820 RACE*OCC (p<0.001)

Loew RH 252 106.65%* -0.77 --** 0.588**

High RH 254 110.16%* 2.74 --*x 0.067%*

Low plus High RH 506 108.40%** 0.97 --** 0.385%x*

? Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA 10 the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not given because analysis was performed on natural logarithm scale.

4 P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interaction (0.01 <p<0.05); adjusted mean, difference of adjusted means,
confidence interval, and p-value derived from a model fitted after deletion of this interaction; refer to
Appendix Table N-2-10 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-24. (Continued)
Analysis of Fasting Glucose (mg/dl) (All Participants)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean?/(n) : e ~ {(Current Dioxin + 1)
: ' o _ Slope
Model® Low Mediiom - High || R (Std. Error)° p-Value
4 101.39 105.70 106.41 0.018 0.0185 <0.001
(295) (299) (298) (0.0046)
5 101.34 103.86 108.43 0.026 0.0193 <0.001
{300) (296) (296) (0.0039)
6¢ 101.39 103.86 108.43 0.053 0.0116 0.005
(299) (296) (296) (0.0042)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean?/(n) (Current Dioxin + 1)
Adj. Slope
Model’ | Low Medium  High R*  (Std. Error)°  p-Value Covariate Remarks
4 103.01  105.50 108.71 ] 0.102 0.0217 <0.001 AGE*BFAT (p=0.033)
290) (294) {290) (0.0054) OCC*FAMDIAB (p=0.028)
BFAT*FAMDIAB
(p=0.045)
5 102.71  103.84 110.87 || 0.112 0.0214 <0.001** CURR*BFAT (p=0.044)
(296)*%*  (290)**  (288)** (0.0046)** AGE*BFAT (p=0.008)
OCC*FAMDIAB (p=0.023)
BFAT*FAMDIAB
(p=0.034)
6° 106.81 106.64 110.94 | 0.117 0.0122 0.005 RACE (p=0.075)
(295) (290) (288) (0.0044) BFAT (p<0.001)
AGE*FAMDIAB (p=0.036)

? Transformed from natural logarithm scale.

® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (current dioxin + 1).
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); adjusted mean, adjusted slope, standard
error, p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-10
for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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body fat-by-family history of diabetes interactions were significant in the Model 4 and 5
analyses. The Model 6 analysis retained race, body fat, and the of age-by-family history of
diabetes interaction.

Fasting Glucose (All Participants—Discrete)

For Ranch Hands versus Comparisons, the difference in the percentages of participants
with abnormally high fasting glucose was not significant in the Model 1 unadjusted and
adjusted analyses (Table 18-25(a,b): p>0.69 for all contrasts). Age, race, occupation, body
fat, and the personality type-by-family history of diabetes interaction were significant.

No significant associations between fasting glucose and dioxin were disclosed in the
Model 2 and 3 unadjusted and adjusted analyses (Table 18-25(c-f): p>0.28 for all analyses).
Covariates retained in the Model 2 adjusted analysis included age, race, body fat, and the
personality type-by-family history of diabetes interaction. The Model 3 adjusted analysis
retained age, race, and family history of diabetes.

Each of the Model 4 through 6 unadjusted analyses of fasting glucose revealed a
significant or marginally significant association with current dioxin. For Model 4, the
percentages of Ranch Hands with abnormally high fasting glucose were 8.5 percent, 17.1
percent, and 14.8 percent for the low, medium, and high dioxin categories (Table 18-25(g):
p=0.011, Est. RR=1.18). For Models 5 and 6, there were respectively 7.3 percent and 7.4
percent participants with abnormally high fasting glucose in the low dioxin category compared
to 16.6 percent for each of the medium and high categories (p=0.001, Est. RR=1.21 for Model
5 and p=0.092, Est. RR=1.11 for Model 6). After adjusting for significant covariates, the
association between fasting glucose and current dioxin remained significant for Models 4 and
5 but became nonsignificant for Model 6 (Table 18-25(h): p=0.038, Adj. RR=1.18; p=0.005,
Adj. RR=1.22; and p=0.156). However, subsequent analysis removing body fat from the final
analysis for Model 6 led to a significant association with current dioxin (Table N-3-12:
p=0.010, Adj. RR=1.20). The significant covariates were age, race, body fat, and the
personality type-by-family history of diabetes interaction, for Models 4 and 5, and age, race,
body fat. and family history of diabetes for Model 6.

Fasting Glucose (Diabetics—Continuous)

Results from the Model 1 unadjusted analysis of fasting glucose on diabetics were not
significant (Table 18-26(a): p>0.47 for all contrasts). In the adjusted analysis, a significant
interaction between group and age was revealed (Table 18-26(b): p=0.031). Appendix Table
N-2-11 displays the results from further investigation of the interaction. Subsequent analysis
with the interaction deleted from the final model did not show significant differences in mean
fasting glucose between Ranch Hands and Comparisons (p>0.58 for all contrasts). The age-
by-occupation, race-by-personality type, race-by-family history of diabetes, occupation-by-
diabetic severity, and body fat-by-family history of diabetes were significant in the adjusted
analysis.

In the unadjusted Model 2 analysis restricted to diabetics only, a significant association
between fasting glucose and initial dioxin was revealed (Table 18-26(c): p=0.031,
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Table 18-25.
Analysis of Fasting Glucose (All Participants)
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent : .
~Abnormal . Est. Relative Risk
Occupational Category Group n High 95% C.1.) p-Value
All Ranch Hand 950 13.4 1.03 (0.80,1.31) 0.891
Comparison 1,277 13.1
Officer Ranch Hand 365 13.2 1.06 (0.71,1.58) 0.874
Comparison 502 12.5
Enlisted Flyer Ranch Hand 162 14.2 0.95 (0.53,1.71) 0.979
Comparison 202 14.9
Enlisted Groundcrew Ranch Hand 423 13.2 1.03 (0.71,1.49) 0.956
Comparison 573 12.9

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks?
All 1.01 (0.78,1.32) 0.912 AGE (p<0.001)
RACE (p=0.002)
Officer 1.03 (0.68,1.58) 0.874 0CC (o008
Enlisted Flyer 0.88 (0.47,1.65) 0.693 BFAT (p <0.001)
Enlisted Groundcrew 1.06 (0.71,1.59) 0.784 PERS*FAMDIAB (p=0.031)

? Covariates and associated p-values correspond to final model based on all patticipants with available data.
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Table 18-25. (Continued)
Analysis of Fasting Glucose (All Participants)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent : ' : _
Abnormal . . Estimated Relative Risk
Initial Dioxin n High . (95% C.1)> p-Value
Low 173 16.8 0.96 (0.80,1.16) 0.690
Medium 172 15.1
High 173 16.8

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.1.)" p-Value ' Covariate Remarks

505 1.03 (0.84,1.27) 0.747 AGE (p<0.001)
RACE (p=0.011)
BFAT (p=0.113)

PERS*FAMDIAB (p=0.003)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-25. (Continued)
Analysis of Fasting Glucose (All Participants)
(Discrete)

€} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnmormal - - (95% C.I)® p-Value
Comparison 1,060 13.0
Background RH 374 9.6 0.91 (0.61,1.35) 0.628
Low RH 258 17.1 1.23 (0.84,1.82) 0.284
High RH 260 15.4 1.00 (0.67,1.50) 0.983
Low plus High RH 518 16.2 1.12 (0.82,1.52) 0.487

) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.L)y* p-Value Covariate Remarks

Comparison 1,045 AGE (p<0.001)
RACE (p=0.001)
FAMDIAB (p=0.007)

Background RH 368 (.80 (0.53,1.21) 0.281
Low RH 252 1.09 (0.73,1.62) 0.684
High RH 254 “1.18 (0.78,1.80) 0.430

Low plus High RH 506 1.13 (0.82,1.56)  0.450

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-25. (Continued)
Analysis of Fasting Glucose (All Participants)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category I . Analysis Results for Log,
Percent Abnormal High/(n) . _(Current Dioxin + 1)
Est. Relative Risk
Model? Low Medium High | (95% C.L)® p-Value

4 8.5 17.1 14.8 1.18 (1.04,1.34) 0.011
(295) (299) (298)

5 7.3 16.6 16.6 1.21 (1.08,1.36) 0.001
(300) (296) (296)

6° 7.4 16.6 16.6 1.11 (0.98,1.26) 0.092
(299) (296) (296)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model? n (95% C.L)° p-Value Covariate Remarks

4 873 1.18 (1.01,1.38) 0.038 AGE (p<0.001)
RACE (p=0.019)
BFAT (p <0.001)

PERS*FAMDIAB (p=0.037)

5 873 1.22 (1.06,1.40) 0.005 AGE (p<0.001)
RACE (p=0.016)
BFAT (p <0.001)

PERS*FAMDIAB (p =0.044)

69 873 1.11 (0.96,1.29) 0.156 AGE (p<0.001)
RACE (p=0.006)
BFAT (p<0.001)

FAMDIAB (p=0.041)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-26.
Analysis of Fasting Glucose (mg/dl) (Diabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® (95% C.L)° p-Value®

All Ranch Hand 142 140.11 -3.43 - 0.533
Comparison 179 143.54

Officer Ranch Hand 55 141.34 -6.59 —- 0.472
Comparison 58 147.92

Enlisted Flyer Ranch Hand 25 141.79 -2.75 -- 0.841
Comparison 36 144 .54

Enlisted Groundcrew Ranch Hand 62 138.36 -1.85 - 0.820
Comparison 85 140.21

b) MODEL 1: RANCH HANDS VS, COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean® Means (95% C.1.)* p-Value® Covariate Remarks®
All Ranch Hand 137  156.94** -2.85 %% 0.613**| GROUP*AGE (p=0.031)
Comparison 177  159.79%* AGE*QCC (p=0.009)
* =
Officer Ranch Hand 53  165.33%% 549 .«  05gowx| RACE*PERS (p=0039)
Comparison 58 170.82** RACE*FAMDIAB (p=0.027)
) OCC*DIABSEV (p<0.001)
Enlisted Ranch Hand 24 153.01%* -3.68 --** 0.781** | BFAT*FAMDIAB (p=0.001)
Flyer Comparison 34 156.69**
Enlisted Ranch Hand 60  152.28** -0.74 -k* 0.926%*
Groundcrew  Comparison 85 153.02%*

2 Transformed from the natural logarithm scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
given because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

9 Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interaction (0.01 <p<0.05); adjusted mean, difference of adjusted means, confidence
interval and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-11 for further analysis of this interaction.
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Table 18-26. (Continued)
Analysis of Fasting Glucose (mg/dl) (Diabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics {{ Analysis Results for Log, (Initial Dioxin)"
AdJ Slope
Initial Dioxin n Mean®* = Mean® R (Std. Error)® p-Value
Low 31 130.76 132.71 0.134 0.0529 (0.0242) 0.031
Medium 31 138.17 139.80
High 34 164.76 160.82

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)?
Statistics
Adj. Adj. Slope

Initial Dioxin n Mean® R? (Std. Error)° p-Value Covariate Remarks
Low 31 157.21 0.343  0.0431 (0.0225) 0.05% RACE (p=0.08T7)

. BFAT (p=0.020)
Medium 31 162.82 DIABSEV (p=0.005)
High 4 184.05

? Transformed from natural logarithm scale.

" Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-26. (Continued)
Analysis of Fasting Glucose (mg/dl) (Diabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED
| Difference of Adj. Mean vs.

Dioxin Category n Mean® ' Adj. Mean®  Comparisons (95% C.I)°  p-Value®
Comparison 148 142.19 141.80

Background RH 42 131.44 135.64 -6.16 -- 0.463
Low RH 49 132.99 132.19 -9.62 -- 0.210
High RH 47 157.47 155.41 13.61 - 0.108
Low plus High RH 96 144.46 143.09 1.28 0.838

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean™ (95% C.L)* p-Value! Covariate Remarks

Comparison 147  159.30 AGE*OCC (p<0.001)
AGE*DIABSEV (p=0.025)

RACE*PERS (p=0.026)

Background RH 39 161.35 2.05 -- 0.825 OCC*DIABSEV (p<0.001)

Low RH 48 146.68 -12.62 -- 0.112 | BFAT*FAMDIAB (p=0.023)

High RH 46 168.57 » 9.26 -- 0.289

Low plus High RH 94 157.01 -2.29 -- 0.718

2 Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not given because analysis was performed on natural logarithm scale.

4 P-value is based on difference of means on natural logarithm scale.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt. _
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 Ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-26. (Continued)
Analysis of Fasting Glucose (mg/dl) (Diabetics)

(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ‘Analysis Results for Log,
Mean®/(n) (Current Dioxin + 1)
' : Slope
Model® Low Medium High . R (Std. Error)* p-Value
4 128.30 135.91 152.07 0.072 0.0603 0.001
(28) (56) (54) (0.0185)
5 131.30 124.92 161.22 0.089 0.0558 <0.001
(26) (54) (58) (0.0153)
69 137.72 126.76 155.67 0.117 0.0389 0.025
(26) (54) (58) 0.0172)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
Adj. Slope .
Model® | Low  Medinm High R?  (Std. Exror)° p-Value Covariate Remarks
4 161.99  160.48 178.30 J] 0.400 0.0442 0.046 RACE (p=0.128)
(26) (55) 52) {0.0219) BFAT (p=0.068)
OCC*DIABSEV (p=0.010)
FAMDIAB*DIABSEV
(p=0.020)
5 169.50 149.54 189.42 | 0.408 0.0429 0.017 RACE (p=0.116)
24) (53) (56) (0.0177) BFAT (p=0.095)
OCC*DIABSEV (p=0.015)
FAMDIAB*DIABSEV
(p=0.024)
6° 174.95 151.27  184.18 || 0.421  0.0266 0.195 RACE (p=0.112)
(24) (53) (56) (0.0204) BFAT (p=0.099)
OCC*DIABSEV (p=0.015)
FAMDIAB*DIABSEV
(p=0.028)

2 Transformed from natural logarithm scale.

b Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (current dioxin + 1).

¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Slope=0.0529). With adjustment for percent body fat at the time of duty in SEA, and change
in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin,
mean fasting glucose levels were 132.71 mg/dl and 139.80 mg/dl for the low and medium
initial dioxin categories in contrast to 160.82 mg/dl for the high category. After adjusting for
race, body fat, and diabetic severity, the dioxin effect remained significant {Table 18-26(d):
p=0.059, Slope=0.0431). The adjusted fasting glucose level was again greater for the high
dioxin category (184.05 mg/dl) than for the low and medium categories (157.21 mg/dl and
162.82 mg/dl).

No statistically significant differences in mean fasting glucose between the Ranch Hand
dioxin categories and the Comparison group were evident from either the unadjusted or
adjusted Model 3 analyses (Table 18-26(e,f): p>0.10 for all contrasts). The age-by-
occupation, age-by-diabetic severity, race-by-personality type, occupation-by-diabetic severity,
and body fat-by family history of diabetes interactions were significant in the adjusted
analysis.

Significant positive associations between current dioxin and fasting glucose in diabetics
were seen in each of the unadjusted Model 4 through 6 analyses. For Model 4, average
fasting glucose levels for the low, medium, and high dioxin categories were 128.30 mg/dl,
135.91 mg/di, and 152.07 mg/dl respectively (Table 18-26(g): p=0.001, Slope=0.0603). For
Model 5, the respective means for fasting glucose were 131.30 mg/dl, 124.92 mg/dl, and
161.22 mg/dl (p<0.001, Slope=0.0558) and for Model 6, the respective means were 137.72
mg/dl, 126.76 mg/dl, and 155.67 mg/dl (p=0.025, Slope=0.0389).

In the adjusted analyses, the current dioxin effect remained significant for Models 4 and
5 but became nonsignificant for Model 6 (Table 18-26(h): p=0.046, Slope=0.0442 for Model
4; p=0.017, Slope=0.0429 for Model 5; and p=0.195, Slope=0.0266 for Model 6). For Model
4, the adjusted means were 161.99 mg/dl for the low dioxin category and 160.48 mg/dl for
the medium category in comparison to 178.30 mg/dl for the high category. A similar pattern
was seen In the adjusted means for Model 5 with an average fasting glucose level of 169.50
mg/dl in the low category, 149.54 mg/dl in the medium category, and 189.42 mg/dl in the
high category. For Models 4, 5, and 6, race, body fat, and the occupation-by-diabetic severity
and family history of diabetes-by-diabetic severity interactions were retained. For Model 6,
removal of occupation and body fat from the final model led to a marginally significant
association between fasting glucose in diabetics and current dioxin (Appendix Table N-3-13:
p=0.057, Slope=0.0345). For the low, medium, and high categories of initial dioxin, the
adjusted mean fasting glucose was 160.14 mg/dl, 150.27 mg/d], and 175.97 mg/dl
respectively. The association between fasting glucose in diabetics and current dioxin
remained significant in Models 4 and 5 after removing occupation and body fat from the final
model.

Fasting Glucose (Diabetics—Discrete)
In the Model 1 analyses of discrete fasting glucose restricted to diabetics, no significant
differences between Ranch Hands and Comparisons were disclosed (Table 18-27(a,b): p>0.61

for the unadjusted and adjusted analyses). Age, race, body fat, and diabetic severity were
significant in the adjusted analysis.
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Table 18-27,
Analysis of Fasting Glucose (Diabetics)
(Discrete)

2) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
'Abnormal Est. Relative Risk
Occupational Category Group n High _ (95% C.1.) p-Value
All Ranch Hand 142 69.0 0.9% (0.61,1.59) 0.999
Comparison 179 69.3
Officer Ranch Hand 55 69.1 0.78 (0:34,1.77) 0.699
Comparison 58 74.1
Enlisted Flyer Ranch Hand 25 76.0 1.58 (0.50,5.00) 0.617
Comparison 36 66.7
Enlisted Groundcrew Ranch Hand 62 66.1 0.96 (0.48,1.92) 0.999
Comparison 85 67.1

b} MODEL 1: RANCH HANDS VS, COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.L) p-Value Covariate Remarks®
All 0.96 (0.58,1.60) 0.878 AGE (p=0.003)

RACE (p=0.048)
Officer 0.87 (0.37,2.05) 0.745 BFAT (p=0.006)
Enlisted Flyer 1.29 (0.38,4.33) 0.682 DIABSEV (p=0.001)
Enlisted Groundcrew 0.94 (0.45,1.97) 0.867

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-27. (Continued)
Analysis of Fasting Glucose (Diabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent ‘
Abnormal Estimated Relative Risk
Initial Dioxin n High ' - (98% C.L)° : p-Value
Low 31 64.5 0.96 (0.69,1.34) 0.830
Medium 31 77.4
High 34 70.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.I.)? p-Value Covariate Remarks

96 0.89 (0.61,1.28) 0.518 BFAT (p=0.093)
DIABSEV (p=0.001)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-27. (Continued)
Analysis of Fasting Glucose (Diabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High 95% C.1)® : p-Value
Comparison 148 68.2
Background RH 42 64.3 1.11 (0.52,2.37) 0.778
Low RH 49 69.4 1.04 (0.51,2.13) 0.908
High RH 47 72.3 1.15 (0.55,2.41) 0.716
Low plus High RH 96 70.8 1.09 (0.62,1.94) 0.762

) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 5% C.1.)* .p-Value Covariate Remarks
Comparison 147 DXCAT*BFAT (p=0.018)
AGE (p=0.040)
RACE (p=0.008)
ook ook
Background RH 39 1.08 (0.48,2.46) 0.847 FAMDIAB (p=0.149)
Low RH 48 0.82 (0.38,1.77)*%* 0.615** DIABSEV (p <0.001)
High RH 46 1.07 (0.47,2.43)** 0.871**
Low plus High RH 94 0.93 (0.50,1.72)*%* (.813**

2 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates speqiﬁed under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-12 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-27. (Continued)
Analysis of Fasting Glucose (Diabetics)
(Discrete)

g) MODELS 4, 5§, AND 6: RANCH HANDS -- CURRENT ﬁIOXIN — UNADJUSTED

Current Dioxin Category ' Analysis Results for Log,
Percent Abnormal High/(n) _ ‘ (Current Dioxin + 1)
: | - Est. Relative Risk
Model® Low Medium . - High - -(95% C.L)° p-Value

4 64.3 69.6 70.4 1.13 (0.89,1.44) (¢.316
(28) (56) (58)

5 57.7 68.5 74.1 1.15 (0.94,1.41) 0.172
(26) (54) (58)

6° 57.7 68.5 74.1 1.05 (0.83,1.32) 0.701
(26) (34) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n 95% C.1)° p-Value " -Covariate Remarks

4 138 Ak ok CURR*BFAT (p<0.001)
DIABSEYV (p <0.001)

5 138 e ke CURR*BFAT (p <0.001)
DIABSEV (p<0.001)

6 138 Fhk AAK CURR*BFAT (p <0.001)
DIABSEV (p<0.001)

8 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column,

**** Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval,
and p-value not presented; refer to Appendix Table N-2-12 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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The Model 2 and 3 unadjusted analyses did not reveal any significant associations
between fasting glucose in diabetics and dioxin (Table 18-27(c,e): p>0.71 for all analyses).
Adjustment for body fat and diabetic severity in Model 2 did not reveal a significant
relationship between fasting glucose and initial dioxin (Table 18-27(d): p=0.518).

In the Model 3 adjusted analysis of discrete fasting glucose in diabetics, the interaction
of categorized dioxin and body fat was significant (Table 18-27(f): p=0.018). Appendix
Table N-2-12 presents the results stratified by body fat (obese; lean or normal). Removing
the interaction from the final model did not reveal any significant differences between the
four Ranch Hand categories and the Comparisons group (p>0.61 for all contrasts). Age, race,
family history of diabetes, and diabetic severity were significant covariates.

For Models 4 through 6, the unadjusted analyses did not detect a significant association
between fasting glucose in diabetes and current dioxin (Table 18-27(g): p>0.17). However,
in each of the adjusted analyses, the interaction of current dioxin and body fat was highly
significant (Table 18-27(h): p<0.001 for all interactions). The stratified results from analyses
on these interactions are found in Appendix Table N-2-12 but do not reveal any significant
associations between fasting glucose in diabetics and current dioxin. Diabetic severity was an
additional covariate retained in each of the adjusted analyses.

Fasting Glucose (Nondiabetics—Continuous)

In the Model 1 unadjusted analysis of fasting glucose restricted to nondiabetics, no
overall significant difference between Ranch Hands and Comparisons was found to exist
(Table 18-28(a): p=0.925). However, the stratified analyses within the three levels of
occupation revealed a significant difference between the two groups in the enlisted flyer
category (p=0.015, Diff. of Means=-2.52). For this category, the fasting glucose mean for the
Ranch Hands was 98.22 mg/dl and 100.75 mg/dl for the Comparisons. In the adjusted
analysis, a significant interaction between group and occupation was revealed (Table 18-28(b):
p=0.024). The difference between Ranch Hands and Comparisons in the enlisted flyer
category was significant (p=0.012, Diff of Adj. Means=-2.45). For Ranch Hands, the adjusted
mean fasting glucose level was 98.01 mg/dl compared to 100.46 mg/dl for Comparisons. The
remaining contrasts between Ranch Hands and Comparisons were positive but not significant.
After removing the interaction from the final model, the overall contrast between Ranch
Hands and Comparisons was nonsignificant (p=0.957). Personality, body fat, and the age-by-
family history of diabetes interaction were significant.

Neither of the unadjusted analyses for Models 2 and 3 revealed a significant association
between fasting glucose in nondiabetics and dioxin (Table 18-28(c,e): p>0.18 for all
analyses). The adjusted Model 2 analysis revealed a significant interaction between initial
dioxin and occupation (Table 18-28: p=0.010). Appendix Table N-2-13 contains additional
information regarding this interaction. No significant results were evident after the interaction
was removed from the final model (p=0.880). The age-by-occupation, age-by-body fat, and
personality type-by-family history of diabetes interactions were significant covariates in the
adjusted model.
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Table 18-28.
Analysis of Fasting Glucose (mg/dl) (Nondiabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.1.)° p-Value®

All Ranch Hand 808 99.02 -0.04 -- 0.925
Comparison 1,098 99.06

Officer Ranch Hand 310 99.75 0.42 -- 0.491
Comparison 444 99.33

Enlisted Flyer Ranch Hand 137 98.22 -2.52 -- 0.015
Comparison 166  100.75

Enlisted Groundcrew Ranch Hand 361 98.70 0.46 -- 0.451
Comparison 488 98.24

b} MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean’  Means (95% C.1.)® p-Value® Covariate Remarks’

All Ranch Hand 794 99, 18%** -0.02 - ** 0.957** GROUP*OCC
Comparison 1,081 99.20%* (p=0.024)

Officer Ranch Hand 306 99.27 0.40 -- 0523 | PERS(p=0.143)
Comparison 441 98.88 BFAT (p<0.001)

P : AGE*FAMDIAB

Enlisted Ranch Hand 134 98.01 -2.45 -- 0.012 (p=0.030)

Flyer Comparison 163 100.46

Enlisted Ranch Hand 354 99.45 0.49 -- 0.400

Groundcrew  Comparison 477 98.95

2 Transformed from the natural logarithm scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
given because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.
4 Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interaction (0.01 <p <0.05); adjusted mean, difference of adjusted means, confidence
interval and p-value derived from a model fitted after deletion of this interaction.
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Table 18-28. (Continued)
Analysis of Fasting Glucose (mg/dl) (Nondiabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Adj. o . Slope

Initial Dioxin n Mean® Mean® || R ~ (Std. Error)® p-Value

Low 142 99.64 99.70 0.024 -0.0035 (0.0033) 0.290

Medium 141 98.52 98.61

High 139 98.43 98.28

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean® R? (Std. Error)° | p-Value Covariate Remarks
Low 139 100.20%* 0.115  0.0006 (0.0038)** 0.880** INIT*OCC (p=0.010)
AGE*QCC (p=0.024)

Medium 137 99 92*x* AGE*BFAT (p=0.026)

i PERS*FAMDIAB
High 135 100.22** (p=0.027)

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the biood draw for dioxin, and covariates specified under "Covariate Remarks" colurnn.

** Log, (initial dioxin)-by-covariate interaction (p<0.05); adjusted mean, adjusted slope, standard error, and p-
value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-13 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-28. (Continued)
Analysis of Fasting Glucose (mg/dl) (Nondiabetics)
(Continuous)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED
Adj. Difference of Adj. Mean vs.

Dioxin Category n Mean® Mean®  Comparisons (95% C.L) p-Value?
Comparison 912 98.91 98.91

Background RH 332 99.16 99.56 0.66 -- 0.235
Low RH 209 99.31 99.11 0.21 -- 0.752
High RH 213 98.43 98.03 -0.87 -- 0.180
Low plus High RH 422 98.87 98.57 0.34 -- 0.507

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

~ Difference .of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean™ 95% C.L)° p-Value! Covariate Remarks

Comparison 897  wAxk DXCAT*OCC (p=0.004)
PERS (p=0.133)
BFAT (p <0.001)

B k d RH 329 e ok ok ook ok ok s ol sk ok

ackgrouny AGE*OCC (p=0.016)

Low RH 203 e R T AGE*FAMDIAB (p=0.018)

ngh RH 208 Ak Aok e sk sk ok ok ok

Low plus High RH 411 i Hkeok ok

2 Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the bloed draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not given because analysis was performed on natural logarithm scale.

d P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

***xx Categorized dioxin-by-covariate interaction (p <0.01); adjusted mean, difference of adjusted means,
confidence interval, and p-value not given; refer to Appendix Table N-2-13 for further analysis of this
interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt,
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-28. (Continued)
Analysis of Fasting Glucose (mg/dl) (Nondiabetics)

(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Resuilts for Log,
Mean®/(n) - (Current Dioxin + 1)
- Slope '
Model® Low Medinm High R’ (Std. Error)*  p-Value
4 98.92 99.75 68.33 <0.001 -0.0002 0.943
(267) (243) (244) (0.0022)
5 99.88 96.67 98.45 <0.001 0.0009 0.650
(274) (242) (238) 0.0019)
6¢ 99.20 99.67 98.14 0.006 -0.0009 0.656
273) (242) (238) (0.0020)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Current Dioxin Category “ " Analysis Results for Log,
Adjusted Mean?/(n) -{Current Dioxin + 1)
Adj. Slope _
Model° | Low  Medium  High R*  (Std. Error)°* . p-Value Covariate Remarks
4 99.45 99.71 99.04 0.083 0.0001 0.975 PERS (p=0.0%4)
(264) (238) (238) {0.0026) AGE*0OCC (p=0.015)
AGE*BFAT (p=0.001)
AGE*FAMDIAB (p=0.004)
QCC*FAMDIAB (p=0.027)
5 99.32 99.89 99.02 0.083 0.0009 0.688 PERS (p=0.100)
(272) (236) (232) (0.0022) AGE*QCC (p=0.013)
AGE*BFAT (p=0.001)
AGE*FAMDIAB (p=0.004)
OCC*FAMDIAB (p=0.027)
6° 99.34 99.36 98.14 0.057 -0.0014 0.510 PERS (p=0.117)
(273) (241) (238) (0.0021) AGE*BFAT (p=0.008)

2 Transformed from naturai logarithm scale.

b Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (current dioxin + 1).

¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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For Model 3, the adjusted analysis of fasting glucose in nondiabetics disclosed a highly
significant interaction between categorized dioxin and occupation (Table 18-28(f): p=0.004).
This interaction is further examined in Appendix Table N-2-13. Personality type, body fat,
and the age-by-occupation and age-by-family history of diabetes interactions were significant
in the Model 3 analysis. After removing the categorized dioxin-by-occupation interaction and
body fat and occupation from the final model, no significant differences were found between
the four Ranch Hand categories and the Comparison group (Appendix Table N-3-15: p>0.46).

No significant associations between fasting glucose in nondiabetics and current dioxin
were evident from either the unadjusted or adjusted analyses of Models 4 through 6 (Table
18-28: p>0.51 for all analyses). Personality type and the age-by-occupation, age-by-body fat,
age-by-family history of diabetes, and occupation-by-family history of diabetes interactions
were retained in the adjusted analyses of Models 4 and 5. For Model 6, significant covariates
included personality type and the age-by-body fat interaction.

Fasting Glucose (Nondiabetics—Discrete)

Overall and occupationally stratified differences between Ranch Hands and Comparisons
were nonsignificant in both the unadjusted and adjusted Model 1 analyses of fasting glucose
in its discrete form restricted to nondiabetics (Table 18-29(a,b): p>0.37 for all contrasts).
Age and body fat were retained in the adjusted analysis.

The unadjusted and adjusted analysis for Models 2 and 3, investigating the relationship
between fasting glucose and dioxin in nondiabetics were nonsignificant (Table 18-29(c-f):
p>0.15 for all analyses). The Model 2 adjusted analyses retained race and family history of
diabetes, while Model 3 retained the occupation-by-family history of diabetes and the
occupation-by-age interactions.

Current dioxin was not significantly associated with discrete fasting glucose for
nondiabetics in the unadjusted and adjusted analyses of Models 4 through 6 (Table 18-29(g,h):
p>0.43 for all analyses). Body fat was significant in each of the adjusted analyses.
Additionally, race was retained in the Model 6 analysis.

2-Hour Postprandial Glucose (Continuous)

In the Model 1 unadjusted analysis of 2-hour postprandial glucose on nondiabetics, no
significant group effect was revealed (Table 18-30(a): p>0.21 for all contrasts). However, in
the adjusted analysis, highly significant interactions between group and body fat and between
group and family history of diabetes were revealed (Table 18-30(b): p=0.001 and p=0.009
respectively). Results from additional analyses on these interactions are found in Appendix
Table N-2-14. Additionally, age and the occupation-by-personality type interaction were
retained in the adjusted analysis.

The unadjusted Model 2 and 3 analyses of 2-hour postprandial glucose in nondiabetics
did not reveal a significant positive dioxin effect (Table 18-30(c,e): p>0.32 for all analyses).
However, in Model 2, adjustment for age, personality type, and body fat led to a significant
positive association between initial dioxin and 2-hour postprandial glucose (Table 18-30(d):
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Table 18-29.
Analysis of Fasting Glucose (Nondiabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent . L
Abnormal = Est. Relative Risk
Occupational Category Group n High 95% C.1) p-Value
All Ranch Hand 8308 3.6 0.91 (0.57,1.48) 0.804
Comparison 1,098 3.9
Officer Ranch Hand 310 32 0.71 (0.33,1.53) 0.487
Comparison 444 4,5
Enlisted Flyer Ranch Hand 137 2.9 0.80 (0.22,2.90) 0.989
Comparison 166 3.6
Enlisted Groundcrew Ranch Hand 361 4.2 1.20 (0.59,2.44) 0.745
Comparison 488 35

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category (95% C.1.) ~ .p-Value Covariate Remarks®
All 0.92 (0.57,1.48) 0.719 AGE (p=0.004)
Officer 0.70 (0.32,1.53) 0.371 BFAT (p<0.001)
Enlisted Flyer 0.75 (0.21,2.74) 0.665

Enlisted Groundcrew 1.25 (0.61,2.56) 0.542

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-29. (Continued)
Analysis of Fasting Glucose (Nondiabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics || Analysis Results for Log, (Initial Dioxin)?
Percent || - R '
Abnormal Estimated Relative Risk -
Initial Dioxin n High . 95% CL) p-Value
Low 142 6.3 0.83 (0.55,1.26) 0.372
Medium 141 1.4
High 139 3.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.L)° p-Value Covariate Remarks

412 0.73 (0.46,1.15) 0.153 RACE (p=0.075)
FAMDIAB (p=0.094)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt: High = >232 ppt.
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Table 18-29. (Continued)
Analysis of Fasting Glucose (Nondiabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormial High  (95% C.L)® : p-Value
Comparison 912 4.1
Background RH 332 2.7 0.73 (0.35,1.53) 0.401
Low RH 209 4.8 1.13 (0.55,2.31) 0.745
High RH 213 2.8 0.63 (0.26,1.51) 0.297
Low plus High RH 422 3.8 0.87 (0.48,1.58) 0.644

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.1.)y* p-Value Covariate Remarks

Comparison 898 OCC*FAMDIAB (p=0.028)
OCC*AGE (p=0.043)

Background RH 329 0.71 (0.33,1.52) 0.373

Low RH 204 1.15 (0.56,2.39) 0.705

High RH 208 0.58 (0.22,1.56) 0.284

Low plus High RH 412 0.88 (0.47,1.66) 0.701

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-29. (Continued)
Analysis of Fasting Glucose (Nondiabetics)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category _ Analysis Results for Log,
Percent Abnormal High/(n) o {Current Dioxin + 1)
S ‘ Fst. Relative Risk
Model® Low Medium High |- - (95% C.L)° p-Value

4 2.6 4.9 2.5 1.02 (0.77,1.34) 0.907
267 (243) (244)

5 2.6 5.0 2.5 1.05 (0.82,1.33) 0.714
(274) (242) (238)

6° 2.6 5.0 2.5 0.99 (0.76,1.28) 0.920
(273) (242) (238)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk
Model® n 95% C.L)® p-Value Covariate Remarks
4 754 0.92 (0.68,1.24) 0.583 BFAT (p=0.022)
5 754 0.96 (0.75,1.24) 0.772 BFAT (p=0.027)
64 753 0.90 (0.68,1.18) 0.439 BFAT (p=0.021)
RACE (p=0.121)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.

18-161



Table 18-30.
Analysis of 2-Hour Postprandial Glucose (mg/dl) (Nondiabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.L)® p-Value®

All Ranch Hand 807 103,90 0.63 — 0.630
Comparison 1,097 103.27

Officer Ranch Hand 310 103.61 2.43 - 0.219
Comparison 444  101.18

Enlisted Flyer Ranch Hand 137 106.60 -1.94 -- 0.554
Comparison 166  108.54

Enlisted Groundcrew Ranch Hand 360 103.14 0.30 -- 0.884
Comparison 487 103.44

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.1.)* p-Value® Covariate Remarks®

All Ranch Hand 793 ok ek kK GROUP*BFAT (p=0.001)
Comparison 1,080 GROUP*FAMDIAB (p=0.009)

AGE (p<0.001)
sk ok S5 ofe e ok ek ok ok

Officer Ranch Hand 306 OCC*PERS (p=0.012)
Comparison 441

Enlisted Ranch Hand 134 ek ek Aok ek Hookok

Flyer Comparison 163

Enlisted Ranch Hand 353 ok *AKE ok

Groundcrew Comparison 476

* Transformed from the natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.
4 Covariates and associated p-values correspond to final model based on all participants with available data.

**¥% Group-by-covariate interactions (p<0.01); adjusted mean, difference of adjusted means, and p-value not
presented; refer to Appendix Table N-2-14 for further analysis of these interactions.
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Table 18-30. (Continued)
Analysis of 2-Hour Postprandial Glucose (mg/dl) (Nondiabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)
. Adj. ~ Slope
Initial Dioxin n Mean® Mean® || R? (Std. Error)* p-Value
Low 142 103.75 104.44 0.067 0.0078 (0.0107) 0.464
Medium 141 106.75 107.35
High 139 107.84 106.51

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)¢
Statistics
Adj. Adj. Slope

Initial Dioxin n Mean™ R? (Std. Error)*  p-Value Covariate Remarks
Low 141 101,10 0.162  0.0216 (0.0106) 0.041 AGE (p<0.001)

. PERS (p=0.043)
Medium 141 106.99 BFAT (p<0.001)
High 139 108.72

 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of 2-hour postprandial glucose versus log, (initial dioxin).

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-30. (Continued)
Analysis of 2-Hour Postprandial Glucose (mg/dl) (Nondiabetics)
: (Continuous)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

- Difference of Adj.
“Adj. . Mean vs. Comparisons

Dioxin Category n Mean®*  Mean® = (95% C.L)Y p-Value®
Comparison 911 103.08 103.05

Background RH 331 100.37 102.28 0.77 -- 0.657
Low RH 209 104.87 104.05 1.00 -- 0.633
High RH 213 107.29 105.13 2.07 -- 0.322
Low plus High RH 422 106.08 104.59 1.54 -- 0.340

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj.  Mean vs. Comparisons

Dioxin Category n  Mean®* 95% C.L) p-Value Covariate Remarks

Comparison 896 104.72%* DXCAT*BFAT (p<0.001)
DXCAT*FAMDIAB (p=0.016)

Background RH 328 104.03%* -0.70 - ** 0.680** AGE (p<0.001)

OCC*PERS (p=0.031)

Low RH 203 105.13** 0.40 - *> 0.845%*

High RH 208 108.06** 3.34 - ¢ 0.119%*

Low plus High RH 411 106.60** 1.88 -- ** 0.245%*

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

¢ P_value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interactions (p <0.05); adjusted mean, difference of adjusted means, and
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table N-2-14 for
further analysis of these interactions.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-30. (Continued)
Analysis of 2-Hour Postprandial Glucose (mg/dl) (Nondiabetics)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean?/(n) ' (Cuxrrent Dioxin + 1)
; Slope

Model® Low Medium High  R? ‘(Std. Error)t p-Value

4 99.88 103.67 107.53 0.018 0.0267 <0.001
(266) (243) (244) (0.0071)

5 99.00 104.18 108.31 0.026 0.0275 <0.001
(273) (242) (238) (0.0061)

6¢ 100.25 104.17 106.86 0.037 0.0214 0.001
(272) (242) (238) (0.0065)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
Adj. Slope :
Model® | Low Medium  High R?  (Std. Error)° p-Value Covariate Remarks

4 101.82 101.15 107.19 | 0.170 0.0177 0.012 AGE (p<0.001)
(266) (242) (244) (0.0071) BFAT (p<0.001)
PERS (p=0.138)
5 100.73 102.19 107.52 | 0.174 0.0189 0.002 AGE (p<0.001)
(273) (241) (238) (0.0061) BFAT (p<0.001)
PERS (p=0.141)
6° 101.78 102.24 106.21 0.182 0.0134 0.038 AGE (p<0.001)
(272) (241) (238) (0.0064) BFAT (p<0.001)
PERS (p=0.050)

2 Transformed from natural logarithm scale.
b Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of 2-hour postprandial glucose versus log, {current
dioxin + 1).

4 Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under *Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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p=0.041, Adj. Slope=0.0216). The 2-hour postprandial glucose adjusted means for the low,
medium, and high initial dioxin levels were 101.10 mg/dl, 106.99 mg/dl, and 108.72 mg/dl
respectively.

For the Model 3 adjusted analysis of 2-hour postprandial glucose in nondiabetics,
interactions between categorized dioxin and body fat and between categorized dioxin and
family history of diabetes were revealed (Table 18-30(f): p<0.001 and p=0.016 respectively).
Appendix Table N-2-14 contains further information on these interactions. Followup analyses
with the interactions removed from the final model did not reveal any significant differences
between the four Ranch Hand categories and the Comparison group (Table 18-30(f): p>0.11
for all contrasts). However, when the interactions of body fat, and occupation were removed
from the final model, the difference between the high Ranch Hand category and the
Comparison group was significant (Table N-3-17: p=0.032, Diff. of Adj. Means = 4.54). Age
and the occupation-by-personality type interaction were additional covariates retained in the
Model 3 analysis,

Each of the Model 4 through 6 unadjusted analyses revealed a highly significant
relationship between current dioxin and 2-hour postprandial glucose in nondiabetics (Table
18-30(g): p<0.001, Slope=0.0267 for Model 4, p<0.001, Slope=0.0275 for Model 5; and
p=0.001, Slope=0.0214 for Model 6). The mean levels of 2-hour postprandial glucose for the
low, medium, and high categories of lipid-adjusted current dioxin were 99.88 mg/dl, 103.67
mg/dl, and 107.53 mg/dl. For the whole weight-current dioxin categories, mean levels were
99.00 mg/dl, 104.18 mg/dl, and 108.31 mg/dl. For whole-weight current dioxin adjusted for
total lipids, mean levels were 100.25 mg/dl, 104.17 mg/dl, and 106.86 mg/dl. The association
between current dioxin and 2-hour postprandial glucose remained significant after adjustment
for age, body fat, and personality type (Table 18-30(h): p=0.012, Adj. Slope=0.0177 for
Model 4, p=0.002, Adj. Slope=0.0189 for Model 5; and p=0.038, Adj. Slope=0.0134 for
Model 6). The adjusted mean levels of 2-hour postprandial glucose for low, medium, and
high categories of current dioxin were 101.82 mg/dl, 101.15 mg/dl, 107.19 mg/d! for Model
4, 100.73 mg/dl, 102.19 mg/dl, 107.52 mg/d] for Model 5, and 101.78 mg/dl, 102.24 mg/dl,
106.21 mg/dl for Model 6.

2-Hour Postprandial Glucose (Discrete)

A marginally significant difference in the percentage of nondiabetics with impaired 2-
hour postprandial glucose levels between Ranch Hands and Comparisons was evident from the
overall contrast in the Model 1 unadjusted analysis (Table 18-31(a): p=0.097, Est. RR=1.26).
This difference was not apparent, however, from analyses within each of the levels of
occupation (p>0.11 for all contrasts). In the adjusted analysis, there was a significant
interaction between group and body fat (Table 18-31(b): p=0.042). Results from further
analysis on this interaction are presented in Appendix Table N-2-15. A marginally significant
difference between Ranch Hands and Comparisons was found for obese nondiabetic
participants (Appendix Table N-2-15: p=0.064, Adj. RR=1.56), but the difference was
nonsignificant for lean or normal participants (p=0.536). After the interaction was deleted
from the final model, a marginally significant difference between Ranch Hands and
Comparisons in the enlisted groundcrew category was evident (p=0.064, Adj. RR=1.48). The
overall contrast and the remaining occupational contrasts were nonsignificant (p>0.11). Age,
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Table 18-31.
Analysis of 2-Hour Postprandial Glucose (Nondiabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group n _ Impaired 95% C.1.) p-Value

All Ranch Hand 307 14.7 1.26 (0.97,1.65) 0.097
Comparison 1,097 12.0

Officer Ranch Hand 310 12.6 1.28 (0.81,2.01) 0.351
Comparison 444 10.1

Enlisted Flyer Ranch Hand 137 15.3 0.93 (0.59,1.73) 0.949
Comparison 166 16.3

Enlisted Groundcrew Ranch Hand 360 16.4 1.39 (0.95,2.06) 0.113
Comparison 487 12.3

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.L) p-Value Covariate Remarks?®
All 1.26 (0.95,1.68)** 0.115%* GROUP*BFAT (p=0.042)
OCC*RACE (p=0.017)
Officer 1.30 (0.81,2.10)** 0.274%* AGE (p<0.001)
Enlisted Flyer 0.80 (0.42,1.55)** 0.514%* PERS (p=0.030)
FAMDIAB (p=0.047)
Enlisted Groundcrew 1.48 (0.98,2.25)** 0.064%*

? Covariates and associated p-values correspond to final medel based on all participants with available data.
**  Group-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and p-value

derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-15 for further
analysis of this interaction.
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Table 18-31. (Continued)
Analysis of 2-Hour Postprandial Glucose (Nondiabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent - || Estimated Relative Risk
Initial Dioxin n Impaired 95% C.1.)° p-Value
Low 142 15.5 1.09 (0.90,1.33) 0.390
Medium 141 17.0
High 139 20.1

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN - ADJUSTED
Analysis Results for Log, (Initial Dioxin)*

n Adj. Relative Risk (95% C.L.)° p-Value Covariate Remarks
421 1.19 (0.96,1.47)** 0.112*%* INIT*RACE (p=0.008)
AGE (p=0.001)

BFAT (p=0.003)
PERS (p=0.122)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

**Log, (initial dioxin)-by-covariate interaction (p <0.05); adjusted relative risk, confidence interval and p-value
derived from a model fitted after deletion of this interaction; refer to Appendix N-2-15 for further analysis of

this interaction.

Note: Low = 39-08 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-31. (Continued)
Analysis of 2-Hour Postprandial Glucose (Nondiabetics)
(Discrete)

€} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est, Relative Risk _
Dioxin Category n Impaired L (95% C.1)® p-Value
Comparison 911 12.0
Background RH 331 10.0 0.94 (0.62,1.43) 0.765
Low RH 209 15.8 1.30 (0.85,2.00) 0.229
High RH 213 19.2 1.56 (1.04,2.33) 0.031
Low plus High RH 422 17.5 1.43 (1.03,1.99) 0.031

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.1.)* p-Value ~ +  Covariate Remarks

Comparison 896 AGE (p<0.001)
PERS (p=0.029)
BFAT (p<0.001)

Background RH 328 0.99 (0.63,1.54) 0.961 RACE*FAMDIAB (p=0.024)
Low RH 203 1.24 (0.79,1.96) 0.352 OCC*RACE (p=0.009)
High RH 208 1.67 (1.07,2.59) 0.023

Low plus High RH 411 1.44 (1.02,2.04) 0.040

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-31. (Continued)
Analysis of 2-Hour Postprandial Glucose (Nondiabetics)
(Discrete)

2) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category T Analysis Results for Log,
Percent Impaired/(n) T . (Current Dioxin + 1)
' 4 ‘Est: Relative Risk
Model® Low Medium High _ 95% C.L)° p-Value

4 10.2 13.2 19.7 1.27 (1.11,1.46) 0.001
(266) (243) (244)

5 8.4 14.5 20.6 1.28 (1.13,1.45) <0.001
(273) (242) (238)

6° 8.5 14.5 20.6 1.23 (1.08,1.41) 0.002
272) (242) (238)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk

Model? n (95% C.1)° . p-Value - Covariate Remarks
4 753 1.27 (1.08,1.50)** 0.004%* CURR*RACE (p=0.002)
AGE (p<0.001)
BFAT (p<0.001)
5 740 1.28 (1.10,1.49)** 0.002%* CURR*RACE (p=0.023)
AGE (p<0.001)

BFAT (p<0.001)
RACE*FAMDIAB (p=0.032)

69 739 1.23 (1.05,1.44)** 0.011%* CURR*RACE (p=0.025)
AGE (p <0.001)
BFAT (p <0.001)
RACE*FAMDIAB (p=0.029)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

** Log, (current dioxin + 1)-by-covariate interaction (p<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table N-2-15 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 pPq.
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personality type, family history of diabetes, and the occupation-by-race interaction was
retained in the adjusted analysis.

The association between initial dioxin and 2-hour postprandial glucose was not
significant in the Model 2 unadjusted analysis (Table 18-31(c): p=0.390). In the adjusted
analysis, there was a highly significant interaction between initial dioxin and race (Table
18-31(d): p=0.008). Results from stratified analysis on the interaction are found in Appendix
Table N-2-15. When the initial dioxin-by-race interaction was removed from the final model,
the association between initial dioxin and 2-hour postprandial glucose remained nonsignificant
(p=0.112). Age, body fat, and personality type were significant covariates.

In the unadjusted Model 3 analysis of 2-hour postprandial glucose, significant differences
were revealed between the high Ranch Hand category and the Comparison group and the low
plus high Ranch Hand category and the Comparison group (Table 18-31(¢): p=0.031,

Est. RR=1.56 for high Ranch Hands vs. Comparisons and p=0.031, Est. RR=1.43 for low plus
high Ranch Hands vs. Comparisons). For the Comparison category, 12.0 percent had an
impaired 2-hour postprandial glucose level compared to 19.2 percent for high Ranch Hands
and 17.5 percent for low plus high Ranch Hands. After adjusting for covariate information,
significant differences between high and low plus high Ranch Hands and Comparisons
remained (Table 18-31(f): p=0.023, Adj. RR=1.67 for high Ranch Hands vs. Comparisons
and p=0.040, Adj. RR=1.44 for low plus high Ranch Hands vs. Comparisons). Age,
personality type, body fat, and the race-by-family history of diabetes and occupation-by-race
interactions were significant.

Highly significant positive associations between 2-hour postprandial glucose and current
dioxin were revealed in each of the unadjusted Model 4 through 6 analyses (Table 18-31(g):
p=0.001, Est. RR=1.27 for Model 4; p<0.001, Est. RR=1.28 for Model S; and p=0.002,

Est. RR=1.23 for Model 6). For the low, medium, and high categories of lipid-adjusted
current dioxin, 10.2 percent, 13.2 percent, and 19.7 percent of the Ranch Hands had an
impaired 2-hour postprandial glucose level. For whole-weight current dioxin, these
percentages were 8.4, 14.5, and 20.6 for the low, medium, and high categories. For whole
weight current dioxin adjusted for total lipids, the percentages were 8.5, 14.5, and 20.6
percent. The Model 4 adjusted analysis revealed a highly significant interaction between
current dioxin and race (Table 18-31(h): p=0.002). Appendix Table N-2-15 presents results
from further analysis of this interaction. Without the interaction in the final model, the
association between current dioxin and 2-hour postprandial glucose remained significant
(p=0.004, Adj. RR=1.27). Body fat and age also were retained. The interaction of current
dioxin and race also was significant in the Model 5 and Model 6 adjusted analyses (p=0.023
and p=0.025 respectively). Analyses within the levels of race were performed for these
interactions and results are shown in Appendix Table N-2-15. Deletion of the interaction
from each of the final whole-weight current dioxin models showed a significant dioxin effect
(p=0.002, Adj. RR=1.28 for Model 5 and p=0.011, Adj. RR=1.23 for Mode! 6). Covariates
retained in the adjusted analyses included age, body fat, and the race-by-family history of
diabetes interaction.
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Fasting Urinary Glucose (All Participants)

Results from both the unadjusted and adjusted group analyses of fasting urinary glucose
were nonsignificant (Table 18-32(a,b), p>0.39 for all contrasts). Covariates retained in the
adjusted analysis included age, race, and the body fat-by-family history of diabetes interaction.

A significant association between fasting urinary glucose and initial dioxin was evident
from the Model 2 unadjusted analyses (Table 18-32(c): p=0.023, Est. RR=1.39). Fasting
urinary glucose was present in 2.3 percent, 3.5 percent, and 7.6 percent of the Ranch Hands
for the low, medium, and high categories of initial dioxin respectively. After adjusting for
race and the personality type-by-family history of diabetes and occupation-by-body fat
interactions, the relationship between initial dioxin and fasting urinary glucose remained
significant (Table 18-32(d): p=0.002, Adj. RR=1.97).

For Model 3, categorized dioxin was not significantly associated with fasting urinary
glucose in the unadjusted analysis (Table 18-32(e): p>0.19 for all contrasts). The adjusted
analysis revealed two significant categorized dioxin interactions, one with personality type and
the other with body fat (Table 18-32(f): p=0.018 and p=0.011 respectively). Appendix Table
N-2-16 presents the results from further analyses on these interactions. No significant
differences between Comparisons and the four Ranch Hand categories were evident after the
interactions were removed from the final model (p>0.14 for all contrasts). Additional
covariates retained in the adjusted analysis included age and race.

Both the unadjusted and the adjusted analyses for Model 4 revealed a highly significant
relationship between current dioxin and fasting urinary glucose (Table 18-32(g,h): p<0.001,
Est. RR=1.58 for the unadjusted analysis and p<0.001, Adj. RR=1.70 for the adjusted
analysis). For the low, medium, and high current dioxin categories, fasting urinary glucose
was present in 1.0 percent, 3.4 percent, and 5.4 percent of the Ranch Hands. Age and the
body fat-by-family history of diabetes interaction were significant covariates. Both the Model
5 and Model 6 unadjusted analyses of fasting urinary glucose found a highly significant
association with current dioxin (Table 18-32: p<0.001, Est. RR=1.62 for Model 5 and
p=0.001, Est. RR=1.48 for Model 6). For each analysis, the percentages of Ranch Hands with
fasting urinary glucose present were 1.3, 2.0, and 6.4 for the low, medium, and high
categories. In both adjusted analyses for Models 5 and 6, the interaction of current dioxin and
personality type was significant (Table 18-32(h): p=0.044 for Model 5 and p=0.027 for
Model 6). Analyses of these interactions are presented in Appendix Table N-2-16. In each
case, the removal of the interaction from the final model revealed highly significant
associations with current dioxin (p<0.001, Adj. RR=1.72 for Model 5 and p<0.001,

Adj. RR=1.63 for Model 6). For Model 5, age and the body fat-by-family history of diabetes
interaction were significant whereas, for Model 6, age and race were significant.

Fasting Urinary Glucose (Diabetics)
For diabetics, no significant differences between Ranch Hands and Comparisons were
revealed in the Model | analyses of fasting urinary glucose in diabetics (Table 18-33(a,b):

p>0.31 for both the unadjusted and the adjusted contrasts). Covariates retained in the adjusted
analysis included diabetic severity and the body fat-by-family history of diabetes interaction.
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Table 18-32.
Analysis of Fasting Urinary Glucose (All Participants)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent ‘Est. Relative Risk
Occupational Category Group n Present 95% C.L) p-Value
All Ranch Hand 9248 3.1 1.00 (0.61,1.63) 0.999
Comparison 1,276 3.1
Officer Ranch Hand 365 2.5 0.88 (0.38,2.06) 0.938
Comparison 502 2.8
Enlisted Flyer Ranch Hand 161 3.1 0.69 (0.23,2.09) 0.697
Comparison 202 4.5
Enlisted Groundcrew Ranch Hand 422 3.6 1.28 (0.63,2.62) 0.621
Comparison 572 2.8
b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Adj. Relative Risk '
Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 1.00 (0.61,1.66) 0.994 AGE (p<0.001)
RACE (p=0.049)
Officer 0.83 (0.35,1.93) 0.664 BEAT*FAMDIAB (p<0.001)
Enlisted Flyer 0.64 (0.19,2.20) 0.477
Enlisted Groundcrew 1.37 (0.66,2.86) 0.397

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-32. (Continued)
Analysis of Fasting Urinary Glucose (All Participants)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent Estimated Relative Risk
Initial Dioxin n - Present - 95% C.L)° ~ p-Value
Low 172 2.3 1.39 (1.05,1.85) 0.023
Medium 172 35
High 172 7.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN - ADJUSTED
Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.L.)° “p-Value Covariate Remarks

503 1.97 (1.25,3.11H) 0.002 RACE (p=0.044)
OCC*BFAT (p=0.034)
PERS*FAMDIAB (p=0.006)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-32. (Continued)
Analysis of Fasting Urinary Glucose (All Participants)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent : Est. Relative Risk
Dioxin Category n Present 95% C.1.)® p-Value
Comparison 1,059 31
Background RH 374 1.6 0.67 (0.27,1.62) 0.373
Low RH 257 3.1 0.84 (0.38,1.87) 0.673
High RH 259 5.8 1.53 (0.80,2.93) 0.195
Low plus High RH 516 4.5 1.19 (0.68,2.08) 0.542

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.1)* p-Value Covariate Remarks
Comparison 1,058 DXCAT*PERS (p=0.018)
DXCAT*BFAT (p=0.011)
AGE (p=0.002)
*k *k
Background RH 374 0.64 (0.26,1.56) 0.327 RACE (p=0.021)
Low RH 256 0.72 (0.32,1.64)%* (0.43]1%*
High RH 259 1.66 (0.84,3.28)*%* (.141%*

Low plus High RH 515 1.14 (0.64,2.02)** 0.661**

# Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

**  Categorized dioxin-by-covariate interactions (0.01 <p <0.05); adjusted relative risk, confidence interval,
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix
Table N-2-16 for further analysis of these interactions.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-32. (Continued)
Analysis of Fasting Urinary Glucose (All Participants)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ' 'Analysis Results for Log,
Percent Present/(n) {Current Dioxin + 1)
. : Est, Relative Risk

Model® Low Medium High (5% C.L)> p-Value

4 1.0 34 5.4 1.58 (1.25,1.99) <0.001
(295) (298) (297)

35 1.3 2.0 6.4 1.62 (1.30,2.01) <0.001
(300) (295) (295)

6° 1.3 2.0 6.4 1.48 (1.17,1.87) 0.001
(299) (295) (295)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n (95% C.L)® p-Value Covariate Remarks

4 872 1.70 (1.30,2.23) <0.001 AGE (p=0.004)
BFAT*FAMDIAB (p=0.033)

5 871 1.72 (1.33,2.21)** <0.001%* CURR*PERS (p=0.044)
AGE (p=0.002)
BFAT*FAMDIAB (p=0.035)

64 888 1.63 (1.26,2.11)%* <0.001** CURR*PERS (p=0.027)
AGE (p=0.003)
RACE (p=0.089)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (currczit dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table

N-2-16 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-33.
Analysis of Fasting Urinary Glucose (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent Est. Relative Risk

Occupational Category Group n . Present 95% C.1) p-Value

All Ranch Hand 142 20.4 0.95 (0.55,1.63) 0.949
Comparison 178 213

Officer Ranch Hand 55 16.4 0.61 (0.24,1.56) 0.428
Comparison 58 241

Enlisted Flyer Ranch Hand 25 20.0 0.88 (0.25,3.07) 0.999
Comparison 36 22.2

Enlisted Groundcrew Ranch Hand 62 24.2 1.36 (0.61,3.01) 0.585
Comparison 84 19.0

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

p-Value

Occupational Category (95% C.1) _Covariate Remarks®

All 0.81 (0.44,1.48) 0.490 DIABSEV (p<0.001)
Officer 0.59 (0.21,1.66) 0.319 FAMDIAB*BFAT (p=0.008)
Enlisted Flyer 0.60 (0,14,2.63) 0.501

Enlisted Groundcrew 1.14 (0.48,2.74) 0.768

4 Covariates and associated p-values correspond to final model based on all participants with available data.

18-177



Table 18-33. (Continued)
Analysis of Fasting Urinary Glucose (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics T Analysis Resnits for Log, (Initial Dioxin)®
Percent Estimaied Relative Risk
Initial Dioxin n Present - (95% C.1.)° p-Value
Low 31 12.9 1.43 (1.03,2.00) 0.031
Medium 31 19.4
High 4 38.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.L)® p-Value "~ Covariate Remarks

96 2.13 (1.11,4.07) 0.009 RACE (p=0.050)
DIABSEV (p=0.111)

OCC*BFAT (p=0.002)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-33. (Continued)
Analysis of Fasting Urinary Glucose (Diabetics)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Present 95% C.L)*» p-Value
Comparison 147 21.8
Background RH 4?2 14.3 0.71 (0.27,1.86) 0.483
Low RH 49 16.3 0.69 (0.29,1.62) 0.394
High RH 47 31.9 1.60 (0.77,3.35) 0.209
Low plus High RH %6 24.0 1.09 (0.59,2.02) 0.780

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk . :
Dioxin Category n 95% C.L)* p-Value Covariate Remarks

Comparison 146 DXCAT*BFAT (p=0.001)
AGE*OCC (p=0.016)
AGE*BFAT (p=0.007)

ook e
Background RH 39 AGE*DIABSEV (p=0.028)
Low RH 48 Heokeok ok RACE*OCC (p<0.001)
RACE#*BFAT (p=0.046)
High RH 46 hkkx Rk OCC*DIABSEV (p=0.007)
Low plus High RH 04 — o FAMDIAB*BFAT (p=0.010)

? Relative risk and confidence interval relative to Comparisons.

P Adjusted for percent body fat at the time of duty in SEA and change in percent bedy fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

*xkx Categorized dioxin-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and p-
value not presented; refer to Appendix Table N-2-17 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-33. (Continued)
Analysis of Fasting Urinary Glucose (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ' | f Anaiysis Results for Log,
Percent Present/(n) 5 . (Current Dioxin + 1)
‘ | . Est. Relative Risk -
Model® Low Medium High : 95% C.L)Y p-Value

4 10.7 17.9 : 29.6 1.46 (1.11,1.92) 0.005
(28) (56) {54)

5 15.4 i1.1 32.8 1.44 (1.13,1.84) 0.002
(26) (54) (58)

6° 154 1.1 32.8 l 1.37 (1.05,1.80) 0.018
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk '
Model® n (95% C.I)* p-Value Covariate Remarks
4 138 1.49 (1.09,2.03) 0.010 DIABSEV (p<0.001)
5 138 1.4 (1.10,1.89) 0.005 DIABSEV (p<0.001)
6 138 1.39 (1.03,1.88) 0.027 DIABSEV (p<0.001)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models § and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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A significant association between fasting urinary glucose and initial dioxin was seen in
the unadjusted Model 2 analysis restricted to diabetics (Table 18-33(c): p=0.031, Est.
RR=1.43). The association remained significant after adjusting for race, diabetic severity, and
the occupation-by-body fat interaction (Table 18-33(d): p=0.009, Adj. RR=2.13). The
percentage of diabetic Ranch Hands with fasting urinary glucose present were 12.9, 19.4, and
38.2 for the low, medium, and high initial dioxin categories.

For diabetics, no significant results were evident from the unadjusted Model 3 analysis of
fasting urinary glucose (Table 18-33(e): p>0.20 for all contrasts). However, in the adjusted
analysis, a highly significant interaction between categorized dioxin and body fat was
disclosed (Table 18-33(f): p=0.001). Results of further analysis of this interaction are
displayed in Appendix Table N-2-17. Significant in the adjusted analysis were age-by-
occupation, age-by-body fat, age-by-diabetic severity, race-by-occupation, race-by-body fat,
occupation-by-diabetic severity, and family history of diabetes-by-body fat interactions. After
removing the interaction and body fat and occupation from the final model, no significant
differences were found (Appendix Table N-3-20: p>0.46).

Each of the Model 4 through 6 unadjusted analyses restricted to diabetics showed highly
significant associations between fasting urinary glucose and current dioxin (Table 18-33(g):
p=0.005, Est. RR=1.46 for Model 4; p=0.002, Est. RR=1.44 for Model 5; and p=0.018,

Est. RR=1.37 for Model 6). For Model 4, fasting urinary glucose was present in 10.7 percent
of the diabetic Ranch Hands in the low category, 17.9 percent in the medium category, and
29.6 percent in the high category. In the low, medium, and high categories of current dioxin
for both Models 5 and 6, 15.4 percent, 11.1 percent, and 32.8 percent of the diabetic Ranch
Hands had fasting urinary glucose present. For each of the adjusted analyses, the association
between fasting urinary glucose and current dioxin remained significant after adjusting for
diabetic severity (Table 18-33(h): p=0.010, Adj. RR=1.49 for Model 4; p=0.005, Adj.
RR=1.44 for Model 5; and p=0.027, Adj. RR=1.39 for Model 6).

Fasting Urinary Glucose (Nondiabetics)

Only one nondiabetic participant, a Comparison, had fasting urinary glucose present;
therefore, for this variable, unadjusted and adjusted analyses restricted to nondiabetics were
not performed for Models 1 through 6 in Table 18-34(a-h).

2-Hour Postprandial Urinary Glucose

The percentage of nondiabetic Ranch Hands with 2-hour postprandial urinary glucose
present did not differ significantly from the percentage of nondiabetic Comparisons with
2-hour postprandial urinary glucose present in the unadjusted and adjusted Model 1 analyses
(Table 18-35(a,b): p>0.57 for all contrasts). Significant covariates included age and
occupation.

A marginally significant positive association between initial dioxin and 2-hour
postprandial urinary glucose was evident in the Model 2 unadjusted analysis (Table 18-35(c):
p=0.074, Est. RR=1.18). The tracheotomized levels of initial dioxin showed that for the low
and medium dioxin categories, 19.1 percent and 15.6 percent of the nondiabetic Ranch Hands

18-181



Table 18-34.
Analysis of Fasting Urinary Glucose (Nondiabetics)

a) MODEL 1: RANCH HANDS vs, COMPARISONS

: : : Percent
Occupational Category Group n Present
All Ranch Hand 806 0.0
Comparison 1,098 0.1
Officer . Ranch Hand 310 0.0
Comparison 444 0.0
Enlisted Flyer Ranch Hand 136 0.0
Comparison 166 0.6
Enlisted Groundcrew Ranch Hand 360 0.0
Comparison 488 0.0
b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
Initial Dioxin Category Summary Statistics
Percent
Initial Dioxin n Present
Low 141 0.0
Medium 141 0.0
High 138 0.0

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-34. (Continued)
Analysis of Fasting Urinary Glucose (Nondiabetics)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent
Dioxin Category n Present
Comparison 912 0.1
Background RH 332 0.0
Low RH 208 0.0
High RH 212 0.0
Low plus High RH 420 0.0

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.

d) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN

Current Dioxin Category
Percent Present/(n)

Model? Low Medium High

4 0.0 0.0 0.0
(267) (242) (243)

5 0.0 0.0 0.0
(274) (241) (237)

6 0.0 0.0 0.0
(273) (241) (237)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current diexin + 1), adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-35.
Analysis of 2-Hour Postprandial Urinary Glucose (Nondiabetics)

a) MODEL 1: RANCH HANDS vs. COMPARISONS — UNADJUSTED

Percent - Est. Relative Risk

Occupational Category Group n Present | - (95% C.L) p-Yalue

All Ranch Hand 806 18.6 1.02 (0.81,1.29) 0.895
Comparison 1,095 18.3

Officer Ranch Hand 308 14.9 1.10 (0.73,1.66) 0.731
Comparison 443 13.8

Enlisted Flyer Ranch Hand 137 20.4 0.87 (0.50,1.50) 0.708
Comparisen 166 22.9

Enlisted Groundcrew Ranch Hand 361 21.1 1.02 (0.73,1.42) 0.992
Comparison 486 20.8

b) MODEL I: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) - p-Value Covariate Remarks®
All 1.01 (0.80,1.28) 0.914 AGE (p=0.002)
Officer 1.10 (0.72,1.66) 0.659 0CC (p<0.001)
Enlisted Flyer 0.85 (0.49,1.48) 0.578

Enlisted Groundcrew 1.02 (0.73,1.43) 0.890

* Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-35. (Continued)
Analysis of 2-Hour Postprandial Urinary Glucose (Nondiabetics)

) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent ' .Estimated Relative Risk _

Initial Dioxin n Present (95% C.I)* p-Value

Low 141 19.1 1.18 (0.98,1.41) ‘ 0.074

Medium 141 15.6

High 139 28.1

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.I.)° p-Value Covariate Remarks
421 1.18 (0.98,1.41) 0.074

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA 10 the date of the bleod draw for dioxin.

® Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-35. (Continued)
Analysis of 2-Hour Postprandial Urinary Glucose (Nondiabetics)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Present 95% C.Ly* p-Value
Comparison 910 17.5
Background RH 331 - 16.9 0.96 (0.69,1.35) 0.827
Low RH 208 18.8 1.11 (0.75,1.64) 0.604
High RH 213 23.0 1.39 (0.97,2.00) 0.076
Low plus High RH 421 20.9 1.25 (0.93,1.67) 0.137

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk :
Dioxin Category n (95% C.L)* p-Value Covariate Remarks

Comparison 910 AGE (p=0.005)
OCC (p<0.001)

Background RH 331 1.09 (0.77,1.54) 0.620

Low RH 208 1.08 (0.73,1.60) 0.699

High RH 213 1.21 (0.83,1.77) 0.315

Low plus High RH 421 1.15 (0.85,1.55) 0.366

# Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-35. (Continued)
Analysis of 2-Hour Postprandial Urinary Glucose (Nondiabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category - " Analysis Results for Log,
Percent Present/(n) S (Current Dioxin + 1)
|l - Est. Relative Risk
Model? Low ~ Medium High {95% C.L)® p-Yalue

4 16.9 16.2 . 246 1.16 (1.03,1.32) 0.018
(267) (241) (244)

5 16.1 17.0 24.8 1.17 (1.05,1.31) 0.005
(273) (241) (238)

6¢ 16.2 17.0 24.8 1.11 (0.98,1.24) 0.095
(272) (41) (238)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk

Model® n 95% C.1)® p-Value Covariate Remarks
4 752 1.13 (0.99,1.28) 0.075 BFAT (p=0.082)
5 752 1.17 (1.04,1.32) 0.011 AGE (p=0.096)

BFAT (p=0.114)

6¢ 751 1.03 (0.90,1.19)** 0.636+* CURR*OCC (p=0.029)
AGE (p=0.028)
BFAT (p=0.051)

? Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, tota! lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted afier deletion of this interaction; refer to Appendix Table
N-2-18 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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had 2-hour postprandial urinary glucose present compared to 28.1 percent for the high dioxin
category. The results of the Model 2 adjusted analysis were identical to those of the
unadjusted analysis because no covariates were significant.

In the Model 3 unadjusted analysis, the difference in the percentages of nondiabetic
participants with 2-hour postprandial urinary glucose present was marginally significant for
high Ranch Hands versus Comparisons (Table 18-35(e): p=0.076, Est. RR=1.39, 23.0 vs.
17.5). After adjusting for age and occupation, the difference was no longer significant (Table
18-35(f): p=0.315). Likewise, the remaining three contrasts between Ranch Hands and
Comparisons were nonsignificant (p>0.36). After removing occupation from the final model,
however, high Ranch Hands were again found to differ significantly from Comparisons
(Appendix Table N-3-21: p=0.048, Est. RR=1.45).

Significant positive associations between current dioxin and 2-hour postprandial urinary
glucose were revealed in each of the Model 4 through 6 unadjusted analyses (Table 18-35(g):
p=0.018, Est. RR=1.16 for Model 4; p=0.005, Est. RR=1.17 for Model 5; and p=0.095, Est.
RR=1.11 for Model 6). For the low and medium categories of current dioxin for Model 4,
16.9 percent and 16.2 percent of nondiabetic Ranch Hands had 2-hour postprandial urinary
glucose present compared to 24.6 percent for the high category. For the low dioxin categories
of Models 5 and 6, 16.1 percent and 16.2 percent of nondiabetic Ranch Hands had 2-hojusted
analysis, the interaction of current dioxin and occupation was significant (p=0.029). See
Appendix Table N-2-18 for stratified results. After removing the interaction from the final
model, no significant dioxin effect was evident (p=0.636). However, the removal of
occupation and body fat from the final model caused the dioxin effect to once again become
marginally significant (Appendix Table N-3-21: p=0.051, Adj. RR=1.13). Age and body fat
were retained in the adjusted Model 6 analysis.

Serum Insulin (All Participants—Continuous)

In the unadjusted Model 1 analysis, overall mean serum insulin levels did not differ
significantly between Ranch Hands and Comparisons (Table 18-36(a): p=0.581). However,
when analyzed by occupation, there was a marginally significant difference between the two
groups in the officer category (Diff. of Adj. Mean=4.03, p=0.096). Adjustment for covariate
information disclosed significant group interactions with age and body fat (Table 18-36(b):
p=0.029 and p=0.018 respectively). Appendix Table N-2-19 displays stratified results from
analyses on each of these interactions. A significant difference in serum insulin means
between Ranch Hands and Comparisons was found in obese participants (Appendix
Table N-2-19: p=0.017, Diff. of Adj. Means=10.17), but not in lean or normal participants
(p=0.380). Removal of the interactions from the final model did not reveal significant
differences between Ranch Hands and Comparisons (Table 18-36(b): p>0.11 for all
contrasts). Also significant in the adjusted analyses were fasting status and the age-by-body
fat, race-by-occupation, personality type-by-family history of diabetes, and body fat-by-
occupation interactions.

No significant association between initial dioxin and serum insulin was found in the

unadjusted and adjusted Model 2 analyses (Table 18-36(c,d): p>0.11). Covariates retained in
the adjusted analyses included fasting status and the age-by-body fat and body fat-by-
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Table 18-36.
Analysis of Serum Insulin (mIU/ml) (All Participants)
(Continuous)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.Ly* p-Value®

All Ranch Hand 950 42.64 0.88 -- 0.581
Comparison 1,277 41.77

Officer Ranch Hand 365 42.25 4.03 -- 0.096
Comparison 502 38.23

Enlisted Flyer Ranch Hand 162 42.65 -4.26 -- 0.303
Comparison 202 46.91

Enlisted Groundcrew Ranch Hand 423 42.68 -0.34 -- 0.887
Comparison 573 43.02

b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean® Means (95% C.1.)° p-Value? Covariate Remarks®
All Ranch Hand 931  37.83%* 0.91 --** 0.472**| GROUP*AGE (p=0.029)
Comparison 1,258  36.92%* GROUP*BFAT (p=0.018)
Officer Ranch Hand 359  44.11%*  3.43 . 0.134%* FAST (p<0.001)
Comparison 499  40.68** AGE™BFAT (p=0.010)
) RACE*OCC (p=0.005)
Enlisted Ranch Hand 158 30.04%* -4.23 0.114** [ PERS*FAMDIAB (p=0.004)
Flyer Comparison 197 34 27%x BFAT*OCC (p=0.039)
Enlisted Ranch Hand 414  38.52%+ 1.22 --#* 0.524 %+
Groundcrew  Comparison 562 37.30*x

# Transformed from the natural logarithm scale.
b Adjusted for fasting status,

¢ Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

4 P-values based on difference of means on natural logarithm scale.
¢ Covariates and associated p-values correspond to final model based on all participants with available data.
** Group-by-covariate interactions (0.01 <p<0.05); adjusted mean, difference of adjusted means, and p-value

derived from a model fitted after deletion of these interactions; refer to Appendix Table N-2-19 for further
analysis of these interactions,
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Table 18-36. (Continued)
Analysis of Serum Insulin (mIU/ml) (All Participants)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DI_OXIN ~ UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Adj. : ~ “Slope '
Initial Dioxin n Mean® = Mean™ || R {(Std. Error)? p-Value
Low 173 42.29 - 41.17 0.218 0.0208 (0.0289) 0.472
Medium 172 46.09 44,25
High 173 47.26 42.77

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean® R’ (Std. Error)¢ p-Value Covariate Remarks
Low 173 37.92 0.347 0.0484 0.119 FAST (p<0.001)
{0.0310) AGE*BFAT (p <0.001)
Medium 172 42.95 BFAT*OCC (p=0.009)
High 173 44.45

* Transformed from natural logarithm scale.
® Adjusted for fasting status.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and fasting status.

9 Slope and standard error based on natural logarithm of serum insulin versus log, (initial dioxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-36. (Continued)
Analysis of Serum Insulin (mIU/ml) (All Partlupants)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® Mean®* = (95% C.L) p-Value®
Comparison 1,060 43.17 39.93

Background RH 374 37.95 38.39 -1.54 -- 0.430
Low RH 258 46.65 42.23 2.30 -- 0.327
High RH 260 49.93 42.91 2.99 -- 0.208
Low plus High RH 518 48.27 42,57 2.64 -- 0.148

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean v5. Comparisons

Dioxin Category n  Mean¥ 95% C.1.)¢ p-Value® Covariate Remarks

Comparison 1,044 ¥¥¥k DXCAT*AGE {p=0.002)
BFAT (p<0.001)

Background RH 368 kwkk Rk whkk FAST (p<0.001)

RACE*OCC (p=0.002)

2 1 ok ook ok e o e okok
h.)w R ; ek ok AH o ekkok OCC*PERS (P=0-024)
High RH 254 FAMDIAB*PERS (p=0.003)
Low plus High RH =~ 505  **x=* rkk ek

# Transformed from natural logarithm scale.
b Adjusting for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

9 Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

¢ P-value is based on difference of means on natural logarithm scale.

T Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under “Covariate Remarks" column.

*xx* Categorized dioxin-by-covariate interaction (p <0.01); adjusted mean, difference of adjusted means, and
p-value not presented; refer to Appendix Table N-2-19 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-36. (Continued)
Analysis of Serum Insulin (mIU/ml) (All Participants)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean®/(n) -~ _ . (Current Dioxin + 1)
L Slope

Model° Low - Medium . High R® ~ (Std. Error)? p-Value

4 34.64 4368 4892 0.113 0.0989 <0.001
(295) (299) (298) (0.0205)

5 33.85 43.65 49.32 0.122 0.1008 <0.001
(300) (296) (296) (0.0175)

6 35.04 42.85 45.29 0.140 0.0726 <0.001
(299) (296) (296) (0.0186)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) _ {Current Dioxin + 1)
Adj. Slope
Model° | Low Medium High R? (Std. Error)? p-Value Covariate Remarks
4 34.58 36.68 40.99 [ 0.316 0.0374 (0.0220) 0.090 AGE (p<0.001)
(290) (294) (290) BFAT (p<0.001)

FAST (p<0.001)
OCC*FAMDIAB (p=0.013)

5 | 3437 3671  40.93 | 0318 0.0455 (0.0186)  0.015 AGE (p<0.001)
(206)  (290)  (288) BFAT (p<0.001)
FAST (p<0.001)

OCC*FAMDIAB (p=0.015)

6" [35.92%* 36.75%* 38.57%*|[ 0.328 0.0203 (0.0197)**  0.303** CURR*BFAT (p=0.022)

(299)  (296)  (296) OCC (p=0.055)
FAST (p <0.001)

AGE*BFAT (p=0.034)

* Transformed from natural logarithm scale.
® Adjusted for fasting status.

¢ Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

9 Slope and standard error based on natural logarithm of serum insulin versus log, (current dioxin + 1).
€ Adjusted for Jog, total lipids and fasting status.
[ Adjusted for log, total lipids and covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-19 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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occupation interactions. Once occupation and body fat were removed from the final model,
the dioxin effect became significant (Appendix Table N-3-22: p=0.043, Slope=0.0607).

In the Model 3 unadjusted analysis, the difference in mean levels of serum insulin did
not differ significantly between the four Ranch Hand categories and the Comparison group
(Table 18-36(¢): p>0.14 for all contrasts). The adjusted analysis revealed a highly significant
interaction between categorized dioxin and age (Table 18-36(f): p=0.002). Stratified results
for the interaction are presented in Appendix Table N-2-19. Because of the high significance
level of the interaction, subsequent analysis removing it from the final model was not
performed. Additional covariates retained in the adjusted analysis were body fat and fasting
status and the race-by-occupation, occupation-by-personality type, and family history of
diabetes-by-personality type interactions.

Each of the Model 4 through 6 unadjusted analyses revealed a highly significant
association between serum insulin and current dioxin (Table 18-36(g): p<0.001 for each
analysis). A similar trend in means was evident for each analysis, with mean serum insulin
increasing with dioxin level. After adjusting for covariate information for Model 4, the
association between current dioxin and serum insulin was marginally significant
(Table 18-36(h): p=0.090, Slope=0.0374). Adjusted means for the low, medium, and high
categories of current dioxin were 34.58 mIU/ml, 36.68 mIU/ml, 40.99 mIU/ml respectively.
For the Model 5 adjusted analysis, there was again a significant association between serum
insulin and current dioxin (p=0.015, Slope=0.0455). For this analysis, adjusted means were
34,37 mIU/ml, 36.71 mIU/ml, and 40.93 mIU/mli for the low, medium, and high dioxin
categories. For both the Model 4 and S adjusted analyses, age, body fat, fasting status and the
occupation-by-family history of diabetes interaction were significant. In the Model 6 adjusted
analysis, the interaction of current dioxin and body fat was significant (p=0.022). Refer to
Appendix Table N-2-19 for results from further analysis on this interaction. The association
between serum insulin and current dioxin was nonsignificant after deletion of the interaction
from the final model (p=0.303, Slope=0.0203). Occupation, fasting status, and the age-by-
body fat interaction were retained in the adjusted analysis. For each of the Model 4 through 6
analyses, removal of body fat and occupation from the final model led to highly significant
associations between serum insulin and current dioxin (Appendix Table N-3-22: p<0.001 for
each analysis).

Serum Insulin (All Participants—Discrete)

In the Model 1 unadjusted analysis of serum insulin, no significant differences in the
percentages of abnormalities between Ranch Hands and Comparisons were found
(Table 18-37(a): p>0.20 for all analyses). In the adjusted analysis, two group interactions
involving age and body fat were retained (Table 18-37(b): p=0.008 and p=0.020
respectively). Appendix Table N-2-20 presents the results from further analyses on these
interactions. After removing the interactions from the final model, no significant group effect
was disclosed (p>0.20 for all analyses). Other significant covariates included occupation and
personality type.

Results from the unadjusted Model 2 analysis of serum insulin were nonsignificant
(Table 18-37(c): p>0.24). Adjusting for age and body fat led to a marginally significant
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Table 18-37.
Analysis of Serum Insulin (All Participants)

(Discrete)
a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED
Percent Low vs. Normal . High vs. Normal

Occupational Abnormal Abnormal Est. Relative ~Est, Relative
Category . Group . no Low Normal High Risk (95% C.1.) p-Value Risk (95% C.I.) p-Value
All Ranch Hand 950 4.4 39.6 56.0 0.92 (0.61,1.40) 0.703 0.94 (0.79,1.12)  0.508

Comparison 1,277 4.6 38.1 57.2
Officer Ranch Hand 365 3.8 39.7 56.4 0.68 (0.35,1.34) 0.265 1.09 (0.82,1.44)  0.561

Comparison 502 5.8 40.8 53.4
Enlisted Flyer =~ Ranch Hand 162 4.3 37.7 58.0 1.05 (0.26,4.27) 0.947 0.75(0.48,1.17)  0.206

Comparison 202 35 31.7 64.9
Enlisted Ranch Hand 423 5.0 40.2 54.9 1.17 (0.40,3.40) 0.772 0.90 (0.69,1.16)  0.410
Groundcrew Comparison 5713 4.0 38.1 57.9

b) MODEL 1: RANCH HANDS VS COMPARISONS — ADJUSTED

w_vs. ‘Normal

.. High vs, Normal

Adj ‘Relative Risk

fonal deélativeRisk N o o
Category -+ - (95% C.1) p-Value 95% C.1.) p-Value Covariate Remarks?
All 0.92 (0.60,1.40)** 0.705** 0.96 (0.80,1.15)** 0.630** GROUP*AGE (p=0.008)
GROUP*BFAT (p=0.020)
%k ek sk sk %k
Officer 0.73 (0.37,1.44) 0.360 1.08 (0.81,1.45) 0.594 0CC (p=0.038)
Enlisted Flyer 1.00 (0.33,3.03)** 0.995** 0.74 (0.47,1.18)** 0.207** PERS (p=0.004)
Enlisted Groundcrew 1.11 (0.59,2.09)** 0.739%** 0.94 (0.71,1.24)** 0.641**

2 Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interactions (p<0.05); adjusted relative risk, confidence interval, and p-value derived from a model fitted after deletion of these
interactions; refer to Appendix Table N-2-20 for further analysis of these interactions.
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Table 18-37. (Continued)
Analysis of Serum Insulin (All Participants)
(Discrete)

¢) MODEL 2: RANCH HANDS - INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent Low vs. Normal High vs. Normal
Initial Dioxin Abnormal Abnormal Est. Relative Risk Est. Relative Risk
Category n Low . Normal High 95% C.L)" p-Value 95% C.L)° p-Value
Low 173 s 38.7 57.8 0.80 (0.54,1.20) 0.242 0.96 (0.83,1.10) 0.571
Medium 172 5.8 29.7 64.5
High 173 23 39.9 57.8

_ d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
[ Analysis Results for Log, (Initial Dioxin)®
. Lowvw Normal ___ Highvs. Normal
. Adj. Relative Risk Adj. Relative Risk
n o @seCLt p-Value : - (95% C.L)° p-Value Covariate Remarks
518 0.67 (0.44,1.00) 0.064 1.10 (0.91,1.20) 0.406 AGE (p<0.001)
BFAT (p <0.001)

4 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, and
covariates specified under "Covariate Remarks” column.

Note:  Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-37. (Continued)
Analysis of Serum Insulin (All Participants)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Low vs. Normal High vs. Normal
Abnormal Abnormal Est. Relative Risk . Est, Relative Risk

Dioxin Category n Low Normal High (95% C.Ly*® p-Value (95% C.L)» p-Value
Comparison 1,060 4.7 37.1 58.2

Background RH 374 5.1 449 50.0 0.82 (0.47,1.44) 0.489 0.82 (0.64,1.05) 0.113
Low RH 258 4.3 36.8 58.9 0.92 (0.46,1.84) 0.804 0.99 (0.74,1.33) 0.944
High RH 260 35 354 61.2 0.82 (0.39,1.75) 0.611 0.97 (0.72,1.30) 0.835
Low plus High RH 518 3.9 36.1 60.0 0.87 (0.50,1.52) 0.626 0.98 (0.78,1.23) 0.858

" fy MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

ciiic oiw Low s, Normal High vs, Normal
oo Adj. Relative Risk Adj. Relative Risk o
Dioxin Category =~ n . (95% C.L)* p-Value 95% C.1.)* p-Value Covariate Remarks
Comparison 1,044 DXCAT*AGE (p=0.028)
DXCAT*OCC (p=0.033)

Background RH 368  0.72 (0.40,1.30)** 0.275%* 0.81 (0.62,1.06)** 0.127%* DXCAT*PERS (p=0.011)

. " ” - DXCAT*BFAT (p=0.006)
Low RH 251 0.82 (0.39,1.73) 0.609 0.95 (0.70,1.29) 0.736 FAMDIAB (p=0.122)
High RH 254  0.78 (0.35,1.74)%* 0.540** 0.99 (0.72,1.37)%*  (.972*+ RACE*PERS (p=0.039)
Low plus High RH 505  0.80 (0.45,1.45)%* 0.466** 0.97 (0.76,1.23)**  (.805**

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in body fat from the time of duty in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in body fat from the time of duty in SEA to the date of the blood draw for dioxin, and covariates
specified under "Covariate Remarks" column.

** Categorized dioxin-by-covariate interactions (p <0.05); adjusted relative risk, confidence interval, and p-value derived from a model fitted after deletion
of these interactions; refer to Appendix Table N-2-20 for further analysis of these interactions.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-37. (Continued)
Analysis of Serum Insulin (All Participants)

(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Summary Statistics Analysis Results for Log, (Current Dioxin + 1)
_ Percent Low vs. Normal High vs. Normal
Current
Dioxin Abnormal Abnormal Est. Relative Est. Relative
Model* | Category n- - Low Normal High Risk (95% C.L)®  p-Value Risk (95% C.1.)* p-Value
4 Low 295 5.8 47.1 47.1 0.77 (0.60,0.99) 0.038 1.12 (1.02,1.24) 0.016
Medium 299 4.0 375 58.5
High 298 34 349 61.7
5 Low 300 6.0 46.7 47.3 0.80 (0.67,0.97) 0.021 1.14 (1.05,1.24) 0.002
Medium 296 4.1 37.5 58.5
High 296 3.0 35.1 61.8
6° Low 299 6.0 46.5 47.5 0.79 (0.65,0.97) 0.021 1.12 (1.02,1.22) 0.013
Medium 296 4.1 37.5 58.5
High 296 3.0 35.1 61.8

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-37. (Continued)
Analysis of Serum Insulin (All Participants)
(Discrete)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin)
Low vs. Normal High vs. Normal
Adj. Relative Risk Adj. Relative Risk
Model® n . (95% C.L.)° p-Value 95% C.1.)° p-Value Covariate Remarks

4 891 0.86 (0.68,1.10)** 0.223** 1.05 (0.94,1.17)** 0.407** CURR*BFAT (p=0.039)

AGE (p<0.001)
BFAT*PERS (p=0.007)
5 891 0.88 (0.73,1.07)** 0.198*+ 1.07 (0.97,1.17)** 0.157** CURR*BFAT (p=0.035)

AGE (p<0.001)
PERS*BFAT (p=0.007)
6° 890 0.86 (0.71,1.06) 0.156 1.04 (0.94,1.15) 0.451 PERS*BFAT (p=0.002)
BFAT*AGE (p<0.001)

% Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and p-value derived from a model
fitted after deletion of this interaction; refer to Appendix Table N-2-20 for further analysis of this interaction.



negative association between initial dioxin and abnormally low serum insulin (Table 18-37(d):
p=0.064, Adj. RR=0.67). After body fat was removed from the final model, the initial dioxin
effect became nonsignificant (Table N-3-23: p=0.103).

The association between serum insulin and categorized dioxin was nonsignificant in the
unadjusted Model 3 analysis (Table 18-37(e): p>0.11 for all analyses). The adjusted analysis
revealed four significant categorized dioxin interactions involving age, occupation, personality
type, and body fat (Table 18-37(f): p=0.028, p=0.033, p=0.011, and p=0.006 respectively).
Results from further analyses on these interactions are found in Appendix Table N-2-20. Also
significant in the adjusted analysis were family history of diabetes and the race-by-personality
type interaction. The difference between Ranch Hands and Comparisons was nonsignificant
after the interactions were deleted from the final model (Table 18-37(f): p>0.12 for all
analyses). After removing body fat and occupation from the model, the relative risk of
abnormally high serum insulin between background Ranch Hands and Comparisons became
significant (Table N-3-23: p=0.040, Adj. RR=0.76).

In the unadjusted Model 4 analysis, a significant association between serum insulin and
current dioxin was revealed for both the abnormally low and abnormally high categories of
serum insulin (Table 18-37(g): p=0.038, Est. RR=0.77 for low vs. normal and p=0.016, Est.
RR=1.12 for high vs. normal). In the adjusted analysis, a significant interaction between
current dioxin and body fat was revealed (Table 18-37(h): p=0.039). Refer to Appendix
Table N-2-20 for further analysis of this interaction. After removing the interaction from the
final model, a significant dioxin effect was not seen (p>0.22 for both analyses). However,
also removing body fat from the adjusted model caused the association with dioxin to become
significant (Appendix Table N-3-23: p=0.016, Adj. RR=0.74 for low vs. normal and p=0.001,
Adj. RR=1.19 for high vs. normal). Additional covariates significant in the adjusted analysis
of Model 4 included age and the body fat-by-personality type interaction. The results of the
Model 5 analyses of serum insulin closely parallel those of the Model 4 analyses. In the
unadjusted analysis, a significant association between serum insulin and current dioxin was
disclosed for both the abnormally low and abnormally high serum insulin categories
(Table 18-37(g): p=0.021, Est. RR=0.80 for low vs. normal and p=0.002, Est. RR=1.14 for
high vs. normal). The adjusted analysis revealed a significant interaction between current
dioxin and body fat (Table 18-37(h): p=0.035). Appendix Table N-2-20 displays results
from further analysis of this interaction. A significant association between serum insulin and
current dioxin was not evident once the interaction was removed from the final model
(p>0.15). However, removal of body fat caused the association between serum insulin and
current dioxin to become significant (Appendix Table N-3-23: p=0.010, Adj. RR=0.79 for
low vs. normal and p<0.001, Adj. RR=1.20 for high vs. normal). Age and the personality
type-by-body fat interaction also were significant in the adjusted analysis of Model 5. The
Model 6 unadjusted analysis of serum insulin revealed a significant association with current
dioxin for both the abnormally low and abnormally high categories of serum insulin
(Table 18-37(g): p=0.021, Est. RR=0.79 for low vs. normal and p=0.013, Est. RR=1.12 for
high vs. normal). After adjusting for the body fat-by-age and personality type-by-body fat
interactions, the association was nonsignificant (Table 18-37(h): p>0.15). However, removal
of body fat from the final model caused the associations between serum insulin and current
dioxin to become significant (Appendix Table N-3-23: p=0.008, Adj. RR=0.77 for low vs.
normal and p=0.001, Adj. RR=1.17 for high vs. normal).
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Serum Insulin (Diabetics—Continuous)

Neither the unadjusted nor the adjusted Model 1 analyses of serum insulin restricted to
diabetics revealed a significant difference between Ranch Hands and Comparisons
(Table 18-38(a,b): p>0.10 for all contrasts). Race, body fat, diabetic severity, fasting status,
and the personality type-by-family history of diabetes interaction were significant in the
adjusted analysis.

The Model 2 analyses of serum insulin in diabetics did not show a significant association
between initial dioxin and serum insulin (Table 18-38(c,d): p>0.14 for both analyses). Race,
body fat, diabetic severity, and fasting status were retained in the adjusted analysis.

In the Model 3 unadjusted analysis, the difference in mean serum insulin levels between
diabetic Ranch Hands in the low category and diabetic Comparisons was marginally
significant (Table 18-38(e): p=0.073, Diff. of Adj. Mean=15.93). For low Ranch Hands,
mean serum insulin, adjusted for fasting status, was 68.73 mIU/ml compared to 52.80 mIU/ml
for Comparisons. The remaining three contrasts were not significant (p>0.31). Likewise, in
the adjusted analysis, mean serum insulin was significantly greater in low Ranch Hands (54.49
mIU/ml) than in Comparisons (40.11 mIU/ml) (Table 18-38(f): p=0.027, Diff. of Adj.
Means=14.39). There were no significant differences between the other three Ranch Hand
categories and the Comparison group (p>0.24). Significant covariates included race, body fat,
diabetic severity, fasting status, and the personalty type-by-family history of diabetes
interaction.

None of the Model 4, 5, and 6 unadjusted and adjusted analyses found a significant
association between serum insulin in diabetics and current dioxin (Table 18-38(g.h): p>0.16
for all analyses). In each adjusted analysis, race, body fat, fasting status, and the personality
type-by-family history of diabetes interaction were significant.

Serum Insulin (Diabetics—Discrete)

There were no diabetic Ranch Hands and only two diabetic Comparisons with
abnormally low levels of serum insulin. Therefore, for diabetics, only differences between
participants with abnormally high levels of serum insulin versus participants with normal
levels of serum insulin were analyzed.

Neither the Model 1 unadjusted nor adjusted analyses of serum insulin revealed a
significant difference between Ranch Hands and Comparisons (Table 18-39(a,b): p>0.14 for
all analyses). Covariates retained in the adjusted analysis were occupation, diabetic severity,
and personality type-by-family history of diabetes and body fat-by-family history of diabetes
interactions.

In the Model 2 unadjusted analysis, a highly significant negative association between
abnormally high serum insulin and initial dioxin was disclosed (Table 18-39(c): p=0.003, Est.
RR=0.62). The percentage of diabetic participants with abnormally high levels of serum
insulin was 61.3 percent and 77.4 percent for the low and medium dioxin categories versus
35.3 percent for the high category. Adjusting for covariate information led to significant
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Table 18-38.
Analysis of Serum Insulin (mIU/ml) (Diabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® (95% C.L)® p-Value®

All Ranch Hand 142 59.78 9.08 -- 0.102
Comparison 179 50.70

Officer Ranch Hand 55 70.41 14.74 -- 0.163
Coemparison 58 55.68

Enlisted Flyer Ranch Hand 25 50.02 3.96 -- 0.723
Comparison 36 46.05

Enlisted Groundcrew Ranch Hand 62 55.56 5.98 -- 0.445
Comparison 85 49.58

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean? Means (95% C.1)°  p-Value® Covariate Remarks®

All Raench Hand 137 49.23 6.27 - 0.149 RACE (p<0.001)
Comparison 177 42.96 BFAT (p<0.001)

Officer Ranch Hand 53 53.16 9.72 — 0.206 | PIABSEV (p<0.001)
Comparison 58 43.45 FAST (p<0.001)

P ' PERS*FAMDIAB

Enlisted Ranch Hand 24 44.35 -2.05 -- 0.838 (p=0.036)

Flyer Comparison 34 46.39

Enlisted Ranch Hand 60 48.45 6.90 -- 0.274

Groundcrew  Comparison 85 41.54

 Transformed from the natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

d Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-38. (Continued)
Analysis of Serum Insulin (mIU/ml) (Diabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics . Analysis Results for Log, (Initial Dioxin)®
Adj. ' Slope
Initial Dioxin n Mean® Mean™ R (Std. Error)? p-Value
Low 31 67.73 60.55 0.537 -0.0911 (0.0619) 0.144
Medium 31 78.82 75.92
High 34 34.17 47.25

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics :
Adj. Adj. Slope
Initial Dioxin n Mean™ R? (Std. Error)®  p-Value Covariate Remarks
Low 3 52.62 0.596 -0.0906 (0.0610) 0.142 RACE (p=0.047)

‘ BFAT (p=0.022)
Medium 31 60.64 DIABSEV (p=0.626)
. FAST (p <0.001)

High 34 42.27

# Transformed from natural logarithm scale.

® Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

d Slope and standard error based on natural logarithm of serum insulin versus log, (initial dicxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-38. (Continued)
Analysis of Serum Insulin (mIU/mI) (Diabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean®  Mean™ 95% C.1.)¢ p-Value®
Comparison 148 58.89 52.80

Background RH 42 65.82 61.89 6.08 -- 0.317
Low RH 49 73.35 68.73 15.93 -- 0.073
High RH 47 41.99 50.42 -2.38 -- 0.759
Low plus High RH 96 55.82 59.05 6.25 - 0.340

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean¥ 5% C.L)*  p-Value® Covariate Remarks
Comparison 147  40.11 RACE (p<0.001)
BFAT (p=0.007)

_ DIABSEV (p=0.003)
Background RH 39 42.66 2.55 0.691 FAST (p <0.001)
Low RH 48 54.49 14.39 - 0.027 PERS*FAMDIAB (p=0.028)
High RH 46 38.42 -1.69 -- 0.763
Low plus High RH 94  45.60 5.49 - 0.245

? Transformed from natural logarithm scale.
b Adjusted for fasting status.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

4 Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

© P-value is based on difference of means on natural logarithm scale.

f Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-38. (Continued)
Analysis of Serum Insulin (mIU/ml) (Diabetics)
(Continuous)

g MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean™/(n) " (Current Dioxin + 1)
Slope
Model° Low Medium High R? _(Std. Erronr)? p-Value

4 50.04 54.73 47.03 0.478 -0.0442 0.380
(28) (56) (54) (0.0501)

5 58.31 64.87 55.18 0.478 -0.0325 0.438
(26) (54) (58) (0.0418)

6° 58.12 64.81 55.30 0.478 -0.0337 0.477
(26) (54) (58) (0.0473)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean?/(n) {Current Dioxin + 1)
Adj. Slope
Model° | Low  Medium  High R*  (Std. Error)®  p-Value Covariate Remarks
4 50.04 54.78 47.08 0.589 -0.0750 0.166 RACE (p=0.039)
(26) (55) (52) (0.0539) BFAT (p<0.001)

FAST (p<0.001)
DIABSEV (p=0.155)
PERS*FAMDIAB (p=0.029)

5 5133 5696 4391 [|0.589  -0.0633 0.161 RACE (p=0.038)
(24) (53) (56) (0.0449) BFAT (p <0.001)
FAST (p <0.001)
DIABSEV (p=0.149)
PERS*FAMDIAB (p=0.038)

6f 4829 5577 4561 | 0.591  -0.0449 0.378 RACE (p=0.034)
Q4 (53) (56) (0.0507) BFAT (p<0.001)
FAST (p <0.001)

DIABSEV (p=0.121)
PERS*FAMDIAB (p=0.027)

2 Transformed from natural logarithm scale.
b Adjusted for fasting status.

¢ Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

d Slope and standard error based on natural logarithm of serum insulin versus log, (current dioxin + 1).
¢ Adjusted for log, total lipids.
f Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-39.
Analysis of Serum Insulin (Diabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Abnormal Est. Relative Risk
Occupational Category Group n -High _ 95% C.1.) p-Value
All Ranch Hand 142 60.6 1.21 (0.77,1.90) 0.472
Comparison 177 55.9
Officer Ranch Hand 55 74.5 1.79 (0.80,4.01) 0.222
Comparison 58 62.1
Enlisted Flyer Ranch Hand 25 52.0 0.96 (0.34,2.71) 0.999
Comparison 34 52.9
Enlisted Groundcrew Ranch Hand 62 51.6 0.95 (0.49,1.83) 0¢.999
Comparison 85 52.9

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk L
Occupational Category {95% C.L) p-Value Covariate Remarks®

All 1.36 (0.79,2.33) 0.269 OCC (p=0.011)

DIABSEV (p<0.001)
Officer 2.00 (0.78,5.15) 0.148 PERS*FAMDIAB (p=0.039)
Enlisted Flyer 0.77 (0.22,2.69) 0.686 BFAT*FAMDIAB (p=0.032)
Enlisted Groundcrew 1.29 (0.59,2.82) 0.518

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-39. (Continued)
Analysis of Serum Insulin (Diabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dicxin)®
Percent
Abnormal Estimated Relative Risk
Initial Dioxin n High '(95% C.L) p-Value
Low 31 61.3 0.62 {0.44,0.87) 0.003
Medium 31 77.4
High 34 35.3

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.I.)° p-Value Covariate Remarks

96 0.66 (0.43,1.03)** 0.057** INIT*AGE (p=0.041)
INIT*OCC (p=0.011)
INIT*BFAT (p=0.015)
RACE (p=0.130)
DIABSEV (p=0.168)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b pelative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Log, (initial dioxin)-by-covariate interactions (0.01 <p<0.05); adjusted relative risk, confidence interval,
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table N-2-21
for further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-39. (Continued)
Analysis of Serum Insulin (Diabetics)
(Discrete)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High - 95% C.1.)*» p-Value
Comparison 148 58.1
Background RH 42 64.3 1.47 (0.70,3.08) 0.308
Low RH 49 67.3 1.62 (0.80,3.26) 0.177
High RH 47 46.8 0.61 (0.31,1.20) 0.150
Low plus High RH 96 57.3 0.99 (0.58,1.69) 0.968

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n (95% C.1.)* p-Value Covariate Remarks
Comparison 148 DXCAT*AGE (p=0.013)
RACE (p=0.066)
PERS (p=0.016)
ek s ok
Background RH 42 1.16 (0.52,2.61) 0.719 BFAT (p=0.001)
Low RH 49 1.96 (0.87,4.40)** 0.105%* DIABSEV (p <0.001)
High RH 47 0.76 (0.35,1.66)** 0.49]1**
Low plus High RH 9 1.21 (0.66,2.21)** 0.535%*

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-21 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-39. (Continued)
Analysis of Serum Insulin (Diabetics)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category _ Analysis Results for Log,
Percent Abnormal High/(n) ' (Cum_mt Dioxin + 1)
Est. Relative Risk
Model® Low Medium High (95% C.1.) p-Value

4 64.3 64.3 51.9 0.73 (0.58,0.93) 0.008
(28) (56) (54)

5 65.4 66.7 50.0 0.78 (0.63,0.95) 0.011
(26) (54) (58)

6° 65.4 66.7 50.0 0.78 (0.62,0.98) 0.029
(26) (54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk i
Model® n 95% C.L)° ~ p-Value Covariate Remarks

4 138 ok Hkokk CURR*BFAT (p=0.004)
DIABSEV (p=0.154)

5 138 Ak ok CURR#*BFAT (p=0.003)
DIABSEV (p=0.167)

6 138 Aok ok CURR*BFAT (p=0.003)
DIABSEV (p=0.155)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

**%k [og, (current dioxin + 1)-by-covariate interaction (p <0.01); adjusted relative risk, confidence interval,
and p-value not presented; refer to Appendix Table N-2-21 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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interactions between initial dioxin and age, occupation, and body fat (Table 18-39(d):
p=0.041, 0.011, and 0.015). These interactions were further analyzed and subsequent results
are shown in Appendix Table N-2-21. A marginally significant negative association remained
after the interactions were removed from the final model (p=0.057, Adj. RR=0.66). Race and
diabetic severity also were retained in the adjusted analysis.

No significant results were revealed in the unadjusted Model 3 analysis of serum insulin
in diabetics (Table 18-39(e): p>0.15 for all contrasts). The interaction of categorized dioxin
and age was significant in the adjusted analysis (Table 18-39(f): p=0.013). Supplemental
analysis on the interaction was performed and findings are shown in Appendix Table N-2-21.
Contrasts investigating differences between the four Ranch Hand categories and the
Comparison group were nonsignificant after removing the interaction from the final model
(p>0.10 for all analyses). Additional covariates significant in the adjusted analysis included
race, personality type, body fat, and diabetic severity.

Each of the Model 4 through 6 unadjusted analyses of abnormally high serum insulin in
diabetics revealed a significant negative association with current dioxin (Table 18-39(g):
p=0.008, Est. RR=0.73 for Model 4; p=0.011, Est. RR=0.78 for Model 5; and p=0.029, Est.
RR=0.78 for Model 6). The percentages of diabetics with abnormally high serum insulin
levels in the low, medium, and high current dioxin categories were 64.3 percent, 64.3 percent,
and 51.9 percent for Model 4. For Models 5 and 6, these percentages were 65.4 percent, 66.7
percent, and 50.0 percent respectively. In each of the adjusted Model 4, 5, and 6 analyses, a
highly significant interaction between current dioxin and body fat was revealed (Table
18-39(h): p=0.004, p=0.003, p=0.003 respectively). In each model, a negative association
was significant for obese diabetics and was nonsignificant for lean or normal diabetics. Refer
to Appendix Table N-2-21 for further analyses of these interactions.

Serum Insulin (Nondiabetics—Continuous)

In the Model 1 unadjusted analysis of serum insulin in nondiabetics, no significant
differences between Ranch Hands and Comparisons were revealed (Table 18-40(a): p>0.22
for all contrasts). In the adjusted analysis, the interaction of group and body fat was
significant (Table 18-40(b): p=0.017). Stratified results from further investigation of this
interaction are shown in Appendix Table N-2-22. After removing the interaction from the
final model, overall and occupationally stratified differences between Ranch Hands and
Comparisons were nonsignificant (p>0.11 for all contrasts). Age and the race-by-occupation,
race-by-personality type, and personality type-by-family history of diabetes interactions were
significant in the adjusted analysis.

The unadjusted Model 2 analysis detected a significant association between serum insulin
in nondiabetics and initial dioxin (Table 18-40(c): p=0.048, Slope=0.0639). Serum insulin
means, adjusted for percent body fat at time of duty in SEA and change in percent body fat
from time of duty in SEA to date of the blood draw for dioxin, were 72.04 miU/ml, 75.45
mlU/ml, and 82.16 mIU/ml for the low, medium, and high dioxin categories. The association
remained significant after adjusting for interactions between age and body fat and between
body fat and occupation (Table 18-40(d): p=0.035, Slope=0.0729). For the low, medium,
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Table 18-40.
Analysis of Serum Insulin (mIU/ml) (Nondiabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.L)° p-Value®

All Ranch Hand 808 73.88 -0.29 -- 0.923
Comparison 1,098 74.17

Officer Ranch Hand 310 69.90 3.83 -- 0.374
Comparison 444 66.07

Enlisted Flyer Ranch Hand 137 75.63 9.64 -- 0.225
Comparison 166 85.27

Enlisted Groundcrew Ranch Hand 361 74.29 -1.70 -- 0.703
Comparison 488 75.99

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean®* Means (95% C.L) p-Value® Covariate Remarks'

All Ranch Hand 794  58.55%* -0.08 -- ** 0.968** | GROUP*BFAT (p=0.017)
Comparison 1,081 58.64%* AGE (p<0.001)

Officer Ranch Hand 306  64.42%% 2,61 %% 0.463% FAST (p=0.597)
Comparison 441 61.81** RACE*OCC (p=0.024)

P ’ RACE*PERS (p=0.029)

Enlisted Ranch Hand 134 48 88** -7.34 -- ** 0.113** | PERS*FAMDIAB (p=0.037)

Fiyer Comparison 163 56.22*+

Enlisted Ranch Hand 354 60.47** 0.65 -- ** 0.83G**

Groundcrew  Comparison 477 59.82%*

? Transformed from the natural logarithm scale.

® Adjusted for fasting status.

¢ Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

4 P-vatues based on difference of means on natural logarithm scale.

¢ Adjusted for fasting status and covariates specified under "Covariate Remarks" column.

I Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interaction (0.01 <p <0.05); adjusted mean, difference of adjusted means, and p-value
derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-22 for further
analysis of this interaction.
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Table 18-40. (Continued)
Analysis of Serum Insulin (mIU/ml) (Nondiabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)°
‘Adj. _ Slope
1nitial Dioxin n Mean® ' Mean R (Std. Error)¢ p-Value
Low 142 69.93 72.04 0.121 0.0639 (0.0321) 0.048
Medium 141 73.83 75.45
High 139 86.58 82.16

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)?
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean™ R (Std. Error)® p-Value Covariate Remarks
Low 142 66.29 0.272 0.0729 0.035 AGE*BFAT (p=0.007)
(0.0344) BFAT*OCC (p=0.036)
Medium 141 72.67
High 139 81.29

 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of serum insulin versus log, (initial dioxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-40. (Continued)
Analysis of Serum Insulin (mIU/ml) (Nondiabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean 'vs. Comparisons

Dioxin Category n Mean®  Mean® 95% C.1L)¢ p-Value®
Comparison 912 77.13 67.20

Background RH 332 66.22 62.62 4.58 -- 0.170
Low RH 209 79.03 67.08 0.12 -- 0.977
High RH 213 93.63 74.68 7.48 0.083
Low plus High RH 422 86.09 70.81 3.61 - 0.266

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® 95% C.1.)¢ p-Value® Covariate Remarks
Comparison 897 58.4]1%* DXCAT*AGE (p=0.040)
BFAT (p<0.001)
Background RH 329 55.85%* -2.56 -- ** 0.365%* FAST (p=0.417)
- o « | RACE*OCC (p=0.012)
High RH 208 64.38%* 5.97 - *x 0.104** | FAMDIAB*PERS (p=0.045)
Low plus High RH 411 60.51%* 2.10 - ** 0.437%*

? Transformed from natural logarithm scale.
® Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

d Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

¢ P-value is based on difference of means on natural logarithm scale.

T Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted mean, difference of adjusted means,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-22 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-40. (Continued)
Analysis of Serum Insulin (mIU/ml) (Nondiabetics)
(Continuous)

g MODELS 4, §, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean®/(n) (Current Dioxin + 1)
: Slope

Model* Low Medium High R? (Std. Error)® p-Value

4 36.01 44.15 52.82 0.044 0.1259 <0.001
(267) (243) (244) (0.0218)

5 35.80 44.22 54.68 0.059 0.1263 <0.001
(274) (242) (238) (0.0187)

6° 38.12 44.23 51.13 0.089 0.0960 <0.001
(273) (242) (238) (0.0196)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
Adj. Slope
Model° | Low Medium  High R (Std. Error)'  p-Value Covariate Remarks
4 34.54 34.47 41.15 0.273 0.0529 0.025 AGE (p<0.001)
(267) (242) (244) (0.0235) BFAT (p<0.001)

FAST (p=0.127)
OCC*PERS (p=0.025)

5 3441 3524 4233 | 0.278 0.0646 0.001 AGE (p<0.001)

274y (241) (238) (0.0200) BFAT (p<0.001)
FAST (p=0.141)

OCC*PERS (p=0.030)

6 36.51 35.47 39.63 0.303 0.0351 0.092 AGE (p<0.001)

(273) (241) (238) (0.0208) BFAT (p<0.001)
FAST (p=0.138)

OCC*PERS (p=0.036)

2 Transformed from natural logarithm scale.
® Adjusted for fasting status.

¢ Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

4 Slope and standard error based on natural logarithm of serum insulin versus log, (current dioxin + 1).
¢ Adjusted for log, total lipids.
I Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.
Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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and high dioxin categories, respective adjusted means were 66.29 mIU/ml, 72.67 mIU/ml, and
81.29 mIU/ml.

A marginally significant difference between high Ranch Hands and Comparisons was
evident from the Model 3 unadjusted analysis of serum insulin in nondiabetics
(Table 18-40(e): p=0.083, Diff. of Adj. Means=7.48). For high Ranch Hands, mean serum
insulin was 74.68 mIU/ml compared to 67.20 mIU/ml for Comparisons. A significant
interaction between categorized dioxin and age was revealed in the adjusted Model 3 analysis
(Table 18-40(f): p=0.040). Appendix Table N-2-22 displays results from further analysis of
the interaction. After removing the interaction from the final model, no significant
differences between Ranch Hands and Comparisons were seen (Table 18-40(f): p>0.10 for ail
contrasts). Removal of occupation and body fat from the final model led to a significant
difference between older high Ranch Hands and older Comparisons (Appendix Table N-4-8:
p=0.048, Diff. of Adj. Means=15.07) that was not significant with occupation and body fat in
the final model. The race-by-occupation, occupation-by-personality type, and family history
of diabetes-by-personality type interactions wete significant in the adjusted analysis.

Highly significant associations between serum insulin and current dioxin were seen in
each of the Model 4 through 6 unadjusted analyses (Table 18-40(g): p<0.001, Slope=0.1259
for Model 4; p<0.001, Slope=0.1263 for Model 5; and p<0.001, Slope=0.0960 for Model 6).
Mean serum insulin levels increased with current dioxin in each analysis. After adjusting for
age, body fat, fasting status, and the occupation-by-personality type interaction, significant
dioxin effects remained for Models 4 and 5 and a marginally significant dioxin effect
remained for Model 6 (Table 18-40(h): p=0.025, Slope=0.0529 for Model 4; p=0.001,
Slope=0.0646 for Model 5; and p=0.092, Slope=0.0351 for Model 6). For Model 4, adjusted
means were 34.54 mIU/ml, 34.47 mIU/ml, 41.15 mIU/ml for the low, medium, and high
dioxin categories. For Model 5, the adjusted means were 34.41 mIU/ml, 35.24 miU/ml, and
42.33 mIU/ml, and for Model 6, the adjusted means were 36.51 mIU/ml, 35.47 mlU/ml, and
39.63 mIU/ml.

Serum Insulin (Nondiabetics—Discrete)

The percentages of nondiabetic Ranch Hands with either abnormally high or abnormally
low levels of serum insulin did not differ significantly from the corresponding percentage of
nondiabetic Comparisons in the Model 1 unadjusted analysis (Table 18-41(a): p>0.15 for all
contrasts). In the adjusted analyses, significant interactions between group and age and
between group and body fat were disclosed (Table 18-41(b): p=0.007 and p=0.044
respectively). See Appendix Table N-2-23 for additional information on these interactions.
Ranch Hands and Comparisons did not differ significantly after the interactions were removed
from the final model (p>0.11 for all contrasts). Occupation, family history of diabetes, and
the race-by-personality type and body fat-by-personality type interactions also were significant
in the adjusted analysis.

In the Model 2 unadjusted analysis of serum insulin restricted to nondiabetics, no
significant association with initial dioxin was revealed (Table 18-41(c): p>0.21). The
interaction of initial dioxin and occupation was significant in the adjusted analysis
(Table 18-41(d): p=0.028). After this interaction was deleted from the final model, a
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Table 18-41.
Analysis of Serum Insulin (Nondiabetics)

(

Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent Low vs. Normal High vs. Normal
Occupational Abnormal Abnormal Est. Relative Est. Relative
Category . Group n Low Normal High Risk (95% C.I.) p-Value Risk (95% C.1.) p-Value
All Ranch Hand 808 52 39.6 55.2 0.94 (0.62,1.44) 0.782 0.90 (0.75,1.09) 0.287
Comparison 1,098 5.2 37.3 57.6
Officer Ranch Hand 310 4.5 42.3 53.2 0.67 (0.34,1.33) 0.254 0.99 (0.74,1.34) 0.966
Comparison 444 6.5 41.2 52.3
Enlisted Flyer Ranch Hand 137 5.1 35.8 59.1 1.37 (0.31,6.06) 0.677 0.70 (0.43,1.15) 0.157
Comparison 166 3.0 28.9 68.1
Enlisted Ranch Hand 361 5.8 38.8 554 1.16 (0.40,3.37) 0.784 0.89 (0.67,1.18) 0.404
Groundcrew Comparison 488 4.7 36.5 58.8
. b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Cioeano o oo Low vs, Normal - _ 'High vs. Normal
‘Occupational -~ ~Adj. Relative Risk : " Adj. Relative Risk , _
Category - - (95% C.L) p-Value - (95% C.1) p-Value Covariate Remarks®
Al 0.87 (0.56,1.34)** 0.529%» 0.88 (0.72,1.08)** 0.217** GROUP*AGE (p=0.007)
GROUP*BFAT (p=0.044)
k¥ e sk
Officer 0.64 (0.32,1.28) 0.203 0.95 (0.69,1.30) 0.731** OCC (p=0.001)
Enlisted Flyer 1.08 (0.31,3.81)** 0.903** 0.66 (0.39,1.11)** 0.116** FAMDIAB (p=0.065)
RACE*PERS (p=0.034)
Enlisted Groundcrew 1.09 (0.57,2.06)** 0.795*+ 0.91 (0.67,1.25)*+ 0.569%*

PERS*BFAT (p=0.031)

# Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interaction (p <0.05); adjusted relative risk, confidence interval, and p-value derived from a model fitted after deletion of this
interaction; refer to Appendix Table N-2-23 for further analysis of this interaction,
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Table 18-41. (Continued)
Analysis of Serum Insulin (Nondiabetics)

(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics

Analysis Results for Log, (Initial Dioxin)?

Percent Low vs. Normal High vs. Normal
Initial Dioxin Abnormal Abnormal Est. Relative Risk Est. Relative Risk
Category n Low Normal High (95% C.L)" p-Value (95% C.1.)° p-Value
Low 142 4.2 387 57.0 0.88 (0.59,1.30) 0.550 1.10 (0.94,1.30) 0.215
Medium 141 7.1 31.2 61.7
High 139 2.9 33.8 63.3

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)®

Low vs. Normal

High vs. Normal

Adj. Relative Risk Adj. Relative Risk
n 5% CJ.)" R p-Yalue (95% C.L)® p-Value Covariate Remarks
422 0.90 (0.55,1.50)** 0.685%* 1.20 (1.00,1.50)** 0.047%* INIT*OCC (p=0.028)

AGE (p<0.001)
BFAT (p<0.001)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for dioxin, and

covariates specified under "Covariate Remarks” column.

Note:  Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p=<0.05); adjusted risk, confidence interval, and p-value derived from a model fitted after deletion of these

interactions; refer to Appendix Table N-2-23 for further analysis of this interaction.
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Table 18-41. (Continued)
Analysis of Serum Insulin (Nondiabetics)
(Discrete)

¢} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Low vs. Normal High vs. Normal
. Abnormal Abnormal Est. Relative Risk Est. Relative Risk

Dioxin Category n Low Normal High 95% C.L)*® p-Value (95% C.L)® p-Value
Comparison 912 53 36.5 58.2

Background RH 332 5.7 46.1 48.2 0.84 (0.48,1.49) 0.560 0.75 (0.57,0.99) 0.040
Low RH 209 5.3 37.8 56.9 0.95 (0.47,1.93) 0.893 0.89 (0.64,1.24) 0.490
High RH 213 4.2 31.5 64.3 0.98 (0.46,2.11) 0.960 1.10 {0.79,1.54) 0.571
Low plus High RH = 422 4.7 34.6 60.7 0.97 (0.55,1.70) 0.907 0.99 (0.77,1.28) 0.934

. .0 MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

.-~ Low vs. Normal High vs. Normal
G T oo T Adj. Relative Risk Adj. Relative Risk '
Dioxin Category ~ -n - (95% C.L)* p-Value (95% C.I.)* p-Value Covariate Remarks
Comparison 897 DXCAT*OCC (p=0.003)
AGE (p<0.001)

Background RH 329 Hokkk ok ok " Hok ok PERS (p=0.019)

20 Kook k ok kot e BFAT (p<0.001)
::hl;HH 20:; e e - s FAMDIAB (p=0.026)
Low plus High RH 411 Ak . Sk Hkkk

4 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in body fat from the time of duty in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in body fat from the time of duty in SEA to the date of the blood draw for dioxin, and covariates
specified under "Covariate Remarks” column.

**xx  Categorized dioxin-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and p-value not presented; refer to
Appendix Table N-2-23 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-41. (Continued)

Analysis of Serum Insulin (Nondiabetics)

(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Summary Statistics Analysis Results for Log, (Current Dioxin + 1)
' Percent Low vs. Normal High vs. Normal
Current
Dioxin Abnormal Abnormal Est. Relative Risk Est. Relative Risk
Model* Category n -~ Low Normal High 95% C.L.)® p-Value 95% C.L)° p-Value
4 Low 267 6.4 48.3 45.3 0.83 (0.64,1.07) 0.148 1.24 (1.11,1.38) <0.001
Medium 243 4.9 37.9 57.2
High 244 4.1 32.0 63.9
5 Low 274 6.6 47.8 45.6 0.85 (0.70,1.03) 0.105 1.26 (1.14,1.38) <0.001
Medium 242 5.0 38.4 56.6
High 238 3.8 3L.5 64.7
6° Low 273 6.6 47.6 45.8 0.83 (0.68,1.03) 0.089 1.22 (1.10,1.34) <0.001
Medium 242 5.0 38.4 56.6
High 238 38 31.5 64.7

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-41. (Continued)
Analysis of Serum Insulin (Nondiabetics)

(Discrete)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Analysis Results for Log, (Current Dioxin)
‘Low vs. Normal High vs. Normal
Adj. Relative Risk Adj. Relative Risk
ModelP |  .n- - (95% C.L)® p-Value 95% C.1.)° p-Value Covariate Remarks
4 753 0.93 (0.72,1.20) 0.581 1.19 (1.06,1.35) 0.005 PERS*BFAT (p=0.008)
AGE (p<0.001)
5 753 0.93 (0.76,1.15) 0.520 1.22 (1.09,1.36) <0.001 PERS*BFAT (p=0.008)
AGE (p<0.001)
6C 752 Kk &k kk e sderke ke koK CURR*AGE (p <0001)
PERS*BFAT (p=0.011)
2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + I).

Model 6: Log, (whole-weight current dioxin +

1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

*x**  Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and p-value not presented; refer to
Appendix Table N-2-23 for further analysis of this interaction.



significant positive relationship between abnormally high serum insulin and initial dioxin was
revealed (p=0.047, Adj. RR=1.20). The stratified results from analysis on the initial dioxin-
by-occupation interaction are shown in Appendix Table N-2-23. The covariates age and body
fat also were significant.

The Model 3 unadjusted analysis restricted to nondiabetics revealed a significant negative
difference between background Ranch Hands and Comparisons with abnormally high levels of
serum insulin (Table 18-41(e): p=0.040, Est. RR=0.75). Of the background Ranch Hands,
48.2 percent had abnormally high serum insulin levels compared to 58.2 percent for
Comparisons. The adjusted analysis revealed a highly significant interaction betweer
categorized dioxin and occupation (Table 18-41(f): p=0.003). Stratified results of this
interaction are found in Appendix Table N-2-23. Significant differences between background,
low, and high Ranch Hands and Comparisons were found for enlisted flyers but not for
officers and enlisted groundcrew. Age, personality type, body fat, and family history of
diabetes also were retained in the adjusted analysis.

In each of the Model 4 through 6 analyses, a highly significant positive association
between current dioxin and serum insulin was revealed for nondiabetics with abnormally high
serum insulin levels (Table 18-41(g): p<0.001, Est. RR=1.24 for Model 4; p<0.001, Est.
RR=1.26 for Model 5; and p<0.001, Est. RR=1.22 for Model 6). In addition, in Model 6, a
marginally significant negative association with current dioxin was found for nondiabetic
participants with abnormally low serum insulin levels (p=0.089, Est. RR=0.83). The adjusted
analysis for Model 4 revealed a significant dioxin effect for participants with abnormally high
levels of serum insulin (Table 18-41(h): p=0.005, Adj. RR=1.19). This result also was seen
in the Model 5 adjusted analysis (p<0.001, Adj. RR=1.22). Age and the personality type-by-
body fat interaction were retained in Models 4 and 5. After removing body fat from each of
the final models, marginally significant negative associations between current dioxin and
serum insulin were seen for nondiabetics with abnormally low serum insulin levels (Appendix
Table N-3-27: p=0.093, Adj. RR=0.80 for Model 4 and p=0.069, Adj. RR=0.83 for Model
5). In the Model 6 adjusted analysis, the interaction of current dioxin and age was highly
significant (p<0.001). Results from additional analyses on the interaction term are shown in
Appendix Table N-2-23. Also retained in the adjusted analysis was the personality type-by-
body fat interaction. Without body fat and the current dioxin-by-age interaction in Model 6,
the association between serum insulin and current dioxin was significantly negative for
abnormally low serum insulin (Appendix Table N-3-27: p=0.047, Adj. RR=0.81) and was
significantly positive for abnormally high serum insulin (p<0.001, Adj. RR=1.30).

Serum Glucagon (All Participants—Continuous)

In the Model 1 unadjusted analysis, no significant overall difference in mean serum
glucagon levels was evident for Ranch Hands versus Comparisons (Table 18-42(a): p=0.316).
However, stratified analyses by occupation revealed a significant negative difference between
Ranch Hands and Comparisons in the enlisted flyer category (p=0.031, Diff. of Adj. Means=
-3.71). After adjusting for age, race, occupation, body fat, and fasting status, similar results
were revealed. Significant differences between Ranch Hands and Comparisons were evident
only when examined within the enlisted flyer category (Table 18-42(b): p=0.028, Diff. of

18-220



Table 18-42.
Analysis of Serum Glucagon (pg/ml) (All Participants)
(Continuous)

a) MODEL 1: RANCH HANDS vs. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.L)* p-Value®

All Ranch Hand 827 61.81 -0.73 -- 0.316
Comparison 1,104 62.54

Officer Ranch Hand 315 61.60 -0.51 -- 0.660
Comparison 430 62.11

Enlisted Flyer Ranch Hand 145 59.33 -3.71 - 0.031
Comparison 186 63.03

Enlisted Groundcrew Ranch Hand 367 62.95 0.28 -- 0.802
Comparison 488 62.68

b} MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.I.)°  p-Value! Covariate Remarks®

All Ranch Hand 827 59.82 -0.69 -- 0.326 AGE (p<0.001)
Comparison 1,104 60.50 RACE (p=0.086)

Officer Ranch Hand 315 59.08 0.53 0.632 | OLC (=0.007)
Comparison 430 59.61 BFAT (p=0.002)

P ' FAST (p<0.001)

Enlisted Ranch Hand 145 57.37 -3.62 -- 0.028

Flyer Comparison 186 60.99

Enlisted Ranch Hand 367 62.02 0.36 - 0.735

Groundcrew  Comparison 488 61.66 R

? Transformed from the natural logarithmic scale.

b Adjusted for fasting status.

¢ Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithmic scale.

d P.values based on difference of means on natural logarithmic scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-42. (Continued)
Analysis of Serum Glucagon (pg/ml) (All Participants)
(Continuous)

c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Adj. Slope
Initial Dioxin n Mean® Mean™ R? (Std. Error)t p-Value
Low 150 59.30 59.10 0.047 0.0079 (0.0092) 0.392
Medium 149 62.87 62.72
High 153 61.82 61.62

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)¢
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean* . R? (Std. Error)! p-Value Covariate Remarks
Low 150 58.21%* 0.084**  0.0003 (0.0105)** 0.974** [NIT*QCC (p=0.020)
. FAST (p<0.001)

Ak
Medium 149 61.11 BFAT*RACE (p=0.029)
High 153 59.42%*

? Transformed from natural logarithm scale.

b Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

4 Slope and standard error based on natural logarithm of serum glucagon versus log, (initial dioxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks"” column.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-24 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-42. (Continued)
Analysis of Serum Glucagon (pg/ml) (All Participants)
(Continuous)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
' Adj. Mean vs. Comparisons
Dioxin Category n Mean® = Mean® 95% C.1.)¢ p-Value®

Comparison 957 63.07 62.70

Background RH 336 61.37 61.40 -1.30 -- 0.197
Low RH 228 61.99 61.47 -1.24 -- 0.289
High RH 224 63.24 62.60 -0.10 -- 0.931
Low plus High RH 452 62.61 62.03 -0.67 -- 0.457

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj.  Mean vs. Comparisons

Dioxin Category n Mean? (95% C.L)}Y p-Value® Covariate Remarks

Comparison 944 60.81%** DXCAT*FAMDIAB (p=0.009)
AGE (p<0.001)

Background RH 330 59.66%* -1.16 -- ** 0.251** IE)PE:CCE((p =0061627?

ok - e ek p=y.

Low RH 223 59.72 1.10 0.337 FAST (p<0.001)

High RH 218 61.03** 0.21 -- ** 0.858*+*

Low plus High RH 441 60.36%* -0.45 -- ** 0.616%*

? Transformed from natural logarithm scale.
b Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of dury
in SEA to the date of the blood draw for dioxin.

4 Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

¢ P-value is based on difference of means on natural logarithm scale.

T Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Categorized dioxin-by-covariate interaction (p <0.05); adjusted mean, difference of adjusted means, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-24 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-42. (Continued)
Analysis of Serum Glucagon (pg/ml) (All Participants)

{Continuous)

8) MODELS 4, 5, AND 6: RANCH HANDS ~~ CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean®/(n) (Current Dioxin + 1)
Slope
Model* Low Medium High R? (Std. Error)’ p-Value
4 60.04 60.54 63.00 0.051 0.0111 0.073
(263) (266) (259 (0.0062)
5 59.81 61.09 62.58 0.054 0.0120 0.023
(267) (263) (258) {0.0053)
6° 60.13 60.99 62.00 0.057 0.0084 0.140
(266) (263) (258) (0.0057)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
Adj. Slope
Model° | Low Medium  High R?  (Std. Error)° p-Value Covariate Remarks
4 LT e ok ok Ak ek 0085 e ke 3k 3 ko CURR*FAMDIAB
(258) (262) (251) (p=0.005)
AGE (p=0.001)
RACE (p=0.051)
OCC (p=0.018)
FAST (p<0.001)
5 56.69 57.86 59.36 || 0.078 0.0019 0.044 AGE (p<0.001)
(267) (263) (258) (0.0059) RACE (p=0.053)
OCC (p=0.012)
FAST (p<0.001)
6! 57.14 57.94 58.98 [ 0.080 0.0084 0.187 AGE (p=0.001)
(266) (263) (258) (0.0064) RACE (p=0.069)
OCC (p=0.011)
FAST (p<0.001)

? Transformed from natural logarithm scale.
b Adjusted for fasting status.

€ Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of serum glucagon versus log, (current dioxin + 1).

¢ Adjusted for log, total lipids.

T Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

**¥* Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted mean, adjusted slope, standard
error and p-value not presented; refer to Appendix Table N-2-24 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt

; High = >20.5 ppt.

Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Adj. Means=-3.62), where adjusted mean serum glucagon levels were again higher for
Comparisons (60.99 pg/ml) than for Ranch Hands (57.37 pg/ml).

Neither the Model 2 nor Model 3 unadjusted analysis of serum glucagon disclosed any
significant results (Table 18-42(c,e): p>0.19 for all analyses). The Model 2 adjusted analysis
revealed a significant interaction between initial dioxin and occupation (Table 18-42(d):
p=0.020). Appendix Table N-2-24 displays results from further analysis on this interaction.
The association between serum glucagon and initial dioxin was nonsignificant after the
interaction was removed from the final model (p=0.974). Fasting status and the body fat-by-
race interaction also were significant in the adjusted analysis. In the Model 3 adjusted
analysis, a significant interaction between categorized dioxin and family history of diabetes
was revealed (Table 18-42(f): p=0.009). Refer to Appendix Table N-2-24 for further
analysis of this interaction. Subsequent analysis with the interaction removed revealed
nonsignificant differences between the four Ranch Hand categories and Comparisons.
Additional covariates retained in the Model 3 adjusted analysis included age, race, occupation,
and fasting status.

Marginally significant and significant positive associations between current dioxin and
serum glucagon were evident from the Model 4 and Model 5 unadjusted analyses (Table
18-42(g): p=0.073, Slope=0.0111 for Model 4 and p=0.023, Slope=0.0120 for Model 5). In
each analysis, mean serum glucagon levels increased with increasing dioxin levels. The
Model 6 unadjusted analysis had nonsignificant results (p=0.140). A highly significant
interaction between current dioxin and family history of diabetes was disclosed in the Model 4
adjusted analysis (Table 18-42(h): p=0.005). Results from further analysis of this interaction
are presented in Appendix Table N-2-24. Because of its high significance level (p<0.01),
analysis with the interaction deleted from the final model was not performed. In the Model 5
adjusted analysis, current dioxin was significantly associated with serum glucagon (p=0.044,
Slope=0.0019) with adjusted means again increasing with the low, medium, and high levels of
current dioxin. Further adjustment for total lipids in the Model 6 adjusted analysis revealed
nonsignificant results (p=0.187). However, removal of occupation from the final model led to
a significant dioxin effect (Appendix Table N-3-28: p=0.040, Slope=0.0119). In each of the
Model 4 through 6 adjusted analyses, age, race, and occupation were significant covariates,

Serum Glucagon (Al Participants—Discrete)

Results from both the Model 1 unadjusted and adjusted analyses of serum glucagon were
nonsignificant (Table 18-43(a,b): p>0.16 for all contrasts). The adjusted analysis retained
age, occupation, and body fat.

The association between dioxin and serum glucagon was not significant in the Model 2
and Model 3 unadjusted analyses (Table 18-43(c,e): p>0.16). Adjusting for age and race did
not lead to significant results in the Model 2 adjusted analysis (Table 18-43(d): p=0.930).
Adjusted analyses of Model 3 were precluded by the sparse number of participants with
abnormally high serum glucagon levels.
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Table 18-43.
Analysis of Serum Glucagon (All Participants)
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent
Abnormal Est. Relative Risk
Occupational Category Group n High 95% C.1.) p-Value
All Ranch Hand 827 0.4 4.02 (0.42,38.68) 0.426
Comparison 1,104 0.1
Officer Ranch Hand 315 0.0 -- -
Comparison 430 6.0
Enlisted Flyer Ranch Hand 145 0.0 - -
Comparison 186 0.0
Enlisted Groundcrew Ranch Hand 367 0.8 4.01 (0.42,38.75) 0.428
Comparison 488 0.2

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category (95% C.L) ©  p-Value Covariate Remarks®
Al 4.63 (0.45,47.67) 0.161 AGE (p=0.003)

~ ~ 0CC (p=0.007)
Officer BFAT (p=0.006)
Enlisted Flyer -- --
Enlisted Groundcrew 4.63 (0.45,47.50) 0.161

# Covariates and associated p-values correspond to final model based on all participants with available data.

--: Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.
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Table 18-43. (Continued)
Analysis of Serum Glucagon (All Participants)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN - UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent
Abnormal Estimated Relative Risk
Initial Dioxin n High 95% C.1.)° p-Value
Low 150 0.0 0.71 (0.22,2.32) 0.546
Medium 149 1.3
High 153 0.0

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.I.)® p-Value Covariate Remarks

452 0.93 (0.16,5.22) 0.930 AGE (p=0.019)
RACE (p=0.040)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxir, and covariates specified under "Covariate Remarks”" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-43. (Continued)
Analysis of Serum Glucagon (All Participants)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High (95% C.L)* p-Value
Comparison 957 0.1
Background RH 336 0.3 4.64 (0.28,77.40) 0.287
Low RH 228 0.9 5.67 (0.49,65.60) 0.165
High RH 224 0.0 - -
Low plus High RH 452 0.4 2.64 (0.23,30.57) 0.439

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n (95% C.L)y*®  p-Value Covariate Remarks
Comparison 957

Background RH 336 - -

Low RH 228 - -

High RH 224 -- -

Low plus High RH 452 - -

* Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

-1 Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-43. (Continued)

Analysis of Serum Glucagon (All Participants)

(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal High/(n) {Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High (95% C.1.)° p-Value

4 0.4 0.0 0.8 0.98 (0.45,2.14) 0.964
(263) (266) (259)

5 0.4 0.4 0.4 0.96 (0.49,1.86) 0.900
(267) (263) (258)

6° 0.4 0.4 04 1.05 (0.51,2.16) 0.894
(266) (263) (258)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk

Model? n (95% C.L)° p-Value _ Covariate Remarks
4 788 0.95 (0.36,2.54) 0.920 AGE (p=0.033)
BFAT (p=0.069)
5 788 0.90 (0.37,2.20) 0.821 AGE (p=0.035)
BFAT (p=0.065)
69 787 1.00 (0.38,2.64) 0.998 AGE (p=0.037)

BFAT (p=0.078)

@ Model 4: Log, (lipid-adjusted current dioxin +

1).

Model 5: Log, (whole-weight current dioxin + 1),
Model 6. Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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No significant associations between current dioxin and serum glucagon were revealed
from the unadjusted and adjusted analyses for Models 4, 5, and 6 (Table 18-43(g,h): p>0.82
for all analyses). Age and body fat were significant in each of the three adjusted analyses.

Serum Glucagon (Diabetics—Continuous)

Differences between diabetic Ranch Hands and Comparisons were not significant in the
Model 1 unadjusted analysis of serum glucagon (Table 18-44(a): p=0.31 for all contrasts).
However, adjusting for covariate information led to two significant group interactions: group-
by-body fat and group-by-diabetic severity (Table 18-44(b): p=0.031 and p<0.001
respectively). These interactions were further analyzed and subsequent results are presented in
Appendix Table N-2-25. Significant group differences were not evident from analyses with
the interactions removed from the final model (Table 18-44(b): p>0.15 for all contrasts).

The adjusted analysis also retained interactions between age and occupation and between body
fat and occupation.

Both the Model 2 and Model 3 unadjusted analyses restricted to diabetics led to
nonsignificant associations between serum glucagon and dioxin (Table 18-44(c,e): p=0.44).
For Model 2, adjustment for occupation, body fat, and diabetic severity did not lead to a
significant dioxin effect (Table 18-44(d): p=0.237). Two significant dioxin interactions
involving body fat and diabetic severity were found in the Model 3 adjusted analysis of serum
glucagon (Table 18-44(f): p=0.026 and p<0.001 respectively). Appendix Table N-2-25
shows results from additional analyses on these interactions. Removal of the interactions from
the final model did not reveal significant differences between Ranch Hands and Comparisons
(Table 18-44(f): p>0.23 for all contrasts). Age and the body fat-by-occupation interaction
were retained in the Model 3 adjusted analysis.

None of the Model 4 through 6 analyses of serum glucagon restricted to diabetics
disclosed any significant results (Table 18-44(g,h): p>0.58 for all analyses). Occupation and
diabetic severity were significant in each of the three adjusted analyses.

Serum Glucagon (Diabetics—Discrete)

Restricted to diabetics, the results of the Model 1 unadjusted analysis of serum glucagon
were not significant (Table 18-45(a): p>0.40). An adjusted analysis was not performed due
to the sparse number of abnormalities (three Ranch Hands and one Comparison).

The Model 2 unadjusted and adjusted analyses of serum glucagon did not reveal a
significant association with initial dioxin for diabetic participants (Table 18-45(c,d): p>0.56).
Likewise, the Model 3 unadjusted analysis did not show any significant differences between
Ranch Hands and Comparisons (Table 18-45(e): p>0.14). Because of the sparse number of
abnormalities (one Comparison, one background Ranch Hand, and two low Ranch Hands) an
adjusted Model 3 analysis was not conducted.

The results of the Model 4 through 6 analyses of serum glucagon restricted to diabetics
were not significant (Table 18-45(g,h): p>0.12 for all analyses). In the Model 4 adjusted
analysis, occupation was significant while age, race, occupation, body fat and family history
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Table 18-44,

Analysis of Serum Glucagon (pg/ml) (Diabetics)

(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.1.)° p-Value!

All Ranch Hand 125 66.62 1.33 - 0.599
Comparison 160 65.30

Officer Ranch Hand 50 66.11 1.92 -- 0.640
Comparison 54 64.19

Enlisted Flyer Ranch Hand 21 60.11 -5.72 - 0.313
Comparison 32 65.83

Enlisted Groundcrew Ranch Hand 54 69.84 3.96 -- 0.310
Comparison 74 65.88

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean® Means (95% C.1.)° p-Value® Covariate Remarks®
All Ranch Hand 125 70.27%* 0.58 — ** 0.824%* GROUP*BFAT

Comparison 160 69.68** {(p=0.031)

E 3

Officer Ranch Hand 50 70224 1.61--% 0709+ | GROUP*DIABSEV

Comparison 54 68.62%* (p<0.001)

p : AGE*OCC (p=0.040)

Enlisted Ranch Hand 21 62.58** -8.31 -- ** 0.158%** BFAT*OCC
Flyer Comparison 32 70.89** (p=0.032)
Enlisted Ranch Hand 54 75.61%%  3.67--*  0.372%x | TFAST(p=0.637)
Groundcrew Comparison 74 71.94 %

# Transformed from the natural logarithm scale.

b Adjusted for fasting status.

¢ Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

d P-values based on difference of means on natural logarithm scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interaction (p <0.05); adjusted mean, difference of adjusted means, and p-value derived
from a model fitted after deletion of this interaction; refer to Appendix Table N-2-25 for further analysis of
this interaction.
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Table 18-44. (Continued)
Analysis of Serum Glucagon (pg/ml) (Diabetics)
(Continuous)

¢} MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics || Analysis Results for Log, (Initial Dioxin)®
Adj. Slope
Initial Dioxin n Mean™ Mean™ R? (Std. Error)? p-Value
Low 28 61.71 61.52 0.022 0.0169 (0.0259) 0.515
Medium 27 71.76 71.65
High 28 63.33 63.62

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN - ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)*
Statistics
Adj. Adj. Slope

Initial Dioxin n Mean®® R? (Std. Error)¢ p-Yalue Covariate Remarks
Low 28 62.79 0.153 -0.0338 (0.0283) 0.237 OCC (p=0.030)

. BFAT (p=0.139)
Medium 27 71.46 _ DIABSEV (p=0.353)
High 28 59.87 FAST (p=0.473)

2 Transformed from natural logarithm scale.

® Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin and fasting status.

4 Slope and standard error based on natural logarithm of serum glucagon versus log, (initial dioxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-44. (Continued)
Analysis of Serum Glucagon (pg/ml) (Diabetics)
(Continuous)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® Mean®* -  {95% C.1.)¢ p-Value®
Comparison 132 66.31 66.15

Background RH 38 67.16 68.71 2.56 -- 0.534
Low RH 45 66.58 66.28 0.13 -- 0.972
High RH 38 63.82 63.14 -3.02 -- 0.440
Low plus High RH 83 65.30 64.82 -1.33 -- 0.657

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean¥ 95% C.L)Y  p-Valuet Covariate Remarks
Comparison 132 68.44** DXCAT*BFAT (p=0.026)
DXCAT*DIABSEV

Background RH 38 72.37%* 3.93 - ** 0.363** (p<0.001)
Low RH 45 68.82%* 0.38 - ** 0.920%* AGE (p=0.039)

w . 38 - . FAST (p=0.461)
High RH 38 63.62% 4.82 . *x 0.233%* | BFAT*OCC (p=0.025)
Low plus High RH 83 66.39%* -2.05 - ** 0.497**

2 Transformed from natural logarithm scale.
b Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin and fasting status.

4 Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

€ P-value is based on difference of means on natural logarithm scale.

f Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Categorized dioxin-by-covariate interaction (p <0.05); adjusted mean, difference of adjusted means, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-25 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-44. (Continued)
Analysis of Serum Glucagon (pg/ml) (Diabetics)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category | Analysis Results for Log,
Mean®/{n) {Current Dioxin + 1)
' Slope :
Model Low Medium High | R? (Std. Error)¢ p-Value
4 66.3% 63.96 67.66 0.015 -0.0070 0.705
Q7N (49) 45) (0.0184)
5 65.94 65.56 66.11 0.014 0.0009 0.952
(25) 47 49) (0.0153)
6° 68.10 66.19 64.43 0.029 -0.0093 0.587
(25) @7 {49) 0.0171)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
1 Adj. Slope

Model° | Low Medium  High R*  (Std. Error)®  p-Value Covariate Remarks

4 64.68 64.59 68.26 0.096 0.0008 0.970 OCC (p=0.113)
7 (49) 45) (0.0215) DIABSEV (p=0.111)

FAST (p=0.693)

5 64.23 66.37 66.63 0.099 0.0095 0.585 OCC (p=0.121)
25) (CY)) 49) (0.0173) DIABSEV (p=0.084)

FAST (p=0.703)

6f 66.17 67.01 64.92 0.106 -0.0005 0.978 OCC (p=0.104)
25 @7) (49) (0.0201) DIABSEYV (p=0.142)

FAST (p=0.688)

 Transformed from natural logarithm scale.
® Adjusted for fasting status.
 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
4 Slope and standard error based on natural logarithm of serum glucagon versus log, (current dioxin + 1).
© Adjusted for log, total lipids.
f Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column,
Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-45.
Analysis of Serum Glucagon (Diabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

_ Percent
- Abnormal Est. Relative Risk
Occupational Category Group n High "(95% C.1.) p-Value
All Ranch Hand 125 24 3.91 (0.40,38.05) 0.449
Comparison 160 0.6
Officer Ranch Hand 50 0.0 -- --
Comparison 54 0.0
Enlisted Flyer Ranch Hand 2] 0.0 -~ -
Comparison 32 0.0
Enlisted Groundcrew Ranch Hand 54 5.6 4.29 (0.43,42.46) 0.403
Comparison 74 1.4
b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Adj. Relative Risk
Occupational Category 95% C.1.) p-Value. Covariate Remarks?®
All - -
Officer - -

Enlisted Flyer -- --

Enlisted Groundcrew - -

# Covariates and associated p-values correspond to final model based on all participants with available data.

--i Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of

abnormalities.
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Table 18-45. (Continued)
Analysis of Serum Glucagon (Diabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent _ '
Abnormal Estimated Relative Risk
Initial Dioxin n High 95% C.L)> - p-Value
Low 28 0.0 0.72 (0.22,2.37) 0.566
Medium 27 7.4
High 28 0.0

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.1.)° p-Value Covariate Remarks

83 1.26 (0.21,7.72) 0.808 AGE (p=0.072)
RACE (p=0.064)
DIABSEV (p=0.024)

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-45. (Continued)
Analysis of Serum Glucagon (Diabetics)
(Discrete)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High 95% C.L)® p-Value
Comparison 132 0.8
Background RH 38 2.6 8.33 (0.42,167.13) 0.166
Low RH 45 4.4 6.44 (0.51,80.67) 0.149
High RH 38 0.0 - --
Low plus High RH 83 24 2.57 (0.22,30.32) 0.453

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.L)® p-Value . Covariate Remarks
Comparison 132

Background RH 38 -- -

Low RH 45 - -

High RH 38 - -

Low plus High RH 83 - -

# Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

--1 Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-45. (Continued)
Analysis of Serum Glucagon (Diabetics)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ' ~ Analysis Results for Log,
Percent Abnormal High/(n) " (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High 95% C.1.)° p-Value

4 3.7 0.0 4.4 0.87 (0.40,1.89) 0.722
27 {49) (45)

5 4.0 2.1 2.0 0.87 (0.48,1.56) 0.643
(25) a7) (49)

6° 4.0 2.1 2.0 1.03 (0.51,2.06) 0.938
(25) (47) (49)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n 95% C.L)" p-Value Covariate Remarks

4 121 0.78 (0.41,1.48) 0.433 OCC (p=0.056)
DIABSEYV (p=0.663)

5 116 0.39 (0.07,2.19) 0.128 AGE (p=0.024)
RACE (p=0.141)
OCC (p=0.020)
BFAT (p=0.100)

FAMDIAB (p=0.131)

DIABSEV (p=0.936)

6¢ 121 1.03 (0.53,1.99) 0.927 DIABSEV (p=0.772)

# Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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of diabetes were significant in the Model 5 adjusted analysis. No covariates were significant
in Model 6.

Serum Glucagon (Nondiabetics—Continuous)

In the Model 1 unadjusted analysis of serum glucagon restricted to nondiabetics, no
significant overall difference in mean serum glucagon levels between Ranch Hands and
Comparisons was revealed (Table 18-46(a): p=0.146). However, analyses within the levels
of occupation revealed a marginally significant negative difference between the two groups in
the enlisted flyer category (p=0.067, Diff. of Means=-2.98). This result remained marginally
significant after adjusting for age, race, and occupation (Table 18-46(b): p=0.059, Diff. of
Adj. Means=-2.93). The remaining contrasts between Ranch Hands and Comparisons in
Model 1 were not significant.

A marginally significant positive association between serum glucagon and initial dioxin
was disclosed in the unadjusted analysis for Model 2 (Table 18-46(c): p=0.060,
Slope=0.0180). After an adjustment was made for family history of diabetes, the association
remained significant (Table 18-46(d): p=0.041, Slope=0.0199). Adjusted means were 52.25
pg/ml, 54.47 pg/ml, and 55.28 pg/ml for the low, medium, and high dioxin categories
respectively.

In the Model 3 unadjusted analysis, the mean serum glucagon level for nondiabetic
background Ranch Hands was marginally lower than that of nondiabetic Comparisons
(Table 18-46(¢): p=0.087, Diff. of Adj. Means=-1.60). This result remained after adjustment
for age and race (Table 18-46(f): p=0.051, Diff. of Adj. Means=-1.76). The serum glucagon
adjusted mean for background Ranch Hands was 54.48 pg/ml compared to 56.24 pg/ml for
Comparisons.

Each of the Model 4 through 6 unadjusted analyses of serum glucagon restricted to
nondiabetics revealed a significant association with current dioxin (Table 18-46(g): p=0.025,
Slope=0.0143 for Model 4; p=0.013, Slope=0.0136 for Model 5; and p=0.047, Slope=0.0117
for Model 6). In each analysis, serum glucagon levels increased with dioxin. Likewise, in
each of the adjusted Model 4 through 6 analyses, the association between serum glucagon and
current dioxin was significant (Table 18-46(h): p=0.044, Slope=0.0147, for Model 4;
p=0.027, Slope=0.0138 for Model 5; and p=0.065, Slope=0.0123 for Model 6). Age, race,
and occupation were retained in each analysis.

Serum Glucagon (Nondiabetics—Discrete)

There were no nondiabetic participants with abnormally high serum glucagon levels;
therefore, the Model 1 through Model 6 analyses for this variable were not performed (Table
18-47(a-h).

«-1-C Hemoglobin (All Participants—Continuous)

The unadjusted and adjusted analyses of a-1-C hemoglobin did not reveal a significant
group effect (Table 18-48(a,b): p>0.34). Covariates retained in the adjusted analysis include
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Table 18-46.
Analysis of Serum Glucagon (pg/ml) (Nondiabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.L) p-Value?

All Ranch Hand 702 57.09 -0.99 -- 0.146
Comparison 944 58.09

Officer Ranch Hand 265 56.61 -1.01 -- 0.355
Comparison 376 57.62

Enlisted Flyer Ranch Hand 124 55.24 -2.98 -- 0.067
Comparison 154 58.23

Enlisted Groundcrew Ranch Hand 313 57.73 -0.19 -- 0.851
Comparison 414 57.92

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean? Means (95% C.1.)° p-Value! Covariate Remarks®

All Ranch Hand 702 54.55 -0.96 -- 0.139 AGE (p<0.001)
Comparison 944 55.51 RACE (p=0.021)

Officer Ranch Hand 265 53.83 0.97 - 0.346 1?::; (("i%%?)
Comparison 376 54.80 pP=y.

Enlisted Ranch Hand 124 52.82 -2.93 - 0.059

Flyer Comparison 154 55.76

Enlisted Ranch Hand 313 56.28 -0.17 -- 0.865

Groundcrew  Comparison 414 56.45

? Transformed from the natural logarithm scale.
® Adjusted for fasting status.

¢ Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-46. (Continued)
Analysis of Serum Glucagon (pg/ml) (Nondiabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics || Anmalysis Results for Log, (Initial Dioxin)®
Adj. - Slope '
Initial Dioxin n Mean*  Mean® R}  (Std. Error)* p-Value
Low 122 53.36 53.34 0.011 0.0180 (0.0095) 0.060
Medium 122 55.53 55.55
High 125 56.31 56.30

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean® R’ (Std. Error)* . p-Value Covariate Remarks
Low 120 52.25 0.026 0.0199 (0.0097) 0.041 FAMDIAB (p=0.022)
Medium 119 54.47
High 121 55.28

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Slope and standard error based on natural logarithm of serum glucagon versus log, (initial dioxin).

9 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-46. (Continued)
Analysis of Serum Glucagon (pg/ml) (Nondiabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

" Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean®  Mean™ ¥5% C.1.)¢ p-Value®
Comparison 825 58.37 58.17

Background RH 298 56.64 56.57 -1.60 -- 0.087
Low RH 183 56.77 56.54 -1.63 -- 0.146
High RH 186 59.10 58.79 0.62 -- 0.585
Low plus High RH 369 57.93 57.66 -0.51 -- 0.560

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs, Comparisons

Dioxin Category n  Mean¥ = (95% C.L)M¢ ~_p-Value® Covariate Remarks

Comparison 825 56.24 AGE (p=0.005)
RACE (p=0.024)

Background RH 298 54.48 1.76 -- 0.051 FAST (p=0.616)

Low RH 183 54.75 -1.49 -- 0.171

High RH 186 57.23 0.99 -- 0.371

Low plus High RH 369 55.98 -0.25 -- 0.767

* Transformed from natural logarithm scale,
® Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

d Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

€ P-value is based on difference of means on natural logarithm scale.

T Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-46. (Continued)
Analysis of Serum Glucagon (pg/ml) (Nondiabetics)
(Continuous)

2 MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category - Analysis Results for Log,
Mean®/(n) ] _(Current Dioxin + 1)
' ' Slope
Model° Low Medium High _ R? (Std. Error)* p-Value

4 57.17 57.46 60.02 0.008 0.0143 0.025
(236) 217 (214) (0.0064)

5 57.12 57.86 59.87 0.009 0.0136 0.013
(242) (216) (209) (0.0055)

6° 57.34 57.85 59.63 0.010 0.0117 0.047
(241) (216) (209) (0.0059)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean?®/(n) (Current Dioxin + 1)
Adj. Slope '
Model° | Low Medium  High R  (Std. Error)?  p-Value Covariate Remarks
4 53.49 53.88 56.50 0.026 0.0147 0.044 AGE (p=0.014)
(236) (217) (214) (0.0073) RACE (p=0.046)

OCC (p=0.114)
FAST (p=0.692)

5 53.43 5423 56.17 | 0.028 0.0138 0.027 AGE (p=0.015)
(242)  (216) (209) (0.0062) RACE (p=0.049)
OCC (p=0.116)
FAST (p=0.684)

&' 53.65 5427  56.04 [0.028 0.0123 0.065 AGE (p=0.017)
(241)  (16) (209) (0.0067) RACE (p=0.055)
OCC (p=0.118)
FAST (p=0.687)

2 Transformed from natural logarithm scale.
® Adjusted for fasting status.

¢ Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

d Slope and standard error based on natural logarithm of serum glucagon versus log, (current dioxin + 1).
¢ Adjusted for log, total lipids.
f Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-47.
Analysis of Serum Glucagon (Nondiabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Occupational Category Group n Abnormal High
Al Ranch Hand 702 0.0
Comparison 944 0.0
Officer Ranch Hand 265 0.0
Comparison 376 0.0
Enlisted Flyer Ranch Hand 124 0.0
Comparison 154 0.0
Enlisted Groundcrew Ranch Hand 313 0.0
Comparison 414 0.0
b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
Initial Dioxin Category Summary Statistics
Percent
Initial Dioxin n Abnormal High
Low 122 0.0
Medium 122 0.0
High 122 0.0

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-47. (Continued)
Analysis of Serum Glucagon (Nondiabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent
Dioxin Category n _ Abmormal High
Comparison 825 0.0
Background RH 298 0.0
Low RH 183 0.0
High RH 186 0.0
Low plus High RH 369 0.0

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.

d) MODELS 4, 5, AND 6: RANCH ms — CURRENT DIOXIN

Current Dioxin Category
- Percent Abnormal High/(n)

Model? Low Medium High

4 0.0 0.0 0.0
(236) 217) (214)

5 0.0 0.0 0.0
(242) (216) 209)

6 0.0 0.0 0.0
(241) (216) (209)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppg; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-48.
Analysis of a-1-C Hemoglobin (percent) (All Participants)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® (95% C.1.)° p-Value®

All Ranch Hand 950 7.16 0.00 -- 0.978
Comparison L277 7.16

Officer Ranch Hand 365 7.09 0.03 -- 0.702
Comparison 502 7.66

Entisted Flyer Ranch Hand 162 7.25 -0.13 -- 0.343
Comparison 202 7.38

Enlisted Groundcrew Ranch Hand 423 7.19 0.01 -- 0.851
Comparison 573 7.18

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean®  Means (95% C.1)® . p-Value‘ Covariate Remarks?
All Ranch Hand 932 7.56 0.01 —- 0.873 AGE*RACE

Comparison 1,259 7.55 (p=0.025)

a*

Officer Ranch Hand 359 7.0 0.01 — 0.892 AGE*BFAT

Comparison 499 7.04 (p=0.020)

) . RACE*QCC

Enlisted Ranch Hand 159 7.87 -0.10 -- 0.433 {p=0.002)
Flyer Comparison 197 7.97 RACE*FAMDIAB
Enlisted Ranch Hand ata 173 0.04 -- 0.557 (p=0.041)
Groundcrew  Comparison 563 7.69

 Transformed from the natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

4 Covariates and associated p-values correspond to final model based on all participants with available data.

18-246



Table 18-48. (Continued)
Analysis of a-1-C Hemoglobin (percent) (All Participants)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Adj. ' ' Slope
Initial Dioxin n Mean®  Mean® R? (Std. Error)® p-Value
Low 173 7.13 7.15 0.070 0.0106 (0.0061) 0.082
Medium 172 7.26 7.29
High 173 7.36 7.31

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)¢
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean® R? (Std. Error)° p-Value Covariate Remarks
Low 171 Hkokk 0.195 ok Aok ok INIT*OCC (p=0.009)
AGE (p=0.001)
. BFAT (p=0.025)
ok ok ok
Medium 167 RACE*OCC (p=0.007)
RACE*FAMDIAB
High 168 Hoko (p=0.048)
OCC*FAMDIAB (p=0.050)

? Transformed from the natural logarithm scale.

b Adjusted for percent bady fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of «-1-C hemoglobin versus log, (initial dioxin).

9 Adjusted for percent body far at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

**** Log, (initial dioxin)-by-covariate interaction (p<0.01); adjusted mean, adjusted slope, standard error, and
p-value not presented; refer to Appendix Table N-2-26 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-48. (Continued)
Analysis of «-1-C Hemoglobin (percent) (All Participants)
(Continuous)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED
Difference of Adj.

Adj. Mean vs. Comparisons
Dioxin Category n Mean®  Mean® 95% C.1.y¢ p-Value?
Comparison 1,060 7.16 7.16
Background RH 374 7.05 7.13 -0.02 -- 0.725
Low RH 258 7.20 7.16 0.00 -- 0.971
High RH 260 7.30 7.23 0.03 -- 0.330
Low plus High RH 518 7.25 7.20 0.04 -- 0.513

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean* 95% C.L)* ~ p-Value® Covariate Remarks

Comparison 1,045 7.58%* DXCAT*BFAT (p=0.010)
AGE*BFAT (p=0.009)

Background RH 368 7.5T** 0.01 -- ** 0.929%+ | RACE*OCC (p<0.001}

Low RH 252 7.53%+ 0.05 -- ** 0.576++ |RACE*FAMDIAB (p=0.018)

High RH 254 7.69%* 0.11 - ** 0.185%+

Low plus High RH 506 7.61** 0.03 - ** 0.602%*

2 Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

d P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interaction (p <0.05); adjusted mean, difference of adjusted means, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-26 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-48. (Continued)
Analysis of a-1-C Hemoglobin (percent) (All Participants)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS -~ CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category t Analysis Results for Log,
Mean®/(n) {Current Dioxin + 1)
_ Slope

Model® Low Medium High . R? (Std. Error)° p-Value

4 7.02 7.19 7.29 0.011 0.0123 (0.0038) 0.001
(295) (299) (298)

5 7.03 7.11 7.37 0.016 0.0126 (0.0033)  <0.001
(300) (296) (296)

64 7.10 7.12 7.29 0.036 0.0072 (0.0035) 0.042
(299) (296) (296)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) (Current Dioxin + 1)
Adj. Slope
Model® Low  Medium High [ R? (Std. Error)*  p-Value Covariate Remarks
4 T.4TR*% T 52+ 7.71%* | 0.106 0.0113 0.012** CURR*BFAT (p=0.022)
(290) (294) (290) (0.0045)** AGE (p<0.001)

FAMDIAB (p<0.001)
OCC*RACE (p=0.049)

5 T.48*%*  7.45%* 7.84** [10.132 0.0121 0.002** CURR*AGE (p=0.006)
(296) (290) (288) (0.0039)** CURR*BFAT (p=0.001)
FAMDIAB (p <0.001)
AGE*OCC (p=0.022)
OCC+*RACE {p=0.014)

6° | 7.58% 7.47%x 775+ [0.147  0.0064 0.124**  CURR*AGE (p=0.008)
(295)  (290) (288) (0.0041)** CURR*BFAT (p=0.002)
FAMDIAB (p <0.001)
AGE*OCC (p=0.021)
OCC*RACE (p=0.009)

2 Transformed from natural logarithm scale.
b Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
¢ Slope and standard error based on natural logarithm of a-1-C hemoglobin versus log, (current dioxin + 1).
4 Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table N-2-26 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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the age-by-race, age-by-body fat, race-by-occupation, and race-by-family history of diabetes
interactions.

A marginally significant relationship between a-1-C hemoglobin and initial dioxin was
disclosed in the Model 2 unadjusted analysis (Table 18-48(c): p=0.082, Slope=0.0106). The
adjusted mean o-1-C hemoglobin levels were 7.15 percent, 7.29 percent, and 7.31 percent for
the low, medium, and high dioxin categories. In the adjusted analysis, a highly significant
interaction between initial dioxin and occupation was revealed (Table 18-48(d): p=0.009).
Refer to Appendix Table N-2-26 for further analysis of this interaction. Age, body fat, and
the race-by-occupation, race-by-family history of diabetes, and occupation-by-family history
of diabetes interactions were retained in the adjusted analysis.

The Model 3 unadjusted analysis did not reveal significant differences between Ranch
Hands and Comparisons (Table 18-48(e): p>0.33). However, in the adjusted analysis, a
significant interaction between categorized dioxin and body fat was found (Table 18-48(f):
p=0.010). Appendix Table N-2-26 shows stratified results from further analyzing this
interaction. No significant differences between Ranch Hands and Comparisons were evident
after the interaction was deleted from the final model (p>0.18). However, after occupation
and body fat were removed from the final model, a significant difference between high Ranch
Hands and Comparisons was revealed (Appendix Table N-3-33: p=0.047). Mean a-1-C
hemoglobin for Ranch Hands in the high current dioxin category was 7.76 percent compared
to 7.59 percent for Comparisons. The age-by-body fat, race-by-occupation, and race-by-
family history of diabetes interactions also were significant in the adjusted analysis.

Each of the Model 4, 5, and 6 unadjusted analyses revealed a significant association
between a.-1-C hemoglobin and current dioxin, with o-1-C hemoglobin increasing with dioxin
(Table 18-48(g): p=0.001, Slope=0.0123 for Model 4; p<0.001, Slope=0.0126 for Model 5;
and p=0.042, Slope=0.0072 for Model 6). After adjustment was made for covariates in the
Model 4 analysis, the interaction of current dioxin and body fat was significant (Table
18-48(h): p=0.022). Appendix Table N-2-26 presents stratified results from additional
analysis of the interaction. After deletion of the interaction from the final model, a significant
dioxin effect remained (p=0.012). Adjusted means for the low, medium, and high categories
of current dioxin were 7.47, 7.52, and 7.71 percent. Additional covariates retained in the
adjusted analysis included age, family history of diabetes, and the occupation-by-race
interaction. In the Model 5 adjusted analysis, there were two significant interactions with
current dioxin, one involving age and the other involving body fat. Stratified results of this
interaction are presented in Appendix Table N-2-26. A highly significant dioxin effect
remained after removal of the interactions from the final model (p=0.002). Adjusted means
for the low, medium, and high dioxin categories were 7.48, 7.45, and 7.84 percent. Similar
results were obtained in the Model 6 adjusted analysis. A three-way interaction involving
current dioxin, age, and body fat was significant and included in the final model (p=0.015).
Appendix Table N-2-26 displays the stratified results of this interaction. The dioxin effect
was nonsignificant after removal of interactions from the final model (p=0.124), but became
significant after body fat and occupation also were removed (Appendix Table N-3-33:
p=0.002). Additional covariates retained in each of the Model 5 and Model 6 adjusted
analyses included family history of diabetes and the age-by-occupation and occupation-by-race
interactions.
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a-1-C Hemoglobin (All Participants—Discrete)

Neither the unadjusted nor adjusted Model 1 analysis of o-1-C hemoglobin revealed
significant results (Table 18-49(a,b): p>0.24 for all contrasts). Significant covartates included
age, body fat, family history of diabetes, and the occupation-by-race interaction.

The Model 2 unadjusted analysis of a.-1-C hemoglobin did not reveal a significant
association with initial dioxin (Table 18-49(c): p=0.773). However, in the adjusted analysis,
a significant interaction between initial dioxin and occupation was disclosed (Table 18-49(d):
p=0.030). Stratified results from additional analysis on this interaction are presented in
Appendix Table N-2-27. A significant association between initial dioxin and a-1-C
hemoglobin was not evident after removal of the interaction from the final model (p=0.300).
Age, race, and family history of diabetes were retained in the adjusted analysis.

Neither the unadjusted nor adjusted Model 3 analyses of «-1-C hemoglobin revealed
significant differences between Ranch Hands and Comparisons (Table 18-49(e,f): p>0.52 for
all analyses). Covariates retained in the adjusted analysis included age, race, occupation, body
fat, and family history of diabetes.

In both the Model 4 and 5 unadjusted analyses of a.-1-C hemoglobin, a marginally
significant or significant association with current dioxin was found (Table 18-49(g): p=0.071,
Est. RR=1.10 for Model 4 and p=0.016, Est. RR=1.11 for Model 5). Adjustment for total
lipids in the Mode! 6 unadjusted analysis led to nonsignificant results (p=0.352). After
adjusting for age, race, personality type, body fat, and family history of diabetes in the
Model 4 analysis, the dioxin effect was no longer significant (Table 18-49(h): p=0.212).
However, removal of body fat from the final model again caused the diexin effect to become
significant (Appendix Table N-3-34: p=0.013, Est. RR=1.15. In the Model 5 adjusted
analysis, the interaction of current dioxin and body fat was significant (Table 18-49(g):
p=0.039). Refer to Appendix Table N-2-27 for further analysis of this interaction. After
deletion of the interaction from the final model, a marginally significant dioxin effect
remained (p=0.072, Est. RR=1.10). The interaction of current dioxin and body fat also was
significant in the Model 6 adjusted analysis (p=0.046). Results from further analysis of this
interaction are shown in Appendix Table N-2-27, The association between current dioxin and
a-1-C hemoglobin was not significant once the interaction was removed from the final model
(p=0.713).

a-1-C Hemoglobin (Diabetics—Continuous)

In the Model 1 unadjusted analysis of a-1-C hemoglobin restricted to diabetics, no
significant group differences were revealed (Table 18-50(a): p>0.62 for all analyses).
However, in the adjusted analysis, a highly significant interaction between group and age was
revealed (Table 18-50(b): p=0.005). See Appendix Table N-2-28 for additional analysis of
the interaction. Significant covariates in the adjusted analysis included race, diabetic severity,
and the age-by-occupation and body fat-by-family history of diabetes interactions.
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Table 18-49.
Analysis of a-1-C Hemoglobin (All Participants)
(Discrete)

2) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent ‘ _
“Abnormal Est, Relative Risk
Occupational Category Group n High - (95% C.L) p-Value
All Ranch Hand 950 26.9 1.03 (0.85,1.25) 0.774
Comparison 1,277 26.3
Officer Ranch Hand 365 24.1 1.09 (0.80,1.50) 0.639
Comparison 502 22.5
Enlisted Flyer Ranch Hand 162 30.2 0.78 (0.50,1.22) 0.330
Comparison 202 35.6
Enlisted Groundcrew Ranch Hand 423 28.1 1.09 (0.83,1.45) 0.581
Comparison 573 26.4

b) MODEL 1: RANCH HANDS VS, COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value . Covariate Remarks®
All 1.05 (0.86,1.29) 0.626 AGE (p<0.001)

BFAT (p <0.001)
Officer 1.08 (0.77,1.50) 0.660 FAMDIAB (p <0.001)
Enlisted Flyer 0.75 (0.47,1.22) 0.249 OCC*RACE (p=0.005)
Enlisted Groundcrew 0.99 (0.73,1.33) (0.934

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-49. (Continued)
Analysis of «-1-C Hemoglobin (All Participants)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
~ Percent _
Abnormal | Estimated Relative Risk
Initial Dioxin n High " (95% C.1.)° p-Value
Low 173 27.7 1.02 (0.88,1.18) 0.773
Medium 172 31.4
High 173 28.3

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®

n Adj. Relative Risk (95% C.1.) p-Value Covariate Remarks
506 1.10 (0.92,1.32)** 0.300** INIT*OCC (p=0.030)
AGE (p=0.003)

RACE (p=0.042)
FAMDIAB (p=0.001)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Log, (initial dioxin)-by-covariate interaction (0.0t <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-27 for further
analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-49. (Continued)
Analysis of o-1-C Hemoglobin (All Participants)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High © (95% C.1.)* p-Value
Comparison 1,060 26.1
Background RH 374 23.5 1.02 (0.77,1.35) 0.893
Low RH 258 29.5 1.11 (0.81,1.50) 0.523
High RH 260 28.8 1.01 (0.74,1.38) 0.938
Low plus High RH 518 20.2 1.06 (0.83,1.34) 0.646

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.L)y* p-Value - Covariate Remarks

Comparison 1,045 AGE (p<0.001)
RACE (p<0.001)
OCC (p=0.002)

Background RH 368 1.07 (0.79,1.44) 0.675 BFAT (p=0.021)
Low RH 252 1.02 (0.74,1.41) 0.898 FAMDIAB (p <0.001)
High RH 254 1.07 (0.77,1.49) 0.699

Low plus High RH 506 1.04 (0.81,1.34) 0.742

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin = 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-49. (Continued)
Analysis of a-1-C Hemoglobin (All Participants)
(Discrete)

g MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal High/(n) (Current Dioxin + 1)
‘ Est. Relative Risk
Model® Low Medium High (95% C.L)° p-Value

4 234 284 28.5 1.10 (0.99,1.21) 0.071
(295) (299) (298)

5 22.0 28.4 30.1 1.11(1.02,1.22) 0.016
(300} (296) (296)

6° 22.1 28.4 30.1 1.05 (0.95,1.15) 0.352
(299) {296) (296)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk
Model? n (95% C.1.)° p-Value Covariate Remarks

4 873 1.08 (0.96,1.21) 0.212 AGE (p<0.001)
RACE (p=0.003)
PERS (p=0.073)
BFAT (p<0.001)

FAMDIAB (p<0.001)

s 873 1.10 (0.99,1.21)** 0.072%+ CURR*BFAT (p=0.039)
AGE (p <0.001)
RACE (p=0.003)
PERS (p=0.089)

FAMDIAB (p=0.001)

6¢ 872 1.02 (0.91,1.14)** 0.713%* CURR*BFAT (p=0.046)
AGE (p <0.001)
RACE (p=0.001)
PERS (p=0.047)

FAMDIAB (p=0.001)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
® Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks™ column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-27 for further analysis of this interaction.
Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-50.
Analysis of «-1-C Hemoglobin (percent) (Diabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean? (95% C.L.)b p-Value®

All Ranch Hand 142 9.02 0.01 -- 0.934
Comparison 179 9.01

Officer Ranch Hand 55 8.89 -0.03 -- 0.943
Comparison 58 8.92

Enlisted Flyer Ranch Hand 25 8.99 -0.34 -- 0.635
Comparison 36 9.33

Enlisted Groundcrew Ranch Hand 62 9.15 0.20 -- 0.628
Comparison 85 8.95

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean® Means (95% C.I.)®  p-Value® Covariate Remarks®
All Ranch Hand 137 ek b ook GROUP*AGE
Comparison 177 (p=0.005)
RACE (p=0.008)
ok ok Lt 1] Aok e ok
Officer gz':r‘l’hag::s gg DIABSEV (p<0.001)
P AGE*OCC (p=0.024)
Enlisted Ranch Hand 24 Fkokk dokok Hokkk BFAT*FAMDIAB
Flyer Comparison 34 (p=0.015)
Enlisted Ranch Hand 60 *Hk *kkk Aok
Groundcrew  Comparison 85

4 Transformed from the natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.

**** Group-by-covariate interaction (p <0.01); adjusted mean, difference of adjusted means, and p-value not
presented; refer to Appendix Table N-2-28 for further analysis this interaction.
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Table 18-50. (Continued)
Analysis of a-1-C Hemoglobin (percent) (Diabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
_Adj. | o Slope
Initial Dioxin n Mean* Mean® R*  (Std. Erron* p-Value
Low 31 8.81 8.91 0.113 0.0360 (0.0199) 0.074
Medium 31 8.79 8.87
High 34 10.22 10.03

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)
Statistics S
Adj. Adj. Slope _
Initial Dioxin n Mean™ R? {Std. Error)" p-Value Covariate Remarks
Low 31 10.57 0.524  0.0300 (0.0193) 0.124 RACE (p=0.002)
Medium 31 - 10.43 BEAT (p=0.027)

OCC*DIABSEV (p=0.001)
High 34 11.68

# Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of a-1-c hemoglobin versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-50. (Continued)
Analysis of a-1-C Hemoglobin (percent) (Diabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean®  Mean™ 95% C.LY¥ p-Value?
Comparison 148 8.90 8.89

Background RH 42 8.52 8.69 -0.20 -- 0.629
Low RH 49 8.82 8.78 -0.11 -- 0.778
High RH 47 9.77 9.70 0.81 -- 0.053
Low plus High RH 9 9.28 9.22 0.33 -- 0.301

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean®™ (95% C.L)* p-Value? Covariate Remarks

Comparison 148  10.22 RACE (p<0.001)
BFAT (p=0.025)

AGE*QOCC (p=0.008)

Background RH 42  10.32 0.10 -- 0.822 OCC*DIABSEV (p=0.004)

Low RH 49  10.02 -0.20 -- 0.621

High RH 47  10.78 0.56 -- 0.195

Low plus High RH 96 10.38 0.16 -- 0.605

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

d P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-50. (Continued)
Analysis of a-1-C Hemoglobin (percent) (Diabetics)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dijoxin Category Analysis Results for Log,
Mean?/(n). (Current Dioxin + 1)
Slope
Model® Low Medium High | R? (Std. Error)° p-Value

4 8.49 8.81 9.59 0.048 0.0391 0.010
(28) (56) 54) (0.0149)

5 8.70 8.32 9.93 0.050 0.0334 0.008
(26) (54) (58) (0.0124)

6¢ 8.89 8.38 9.77 0.064 0.0241 0.090
(26) (54) (58) (0.0141)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Diexin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
Adj. Slope
Model” | Low Medium  High R*  (Std. Error)°  p-Value Covariate Remarks
4 10.51 10.71 11.21 0.475 0.0237 0.152 AGE (p=0.139)
(26) (55) (52) (0.0164) RACE (p=0.025)

BFAT (p=0.050)
OCC*DIABSEYV (p=0.005)

FAMDIAB*DIABSEV
(p=0.018)
5 10.84 10.23 11.63 0.476 0.0196 0.145 AGE (p=0.139)
(24) (53) (56) (0.0134) RACE (p=0.025)

BFAT (p=0.057)
OCC*DIABSEV (p=0.006)
FAMDIAB*DIABSEV
(p=0.022)

6° 10.92 10.18 11.62 0.468 0.0168 0.281 RACE (p=0.021)

(24) (53) (56) (0.0155) BFAT (p=0.052)
OCC*DIABSEV (p=0.008)
FAMDIAB*DIABSEV
(p=0.038)

2 Transformed from natural logarithm scale.

® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of «-1-C hemoglobin versus log, (current dioxin + 1).
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column,

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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In the unadjusted Model 2 analysis, a marginally significant association between initial
dioxin and a-1-C hemoglobin restricted to diabetes was revealed (Table 18-50(c): p=0.074,
Slope=0.0360). Means for the low and medium categories of initial dioxin were 8.91 and
8.87 percent compared to 10.03 percent for the high category. After adjustment was made for
race, body fat, and the occupation-by-diabetic severity interaction, the dioxin effect was no
longer significant (Table 18-50(d): p=0.124). However, after body fat and occupation were
removed from the adjusted model, the association with dioxin became marginally significant
(Appendix Table N-3-35: p=0.092, Slope=0.0313).

In the Model 3 unadjusted analysis, mean a-1-C hemoglobin was marginally greater in
diabetic high Ranch Hands (9.70 percent) than in diabetic Comparisons (8.89 percent) (Table
18-50(e): p=0.053, Diff. of Adj. Mean= 0.81). However, in the adjusted analysis, a
significant difference between the two groups was not evident. The remaining three contrasts
also were nonsignificant in the adjusted analysis (Table 18-50(f): p>0.19). Race, body fat,
and the age-by-occupation and occupation-by-diabetic severity interactions were retained in
the adjusted model.

In each of the Model 4 through 6 unadjusted analyses, the association between a-1-C
hemoglobin and current dioxin in diabetics was significant or marginally significant (Table
18-50(g): p=0.010, Slope=0.0391 for Model 4; p=0.008, Slope=0.0334 for Model 5; and
p=0.090, Slope=0.0241 for Model 6). After adjustment was made for covariate information,
the dioxin effect was no longer significant in any of the three analyses (Table 18-50(h):
p>0.14). However, after the removal of occupation and body fat from the adjusted model,
significant and marginally significant positive associations with dioxin were detected for
Models 4, 5, and 6 (Table N-3-35): p=0.034, Slope=0.0321 for Model 4; p=0.020,
Slope=0.0291 for Model 5; and p=0.059, Slope=0.0259 for Model 6). In the Model 4 and 5
adjusted analyses, significant covariates included age, race, body fat, and the occupation-by-
diabetic severity and family history of diabetes-by-diabetic severity interactions. In the Model
6 adjusted analysis, race, body fat, the occupation-by-diabetic severity and family history of
diabetes-by-diabetic severity interactions were significant.

a-1-C Hemoglobin (Diabetics—Discrete)

In the Model 1 unadjusted and adjusted analyses restricted to diabetics, the percentage of
Ranch Hands with abnormally high a.-1-C hemoglobin levels did not differ significantly from
that of the Comparisons (Table 18-5i(a,b): p>0.27 for all analyses). In the adjusted analysis,
significant covariates were age, personality type, occupation, and the body fat-by-diabetic
severity and family history of diabetes-by-body fat interactions.

The association between initial dioxin and a-1-C hemoglobin in diabetics was
nonsignificant in the Model 2 unadjusted and adjusted analyses (Table 18-51(c,d): p=0.87).
The adjusted analysis retained race and diabetic severity.

In the unadjusted Model 3 analysis, a marginally significant difference in diabetic
participants with abnormally high a-1-C hemoglobin was seen for low plus high Ranch Hands
versus Comparisons (Table 18-51(¢): p=0.096, Est. RR=1.76). However, after adjustment
was made for race, diabetic severity, and the age-by-body fat interaction, the difference was
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Table 18-51.
Analysis of «-1-C Hemoglobin (Diabetics)
(Discrete)

a) MODEL I: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
: Abuormal Est. Relative Risk
Occupational Category Group n High (95% C.1) p-Value
All Ranch Hand 142 749.6 1.20 (0.70,2.04) 0.605
Comparison 179 76.5
Officer Ranch Hand 55 78.2 1.14 (0.47,2.74) 0.945
Comparison 58 75.9
Enlisted Flyer Ranch Hand 25 80.0 0.97 (0.27,3.48) 0.999
Comparison 36 80.6
Enlisted Groundcrew Ranch Hand 62 80.6 1.37 (0.61,3.04) 0.570
Comparison 85 75.3

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk : '
Occupational Category 95% C.1.) p-Value Covariate Remarks®
All 1.22 (0.65,2.29) 0.533 AGE (p<0.001)
PERS (p=0.125)
Officer 1.11 (0.37,3.26) 0.855 0CC (p=0.071)
Enlisted Flyer 0.60 (0.13,2.79) 0.516 BFAT*DIABSEV (p=0.024)
Enlisted Groundcrew 1.76 (0.63,4.90) 0.277 FAMDIAB*BFAT (p=0.014)

 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-51. (Continued)
Analysis of «-1-C Hemoglobin (Diabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent : .
Abnormal Estimated Relative Risk
Initial Dioxin n High 95% C.1.) p-Value
Low 31 87.1 1.02 (0.66,1.57) 0.931
Medium 31 74.2
High 34 88.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.1.)® p-Value Covariate Remarks

96 1.04 (0.66,1.63) 0.870 RACE (p=0.028)
DIABSEV (p=0.005)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-51. (Continued)
Analysis of «-1-C Hemoglobin (Diabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High 95% C.1.)» p-Value
Comparison 148 73.6
Background RH 42 69.0 1.11 (0.50,2.45) 0.798
Low RH 49 81.6 1.59 (0.69,3.65) 0.273
High RH 47 85.1 1.97 (0.80,4.85) 0.140
Low plus High RH 96 83.3 1.76 (0.90,3.42) 0.096

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.L)y* p-Value .+ i Covariate Remarks

Comparison 148 AGE*BFAT (p=0.014)
RACE (p=0.017)

Background RH 42 0.96(0.40232)  0.935 DIABSEV (p <0.001)

Low RH 49 152061386 0371

High RH 47 216 (0.81,5.78)  0.126

Low plus High RH 9%  1.80(0.87,3.72)  0.113

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 10 the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand,
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-51. (Continued)
Analysis of a-1-C Hemoglobin (Diabetics)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ‘ .Analysis Results for Log,
Percent ‘Abnormal High/(n) S (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High 95% C.L)" p-Value

4 71.4 78.6 833 | 1.23 (0.92,1.64) 0.142
(28) (56) (54)

5 65.4 77.8 86.2 1.20 (0.95,1.51) 0.116
(26) (54) (58)

6° 65.4 77.8 86.2 1.09 (0.84,1.42) 0.512
(26) 54) (58)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Model?

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk . _
n 95% C.1.)° p-Value © Covariate Remarks

6d

138 1.41 (0.96,2.09) 0.070 AGE (p=0.011)
RACE (p=0.124)
BFAT (p=0.015)

DIABSEV (p<0.001)

138 1.42 (1.01,2.02) 0.035 AGE*RACE (p=0.045)
BFAT (p=0.030)
DIABSEV (p<0.001)

138 1.24 (0.84,1.83) 0.267 AGE*RACE (p=0.025)
BFAT (p=0.039)
DIABSEV (p <0.001)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note:

Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppg; Medium = >46-128 ppq; High = > 128 ppq.
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no longer significant (Table 18-51(f): p=0.113). The other contrasts examining differences
between Ranch Hands and Comparisons were nonsignificant as well (p>0.12 for the remaining
contrasts).

Although the Model 4 unadjusted analysis did not reveal a significant association
between current dioxin and a-1-C hemoglobin in diabetics, adjustment for age, race, body fat,
and diabetic severity led to a marginally significant positive dioxin effect (Table 18-51(g,h):
p=0.142 for the unadjusted analysis; p=0.070, Adj. RR=1.41 for the adjusted analysis).
Similarly, the Model 5 unadjusted analysis revealed no significant findings; however,
adjusting for covariate information revealed a significant association between current dioxin
and a-1-C hemoglobin in diabetics (p=0.116 for the unadjusted analysis; p=0.035, Adj.
RR=1.42 for the adjusted analysis). Significant covariates included body fat, diabetic severity,
and the age-by-race interaction. Neither the unadjusted nor the adjusted Model 6 analyses
disclosed any significant results (p>0.26). Covariates significant in the adjusted analysis were
body fat, diabetic severity, and the age-by-race interaction.

a-1-C Hemoglobin (Nondiabetics—Continuous)

Nondiabetic Ranch Hands and Comparisons did not have significantly different mean
levels of a-1-C hemoglobin in the unadjusted Model 1 analysis (Table 18-52(a): p>0.37 for
all contrasts). In the adjusted analysis, the interaction of group and body fat was significant
(Table 18-52(b): p=0.036). The interaction was further analyzed, and results are presented in
Appendix Table N-2-29. After removal of the interaction from the final model, no significant
differences between Ranch Hands and Comparisons were evident (p>0.28 for all analyses).
Additional significant covariates in the adjusted analysis included race, occupation, and the
age-by-family history of diabetes interaction.

Restricted to nondiabetics, the Model 2 analyses of a-1-C hemoglobin disclosed no
significant results (Table 18-52(c,d): p>0.83). Retained in the adjusted analysis were age and
the occupation-by-family history of diabetes and the body fat-by-race interactions.

Two margtnally significant negative differences between Ranch Hands and Comparisons
were revealed in the Model 3 unadjusted analysis of a-1-C hemoglobin in nondiabetics. Both
high Ranch Hands and low plus high Ranch Hands had significantly lower mean levels of a-
1-C hemoglobin than Comparisons (Table 18-52(e): p=0.095 for high Ranch Hands vs.
Comparisons and p=0.091 for low plus high Ranch Hands vs. Comparisons). The a-1-C
hemoglobin means were 6.83 percent and 6.85 percent for high and low plus high Ranch
Hands respectively, compared to 6.91 percent for Comparisons. After adjustment was made
for age, race, occupation, body fat, and family history of diabetes, only the difference between
low plus high Ranch Hands and Comparisons remained marginally significant (Table 18-52(f):
p=0.053, Diff. of Adj. Mean=-0.07. For this Ranch Hand category, the adjusted a-1-C
hemoglobin mean was 7.05 percent versus 7.12 percent for Comparisons. Removal of
occupation and body fat from the final model caused the difference between low plus high
Ranch Hands and Comparisons to become nonsignificant (Appendix Table N-3-37: p=0.179).

None of the Model 4 through 6 unadjusted analyses restricted to nondiabetics revealed
any significant associations between a-1-C hemoglobin and current dioxin (Table 18-52(g):
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Table 18-52.
Analysis of a-1-C Hemoglobin (percent) (Nondiabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® (95% C.L)" p-Value®

All Ranch Hand 808 6.88 -0.02 - 0.431
Comparison 1,098 6.90

Officer Ranch Hand 310 6.81 -0.04 -- 0.375
Comparison 444 6.85

Enlisted Flyer Ranch Hand 137 6.96 -0.05 -- 0.563
Comparison 166 7.01

Enlisted Groundcrew Ranch Hand 361 6.90 0.00 -- 0.871
Comparison 488 6.90

b} MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean? Means (95% C.I.)°®  p-Value® Covariate Remarks®

All Ranch Hand 795 7.07%* ~0.02 -- ** 0.381** GROUP*BFAT
Comparison 1,082 7.09%* (p=0.036)

Officer Ranch Hand 306 6.96%* 005+  0.28gx+ | RACE(p<0.001)
Comparison 441 7.01% OCC (p<0.001)

P : AGE*FAMDIAB

Enlisted Ranch Hand 135 T.13%* -0.04 -- ** 0.558%** (p=0.034)

Flyer Comparison 163 T.17x*

Enlisted Ranch Hand 354 7. 1]1%* 0.00 -- ** 0.967**

Groundcrew  Comparison 478 T 11**

? Transformed from the natural logarithm scale.

> Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.
8 Covariates and associated p-values correspond to final model based on all participants with available data.
** Group-by-covariate interaction (0.01 <p<0.05); adjusted mean, difference of adjusted means, and p-value

derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-29 for further
analysis of this interaction.
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Table 18-52. (Continued)
Analysis of «-1-C Hemoglobin (percent) (Nondiabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics j| Analysis Results for Log, (Initial Dioxin)®
Adj. Slope
Initial Dioxin n Mean® Mean™ R (Std. Erron)° p-Value
Low 142 6.81 6.81 0.008 -0.0001 0.984
(0.0032)
Medium 141 6.96 6.97
High 139 6.79 6.78

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean* R? (Std. Error)° p-Value Covariate Remarks
Low 140 6.89 0.105 0.0007 0.837 AGE (p<0.001)
{0.0036) OCC*FAMDIAB (p=0.009)
Medium 137 7.06 BFAT*RACE (p=0.032)
High 135 6.91

? Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of «-1-C hemoglobin versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-52. (Continued)
Analysis of a-1-C Hemoglobin (percent) (Nondiabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED
DifTerence of Adj.

Adj. Mean vs. Comparisons
Dioxin Category n Mean®  Mean® (95% C.L) p-Value
Comparison 912 6.91 6.91
Background RH 332 6.89 6.89 0.02 -- 0.742
Low RH 209 6.86 6.86 -0.05 -- 0.350
High RH 213 6.84 6.83 -0.08 -- 0.095
Low plus High RH 422 6.85 6.85 -0.06 -- 0.091

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj.  Mean vs. Comparisons

Dioxin Category n  Mean® (95% C.L)° p-Value? Covariate Remarks

Comparison 898  7.12 AGE (p<0.001)
RACE (p<0.001)
OCC (p=0.002)

Background RH 329 7.12 0.00 -- 0.902 BFAT (p<0.001)

Low RH 204 7.05 0.07 -- 0.132 FAMDIAB (p=0.005)

High RH 208 7.05 -0.07 -- 0.142

Low plus High RH 412 7.05 -0.07 -- 0.053

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

4 P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column,

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-52. (Continued)
Analysis of «-1-C Hemoglobin (percent) (Nondiabetics)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category - Analysis Results for Log,
Mean®/(n) {Current Dioxin + 1)
Slope
Model® Low Medium High ‘R* (Std. Error)* p-Value

4 6.88 6.86 6.86 <0.001 -0.0011 0.625
(267) (243) (244) (0.0023)

5 6.89 6.86 6.85 <0.001 -0.0002 0.926
(274) (242) (238) (0.0020)

6¢ 6.90 6.86 6.84 0.005 -0.0015 0.457
(273) (242) (238) (0.0021)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category .- Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin +1)
Adj. Slope
Model’ | Low Medivm  High R®  (Std. Error)°  p-Value Covariate Remarks
4 7.08%*  T.00%* 6.98** 0.057 -0.0037 0.174** CURR*RACE (p=0.045)
(264) (239) (238) (G.0027)** AGE (p<0.001)
OCC (p=0.009)

FAMDIAB (p=0.005)
BFAT*RACE (p=0.037)
5 7.06 7.00 6.97 [0.047  -0.0014 0.519 AGE (p<0.001)
@72)  (@237) (232) (0.0022) RACE (p=0.044)
0CC (p=0.012)
FAMDIAB (p =0.008)

6¢ 7.09 7.00 696 0050  -0.0028 0.233 AGE (p<0.001)
Q1) @3 232) (0.0024) RACE (p=0.035)
0CC (p=0.009)

FAMDIAB (p=0.008)

? Transformed from natural logarithm scale.
b Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
¢ Slope and standard error based on natural logarithm of «-1-C hemoglobin versus log, (current dioxin + 1).
d Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-29 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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p>0.45 for all analyses). In the Model 4 adjusted analysis, however, a significant interaction
between current dioxin and race was disclosed (Table 18-52(h): p=0.045). Appendix Table
N-2-29 presents stratified results from additional analysis on the interaction. After the
interaction was removed from the final model, no significant dioxin effect was revealed
(p=0.174). Likewise, both the Model 5 and Model 6 adjusted analyses led to nonsignificant
results (p>0.23 for both analyses). The Model 4 analysis retained age, occupation, family
history of diabetes, and the body fat-by-race interaction, whereas both the Model 5 and Model
6 adjusted analyses retained age, occupation, race, and family history of diabetes.

a-1-C Hemoglobin (Nondiabetics—Discrete)

Neither the Model 1 unadjusted nor adjusted analysis of o-1-C hemoglobin revealed any
significant differences between nondiabetic Ranch Hands and Comparisons (Table 18-53(a,b):
p>0.32 for all analyses). Significant covariates included age, race, occupation, body fat, and
family history of diabetes.

Restricted to nondiabetics, no significant associations between o-1-C hemoglobin and
dioxin were disclosed in the Model 2 and Model 3 analyses (Table 18-53(c-f): p>0.25 for all
analyses). The Model 2 adjusted analysis retained family history of diabetes and the race-by-
body fat interaction, whereas the Model 3 analysis retained age, race, occupation, body fat,
and family history of diabetes.

Current dioxin was not significantly associated with a-1-C hemoglobin in any of the
Model 4 through 6 analyses restricted to nondiabetics (Table 18-53(g,h): p>0.20 for all
analyses). In each of the adjusted analyses, race, personality type, body fat, and family
history of diabetes were significant.

Urinary Protein (Diabetics Only)

All contrasts examined from both unadjusted and adjusted Model 1 analyses of urinary
protein restricted to diabetics did not indicate significant differences between Ranch Hands
and Comparisons (Table 18-54(a,b): p>0.32 for each contrast). Group-by-race was a
significant interaction in Model 1. Adjusted relative risks, 95 percent confidence intervals,
and p-values were based on the final model after deletion of the group interaction. Results
stratified by race are presented in Table N-2-30. Occupation, diabetic severity, and the age-
by-family history of diabetes interaction also were significant in the final adjusted model.

Similar to Model 1, results from Models 2 and 3 were nonsignificant for all unadjusted
and adjusted analyses of urinary protein in diabetics (Table 18-54(c-f): p>0.12 for all
analyses). Model 2 adjusted analysis reflects adjustment for diabetic severity only, whereas
diabetic severity and the age-by-family history of diabetes interaction were significant in the
Model 3 final adjusted model.

All unadjusted and adjusted analyses of Models 4, 5, and 6 displayed nonsignificant
associations between current dioxin and presence of urinary protein restricted to diabetics
(Table 18-54(g,h): p>0.48 for all analyses). Each model adjusted for the significant covariate
effects of race and diabetic severity.
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Table 18-53.
Analysis of «-1-C Hemoglobin (Nondiabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent :
Abnormal 'Est. Relative Risk
Occupational Category Group n - High (95% C.1.) p-Value
All Ranch Hand 808 17,7 0.97 (0.77,1.23) 0.858
Comparison 1,098 18.1
Officer Ranch Hand 310 14.5 0.92 (0.61,1.39) 0.777
Comparison 444 15.5
Enlisted Flyer Ranch Hand 137 21.2 0.77 (0.45,1.31) 0.407
Comparison 166 25.9
Enlisted Groundcrew Ranch Hand 361 19.1 1.09 (0.77,1.55) 0.698
Comparison 488 17.8

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) ... p-Value Covariate Remarks®
All 0.98 (0.77,1.25) 0.850 AGE (p <0.001)
RACE (p<0.001)
Officer 0.93 (0.61,1.40) 0.712 0CC (hm0.003)
Enlisted Flyer 0.76 (0.44,1.32) 0.328 BFAT (p<0.001)
Enlisted Groundcrew 1.13 (0.79,1.62) 0.489 FAMDIAB (p=0.086)

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-53. (Continued)
Analysis of a-1-C Hemoglobin (Nondiabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent . . ‘
Abnormal  'Estimated Relative Risk
Initial Dioxin n High 95% C.L)® p-Value
Low 142 14.8 1.02 (0.83,1.24) 0.866
Medium 141 22.0
High 139 13.7

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.1.)® p-Value Covariate Remarks

412 1.00 (0.82,1.23) 0.996 FAMDIAB (p=0.028)
RACE*BFAT (p=0.012)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covarjate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-53. (Continued)
Analysis of «-1-C Hemoglobin (Nondiabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High = (95% C.I)® p-Value
Comparison 912 18.4
Background RH 332 17.8 1.01 (0.73,1.41) 0.934
Low RH 209 17.2 0.91 (0.61,1.35) 0.631
High RH 213 16.4 0.82 (0.55,1.22) 0.324
Low plus High RH 422 16.8 0.86 (0.63,1.17) 0.338

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.1.y* - p-Value .. Covariate Remarks
Comparison 898 AGE (p<0.001)
RACE (p<0.001)
OCC (p=0.003)
Background RH 329 1.10 (0.78,1.56) 0.580 BFAT (p=0.003)
Low RH 204 0.84 {0.56,1.26) 0.395 FAMDIAB (p=0.051)
High RH 208 0.82 (0.54,1.26) 0.372

Low plus High RH 412 0.83 (0.60,1.14) 0.255

# Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-53. (Continued)
Analysis of «-1-C Hemoglobin (Nondiabetics)

(Discrete)
g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED
Current Dioxin Category Analysis Results for Log,
Percent Abnormal High/(n) (Current Dioxin + 1)
| . Est. Relative Risk
Model® Low Medium - High ' 95% C.I.)® p-Value
4 18.4 16.9 16.4 0.99 (0.86,1.12) 0.824
(267) (243) (244)
5 17.9 17.4 16.4 1.01 (0.90,1.13) 0.921
274) (242) (238)
6° 17.9 17.4 16.4 0.97 (0.86,1.10) 0.648
(273) (242) (238)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk .
Model’ | n (95% C.1.)° p-Value Covariate Remarks

4 740 0.93 (0.81,1.07) 0.307 RACE (p=0.045)
PERS (p=0.121)
BFAT (p=0.035)

FAMDIAB (p=0.020)

5 740 0.96 (0.85,1.09) 0.525 RACE (p=0.046)
PERS (0=0.132)
BFAT (p=0.046)

FAMDIAB (p=0.022)

69 739 0.92 (0.81,1.05) 0.206 RACE (p=0.030)
PERS (p=0.094)
BFAT (p=0.040)

FAMDIAB (p=0.021)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Modet 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin -+ 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-54.
Analysis of Urinary Protein (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

. Percent Est, Relative Risk

Occupational Category Group n Present 95% C.1.) p-Value

All Ranch Hand 142 2.7 0.81 (0.43,1.54) 0.635
Comparison 178 15.2

Officer Ranch Hand 55 12.7 1.06 (0.35,3.25) 0.999
Comparison 58 12.1

Enlisted Flyer Ranch Hand 25 12.0 1.09 (0.22,5.36) 0.999
Comparison 36 11.1

Enlisted Groundcrew Ranch Hand 62 12.9 0.63 (0.25,1.58) 0.445
Comparison 84 19.1

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category © (95% C.1.) p-Value Covariate Remarks®
All 0.84 (0.42,1.69)** 0.618** GROUP*RACE (p=0.026)
OCC (p=0.086)
%k Ak
Officer 1.04 (0.31,3.48) 0.945 DIABSEV (p=0.005)
Enlisted Flyer 1.50 (0.26,8.84)** 0.651%* AGE*FAMDIAB (p=0.042)
Enlisted Groundcrew 0.61 (0.23,1.63)** 0.323%*

? Covariates and associated p-values correspond to final model based on all participants with available data.
** Group-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and p-value

derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-30 for further
analysis of this interaction.
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Table 18-54. (Continued)
Analysis of Urinary Protein (Diabetics)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent Estimated Relative Risk
Initial Dioxin n Present 95% C.L)® p-Value
Low 31 6.5 1.21 (0.78,1.88) 0.401
Medium 31 9.7
High 34 14.7

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.I.) p-Value Covariate Remarks

96 1.13 (0.72,1.79) 0.586 DIABSEV (p=0.248)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

® Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-54. (Continued)
Analysis of Urinary Protein (Diabetics)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY —~ UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Present 95% C.L)y® p-Value
Comparison 147 16.3
Background RH 42 16.7 1.26 {0.49,3.28) 0.631
Low RH 49 8.2 0.44 (0.14,1.36) 0.151
High RH 47 12.8 0.68 (0.26,1.83) 0.447
Low plus High RH 96 10.4 0.56 (0.25,1.24) 0.152

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n (95% C.L)* p-Value Covariate Remarks

Comparison 146 DIABSEV (p=0.026)
AGE*FAMDIAB (p=0.025)

Background RH 39 1.48 (0.52,4.23) 0.463

Low RH 48 0.39 (0.12,1.30) 0.125

High RH 46 0.80 (0.28,2.28) 0.676

Low plus High RH 94 0.57 (0.25,1.32) 0.190

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-54. (Continued)
Analysis of Urinary Protein (Diabetics)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Present/(n) (Current Dioxin + 1)
Est. Relative Risk
Model? Low Mediom High (95% C.1.)° p-Value

4 10.7 143 11.1 1.11 (0.80,1.53) 0.538
(28) (56) 54)

5 11.5 11.1 13.8 1.10 (0.83,1.46) 0.486
(26) (54) (58)

6° 11.5 11.1 13.8 1.08 (0.79,1.48) 0.619
(26) (54} (58)

h) MODELS 4, 5, AND 6: RANCH HANDS —- CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n (95% C.1.)b p-Value Covariate Remarks

4 138 1.01 (0.71,1.44) 0.947 RACE (p=0.087)
DIABSEV (p=0.061)

5 138 1.02 (0.77,1.37) 0.878 RACE (p=0.090)
DIABSEV (p=0.063)

6° 138 1.04 (0.75,1.44) 0.826 RACE (p=0.088)
DIABSEV (p=0.062)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Serum Proinsulin (Continuous)

Continuous analyses of serum proinsulin were nonsignificant for Models 1, 2, 3, 4, and 6
for all unadjusted and adjusted models (Table 18-55(a-h) p>0.11 for each analysis). Race,
personality type, fasting status, and the body fat-by-diabetic severity and family history of
diabetes-by-diabetic severity interactions were significant in the adjusted analyses of Model 1.
Models 2, 4, 5, and 6 adjusted for personality type, body fat, fasting status, and diabetic
severity. Model 3 adjusted for race, personality type, and the body fat-by-diabetic severity
and family history of diabetes-by-diabetic severity interactions.

The Model 5 unadjusted analysis revealed a significant positive association between
serum proinsulin and current dioxin (Table 18-55(g): p=0.047, Slope=0.033). Results were
nonsignificant after adjustment for the covariate effects of personality type, body fat, fasting
status, and diabetic severity (Table 18-55(h): p=0.529).

Serum Proinsulin (Discrete)

All unadjusted and adjusted results from the analysis of discrete serum proinsulin were
nonsignificant for Medels 1, 2, and 3 (Table 18-56(a-f): p>0.20 for each analysis). Race and
diabetic severity were significant covariates in Models 1 and 3. Age, diabetic severity, and
the occupation-by-body fat interaction were significant in Model 2.

Unadjusted analysis for Model 4 revealed a marginally significant association between
current dioxin and discrete serum proinsulin (Table 18-56(g): p=0.077, Est. RR=1.23).
Model 5 unadjusted results displayed a significant association between current dioxin and
discrete serum proinsulin (Table 18-56(g): p=0.031, Est. RR=1.24), Unadjusted results were
nonsignificant for Model 6 (Table 18-56(g): p=0.359). Adjusted analyses for Models 4, 5,
and 6 each adjusted for the interaction of current dioxin and occupation (Table 18-56 (h):
p=0.001 for Model 4, p<0.001 for Models 5 and 6). Results stratified by occupation are
presented in Table N-2-31. Other significant covariates present in the Model 4 final model
are diabetic severity. and the age-by-occupation, race-by-body fat, and family history of
diabetes-by-body fat interactions. Significant covariates included in Model 5 are body fat,
diabetic severity, and the age-by-occupation interaction. Race and current dioxin-by-diabetic
severity, age-by-occupation, and personality-by-body fat interactions also were significant in
Model 6. See Table N-2-31 for Model 6 results stratified by diabetic severity. Exclusion of
body fat and occupation led to a significant association with current dioxin for Ranch Hands
who do not receive any treatment for their diabetes (Appendix Table N-4-13: p=0.037, Adj.
RR=1.60). Additionally, the adjusted relative risks for the diet only and oral hypoglycemic
categories became nonsignificant when body fat and occupation were removed (Appendix
Table N-4-13: p=0.298, and p=0.246 respectively).

Serum C Peptide (Continuous)
Each contrast from the Model 1 unadjusted analysis of continuous serum C peptide
revealed nonsignificant differences between Ranch Hands and Comparisons (Table 18-57(a):

p20.18 for each contrast). After adjustment for race, body fat, diabetic severity, and fasting
status, the overall and enlisted groundcrew strata contrasts were marginally significant (Table
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Table 18-55,
Analysis of Serum Proinsulin (ng/ml) (Diabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.1.)* p-Value!

All Ranch Hand 134 0.777 -0.044 -- 0.634
Comparison 173 0.820

Officer Ranch Hand 52 0.752 0.234 -- 0.142
Comparison 57 0.986

Enlisted Flyer Ranch Hand 23 0.691 0.024 -- 0.902
Comparison 35 0.667

Enlisted Groundcrew Ranch Hand 59 0.833 0.054 -- 0.694
Comparison 81 0.779

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.1.)° p-Value® Covariate Remarks®

All Ranch Hand 129 0.809 0.023 -- 0.790 RACE (p=0.020)
Comparison 172 0.785 PERS (p=0.050)

Officer Ranch Hand 50 0757 0.099 - 0.507 | FAST (p<0.001)
Comparison 57 0.856 BFAT*DIABSEV

P : (p<0.001)

Enlisted Ranch Hand 22 0.792 0.113 -- 0.738 | FAMDIAB*DIABSEV

Flyer Comparison 34 0.679 (p=0.004)

Enlisted Ranch Hand 57 0.871 0.077 -- 0.738

Groundcrew  Comparison 81 0.794

2 Transformed from the square root scale.

® Adjusted for fasting status.

¢ Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on square root scale.

d P-values based on difference of means on square root scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-55. (Continued)
Analysis of Serum Proinsulin (ng/ml) (Diabetics)
{Continuous)

<) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics , Analysis Results for Log, (Initial Dioxin)®
| Ad. || " Slope
Initial Dioxin n Mean®™ = Mean™ - R* " (Std. Error)! p-Value
Low 29 0.708 0.741 0426  0.007 (0.025) 0.764
Medium 29 0.878 0.930
High 33 0.650 0.852

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Resulis for Log, (Initial Dioxin)¢
Statistics : '
Adj. Adj. Slope

Initial Dioxin n Mean* R* . (Std. Error)! p-Value Covariate Remarks
Low 29 0.754 0.490  -0.003 (0.025) 0.891 PERS (p=0.089)

‘ BFAT (p=0.129)
Medium 29 0.952 DIABSEV (p=0.246)
High 33 0.838 FAST (p<0.001)

2 Transformed from square root scale.

b Adjusted for fasting status.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and fasting status.

4 Stope and standard error based on square root of serum proinsulin versus log, (initial dioxin).

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-55. (Continued)
Analysis of Serum Proinsulin (ng/ml) (Diabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

. Difference of Adj.

Adj. Mean vs. Comparisons
Dioxin Category n Mean®  Mean® 95% C.1.)¢ p-Value®
Comparison 143 0.859 0.847
Background RH 39 0.624 0.690 -0.157 -- 0.278
Low RH 46 0.791 0.794 -0.053 -- 0.699
High RH 45 0.847 0.822 0.024 -- 0.862
Low plus High RH 91 0.819 0.808 -0.039 -- 0.722

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs, Comparisons
Dioxin Category n Mean® - 95% C.1.)¢ p-Value® Covariate Remarks
Comparison 143  0.738 RACE (p=0.003)
PERS (p=0.026)
BFAT*DIABSEV (p <0.001)
Background RH 36  0.689 -0.049 -- 0.723 FAMDIAB*DIABSEV
Low RH 45  0.692 -0.046 -- 0.709 (p=0.007)
High RH 44  0.790 0.052 -- 0.688
Low plus High RH 89 0.740 0.001 -- 0.988

2 Transformed from square root scale.
b Adjusted for fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

4 Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on square root scale.

¢ P-value is based on difference of means on square root scale.

! Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparisen: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-55. (Continued)
Analysis of Serum Proinsulin (ng/ml) (Diabetics)
(Continuous)

g) MODELS 4, S, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category " Analysis Results for Log,
Mean®/(n) : (Current Dioxin + 1)
i Slope
Model° Low Medium High || R (Std. Error) p-Value

4 0.604 0.712 0.930 0.363 0.032 (0.020) 0.113
(26) (52) (52)

5 0.558 0.720 0.927 0.370 0.033 (0.016) 0.047
24) (50) (56)

6¢ 0.605 0.736 0.888 0.382 0.020 (0.018) 0.288
(24) (50) (56)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
.Adjusted Mean®*/(n) ~~  {Current Dioxin + 1)
- Adj. Slope
Model* | Low  Medium  High R*  (Std. Emr)d . p-Yalue Covariate Remarks
4 0.717 0.785 0.893 0.463 0.004 0.854 PERS (p=0.035)
(26) {52) (52) 0.021) BFAT (p<0.001)
FAST (p<0.001)
DIABSEV (p=0.178)
5 0.671 0.772 0.912 0.464 0.011 0.529 PERS (p=0.034)
(24) (50) (56) (0.017) BFAT (p=0.001)

FAST (p<0.001)
DIABSEV (p=0.213)

6" 0.719 0.787 0.867 0.479 -0.006 0.775 PERS (p=0.023)

(24) (50) (56) 0.019) BFAT (p=0.001)
FAST (p<0.001)

DIABSEYV (p=0.176)

? Transformed from square root scale.
b Adjusted for fasting status.

€ Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on square root of serum proinsulin versus log, (current dioxin + 1).
¢ Adjusted for log, total lipids.
f Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-56.
Analysis of Serum Proinsulin (Diabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

- Percent
Abnormal -Est. Relative Risk
Occupational Category Group n High _ 95% C.1.) p-Value
All Ranch Hand 134 41.0 0.93 (0.59,1.47) 0.851
Comparison 173 42.8
Officer Ranch Hand 52 36.5 0.74 (0.34,1.59) 0.560
Comparison 57 439
Enlisted Flyer Ranch Hand 23 39.1 0.86 (0.29,2.50) 0.993
Comparison 35 42.9
Entisted Groundcrew Ranch Hand 59 45.8 1.17 (0.59,2.29) 0.784
Comparison 81 42.0

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category (95% C.1) _ - p-Value Covariate Remarks®
All 0.79 (0.47,1.33) 0.368 RACE (p=0.065)
Officer 0.78 (0.33,1.89) 0.588 DIABSEV (p<0.001)
Enlisted Flyer 0.45 (0.13,1.59) 0.204

Enlisted Groundcrew 1.03 (0.48,2.21) 0.938

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-56. (Continued)
Analysis of Serum Proinsulin (Diabetics)
(Discrete)

€) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent ‘
Abnormal Estimated Relative Risk
Initial Dioxin n High (95% C.L)° p-Value
Low 29 31.0 1.09 {(0.81,1.46) 0.556
Medium 29 55.2
High 33 51.5

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.1.)" p-Value Covariate Remarks

91 1.26 (0.79,1.99) 0.317 AGE (p=0.116)
DIABSEV (p=0.106)
OCC*BFAT (p=0.016)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-56. (Continued)
Analysis of Serum Proinsulin (Diabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High 95% C.L)® p-Value
Comparison 143 44.1
Background RH 39 28.2 0.61 (0.27,1.35) 0.219
Low RH 46 43.5 0.99 (0.50,1.95) 0.965
High RH 45 48.9 1.17 (0.59,2.32) 0.656
Low plus High RH 91 46.2 1.07 (0.63,1.84) 0.800

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n - (95% C.L)y~ p-Value Covariate Remarks

Comparison 143 RACE (p=0.023)
DIABSEV (p <0.001)

Background RH 39 0.57 (0.24,1.40) 0.221

Low RH 46 0.99 (0.46,2.12) 0.979

High RH 45 0.82 (0.36,1.83) 0.617

Low plus High RH 91 0.91 (0.49,1.68) 0.749

# Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-56. (Continued)
Analysis of Serum Proinsulin (Diabetics)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal High/(n) _ . (Current Dioxin + 1)
‘Est. Relative Risk
Model® Low Medium ‘High (95% C.L)" p-Value

4 26.9 36.5 51.9 1.23 (0.97,1.55) 0.077
(26) (52) (52)

5 25.0 3290 55.4 1.24 (1.01,1.52) 0.031
(24) (50) (56)

6° 25.0 32.0 55.4 1.11 (0.88,1.40) 0.359
(24) (50 (56)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk '
Model® n 95% C.L)> p-Value . - Covariate Remarks

4 125 o T CURR*OCC (p=0.001)
DIABSEV (p=0.003)
AGE*OCC (p=0.008)
RACE*BFAT (p=0.019)
FAMDIAB*BFAT (p=0.006)
5 130 enr Hohw CURR*OCC (p<0.001)
BFAT (p=0.066)
DIABSEV (p=0.006)
AGE*OCC (p=0.002)
6¢ 130 Hokkn rnn CURR*OCC (p<0.001)
CURR*DIABSEV (p=0.041)
RACE (p=0.075)
AGE*OCC (p<0.001)
PERS*BFAT (p=0.049)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

**** Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval,
and p-value not presented; refer to Appendix Table N-2-31 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 18-57.

(Continuous)

Analysis of Serum C Peptide (ng/ml) (Diabetics)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational

Difference of Means

Category Group n Mean® 95% C.1.) p-Value

All Ranch Hand 134 9.39 0.68 (-0.31,1.67) 0.150
Comparison 173 8.71

Officer Ranch Hand 52 9.32 0.31 (-1.35,1.97) 0.712
Comparison 57 9.01

Enlisted Flyer Ranch Hand 23 8.83 0.76 (-1.57,3.08) 0.523
Comparison 35 8.07

Enlisted Groundcrew Ranch Hand 59 9.66 0.89 (-0.59,2.37) 0.237
Comparison 81 8.77

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean Mean (95% C.1.) p-Value Covariate Remarks®
All Ranch Hand 134 7.57 0.85 (-0.09,1.78)  6.077 RACE (p<0.001)
Comparison 173 6.72 BFAT (p<0.001)
Officer Ranch Hand 52 7.36 042 (1.16,1.20)  0.604 D'}f‘fgf:’ (3;&.)(}())7)
Comparison 57 6.94 S
Enlisted Flyer Ranch Hand 23 7.39 0.78 (-1.41,2.98) 0.484
Comparison 35 6.61
Enlisted Ranch Hand 59 7.84 1.20 (<0.19,2.60)  0.092
Groundcrew  Comparison 81 6.64

? Adjusted for fasting status.

® Covariates and associated p-values correspond to final model based on all participanis with available data.
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Table 18-57. (Continued)
Analysis of Serum C Peptide (ng/ml) (Diabetics)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Adj. Slope
Initial Dioxin n Mean® Mean® R? (Std. Error) p-Value
Low 29 10.25 10.33 0.636 -0.469 (0.309) 0.133
Medium 29 10.06 9.94
High 33 9.15 9.06

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Inftial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)°
Statistics . ‘ :
Adj. Adj. Slope

- Initial Dioxin n Mean® R? (Std. Error) p-Value Covariate Remarks

Low 29 8.36 0.673 -0.569 0.069 RACE (p=0.044)
(0.309) DIABSEV (p=0.128)

Medium 29 8.42 FAST (p<0.001)

High 33 6.91

? Adjusted for fasting status.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-57. (Continued)
Analysis of Serum C Peptide (ng/ml) (Diabetics)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
-Adj. Mean vs. Comparisons

Dioxin Category n ~Mean®  Mean® 95% C.1.) p-Value
Comparison 143 8.68 8.62

Background RH 39 8.40 8.66 0.04 (-1.55,1.63) 0.962
Low RH 46 10.36 10.40 1.78 (0.32,3.23) 0.017
High RH 45 9.03 8.95 0.32 (-1.15,1.80) 0.668
Low plus High RH 91 9.70 9,68 1.06 (-0.10,2.21) 0.073

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® . {95% C.L) .. p-Value Covariate Remarks

Comparison 143 6.34%* DXCAT*OCC (p=0.023)
RACE (p<0.001)
BFAT (p=0.044)

*ok - - ok ke

Background RH 36 6.28 0.05 (-1.69,1.58) 0.948 FAMDIAB (p=0.078)

Low RH 45 8.28%* 1.94 (0.53,3.37)** 0.008** DIABSEV (p=0.031)

High RH 44 675+ 0.42 (-1.06,1.90)**  0.579%* FAST (p<0.001)

Low plus High RH 89 7.53%* 1.19 (0.07,2.31)** 0.038**

# Adjusted for fasting status.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and fasting status.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Categorized dioxin-by-covariate interaction (0.01 <p<0.05); adjusted mean, difference of adjusted means,
confidence interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table N-2-32 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-57. (Continued)
Analysis of Serum C Peptide (ng/ml) (Diabetics)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category . Analysis Results for Log,
Mean"/(n) | (Current Dioxin + 1)
: Slope
Model* Low Medium High . R? (Std. Error) p-Value

4 8.24 9.92 9.45 0.617 0.140 (0.240) 0.561
(26) (52) (52)

5 8.11 10.11 9.31 0.617 0.138 (0.200) 0.489
(24) (50 (56)

6° 7.98 10.07 9.40 0.618 0.188 (0.226) 0.408
(24) (50) (56)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category - Analysis Results for Log,
Adjusted Mean/(n) . : - {Current: Dioxin + 1)
Adj. Slope _
Model® | Low Medium  High R*  (Std. Error) . p-Value Covariate Remarks
4 7.39 8.22 7.63 0.689 -0.234 (0.255) 0.360 RACE (p=0.071)
24) (51) (50) BFAT (p=0.002)

FAMDIAB (p=0.124)
DIABSEV (p=0.006)
FAST (p<0.001)

5 7.59 8.28 7.47  [0.690 -0.212(0.212) 0.319 RACE (p=0.069)
22) (49) (54) BFAT (p=0.001)
FAMDIAB (p=0.126)
DIABSEV (p=0.006)
FAST (p<0.001)

6¢ 7.20 8.13 7.65 [ 0.691 -0.125(0.241) 0.605 RACE (p=0.063)
22) (49) (54) BFAT (p=0.001)
FAMDIAB (p=0.127)
DIABSEV (p=0.006)
FAST (p<0.001)

* Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Adjusted for fasting status.
¢ Adjusted for log, total lipids.

4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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18-57(b): p=0.077, Diff. of Adj. Means=0.85 and p=0.092, Diff. of Adj. Means=1.20
respectively). Adjusted contrasts within the officer and enlisted flyer strata remained
nonstgnificant (p>0.48 for each contrast).

Unadjusted analysis of continuous serum C peptide was not significant for Model 2
(Table 18-57(c): p=0.133, Est. Slope=-0.469). Results were marginally significant after
adjustment for race, diabetic severity, and fasting status (Table 18-57(d): p=0.069, Adj.
Slope=-0.569).

A significant difference in adjusted means from the low Ranch Hand and Comparison
categories was revealed in the Model 3 unadjusted analysis (Table 18-57(e): p=0.017, Diff. of
Adj. Mean=1.78). The low Ranch Hand and Comparison adjusted means were 10.40 and 8.62
ng/ml respectively. A difference of adjusted means was marginally significant for the low
plus high Ranch Hand versus Comparison unadjusted contrast (Table 18-57(e): p=0.073, Diff.
of Adj. Mean=1.06). The adjusted mean for the low plus high stratum was 9.68 ng/ml.
Similar results were reflected in the adjusted analysis, except that the low plus high Ranch
Hand contrast became significant (Table 18-57(f): p=0.008, Diff. of Adj. Mean=1.94 and
p=0.038, Diff. of Adj. Means =1.19 respectively for the low Ranch Hand contrast and the low
plus high Ranch Hand contrast). The remaining Model 3 contrasts were nonsignificant for
both the unadjusted and adjusted analyses (Table 18-57(e,f): p>0.57 for all remaining
contrasts). There was a significant interaction between categorized dioxin and occupation
(p=0.023). Table N-2-32 presents results stratified by occupation. Adjusted results are based
on the final model after deletion of the interaction. Race, body fat, family history of diabetes,
diabetic severity, and fasting status were also significant covariates in Model 3.

All tests of association between current dioxin and continuous serum C peptide were
nonsignificant for the Models 4, 5, and 6, unadjusted and adjusted analyses (Table 18-57(g,h):
p>0.31 for each analysis). Each final adjusted model adjusted for race, body fat, family
history of diabetes, diabetic severity, and fasting status.

Serum C Peptide (Discrete)

Model 1 analysis of discrete serum C peptide exhibited no significant difference between
Ranch Hands and Comparisons for all unadjusted and adjusted contrasts (Table 18-58(a,b):
p>0.25 for each contrast). Age, diabetic severity, and the personality type-by-family history
of diabetes and the family history of diabetes-by-body fat interactions were significant
covariates in the final adjusted model.

Model 2 analyses of discrete serum C peptide also were nonsignificant for both the
unadjusted and adjusted models (Table 18-58(c,d): p>0.13 for both analyses). The adjusted
analysis retained race, body fat, and the personality type-by-family history of diabetes and the
personality type-by-diabetic severity interactions in the final adjusted model. After exclusion
of body fat from the adjusted model, results became marginally significant (Table N-3-42(a):
p=0.099, Adj. RR=0.73).

Each difference examined between Ranch Hands and Comparisons was found to be
nonsignificant in the Model 3 unadjusted analysis of discrete serum C peptide (Table
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Table 18-58.
Analysis of Serum C Peptide (Diabetics)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent

Abnormal . Est. Relative Risk

Occupational Category Grdup n High (95% C.1.) p-Value

All Ranch Hand 134 61.2 1.00 (0.63,1.59) 0.999
Comparison 173 61.3

Officer Ranch Hand 52 63.5 0.54 (0.43,2.06) 0.999
Comparison 57 64.9

Enlisted Flyer Ranch Hand 23 56.5 1.09 (0.38,3.16) 0.999
Comparison 35 54.3

Enlisted Groundcrew Ranch Hand 59 61.0 0.97 (0.49,1.93) 0.999
Comparison 81 61.7

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Adj. Relative Risk |

Occupational Category (5% C.1.) ‘p-Value Covariate Remarks®

All 1.39 (0.78,2.48) 0.259 AGE (p=0.043)
DIABSEV (p <0.001)

Officer 1.17 (0.44,3.11) 0.752 PERS*FAMDIAB (p=0.028)

Enlisted Flyer 1.48 (0.39,5.63) 0.565 FAMDIAB*BFAT (p=0.001)

Enlisted Groundcrew 1.50 (0.64,3.53) 0.348

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-58. (Continued)
Analysis of Serum C Peptide (Diabetics)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent L
"~ Abnormal Estimated Relative Risk
Initial Dioxin n High - (95% C.L)° p-Value
Low 29 69.0 0.79 (0.56,1.09) 0.140
Medium 29 69.0
High 33 48.5

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.1.) p-Value Covariate Remarks
89 0.74 (0.48,1.12) 0.138 RACE (p=0.103)
BFAT (p=0.006)

PERS*FAMDIAB (p <0.001)
PERS*DIABSEV (p=0.040)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

® Relative risk for a twofold increase in initial dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-58. (Continued)
Analysis of Serum C Peptide (Diabetics)
(Discrete)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High 95% C.1.)® p-Value
Comparison 143 63.6
Background RH 39 56.4 0.82 (0.38,1.74) 0.597
Low RH 46 69.6 1.47 (0.70,3.08) 0.308
High RH 45 53.3 0.65 (0.32,1.31) 0.228
Low plus High RH 91 61.5 0.97 {(0.55,1.70) 0.914

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.1.)y* p-Value Covariate Remarks
Comparison 143 DXCAT*AGE (p<0.001)
AGE*DIABSEYV (p <0.001)
OCC*BFAT (p<0.001)

Fokok *Hkk

Background RH 39 PERS*BFAT (p=0.025)

Low RH 46 e ok ok R

ngh RH 45 ek ook ek

Low plus High RH 91 ok ook

? Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under “Covariate Remarks" column.

**x* Categorized dioxin-by-covariate interaction (p <0.01); adjusted relative risk, confidence interval, and
p-value not presented; refer to Appendix Table N-2-33 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-58. (Continued)
Analysis of Serum C Peptide (Diabetics)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal High/(n) | (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium - High _ 95% C.L.)° p-Value

4 57.7 65.4 55.8 0.96 (0.77,1.21) 0.731
(26) (52) (52)

5 54.2 66.0 57.1 0.98 (0.81,1.19) 0.860
24) (50) (56)

6° 54.2 66.0 57.1 1.01 (0.82,1.26) 0.909
(24) (50) (56)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk :

Model* n (95% C.L)° p-Value Covariate Remarks
4 125 0.75 (0.53,1.08) 0.111 RACE (p=0.050)
BFAT (p <0.001)

DIABSEV (p<0.001)
OCC*PERS (p=0.030)
PERS*FAMDIAB (p=0.008)

5 125 0.79 (0.59,1.06)** 0.118%* CURR*AGE (p=0.026)
CURR*DIABSEV (p=0.007)
RACE (p=0.084)
BFAT (p <0.001)
OCC*PERS (p=0.034)
PERS*FAMDIAB (p=0.006)

6° 125 0.84 (0.60,1.17)%* 0.296%* CURR*AGE (p=0.029)
CURR*DIABSEV (p=0.008)
RACE (p=0.084)
BFAT (p<0.001)
OCC*PERS (p=0.035)
PERS*FAMDIAB (p=0.006)

? Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-33 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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18-58(e): p>0.22 for each contrast). Adjusted Model 3 results revealed a significant
interaction between categorized dioxin and age. Results stratified by each age category are
presented in Table N-2-33. Other significant covariates in the final adjusted model were the
age-by-diabetic severity, the occupation-by-body fat, and the personality type-by-body fat
interactions. After body fat was deleted from the final model, the contrast involving younger
background Ranch Hands and Comparisons became significant (Appendix Table N-4-14:
p=0.042, Adj. RR=0.08) whereas the contrast involving older low Ranch Hands and
Comparisons became nonsignificant (p=0.205).

All results from the analysis of discrete serum C peptide from Models 4, 5, and 6 were
nonsignificant (Table 18-58(g,h): p>0.11 for both unadjusted and adjusted analyses). Each
adjusted model retained race, body fat, and the occupation-by-personality type and personality
type-by-family history of diabetes interactions in the final model. Model 4 additionally
adjusted for diabetic severity and Models 5 and 6 each additionally adjusted for the current
dioxin-by-age (p=0.026 for Model 5 and p=0.029 for Model 6) and current dioxin-by-diabetic
severity interactions (p=0.007 for Model 5 and p=0.008 for Model 6). Adjusted results for
Models 5 and 6 are based on the final model after deletion of the aforementioned interactions.
Results stratified by age and by diabetic severity are presented in Table N-2-33. For Model 5,
excluding occupation and body fat from the final analysis caused the association with current
dioxin to become nonsignificant in the diabetic severity category of no treatment or diet only
(Appendix Table N-4-14: p=0.154). Additionally, for Model 6, the relative risk for the no
treatment or diet only category became nonsignificant (Appendix Table N-4-14: p=0.269),
and the relative risk for the oral hypoglycemic or insulin dependent category became
marginally significant (p=0.098, Adj. RR=1.42) after occupation and body fat were removed.

Total Testosterone (Continuous)

An overall difference between Ranch Hands and Comparisons was not evident in the
Model 1 unadjusted analysis of total testosterone measured continuously (Table 18-59:
p=0.108). However, when investigated within the levels of occupation, Ranch Hands in the
enlisted flyer category had a marginally greater mean level of total testosterone than
Comparisons (p=0.055, Diff. of Means=38.03). Mean total testosterone for Ranch Hands in
the enlisted flyer category was 526.7 ng/dl in contrast to 488.71 ng/d] for Comparisons.
Other contrasts were nonsignificant (p>0.27 for the remaining contrasts). Adjusting for
covariate information revealed a significant group-by-age interaction (Table 18-59(b):
p=0.039). When this interaction was removed from the final model, a significant difference
in mean total testosterone was again revealed for Ranch Hands (528.0 ng/dl) versus
Comparisons (490.3 ng/dl) in the enlisted flyer category (p=0.038, Diff. of Adj. Means=37.7).
Appendix Table N-2-34 presents stratified results of the group-by-age interaction. In the
adjusted analysis, other significant covariates included body fat and occupation.

The unadjusted analysis for Model 2 did not show a significant relationship between
initial dioxin and total testosterone in its continuous form (Table 18-59(c): p=0.825).
Adjusting for covariates revealed a significant interaction between initial dioxin and
personality type (Table 18-59(d): p=0.036). After removal of the interaction from the final
model, the adjusted results for Model 2 were nonsignificant (p=0.200). Stratified results of
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Table 18-59,

Analysis of Total Testosterone (ng/dl)

{Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means
Category Group n Mean® (95% C.1.)° p-Value®
All Ranch Hand 9236 510.7 12.7 - 0.108
Comparison 1,271 498.0
Officer Ranch Hand 57 497.4 12.9 -- 0.277
Comparison 500 484.5
Enlisted Flyer Ranch Hand 161 526.7 38.0 -- 0.055
Comparison 200 488.7
Enlisted Groundcrew Ranch Hand 418 516.1 2.7 - (0.829
Comparison 571 513.4
b} MODEL 1: RANCH HANDS VS, COMPARISONS — ADJUSTED
Occupational Adj. Difference of Adj.
Category Group n Mean? Means (95% C.1.)>  p-Value® Covariate Remarks®
All Ranch Hand 936 510.0 I1.1 --%* 0.131**| GROUP*AGE (p=0.03%)
Comparison 1,271 498.9 BFAT (p<0.001)
Officer Ranch Hand 357  502.3 16.5 -+ 0.159%¢|  OCC (p=0.081)
Comparison 500 485.9
Enlisted Flyer Ranch Hand 161 528.0 37.7 --*x 0.038**
Comparison 200 490.3
Enlisted Ranch Hand 418 509.5 -3.5 %% 0.753*+
Groundcrew  Comparison 571 513.0

* Transformed from the square root scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presenied because analysis was performed on square root scale.

¢ P-values based on difference of means on square root scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interaction (0.01 <p<0.05); adjusted mean, difference of adjusted means, and p-value
derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-34 for further

analysis of this interaction.
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Table 18-59. (Continued)
Analysis of Total Testosterone (ng/dl)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics ||~ Analysis Results for Log, (Initial Dioxin)
L Adj. . Slope
Initial Dioxin n Mean® ° Mean™ R © (Std. Error)* p-Value
Low 172 505.9 498.2 0.114 0.0286 (0.1289) 0.825
Medium 170 484.9 482.7
High 173 477.9 487.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN —~ ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)?
Statistics ’ ' ’
Adj. Adj. Slope
Initial Dioxin n Mean™ R? (Std. Errer)° . . p-Value Covariate Remarks
Low 171 536.0** 0.184 -0.1868 (0.1456)** 0.200**  INIT*PERS (p=0.036)
AGE (p=0.060)

Medium 170 500.1*+* RACE (p=0.057)

, BFAT (p<0.001)
High 173 486.1%* OCC*PERS (p=0.006)

? Transformed from square root scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on square root of total testosterone versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-34 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-59. (Continued)
Analysis of Total Testosterone (ng/dl)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. - Mean vs. Comparisons

Dioxin Category n Mean®  Mean® (95% C.L)* p-Value!
Comparison 1,056 497.8 498.3

Background RH 364 540.2 521.4 23.0 -- 0.031
Low RH 256 503.4 510.5 12.2 -- 0314
High RH 259 475.9 4923 -6.0 -- 0.614
Low plus High RH 515 489.5 501.3 3.0 - 0.749

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj,
Adj. Mean vs. Comparisons

Dioxin Category n Mean® (95% C.L)* . p-Value? Covariate Remarks

Comparison 1,056 5144 AGE (p<0.001)
RACE {(p=0.054)
OCC (p=0.039)

Background RH 364 5459 31.5 - 0.004 BFAT (p<0.001)

Low RH 256 529.5 15.1 -- 0.214

High RH 259 4914 -23.0 -- 0.061

Low plus High RH 515 510.2 4.2 - 0.651

? Transformed from square root scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on square root scale.

¢ P-value is based on difference of means on square root scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Curreat Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-59. (Continued)
Analysis of Total Testosterone (ng/dl)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS -~ CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Resuits for Log,
Mean®/(n) {Current Dioxin + 1)
Slope

Model® Low Medium High R? (Std. Error)* p-Value

4 545.3 508.4 479.1 0.023 -0.4277 (0.0951) <0.001
(287) (295) 297)

5 550.2 504.2 477.7 0.035 -0.4561 (0.0811) <0.001
(292) (293) (294)

6¢ 539.0 503.3 487.5 0.042 -0.3385 (0.0870) <0.001
@91 (293) (294)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) (Current Dioxin + 1)
Adj. Slope
Model> | Low  Medium  High R? (Std. Error)° = p-Value  Covariate Remarks

4 K%k Kk ke Aok e Aok ok 0161 ohe ke ok e ok ok CURR*OCC (p=0007)

(287) (295) (297) BFAT (p<0.001)
AGE*RACE (p=0.035)
5 548.9%*  523.4%* 493 4** [ 0.166 -0.3396 (0.0912)** <0.001** CURR*OCC (p=0.014)

(292) (293) (294) BFAT (p<0.001)
AGE*RACE (p=0.034)
6° 535.81**  519.10%* 488.80** || 0.168 -0.2262 (0.0976)** 0.021** CURR*OCC (p=0.030)

(291) (293) (294) BEAT (p<0.001)
AGE*RACE (p=0.031)

# Transformed from square root scale.

® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on square root of total testosterone versus log, (current dioxin + 1).
9 Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction {(0.01 <p<0.05); adjusted mean, adjusted sfope, standard
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-34 for further analysis of this interaction.

*x** Log, (current dioxin + 1)-by-covariate interaction (p <0.01); adjusted mean, adjusted slope, standard

error and p-value not presented; refer to Appendix Table N-2-34 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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the interaction are presented in Appendix Table N-2-34. Age, race, body fat, and the
occupation-by-personality type interaction also were significant in the final adjusted model.

The unadjusted analysis for Model 3 revealed a significant difference in total testosterone
means between the background Ranch Hands (521.4 ng/dl) and the Comparisons (498.3 ng/dl)
(Table 18-59(¢): p=0.031). The adjusted analysis for Model 3 also revealed a significant
difference in total testosterone means between the background Ranch Hands (545.9 ng/dl) and
the Comparisons (514.4 ng/dl), as well as a difference in means between Ranch Hands in the
high dioxin category (491.4 ng/dl) and Comparisons (Table 18-59(f): p=0.004 and p=0.061
respectively). The covariates age, race, occupation, and body fat were accounted for in the
final adjusted model. After the exclusion of occupation and body fat from the final model,
the contrast between high Ranch Hands and Comparisons was no longer significant (Appendix
Table N-3-43: p=0.290).

The unadjusted analyses for Models 4 through 6 showed highly significant negative
relationships between current dioxin and total testosterone in its continuous form (Table
18-59(g): Model 4: p<0.001, Slope=-0.4277; Model 5: p<0.001, Slope=-0.4561; and Model
6: p<0.001, Slope=-0.3385). In Model 4, the unadjusted means in the low, medium, and
high current dioxin categories were 545.3, 508.4, and 479.1 ng/dl, for Model 5 the unadjusted
means were 550.2, 504.2, and 477.7 ng/dl, and in Model 6, the unadjusted means were 539.0,
503.3, and 487.5 ng/dl. The adjusted analyses of Models 4, 5, and 6 each revealed significant
current dioxin-by-occupation interactions (Table 18-59(h): p=0.007, p=0.014, and p=0.030
respectively). Body fat and the age-by-race interaction also were significant in the final
adjusted model for each of Models 4 through 6. Removing the current dioxin-by-occupation
interaction in Models 5 and 6 revealed significant negative relationships between current
dioxin and total testosterone (Table 18-59(h): Model 5: p<0.001, Slope=-0.3396 and Model
6: p=0.021, Slope=-0.2262). Stratified analyses were performed by occupation to further
investigate the current dioxin-by-occupation interactions. These results are presented in
Appendix Table N-2-34. In Model 4, the officers and enlisted flyers both showed significant
decreases in total testosterone for increasing levels of current dioxin (Appendix Table N-2-34:
Officers p<0.001, Slope=-0.9913 and Enlisted Flyers p=0.035, Slope=-0.6173).

Total Testosterone (Discrete)

Results from the Model 1 unadjusted discrete analysis of total testosterone were
nonsignificant (Table 18-60: p>0.48 for all contrasts). Two significant group interactions
involving race and personality type were revealed after adjustment was made for covariates
(Table 18-60(b): p=0.040 and p=0.002 respectively). Deleting these interactions from the
final model did not lead to significant differences between Ranch Hands and Comparisons
(p>0.20 for all contrasts). The group-by-race and group-by-personality type interactions were
analyzed for significant differences between Ranch Hands and Comparisons within each
stratum, and results are shown in Appendix Table N-2-35. Age and body fat also were
retained in the adjusted analysis.

The unadjusted analyses for Models 2 and 3 did not reveal any significant relationships
between discretized total testosterone and dioxin (Table 18-60(c,e): p>0.28 for the unadjusted
analyses). The adjusted analysis for Model 2 revealed a significant initial dioxin-by-
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Table 18-60.
Analysis of Total Testosterone
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Abnormal Est. Relative Risk
Occupational Category Group n Low -{95% C.1.) p-Value
All Ranch Hand 936 4.6 0.85 (0.58,1.26) 0.481
Comparison 1,271 5.4
Officer Ranch Hand 357 4.8 1.04 (0.55,1.97) 0.999
Comparison 500 4.6
Enlisted Flyer Ranch Hand 161 3.7 0.67 (0.24,1.84) 0.589
Comparison 200 5.5
Enlisted Groundcrew Ranch Hand 418 4.8 0.79 (0.45,1.40) 0.510
Comparison 5N 6.0

b) MODEL 1: RANCH HANDS VS, COMPARISONS — ADJUSTED

Adj. Relative Risk
Occupational Category 95% C.1.) p-Value Covariate Remarks?®
All 0.83 (0.55,1,25)** 0.374%» GROUP*RACE (p=0.040)
GROUP*PERS (p=0.002)

*k ek
Officer 0.99 (0.51,1.93) 0.973 AGE (p=0.028)
Enlisted Flyer 0.50 (0.17,1.45)** 0.202%* BFAT (p<0.001)
Enlisted Groundcrew 0.82 (0.45,1.49)** 0.514%*

2 Covariates and associated p-values correspond to final model based on all participants with available data.

** Group-by-covariate interactions (0.01 <p<0.05); adjusted relative risk, confidence interval, and p-value
derived from a model fitted after deletion of these interactions; refer to Appendm Table N-2-35 for further
analysis of these interactions.
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Table 18-60. (Continued)
Analysis of Total Testosterone
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)?
Percent Estimated Relative Risk
Initial Dioxin n Abnormal Low - {95% C.1.)b p-Value
Low 172 4.7 1.05 (0.80,1.38) 0.709
Medinm 170 4.7
High 173 8.1

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)¢
n Adj. Relative Risk (95% C.1)> p-Value Covariate Remarks

515 1.16 (0.84,1.59)** 0.364** INIT*OCC (p=0.033)
RACE (p=0.058)
BFAT (p=0.045)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

** Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-35 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.

18-304



Table 18-60. (Continued)
Analysis of Total Testosterone
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal Low (95% C.L)* p-Value
Comparison 1,056 5.2
Background RH 364 2.7 0.69 (0.34,1.38) 0.289
Low RH 256 4.3 0.70 (0.35,1.39) 0.308
High RH 259 7.3 1.14 (0.65,2.01) 0.645
Low plus High RH 515 5.8 0.93 (0.58,1.49) 0.751

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.1)* p-Value Covariate Remarks

Comparison 1,055 DXCAT*PERS (p=0.015)
AGE (p=0.012)
RACE (p=0.084)

ok ok
Background RH 364 0.64 (0.32,1.30) 0.222 BFAT (p <0.001)
Low RH 255 0.65 (0.32,1.30)** (.222%*
High RH 259 1.29 (0.73,2.29y%*  (.386%**

Low plus High RH 514 0.95 (0.59,1.54)** 0.830**

% Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table N-2-35 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dicxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-60. (Continued)
Analysis of Total Testosterone
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category : Analysis Results for Log,
Percent Abnormal Low/(n) - (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High (95% C.L)® p-Value
4 2.4 4.1 7.1 1.25 (1.02,1.54) 0.033
(287) (295) (297)
5 2.4 4.1 7.1 1.27 (1.05,1.53) 0.012
292) (293) (294)
6° 2.4 4,1 7.1 1.20 (0.99,1.47) 0.071
{291) (293) (294)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model® n 95% C.L) p-Value Covariate Remarks

4 878 1.13 (0.85,1.49)%* 0.398%+ CURR*OCC (p=0.033)
RACE (p=0.025)
PERS (p=0.120)
BFAT (p<0.001)

5 878 1.11 (0.90,1.36) 0.322 RACE (p=0.030)
PERS (p=0.103)
BFAT (p <0.001)

69 877 1.06 (0.85,1.31) 0.632 RACE (p=0.035)
PERS (p=0.130)
BFAT (p <0.001)

? Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2-35 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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occupation interaction (Table 18-60(d): p=0.033). After the interaction was removed from
the final adjusted model, the results did not reveal a significant association between total
testosterone and initial dioxin (p=0.364). Race and body fat were significant covariates in the
final adjusted model. Stratified results of the interaction are presented in Appendix

Table N-2-35. Adjusting for covariates in Model 3 revealed a significant categorized dioxin-
by-personality type interaction (Table 18-60(f): p=0.015). After removal of the interaction
from the final model, the analysis did not show a significant relationship between total
testosterone and categorized dioxin (p>0.22 for all adjusted analyses). For further
investigation of the interaction, stratified analyses were performed by personality type, and the
results are displayed in Appendix Table N-2-35.

The unadjusted analyses of Models 4, 5, and 6 showed significant, or marginally
significant, positive associations between current dioxin and discretized total testosterone
(Table 18-60(g): p=0.033, Est. RR=1.25; p=0.012, Est. RR=1.27; and p=0.071, Est. RR=1.20
respectively). In Models 4 through 6, the percentage of individuals with abnormally low total
testosterone levels in the low, medium, and high categories were 2.4, 4.1, and 7.1 percent.
Adjusting for covariates in Model 4 revealed a significant current dioxin-by-occupation
interaction (Table 18-60(f): p=0.033). Race, personality type, and body fat also were
retained in the final adjusted model. Stratified results of the interaction are presented in
Appendix Table N-2-35. After removing the interaction from the model, the results of the
analysis were nonsignificant (p=0.398). However, after excluding occupation and body fat
from the adjusted Model 4 analysis, the results showed a significant association between
current dioxin and total testosterone (Appendix Table N-3-44: p=0.027, Adj. RR=1.26). The
adjusted analyses for Models 5 and 6 did not reveal any significant associations between
current dioxin and total testosterone (Table 18-60(f): p>0.32 for adjusted analyses). The
covariates race, personality type, and body fat were significant in the final adjusted models.
Similar to Model 4, excluding body fat from the final models in Models 5 and 6 revealed
significant positive associations between current dioxin and total testosterone (Appendix Table
N-3-44: p=0.011, Adj. RR=1.27 for Mode! 5 and p=0.055, Adj. RR=1.22 for Model 6).

Free Testosterone (Continuous)

The Model 1 unadjusted analysis of free testosterone did not reveal significant differences
between Ranch Hands and Comparisons (Table 18-61(a): p>0.13). After adjustment was
made for age, personality type, body fat, and the race-by-occupation interaction, a marginally
significant difference between the two groups was revealed in the enlisted flyer category with
Ranch Hands possessing a greater mean level of free testosterone (20.10 pg/ml) than
Comparisons (19.09 pg/ml) (Table 18-61(b): p=0.097, Diff. of Adj. Mean=1.01).

In Model 2, the unadjusted and adjusted analyses did not reveal a significant association
between initial dioxin and free testosterone in its continuous form (Table 18-61(c,d): p>0.12
for unadjusted and adjusted analyses). Race, occupation, and an age-by-body fat interaction
were significant in the final adjusted model.

The unadjusted analysis for Model 3 revealed a significant difference in means adjusted
for percent body fat at time of duty in SEA, and change in percent body fat from time of
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Table 18-61,
Analysis of Free Testosterone (pg/ml)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.L)® p-Value®

All Ranch Hand 936 18.70 0.39 -- 0.138
Comparison 1,271 18.31

Officer Ranch Hand 357 17.55 0.31 -- 0.429
Comparison 500 17.24

Enlisted Flyer Ranch Hand 161 19.19 0.91 -- 0.145

‘ Comparison 200 18.28

Enlisted Groundcrew Ranch Hand 418 19.52 0.23 -- 0.576

Comparison 571 19.29

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.L)® p-Value® Covariate Remarks®

All Ranch Hand 935 19.56 0.34 - 0.170 AGE (p<0.001)
Comparison 1,270 19,22 PERS (p=0.016)

Officer Ranch Hand 357  20.17 0.41 - 0311 | o A%’;’:gé%iofg 026)
Comparison 500  19.76 p=0.

Enlisted Ranch Hand 160 20.10 1.01 -- 0.097

Flyer Comparison 200 19.09

Enlisted Ranch Hand 418 18.67 0.04 -- 0.921

Groundcrew  Comparison 570 18.63

# Transformed from the square root scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on square root scale.

¢ P-values based on difference of means on square root scale.

4 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-61. (Continued)
Analysis of Free Testosterone (pg/ml)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED
SR | R

Initial Dioxin Category Summary Statistics || Analysis Results for Log, (Initial Dioxin)®
- Adj. . Slope
Initial Dioxin n Mean® Mean® “R* . (Std. Error)* p-Value
Low 172 18.41 18.26 0.070 0.030 (0.023) 0.187
Medium 170 18.31 18.21
High 173 18.81 19.07

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)*
Statistics
Adj. Adj. Slope

Initial Dioxin n Mean R? {Std. Error)° ' p-Value Covariate Remarks
Low 172 20.20 0.201 -0.038 (0.025) 0.121 RACE (p=0.017)

. 0CC (p=0.076)
Medium 170 19.18 AGE*BFAT (p=0.018)
High 173 18.94

? Transformed from square root scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on square root of free testosterone versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-61. (Continued)
Analysis of Free Testosterone (pg/ml)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED
. Difference of Adj.

Adj." - Mean vs. Comparisons
Dioxin Category n Mean®  Mean® (95% C.L)F p-Value!
Comparison 1,056 18.31 18.32
Background RH 364 18.82 18.30 -0.02 -- 0.954
Low RH 256 18.25 18.52 0.20 -- 0.640
High RH 259 18.78 19.21 0.89 -- 0.033
Low plus High RH 515 18.51 18.86 0.54 -- 0.093

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean®* {(95% C.L)° p-Value? Covariate Remarks
Comparison 1,055 19.27 AGE (p<0.001)
PERS (p=0.050)

B BFAT (p<0.001)
Background RH 364 1975 0.48 0.184 OCC*RACE (p=0.039)
Low RH 255  19.66 0.39 -- 0.336
High RH 259 19.18 0.09 -- 0.826
Low plus High RH 514 19.42 0.15 -- 0.640

2 Transformed from square root scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body far from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on square root scale.

¢ P-value is based on difference of means on square root scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-61. (Continued)
Analysis of Free Testosterone (pg/ml)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN - UNADJUSTED

Current Dioxin Category _ Analysis Results for Log,
- ‘Mean®/(n) _ ' {Current Dioxin + 1)
' Slope
Model® Low Medium High R? (Std. Error)® p-Value
4 18.69 18.53 18.72 0.001 -0.014 (0.016) 0.383
(287) (295) 297)
5 18.97 18.19 18.77 <0.001 -0.008 (0.014) 0.546
(292) (293) (294)
64 18.88 18.19 18.84 0.001 -0.003 (0.015) 0.818
(291) (293) (294)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category ' Analysis Results for Log,
Adjusted Mean?/(n) {Current Dioxin + 1)
Adj. Slope
Model® Low Medium High R {Std. Error)° p-Value Covariate Remarks
4 19.48 19.92 19.22 0.162 -0.009 (0.018) 0.627 AGE (p<0.001)
(287) (294) (297) OCC (p=0.040)

RACE (p=0.046)
PERS (p=0.108)
BFAT (p<0.001)

5 19.77  19.54 19.45 |[0.162 -0.006 (0.015)  0.683 AGE (p<0.001)
(292)  (292) (294) OCC (p=0.042)
RACE (p=0.046)
PERS (p=0.107)
BFAT (p<0.001)

6 19.83  19.56 19.40 [10.093 -0.009 (0.016)  0.599 AGE (p<0.001)
(291)  (292) (294) OCC (p=0.044)
RACE (p=0.043)
PERS (p=0.116)
BFAT (p <0.001)

? Transformed from square root scale.

b Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on square root of free testosterone versus fog, (current dioxin + 1).
4 Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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duty in SEA to date of the blood draw for dioxin, between Ranch Hands in the high dioxin
category (19.21 pg/ml) and Comparisons (18.32 pg/ml), as well as a marginally significant
difference in means between Ranch Hands in the low plus high category (18.86 pg/ml) and
Comparisons (Table 18-61(e): p=0.033 and p=0.093 respectively). The adjusted analysis did
not exhibit a significant relationship between categorized dioxin and free testosterone (Table
18-61(f): p>0.18 for all adjusted contrasts). The final adjusted model contained the
covariates age, personality type, body fat, and an occupation-by-race interaction.

In Models 4 through 6, the unadjusted and adjusted analyses did not reveal any
significant associations between current dioxin and free testosterone in its continuous form
(Table 18-61(g,h): p>0.38 for all analyses). However, after occupation and body fat were
excluded from the final adjusted model, Models 4 through 6 revealed significant negative
associations between current dioxin and free testosterone (Appendix Table N-3-45: p=0.037,
slope=-0.033 for Model 4; p=0.033, Slope=-0.029 for Model 5; and p=0.044, Slope=-0.030
for Model 6). Significant covariates for the adjusted analyses in Models 4 through 6 were
age, occupation, race, personality type, and body fat.

Free Testosterone (Discrete)

Comparisons had a greater overall percentage of abnormalities than Ranch Hands in the
unadjusted discrete analysis of free testosterone (Table 18-62(a): p=0.014, Est. RR=0.75).
After stratifying the analysis across occupation, the difference between the two groups was
significant in the enlisted flyer category (p=0.012, Est. RR=0.42). Adjustment for age,
personality type, and body fat led to similar results in the adjusted analysis. A significantly
greater percentage of Comparisons possessed abnormally low free testosterone than Ranch
Hands, both overall and for enlisted flyers (Table 18-62(b): p=0.017, Adj. RR=0.76 for
overall contrast and p=0.006, Adj. RR=0.39 for enlisted flyer contrast).

The unadjusted and adjusted analyses for Model 2 did not reveal a significant
relationship between initial dioxin and free testosterone (Table 18-62(c,d): p>0.12). The
covariate body fat was significant in the final adjusted model as well as the interactions age-
by-race, race-by-occupation, and race-by-personality type.

The unadjusted analysis for Model 3 revealed marginally significant differences between
Ranch Hands in the background category and Comparisons and between Ranch Hands in the
low category and Comparisons (Table 18-62(e): p=0.084, Est. RR=0.74 and p=0.061, Est.
RR=0.69 respectively). The percentage of participants with abnormally low free testosterone
levels in the Comparison, background Ranch Hand, and low Ranch Hand categories were
19.3, 13.5, and 14.8 percent respectively. The background Ranch Hand and low Ranch Hand
contrasts remained marginally significant in the adjusted analysis (Table 18-62(f): p=0.089,
Adj. RR=0.74 and p=0.093, Adj. RR=0.72). Age, occupation, personality type, and body fat
were significant in the final adjusted model. After occupation and body fat were excluded
from the final model, the background Ranch Hands versus Comparisons contrast was no
longer significant (Appendix Table N-3-46: p=0.136); however, the low plus high Ranch
Hands versus Comparisons contrast became marginally significant (p=0.095, Adj. RR=0.79).
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Table 18-62.

Analysis of Free Testosterone

(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Abnormal Est. Relative Risk
Occupational Category Group n Low (95% C.1.) p-Value
All Ranch Hand 936 154 0.75 (0.60,0.94) 0.014
Comparison 1,271 19.5
Officer Ranch Hand as7 15.1 0.76 (0.53,1.10) 0.166
Comparison 500 19.0
Enlisted Flyer Ranch Hand 161 8.7 0.42 (0.22,0.81) 0.012
Comparison 200 18.5
Enlisted Groundcrew Ranch Hand 418 18.2 0.87 (0.63,1.20) 0.449
Comparison 571 20.3

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) p-Value Covariate Remarks?

All 0.76 (0.60,0.95) 0.017 AGE (p=0.002)
PERS (p=0.018)

Officer 0.76 (0.52,1.10) 0.145 BFAT (p<0.001)

Enlisted Flyer 0.39 (0.20,0.76) 0.006

Enlisted Groundcrew 0.91 (0.65,1.26) 0.570

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-62. (Continued)
Analysis of Free Testosterone
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent " Estimated Relative Risk
Initial Dioxin n Abnormal Low _ 95% C.I)° p-Value
Low 172 13.4 1.14 (0.96,1.36) 0.129
Medium 170 17.1
High 173 214

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.I.)* p-Value Covariate Remarks

514 1.15 (0.94,1.41) 0.180 BFAT (p=0.034)
AGE*RACE (p=0.001)
RACE*OCC (p=0.025)
RACE*PERS (p<0.001)

2 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-62. (Continued)
Analysis of Free Testosterone
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent . Est. Relative Risk
Dioxin Category n Abnormal Low (95% C.L)® p-Value
Comparison 1,056 19.3
Background RH 364 13.5 0.74 (0.52,1.04) 0.084
Low RH 256 14.8 0.69 (0.47,1.02) 0.061
High RH 259 19.7 0.91 (0.64,1.29) 0.582
Low plus High RH 515 17.3 0.80 (0.60,1.06) 0.121

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk
Dioxin Category n 95% C.L)* p-Value Covariate Remarks

Comparison 1,055 AGE (p=0.015)
OCC (p=0.148)
PERS (p=0.078)

Background RH 364 0.74 (0.52,1.05) 0.089 BFAT (p=0.025)
Low RH 253 0.72 (0.49,1.06) 0.093
High RH 259 0.90 (0.63,1.30) 0.588

Low plus High RH 514 0.81 (0.61,1.08) 0.147

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-62. (Continued)
Analysis of Free Testosterone
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Percent Abnormal/(n) (Current Dioxin + 1)
_ Est. Relative Risk
Model® Low Medium High 95% C.I)® p-Value

4 13.2 14.2 19.5 1.20 (1.06,1.35) 0.004
(287) (295) (297)

5 12.7 15.7 18.7 1.15 (1.04,1.29) 0.009
(292) (293) (294)

6° 12.7 15.7 18.7 1.21 (1.07,1.36) 0.002
(291) (293) (294)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk '
Model® n 95% C.L)° p-Value - Covariate Remarks

4 879 1.10 (0.94,1.29) 0.227 OCC (p=0.029)
BFAT (p <0.001)
5 878 1.05 (0.92,1.21) 0.468 AGE (p=0.140)

OCC (p=0.038)
PERS (p=0.149)
BFAT (p<0.001)

6° 878 1.12 (0.97,1.30) 0.131 OCC (p=0.027)
BFAT (p<0.001)

? Model 4: Log, (lipid-adjusted current dioxin + 1),

Model 5: Log, (whole-weight current dioxin + 1),

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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In the unadjusted analyses of Models 4, 5, and 6, highly significant positive associations
were found between current dioxin and discretized free testosterone (Table 18-62(g):
p=0.004, Est. RR=1.20 for Model 4; p=0.009, Est. RR=1.15 for Model 5; and p=0.002, and
Est. RR=1.15 for Model 6). In Model 4, the percentage of Ranch Hands with abnormally low
free testosterone levels in the low, medium, and high current dioxin categories were 13.2,
14.2, and 19.5 percent respectively. In both Model 5 and Model 6, the percentage of
individuals with abnormally low free testosterone levels in the low, medium, and high
categories were 12.7, 15.7, and 18.7 percent respectively. The adjusted analyses for Models 4
through 6 did not reveal any significant relationships between current dioxin and free
testosterone. In Models 4 and 6, occupation and body fat were retained in the final adjusted
model. In Model 5, age, occupation, personality type, and body fat were retained in the final
adjusted model. After occupation and body fat were excluded from the final adjusted models
for Models 4 through 6, the results became significant (Appendix Table N-3-46: p=0.004,
Adj. RR=1.20 for Model 4; p=0.026, Adj. RR=1.13 for Model 5; and p=0.002, Adj. RR=1.21
for Model 6).

Sex Hormone Binding Globulin

Similar results were revealed in both the unadjusted and adjusted Model 1 analyses of
sex hormone binding globulin. In each analysis, the overall and enlisted groundcrew contrasts
for Ranch Hands versus Comparisons were at least marginally significant, and the adjusted
overall contrast was significant. In each case, Ranch Hands had fewer instances of
abnormally low sex hormone binding globulin than Comparisons (Table 18-63(a,b): p=0.051,
Est. RR=0.79 for the overall contrast and p=0.077, Est. RR=0.72 for the enlisted groundcrew
contrast in the unadjusted analysis; p=0.048, Adj. RR=0.80 for the overall contrast and
p=0.080, Adj. RR=0.74 for the enlisted groundcrew contrast in the adjusted analysis). Race,
occupation, personality type, and body fat were retained in the adjusted analysis.

In Model 2, the unadjusted and adjusted analyses did not show any significant
associations between initial dioxin and sex hormone binding globulin (Table 18-63(c.d):
p>0.87 for unadjusted and adjusted analyses). The race-by-occupation interaction was
significant in the final adjusted model.

The unadjusted analysis for Model 3 revealed a marginally significant difference between
Ranch Hands in the low plus high dioxin category, and Comparisons (Table 18-63(e):
p=0.054, Est. RR=0.75). The percentage of individuals with abnormally low levels of sex
hormone binding globulins in the low plus high Ranch Hands category and the Comparison
group were 15.1 percent and 18.6 percent. Similarly, after adjustment was made for
covariates, Model 3 showed a significant difference between Ranch Hands in the low plus
high dioxin category and Comparisons (Table 18-63(f): p=0.038, Adj. RR=0.73). Race and
personality type were significant in the final adjusted model.

The unadjusted and adjusted analyses for Models 4, 5, and 6 did not show any
significant associations between sex hormone binding globulin and current dioxin (Table
18-63(g,h): p>0.65 for unadjusted and adjusted analyses). Body fat was retained in the final
adjustment for Model 4. No covariates were significant in Models 5 and 6,
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Table 18-63.
Analysis of Sex Hormone Binding Globulin

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Abnormal Est. Relative Risk
Occupational Category Group n Low (95% C.1.) p-Value
All Ranch Hand 936 15.6 0.79 (0.63,0.99) 0.051
Comparison 1,271 18.9
Officer Ranch Hand 357 17.6 0.88 (0.62,1.25) 0.527
Comparison 500 19.6
Enlisted Flyer Ranch Hand 161 13.7 0.80 (0.45,1.49) 0.550
Comparison 200 16.5
Enlisted Groundcrew Ranch Hand 418 14.6 0.72 (0.51,1.02) 0.077
Comparison 571 19.1

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk : '
Occupational Category 95% C.1.) p-Value Covariate Remarks®

All 0.80 (0.63,1.00) 0.048 OCC (p=0.112)

RACE (p=0.007)
Officer 0.88 (0.62,1.2%) 0.479 PERS (p=0.043)
Enlisted Flyer 0.76 (0.42,1.37) 0.355 BFAT (p=0.030)
Enlisted Groundcrew 0.74 (0.52,1.04) 0.080

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-63. (Continued)
Analysis of Sex Hormone Binding Globulin

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent Estimated Relétive Risk
Initial Dioxin n Abnormal Low 95% C.L)® p-Value
Low 172 17.4 0.99 (0.82,1.18) 0.871
Medium 170 12.4
High 173 15.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.I.)° p-Value Covariate Remarks
515 0.99 (0.80,1.22) 0.887 RACE*QOCC (p=0.028)

4 Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA 10 the date of the blood draw for dioxin.

b Retative risk for a twofold increase in initial dioxin.

° Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-63. (Continued)
Analysis of Sex Hormone Binding Globulin

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal Low (95% C.L)y*® p-Value
Comparison 1,056 18.6
Background RH 364 17.9 1.02 (0.74,1.39) 0.922
Low RH 256 15.2 0.77 (0.53,1.12) 0.174
High RH 259 15.1 0.74 (0.51,1.07) 0.112
Low plus High RH 515 15.1 0.75 (0.56,1.01) 0.054

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n (95% C.L)y* p-Value Covariate Remarks

Comparison 1,055 RACE (p=0.051)
PERS (p=0.070)

Background RH 364 1.03 {(0.75,1.41) 0.845

Low RH 255 0.74 (0.51,1.08) 0.119

High RH 259 0.73 (0.50,1.06) 0.101

Low plus High RH 514 0.73 (0.55,0.98) 0.038

4 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-63. (Continued)
Analysis of Sex Hormone Binding Globulin

g) MODELS 4, §, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ~ Analysis Results for Log,
Percent Abnormal Low/(n) (Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High (95% C.L)" p-Value
4 17.8 16.3 14.8 1.00 (0.88,1.13) 0.994
(287) (295) (297)
5 15.1 18.4 15.3 1.02 (0.92,1.14) 0.666
(292) (293) (294)
6° 15.1 18.4 15.3 0.98 (0.87,1.10) 0.709
(291) (293) (294)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk
Model? n 95% C.L)° p-Value Covariate Remarks
4 879 0.97 (0.85,1.11) 0.655 BEAT (p=0.131)
5 879 1.02 (0.92,1.14) 0.666
6° 878 0.98 (0.87,1.10) 0.709

4 Model 4: Log; (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Total Testosterone to Sex Hormone Binding Globulin Ratio

Neither the unadjusted nor the adjusted Model 1 analyses of the ratio of total testosterone
to sex hormone binding globulin revealed any significant group differences (Table 18-64(a,b):
p>0.21 for all contrasts). The age-by-body fat interaction was significant in the adjusted
analysis.

The unadjusted and adjusted analyses for Models 2 and 3 did not reveal any significant
associations between dioxin and the ratio of total testosterone to sex hormone binding globulin
(Table 18-64(c-f): p>0.26 for unadjusted and adjusted analyses). Age was significant in the
final adjusted model for Models 2 and 3.

The unadjusted and adjusted analyses of Models 4 and 5 as well as the unadjusted
analysis for Model 6 did not find a significant relationship between current dioxin and the
ratio of total testosterone to sex hormone binding globulin (Table 18-64(g.,h): p>0.13). Age
was significant in the final adjusted models for Models 4, 5 and 6. Adjusting for covariates
in Model 6 revealed a marginally significant positive relationship between current dioxin and
the ratio of total testosterone to sex hormone binding globulin (Table 18-64(h): p=0.067, Adj.
RR=1.16).

Estradiol (Continuous)

Neither the Model I unadjusted nor the adjusted analysis of estradiol detected a
significant difference between Ranch Hands and Comparisons (Table 18-65(a): p>0.40 for all
analyses). Age, race, and occupation were significant in the adjusted analysis.

The unadjusted analysis for Model 2 did not find a significant relationship between
initial dioxin and estradiol in its continuous form (Table 18-65(¢c): p=0.101). Adjusting for
covariates, however, revealed a marginally significant positive association between initial
dioxin and estradiol in Model 2 (Table 18-65(d): p=0.057, Slope=0.074). Race was
significant in the final adjusted model.

The unadjusted and adjusted analysis of Model 3 did not reveal any significant
associations between categorized dioxin and estradiol (Table 18-65(e.f): p>0.44 for
unadjusted and adjusted analyses). Age and race were significant in the final adjusted model.

The unadjusted and adjusted analyses of Models 4 through 6 did not reveal any
significant associations between estradiol and current dioxin (Table 18-65(g,h): p>0.19 for
unadjusted and adjusted analyses). Age and race were retained in each of the final adjusted
models for Models 4, 5, and 6.

Estradiol (Discrete)
The percentage of Ranch Hands with abnormally high estradiol levels was not
significantly greater than that of the Comparisons in the Model 1 unadjusted and adjusted

analyses (Table 18-66(a,b): p>0.30 for all analyses). In the adjusted analysis, race and the
occupation-by-age interaction were significant.
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Table 18-64.
Analysis of Total Testosterone to Sex Hormone Binding Globulin Ratio

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent _
Abnormal ‘Est. Relative Risk
Occupational Category Group _ n Low 95% C.1.) p-Value
All Ranch Hand 936 9.1 0.85 (0.64,1.14) 0.351
Comparison 1,271 10.5
Officer Ranch Hand 357 9.2 0.76 (0.49,1.19) 0.280
Comparison 500 11.8
Enlisted Flyer Ranch Hand 161 9.3 0.72 (0.37,1.42) 3.430
Comparison 200 12.5
Enlisted Groundcrew Ranch Hand 418 8.9 1.03 (0.66,1.62) 0.972
Comparison 571 8.6

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category (95% C.1.) p-Yalue Covariate Remarks®
All 0.85 (0.63,1.13) 0.262 AGE*BFAT (p=0.034)
Officer 0.75 (0.47,1.18) 0.211

Enlisted Flyer 0.70 (0.35,1.38) 0.297

Enlisted Groundcrew 1.05 (0.67,1.66) 0.835

* Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-64. (Continued)
Analysis of Total Testosterone to Sex Hormone Binding Globulin Ratio

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Percent Estimated Relative Risk
Initial Dioxin n Abnormal Low _ (95% C.1.)° p-Value
Low 172 9.3 0.98 (0.79,1.22) 0.879
Medium 170 11.2
High 173 9.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.I.)® p-Value Covariate Remarks
515 1.08 (0.86,1.36) 0.486 AGE (p=0.004)

? Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

P Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for pérccm body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-64. (Continued)
Analysis of Total Testosterone to Sex Hormone Binding Globulin Ratio

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal Low (95% C.L)» p-Value
Comparison 1,056 9.6
Background RH 364 7.7 0.83 (0.53,1.29) 0.408
Low RH 256 9.8 0.96 (0.61,1.53) 0.876
High RH 259 10.0 1.02 (0.64,1.61) 0.941
Low plus High RH 515 9.9 0.99 (0.69,1.42) 0.957

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk '

Dioxin Category n 95% C.Ly* p-Value Covariate Remarks
Comparison 1,056 AGE (p<0.001)
Background RH 364 0.78 (0.50,1.21) 0.263

Low RH 256 0.90 (0.57,1.44) 0.671

High RH 259 1.19 (0.75,1.91) 0.457

Low plus High RH 515 1.03 (0.72,1.48) 0.865

* Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-64. (Continued)

Analysis of Total Testosterone to Sex Hormone Binding Globulin Ratio

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Ahalysis Results for Log,
Percent Abnormal Low/(n) {Current Dioxin + 1)
Est. Relative Risk
Model® Low Medium High | (95% C.1L)° p-Value
4 7.7 9.2 10.1 1.05 (0.90,1.23) 0.514
(287) (295) (297)
5 7.2 11.3 8.5 1.03 (0.90,1.18) 0.630
(292} (293) (294)
6° 7.2 11.3 8.5 1.08 (0.93,1.25) 0.327
(291) (293) (294)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk '
Model® n (95% C.L)° p-Value Covariate Remarks
4 879 1.14 (0.96,1.34) 0.136 AGE (p<0.001)
5 879 1.09 (0.95,1.26) 0.227 AGE (p<0.001)
6¢ 878 1.16 (0.99,1.36) 0.067 AGE (p<0.001)

2 Model 4: Log, (lipid-adjusted current dioxin +
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

1).

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-65.
Analysis of Estradiol (pg/ml)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® 95% C.1)* p-Value®

All Ranch Hand 952 32.16 -0.01 — 0.992
Comparison 1,280 32.17

Officer Ranch Hand 367 31.24 -0.36 -- 0.679
Comparison 502 31.60

Enlisted Flyer Ranch Hand 162 32.68 0.99 - 0.498
Comparison 202 31.69

Enlisted Groundcrew Ranch Hand 423 2.1 -0.06 -- 0.943
Comparison 576 32.83

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.

Category Group n Mean® Means (95% C.L)* p-Value® Covariate Remarks?

All Ranch Hand 952 34.22 0.01 -- 0.995 AGE (p<0.001)
Comparison 1,280 34.21 RACE (p<0.001)

Officer Ranch Hand 367 3352 0.41 - 0.655 | OCC (p=0.024)
Comparison 502 33.93

Enlisted Ranch Hand 162 3543 1.19 -- 0.409

Flyer Comparison 202 34.24

Enlisted Ranch Hand 423 34.11 -0.06 -- 0.940

Groundcrew  Comparison 576 34,18

4 Transformed from the square root scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on square root scale.

¢ P-values based on difference of means on square root scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-65. (Continued)
Analysis of Estradiol (pg/ml)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN - UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)"
Adj. : Slope
Initial Dioxin n Mean® Mean® R? (Std. Error) p-Value
Low 174 32.54 32.64 0.011 0.064 (0.039) 0.101
Medium 173 31.00 31.06
High 173 33.86 33.70

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean* R? (Std. Error)*  p-Value Covariate Remarks
Low 174 35.77 0.033  0.074 (0.039) 0.057 RACE (p=0.001)
Medium 173 34.41
High 173 37.22

# Transformed from square root scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the bleod draw for dioxin.

¢ Slope and standard error based on square root of estradiol versus log, (initial dioxin).

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-65. (Continued)
Analysis of Estradiol (pg/ml)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n Mean® Mean® 95% C.1.)° p—Valued
Comparison 1,063 32.28 32.27

Background RH 374 31.44 31.66 -0.61 -- 0.448
Low RH 260 31.86 31.81 -0.46 -- 0.618
High RH 260 33.06 32.84 0.57 -- 0.539
Low plus High RH 520 32.46 32.32 | 0.05 -- 0.941

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean* 95% C.I)° ~  p-Valued Covariate Remarks

Comparison 1,063 34.80 AGE (p=0.015)
RACE (p <0.001)

Background RH 374 34.39 0.41 -- 0.621

Low RH 260 34.23 -0.57 -- 0.549

High RH 260 3511 0.31 -- 0.752

Low pius High RH 520 34.67 0.13 -- 0.856

# Transformed from square root scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on square root scale.

4 P_value is based on difference of means on square root scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-65. (Continued)
Analysis of Estradiol (pg/ml)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN ~ UNADJUSTED

Current Dioxin Category ~ Analysis Results for Log,
Mean?/(n) (Current Dioxin + 1)
Slope
Model® Low = Medium High R* (Std. Erron® p-Value

q 31.86 31.81 32.42 0.002 0.034 (0.027) 0.198
295 (300) (299)

5 31.57 31.93 32.59 0.002 0.028 (0.023) 0.226
(300) 297) 297)

64 31.80 31.96 32.29 0.004 0.020 (0.025) 0.418
(299 {297} (297)

h) MODELS 4, §, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) _ {Current Dioxin + 1)
Adj. Slope
Model® Low Medium High R? (Std. Error)° - - p-Value Covariate Remarks

4 35.42 35.20 35.49 [{0.023 0.024 (0.027) 0.370 AGE (p=0.092)

(295) (300) (299) RACE (p<0.001)
5 35.08 35.27 35.75 0.023 0.021 (0.023) 0.362 AGE (p=0.086)

(300) (297) 297 RACE (p<0.001)
6 35.59 35.47 35.42 0.027 0.008 (0.025) 0.757 AGE (p=0.057)

{299) (297) (297) RACE (p<0.001)

2 Transformed from square root scale.
® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
¢ Slope and standard error based on square root of estradiol versus log, (current dioxin + 1).
9 Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-66.
Analysis of Estradiol
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Percent .
Abnormal Est. Relative Risk
Occupational Category Group n High 95% C.1.) p-Value
All Ranch Hand 952 3.8 0.95 (0.61,1.46) 0.893
Comparison 1,280 4.0
Officer Ranch Hand 367 2.7 0.68 (0.31,1.46) 0414
Comparison 502 4.0
Enlisted Flyer Ranch Hand 162 4.9 1.00 (0.38,2.59) 0.999
Comparison 202 5.0
Enlisted Groundcrew Ranch Hand 423 4.3 1.17 (0.62,2.23) 0.744
Comparison 576 3.6

a) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category {95% C.L) " p<Value Covariate Remarks®
All 0.94 (0.61,1.46) 0.785 OCC*AGE (p=0.030)
Officer 0.67 (0.31,1.44) 0.301 RACE (p=0.110)
Enlisted Flyer 1.02 (0.39,2.65) 0.970

Enlisted Groundcrew 1.17 (0.62,2.33) 0.627

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-66. (Continued)
Analysis of Estradiol
(Discrete)

¢} MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics . Analysis Results for Log, (Initial Dioxin)?
Percent
Abnormal Estimated Relative Risk
Initial Dioxin n High 95% C.L)° p-Value
Low 174 4.0 1.24 (0.91,1.68) 0.180
Medium 173 29
High 173 52

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)°
n Adj. Relative Risk (95% C.L)" p-Value Covariate Remarks

520 1.19 (0.85,1.67) 0.308 AGE (p=0.127)
RACE (p=0.055)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

® Relative risk for a twofold increase in initia! dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-66. (Continued)
Analysis of Estradiol
(Discrete)

¢} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High (95% C.L)» : p-Value
Comparison 1,063 4.5
Background RH 374 2.7 0.62 (0.31,1.25) 0.180
Low RH 260 38 0.82 (0.41,1.64) 0.571
High RH 260 4.2 0.89 (0.45,1.74) 0.729
Low plus High RH 520 4.0 0.85 (0.50,1.44) 0.553

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
Adj. Relative Risk

Dioxin Category n 95% C.Ly* p-Value | Covariate Remarks

Comparison 1,063 AGE (p=0.071)
RACE (p=0.105)

Background RH 374 0.65 (0.32,1.31) 0.230

Low RH 260 0.82 (0.41,1.66) 0.590

High RH 260 0.82 (0.42,1.62) 0.569

Low plus High RH 520 0.82 (0.49,1.40) 0.469

2 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column,

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-66. (Continued)
Analysis of Estradiol
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN - UNADJUSTED

Current Dioxin Category . Analysis Results for Log,
Percent Abnormal High/(n) _ (Current Dioxin + 1)
_ Est. Relative Risk
Model® Low Medium High - (95% C.1)® p-Value

4 34 3.0 4.0 1.12 (0.88,1.42) 0.370
(295) (300) (299)

5 3.0 34 4.0 1.08 (0.87,1.33) 0.485
(300) (297) 297)

6° 3.0 34 4.0 1.05 (0.84,1.32) 0.676
(299) 297) (297)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)

Adj. Relative Risk
Model* n 95% C.L)" p-Value Covariate Remarks

4 894 wkkk ok CURR*OCC (p=0.006)
RACE (p=0.017)

5 894 1.08 (0.85,1.39)*+ 0.527%* CURR*OCC (p=0.017)
RACE (p=0.019)

64 893 1.04 (0.80,1.35)** 0.793%* CURR*OCC (p=0.010)
RACE (p=0.016)

® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table
N-2.36 for further analysis of this interaction.

**** Log, (current dioxin + 1)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval,
and p-value not presented; refer to Appendix Table N-2-36 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 pPPq.
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In Models 2 and 3, no significant associations were found between dioxin and estradiol
in the unadjusted and adjusted analyses (Table 18-66(c,d): p=20.18 for unadjusted and adjusted
analysis). The Model 2 and 3 final adjusted models retained age and race.

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between current dioxin and estradiol (Table 18-66(g): p=0.37). The adjusted analysis of
Model 4 revealed a highly significant current dioxin-by-occupation interaction (Table
18-66(h): p=0.006). Race also was significant in the final adjusted model. Similarly, Models
5 and 6 revealed significant interactions between current dioxin and occupation (p=0.017 and
p=0.010). Race also was significant in these final adjusted models. Removal of the current
dioxin-by-occupation in each of these models did not reveal a significant difference between
current dioxin and estradiol. Stratified results of each current dioxin-by-occupation interaction
in Models 4 through 6 are presented in Appendix Table N-2-36.

Luteinizing Hormone (Continuous)

No significant group differences were shown in the Model 1 unadjusted and adjusted
analyses of luteinizing hormone (Table 18-67(a,b): p>0.12 for all analyses). Occupation and
age-by-race interaction were significant in the adjusted analysis.

The unadjusted analysis for Model 2 revealed a significant inverse association between
initial dioxin and luteinizing hormone in its continuous form (Table 18-67(c): p=0.012,
Slope=-0.040). The mean levels of luteinizing hormone adjusted for percent body fat at time
of duty in SEA, and change in percent body fat from time of duty in SEA to date of the
blood draw for dioxin, are 4.32, 3.97, and 3.66 mIU/ml in the low, medium, and high initial
dioxin categories respectively. Adjusting for covariates also revealed a marginally significant
inverse relationship between initial dioxin and luteinizing hormone (Table 18-67(d): p=0.061,
Adj. Slope=-0.032). Age was retained in the final adjusted model.

In Model 3, the unadjusted and adjusted analysis of luteinizing hormone revealed a
significant difference in means between low Ranch Hands and Comparisons (Table 18-67(e):
p=0.006 and p=0.019 respectively). In the unadjusted analysis, the mean levels of luteinizing
hormone, adjusted for percent body fat at time of duty in SEA, and change in percent body
fat from time of duty in SEA to date of the blood draws for dioxin, in the low Ranch Hands
category was 4.27 mIU/ml as compared to 3.86 mIU/ml in the Comparison category.
Similarly, the adjusted mean levels of luteinizing hormone in the adjusted analysis for the low
Ranch Hands and Comparisons categories were 4.15 mIU/ml and 3.82 mIU/ml respectively.
Occupation and the age-by-race interaction were retained in the final adjusted model.

The unadjusted analyses for Models 4, 5, and 6 each revealed significant inverse
associations between luteinizing hormone and current dioxin (Table 18-67(g): p=0.035,
Slope=-0.024 for Model 4; p=0.052, Slope=-0.019 for Model 5; and p=0.035, and Slope=
-0.023 for Model 6). After Models 4 through 6 were adjusted for age, the associations
between current dioxin and luteinizing hormone were no longer significant (Table 18-67(h):
p>0.26).
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Table 18-67.
Analysis of Luteinzing Hormone (LH) (mIU/ml)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational

Difference of Means

Category Group n Mean® (95% C.L)® p-Value®

All Ranch Hand 952 4.02 0.14 - 0.121
Comparison 1,280 3.88

Officer Ranch Hand 367 4.09 0.18 -- 0.228
Comparison 502 3.91

Enlisted Flyer Ranch Hand 162 4.11 0.23 -- 0.328
Comparison 202 3.88

Enlisted Groundcrew Ranch Hand 423 3.92 0.07 -- 0.566
Comparison 576 3.84

b} MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean?® Means (95% C.L)* p-Value® Covariate Remarks?
All Ranch Hand 952 4.03 0.13 —- 0.148 [ AGE*RACE (p=0.022)
Comparison 1,280 3.90 OCC (p=0.122)
Officer Ranch Hand 367 3.94 0.15 -- 0.288
Comparison 502 3.79
Enlisted Ranch Hand 162 4.06 0.21 -- 0.347
Flyer Comparison 202 3.85
Enlisted Ranch Hand 423 4.12 0.08 -- 0.547
Groundcrew Comparison 576 4.04

& Transformed from the natural logarithm scale.

" Difference of means after transformation to original scale; confidence interval on difference of means not

presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

4 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-67. (Continued)
Analysis of Luteinizing Hormone (LH) (mIU/ml)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Adj. Slope
Initial Dioxin n Mean® Mean® R? (Std. Error)* p-Value
Low 174 4.32 4.32 0.025 -0.040 (0.016) 0.012
Medium 173 3.96 3.97
High 173 3.66 3.66

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN - ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)®
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean®! R? (Std. Error)* p-Value Covariate Remarks
Low 174 4.27 0.031  -0.032 (0.017) 0.061 AGE (p=0.074)
Medium 173 3.96
High 173 3.71

2 Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of luteinizing hormone versus log, (initial dioxin).

d Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-67. (Continued)
Analysis of Luteinizing Hormone (LH) (mIU/ml)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED
Difference of Adj.

Adj. Mean vs. Comparisons
Dioxin Category n Mean® = Mean® 95% C.I.)° p-Value®
Comparison 1,063 3.86 3.86
Background RH 374 4,03 4,00 0.14 -- 0.265
Low RH 260 4.29 4.27 0.41 -- 0.006
High RH 260 3.68 3.72 -0.14 -- 0.310
Low plus High RH 50  3.97 3.99 0.13 - 0.265

) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj.  Mean vs. Comparisons

Dioxin Category n  Mean* 95% C.1.)* p-Value! Covariate Remarks

Comparison 1,063  3.82 AGE*RACE (p=0.014)
OCC (p=0.076)

Background RH 374 394 0.12 - 0.322

Low RH 260 4.15 0.33 -- 0.019

High RH 260 173 -0.09 -- 0.516

Low plus High RH 520 4.00 0.18 -- 0.286

? Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

9 P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column,

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 Ppt.
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Table 18-67. (Continued)
Analysis of Luteinizing Hormone (LH) (mIU/ml)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean?/(n) (Current Dioxin + 1)
Slope
Model® Low Medium High R? (Std. Error)° p-Value

4 4.05 4.20 3.76 0.005 -0.024 (0.012) 0.035
(295) (300) (299)

5 4.06 4.15 3.79 0.004 -0.019 (0.010) 0.052
(300) (297 (297)

69 4.08 4.15 3.717 0.005 -0.023 (0.011) 0.035
(299) (297) (297)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Analysis Results for Log,
Adjusted Mean®/(n) {Current Dioxin + 1)
Adj. Slope
Model® | Low Medium  High R?  (Std. Error)* p-Value Covariate Remarks
4 4.01 4.13 3.85 0.027 -0.013 (0.012) 0.264 AGE (p <0.001)
(295) (300) (299)
5 4.02 4.09 3.88 0.027 -0.011 (0.010) 0.280 AGE (p<0.001)
(300) (297) 297)
6°¢ 4.03 4.09 3.87 0.027 -0.012 (0.011) 0.264 AGE (p<0.001)
(299) 297) (297)

2 Transformed from natural logarithm scale.
> Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current diexin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
¢ Slope and standard error based on natural logarithm of luteinizing hormone versus log, (current dioxin + 1).
d Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5§ and 6;: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Luteinizing Hormone (Discrete)

Results from the Model 1 analyses of luteinizing hormone in its discrete form were
nonsignificant (Table 18-68(a,b): p>0.16 for all analyses). Age was retained in the adjusted
analysis.

The unadjusted analysis for Model 2 did not reveal a significant relationship between
initial dioxin and luteinizing hormone in its discrete form (Table 18-68(c): p=0.202). After
adjusting for age, the association between initial dioxin and luteinizing hormone became
significant (Table 18-68(d): p=0.042, Adj. RR=1.92).

In Model 3, the unadjusted and adjusted analyses of luteinizing hormone revealed no
significant differences between the Ranch Hand categories and Comparisons (Table 18-68(e,f):
p>0.15 for all contrasts). Age was retained in the adjusted analysis.

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal any
significant associations between luteinizing hormone and current dioxin (Table 18-68(g,h):
p>0.28 for unadjusted and adjusted analyses). In each of Models 4, 5, and 6, the final
adjusted model contained age. In Model 6, occupation also was retained in the adjusted
model.

Follicle Stimulating Hormone (Continuous)

Ranch Hands did not differ significantly from Comparisons in the Model 1 unadjusted
and adjusted analyses of follicle stimulating hormone (Table 18-69(a,b). p=0.33 for all
analyses). Age and occupation were retained in the adjusted analysis.

The unadjusted and adjusted analyses for Model 2 did not show a significant relationship
between follicle stimulating hormone in its continuous form and initial dioxin (Table
18-69(c,d): p>0.10 for unadjusted and adjusted analyses). Age was retained in the final
adjusted model.

The unadjusted analysis of Model 3 revealed a marginally significant difference in means
between the low Ranch Hands and Comparisons (Table 18-69(e): p=0.079). The mean level
of follicle stimulating hormone, adjusted for percent body fat at time of duty in SEA and
percent body fat from time of duty in SEA to the date of the blood draw for dioxin, was 4.67
mlU/ml in the background Ranch Hand category as compared to 4.30 mIU/ml in the
Comparison group. Adjusting for covariates in Model 3 did not reveal a significant
association between follicle stimulating hormone and categorized dioxin (Table 18-69(f):
p>0.18 for all adjusted contrasts). Age and race were significant in the final adjusted model.

The unadjusted and adjusted analyses for Models 4, 5, and 6 did not reveal any
significant associations between current dioxin and follicle stimulating hormone (Table
18-69(g,h): p>0.22 for unadjusted and adjusted analyses). Age was significant in each of the
final adjusted models.
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Table 18-68.
Analysis of Luteinizing Hormone (LH)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Abnormal Est. Relative Risk
Occupational Category Group n High 95% C.1.) p-Value
All Ranch Hand 952 L7 0.82 (0.44,1.55) 0.656
Comparison 1,280 2.0
Officer Ranch Hand 367 1.4 0.48 (0.17,1.35) 0.236
Comparison 502 2.8
Enlisted Flyer Ranch Hand 162 2.5 1.25 (0.31,5.09) 0.999
Comparison 202 2.0
Enlisted Groundcrew Ranch Hand 423 1.7 1.20 (0.43,3.32) 0.938
Comparison 576 1.4

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category {(95% C.L) p-Value Covariate Remarks®
All 0.81 (0.43,1.54) 0.519 AGE (p<0.001)
Officer 0.48 (0.17,1.35) 0.165

Enlisted Flyer 1.22 (0.30,5.01) 0.785

Enlisted Groundcrew 1.17 (0.41,3.34) 0.765

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-68. (Continued)
Analysis of Luteinizing Hormone (LH)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Percent
Abnormal Estimated Relative Risk
Initial Dioxin n High 95% C.I.)° p-Value
Low 174 1.2 1.46 (0.83,2.57) 0.202
Medium 173 1.2
High 173 1.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)*
n Adj. Relative Risk (95% C.1.)® p-Value Covariate Remarks
520 1.92 (1.04,3.52) 0.042 AGE (p<0.001)

* Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-68. (Continued)
Analysis of Luteinizing Hormone (LH)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent ~ Est, Relative Risk
Dioxin Category n Abnormal High (95% C.1L)y* p-Value
Comparison 1,063 2.2
Background RH 374 24 1.10 (0.50,2.42) 0.811
Low RH 260 1.2 0.50 (0.15,1.69) 0.267
High RH 260 1.2 0.53 (0.16,1.78) 0.303
Low plus High RH 520 1.2 0.51 (0.21,1.28) 0.153

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n 95% C.LY*  p-Value Covariate Remarks
Comparison 1,063 ] AGE (p<0.001)
Background RH 374 0.99 (0.44,2.21) 0.978

Low RH 260 0.45 (0.13,1.56) 0.208

High RH 260 0.74 (0.22,2.58) 0.640

Low plus High RH 520 0.56 (0.22,1.43) 0.226

2 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin,

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-68. (Continued)
Analysis of Luteinizing Hormone (LH)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Resuits for Log,
Percent Abnormal High/(n) (Current Dioxin + 1)
: Est. Relative Risk
Model® Low Medium High (95% C.L)® p-Value

4 2.0 1.7 1.3 0.87 {0.60,1.26) 0.454
(295) (300) (299)

5 2.3 1.0 1.7 0.92 (0.68,1.24) 0.576
{300) 297) (297)

6° 2.3 1.0 1.7 0.86 (0.62,1.18) 0.356
(299) (297) (297)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk

Model* n (95% C.I.)° p-Value Covariate Remarks
4 894 0.97 (0.64,1.48) 0.883 AGE (p<0.001)
5 894 1.00 (0.70,1.41) 0.982 AGE (p<0.001)
64 893 0.81 (0.56,1.17) 0.281 AGE (p<0.001)

OCC (p=0.141)

*Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 18-69.
Analysis of Follicle Stimulating Hormone (FSH) (mIU/ml)
(Continuous)

a) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

Occupational Difference of Means

Category Group n Mean® (95% C.L.)° p-Value®

All Ranch Hand 952 4.41 0.08 -- 0.535
Comparison 1,280 4.33

Officer Ranch Hand 367 4.66 0.12 -- 0.581
Comparison 502 4.54

Enlisted Flyer Ranch Hand 162 4.63 0.33 -- 0.330
Comparison 202 4.30

Enlisted Groundcrew Ranch Hand 423 4.12 -0.04 -- 0.812
Comparison 576 4.16

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Occupational Adj. Difference of Adj.
Category Group n Mean® Means (95% C.1.)®  p-Value® Covariate Remarks®
All Ranch Hand 952 4.37 0.06 - 0.631 AGE (p<0.001)
Comparison 1,280 4.31 OCC (p=0.131)
Officer Ranch Hand 367 4.28 0.07 -- 0.717
Comparison 502 4.21
Enlisted Ranch Hand 162 4.42 0.29 -- 0.336
Flyer Comparison 202 4.13
Enlisted Ranch Hand 423 4.49 0.04 -- 0.838
Groundcrew  Comparison 576 4.53

3 Transformed from the natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.

¢ P-values based on difference of means on natural logarithm scale.

d Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-69. (Continued)
Analysis of Follicle Stimulating Hormone (FSH) (mIU/ml)
(Continuous)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
- Adj. Slope
Initial Dioxin n Mean® Mean® R? (Std. Error)® p-Value
Low 174 4,95 4.95 0.009 -0.035 (0.022) 0.109
Medium 173 4.24 4.25
High 173 4.08 4.06

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED

Initial Dioxin Category Summary Analysis Results for Log, (Initial Dioxin)
Statistics
Adj. Adj. Slope
Initial Dioxin n Mean™ R? (Std. Error)° p-Value Covariate Remarks
Low 174 4.74 0.053 -0.003 (0.023) 0.903 AGE (p<0.001)
Medium 173 4.21
High 173 4.28

2 Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Slope and standard error based on natural logarithm of follicle stimulating hormone versus log, (initial dioxin).

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-69. (Continued)
Analysis of Follicle Stimulating Hormone (FSH) {(mIU/ml)
(Continuous)

€) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Difference of Adj.
Adj. '~ Mean vs, Comparisons

Dioxin Category n Mean®  Mean® 95% C.1)* p-Valued
Comparison 1,063 4.30 4.30

Background RH 374 4.42 4.43 0.13 -- 0.465
Low RH 260 4.71 4.67 0.37 -- 0.079
High RH 260 4.12 4.13 0.17 -- 0.377
Low plus High RH 520 441 4.39 0.09 -- 0.575

) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Difference of Adj.
Adj. Mean vs. Comparisons

Dioxin Category n  Mean* 95% C.I.)¢ p-Value! Covariate Remarks

Comparison 1,063 4.10 AGE (p<0.00D)
RACE (p=0.089)

Background RH 374 408 -0.02 -- 0.923

Low RH 260 4.35 0.25 -- 0.187

High RH 260 4.18 0.08 -- 0.644

Low plus High RH 520 4.27 0.17 -- 0.249

? Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

¢ Difference of adjusted means after transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

¢ P-value is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under *Covariate Remarks” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt-
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 PPt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-69. (Continued)
Analysis of Follicle Stimulating Hormone (FSH) (mIU/ml)
(Continuous)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
Mean®/(n) (Current Dioxin + 1)
Slope
Model® Low Medium ~'High R? (Std. Error)° p-Value

4 4.42 4.75 4.09 0.001 -0.014 (0.016) 0.383
(295) (300) {299)

5 4.44 4.62 4.17 <0.001 -0.006 (0.013) 0.640
(300) (297) (297)

6¢ 4.55 4.63 4.08 0.004 -0.018 (0.014) 0.226
(299) (297) (297)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Current Dioxin Category Il Analysis Results for Log,
Adjusted Mean?/(n) {Current Dioxin + 1)
'Adj. Slope
Model> | Low Medium  High R*  (Std. Error)*  p-Value Covariate Remarks
4 4.32 4.58 4.33 |10.066 0.012 (0.016)  0.423 AGE (p<0.001)
(295) (300} (299)
5 4.36 4.47 440 [10.066 0.013 (0.013)  0.317 AGE (p<0.001)
(300) (297) (297)
6° 4.43 4.48 4.34 10.067 0.006 (0.014)  0.664 AGE (p<0.001)
(299) (297) (297)

* Transformed from natural logarithm scale.
® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of follicle stimulating hormone versus log, (current
dioxin + 1).

¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Follicle Stimulating Hormone (Discrete)

In both the unadjusted and adjusted Model 1 analyses of follicle stimulating hormone,
Ranch Hands in the officer stratum possessed a significantly greater percentage of
abnormalities than Comparisons, although the unadjusted contrast was only marginally
significant (Table 18-70(a,b): p=0.062, Est. RR=1.85 for the unadjusted analysis and
p=0.046, Adj. RR=1.86 for the adjusted analysis). All other group contrasts were
nonsignificant (p>0.21). Age was the only covariate retained in the adjusted analysis.

The unadjusted and adjusted analyses of Models 2 through 6 did not reveal any
significant associations between dioxin and follicle stimulating hormone in its categorized
form (Table 18-70(c-h): p>0.15 for all unadjusted and adjusted analyses). Adjusting for
covariates in Model 2 revealed a significant age-by-race interaction. Age was significant in
the final adjusted mode] for Models 3 through 6.

Longitudinal Analysis

Longitudinal analyses were conducted on the composite diabetes indicator, TSH, fasting
glucose, 2-hour postprandial glucose, and total testosterone to examine whether changes across
time differed with respect to group membership (Model 1), initial dioxin (Model 2), and
categorized dioxin (Model 3). Models 4, 5, and 6 were not examined in longitudinal analyses
because current dioxin, the measure of exposure in these models, changes over time and is not
available for all participants for 1982, 1985, or 1992. The longitudinal analyses were
conducted on TSH, fasting glucose, 2-hour postprandial glucose, and total testosterone in both
continuous and discrete forms. The longitudinal analyses of 2-hour postprandial glucose were
restricted to nondiabetics; the other longitudinal analyses were conducted on all participants
with available data.

The longitudinal analysis for the continuous variables (TSH, fasting glucose, 2-hour
postprandial glucose, and total testosterone) examined the paired difference between the
measurements from 1982 and 1992. Each of the three models used in the longitudinal
analysis were adjusted for age and the dependent variable measured in 1982. The analyses of
Models 2 and 3 also were adjusted for percent body fat at time of duty in SEA and change in
percent body fat from the time of duty in SEA to the date of the blood draw for dioxin.

The longitudinal analyses for the discrete variables (composite diabetes indicator, TSH,
fasting glucose, 2-hour postprandial glucose, and total testosterone) examined relative risks at
the 1992 examination for participants who were classified as normal at the 1982 examination.
Participants considered abnormal in 1982 were excluded because the focus of the analyses was
on investigating the temporal effects of dioxin during the period between 1982 and 1992,
Participants considered abnormal in 1982 were already abnormal before this period;
consequently, only participants considered normal at the 1982 examination were considered to
be at risk when the effects of dioxin over time were explored. The rate of abnormalities
under this restriction approximates an incidence rate between 1982 and 1992. All three
models were adjusted for age; Models 2 and 3 also were adjusted for percent body fat at the
time of duty in SEA and change in percent body fat from the time of duty in SEA to the date
of the blood draw for dioxin.
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Table 18-70.
Analysis of Follicle Stimulating Hormone (FSH)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Percent
Abnormal - - Est. Relative Risk
Occupational Category Group n High - (95% C.L) p-Value
All Ranch Hand 950 4.9 1.30 (0.87,1.96) 0.241
Comparison 1,277 3.8
Officer Ranch Hand 365 7.1 1.85 (1.02,3.37) 0.062
Comparison 502 4.0
Enlisted Fiyer Ranch Hand 162 6.2 1.26 (0.51,3.11) 0.782
Comparison 202 5.0
Enlisted Groundcrew Ranch Hand 423 2.6 0.78 (0.37,1.69) 0.652
Comparison 573 3.3

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Risk

Occupational Category 95% C.1.) . p-Value Covariate Remarks®
All 1.30 (0.86,1.98) 0.217 AGE (p<0.001)
Officer 1.86 (1.01,3.42) 0.046

Enlisted Flyer 1.23 (0.50,3.08) 0.625

Enlisted Groundcrew 0.77 (0.36,1.66) 0.502

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 18-70. (Continued)
Analysis of Follicle Stimulating Hormone (FSH)
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics || Analysis Results for Log, (Initial Dioxin)®
Percent _ '
Abnormal Estimated Relative Risk
Initial Dioxin n High (95% C.1)° p-Value
Low 174 6.3 0.97 (0.71,1.32) 0.822
Medium 173 4.0
High 173 35

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxin)®
n Adj. Relative Risk (95% C.1.)° p-Value Covariate Remarks
520 1.15 (0.83,1.60) 0.408 AGE*RACE (p=0.009)

# Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dicxin.

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 18-70. (Continued)
Analysis of Follicle Stimulating Hormone (FSH)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

Percent Est. Relative Risk
Dioxin Category n Abnormal High 95% C.1L)» p-Value
Comparison 1,063 7
Background RH 374 5.3 1.44 (0.82,2.52) 0.204
Low RH 260 5.8 1.56 (0.84,2.89) 0.159
High RH 260 3.5 0.96 (0.46,2.02) 0.918
Low plus High RH 520 4.6 1.27 (0.75,2.14) 0.378

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED

Adj. Relative Risk

Dioxin Category n (95% C.L)* p-Value Covariate Remarks
Comparison 1,063 AGE (p<0.001)
Background RH 374 1.32 (0.75,2.32) 0.341

Low RH 260 1.47 (0.79,2.75) 0.230

High RH 260 1.25 (0.58,2.66) 0.569

Low plus High RH 520 1.38 (0.81,2.35) 0.242

? Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and change in percent body fat from the time of duty
in SEA to the date of the blood draw for dioxin.

© Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates §peciﬁed under "Covariate Remarks"” column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 18-70. (Continued)
Analysis of Follicle Stimulating Hormone (FSH)
(Discrete)

g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category ' Analysis Results for Log,
Percent Abnormal High/(n) _ (Current Dioxin + 1)
: - Est. Relative Risk
Model® Low Medium High (95% C.I)® p-Value

4 4.4 7.0 33 0.97 (0.79,1.20) 0.787
(295) (300) (299)

5 5.0 5.7 4.0 1.00 (0.84,1.20) 0.973
300) (297) 297

6¢ 5.0 5.7 4.0 0.96 (0.79,1.16) 0.653
(299) 297) 297)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Log; (Current Dioxin + 1)
Adj. Relative Risk -
Model® n 95% C.L)® ° p-Value Covariate Remarks
4 894 1.07 (0.85,1.35) 0.543 AGE (p<0.001)
5 894 1.09 (0.89,1.32) 0.409 AGE (p<0.001)
6° 893 1.05 (0.85,1.30) 0.676 AGE (p<0.00})

? Model 4: Log, (lipid-adjusted current dioxin + 1).

Model 5: Log, (whole-weight current dioxin + 1).

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Medical Records and Laboratory Variable
Composite Diabetes Indicator

No significant results were disclosed in the longitudinal analyses of composite diabetes
indicator for Models 1, 2, and 3 (Table 18-71(a-c): p>0.25 for all analyses).

Laboratory Variables
Thyroid Stimulating Hormone (TSH) (Continuous)

Thyroid stimulating hormone (TSH) group differences of examination mean change
(from 1982 to 1992) overall by occupation and within the officer and enlisted groundcrew
strata were nonsignificant (Table 18-72(a): p>0.53 for each analysis). The enlisted flyer
stratum displayed a marginally significant difference of examination mean change (p=0.082,
Diff. of Exam. Mean Change=0.54).

The Model 2 longitudinal analysis was nonsignificant (Table 18-72(b): p=0.909). Also,
each Model 3 difference of examination mean change between Ranch Hands and Comparisons
was nonsignificant, except for the high Ranch Hand difference (Table 18-72(c): p>0.35 for
each difference). Results were marginally significant for the difference between high Ranch
Hands and Comparisons. High Ranch Hands exhibited a smaller decrease in examination
means from 1982 to 1992 than Comparisons (Table 18-72(c): p=0.088, Diff. of Exam. Mean
Change=0.28).

Thyroid Stimulating Hormone (Discrete)

The Model 1 Ranch Hand versus Comparison contrast within the officer strata displayed
a marginally significant difference in thyroid stimulating hormone abnormality rates (Table
18-73(a): p=0.090, Adj. RR=0.41). Conditioned on normality in 1982, Comparisons
exhibited a higher percentage of abnormalities in 1992 than Ranch Hands. All other Model 1
contrasts were nonsignificant, as well as all remaining Model 2 and Model 3 analyses (Table
18-73(a-c): p>0.11). All analyses were restricted to participants who had normal thyroid
stimulating hormone levels in 1982.

Fasting Glucose (All Participants—Continuous)

The Model 1 analysis of fasting glucose did not reveal a significant overall difference of
examination mean change between Ranch Hands and Comparisons (Table 18-74(a): p=0.369).
Analyses conducted within each occupational strata also were nonsignificant (p>0.18 for each
analysis). The Model 2 analysis displayed a marginally significant positive association
between initial dioxin and the difference between fasting glucose in 1992 and fasting glucose
in 1982 (Table 18-74(b): p=0.072, Adj. Slope=0.011). All Model 3 contrasts between the
Ranch Hand categories and Comparisons were nonsignificant from the analysis of fasting
glucose in all participants (Table 18-74(c): p>0.27 for all analyses).
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Table 18-71.

Longitudinal Analysis of Composite Diabetes Indicator

a) MODEL 1: RANCH HANDS VS, COMPARISONS

Percent  Abnormal/(n)

Occupational - ' : Examination
Category Group 1982 1985 1987 1992
All Ranch Hand 4.1 8.8 10.3 15.6
(898) (877) (866) (898)
Comparison 3.9 9.1 10.3 14.9
(1,060) (1,035) (1,029) (1,060)
Officer Ranch Hand 4.1 9.3 10.0 15.7
(338) (333) (331) (338)
Comparison 2.5 7.1 8.2 12.4
404) (395) 391) 404)
Enlisted Flyer Ranch Hand 4.4 7.6 8.4 15.7
(159) (157) (155) (159)
Comparison 5.7 10.5 12.1 17.7
(175) (172) 173) (175)
Enlisted Ranch Hand 4.0 8.8 11.3 15.5
Groundcrew (401) (387) (380) 401)
Comparison 4.4 10.3 11.4 16.0
(481) (468) (465) (481)
Normal in 1982
Percent . .
Occupational Group n in 1992 Abnormal . . . Ad" Relative p-Value
e : Risk (95% C.1.)
Category in 1992
All Ranch Hand 861 12.0 1.07 (0.81,1.43) 0.629
Comparison Lo19 11.5
Officer Ranch Hand 324 12.0 1.25 (0.78,2.01) 0.357
Comparison 394 10.2
Enlisted Flyer Ranch Hand 152 11.8 0.92 (0.47,1.81) 0.808
Comparison 165 12.7
Enlisted Ranch Hand 385 12.0 1.03 {0.67,1.57) 0.895
Groundcrew Comparison 460 12.2

* Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who did not have diabetes or a 2-hour postprandial glucose level >200 mg/dl in
1982 (see Chapter 7, Statistical Methods).

18-355



Table 18-71. (Continued)
Longitudinal Analysis of Composite Diabetes Indicator

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
Percent Abnormal/(n)

Examination
Initial Dioxin 1982 1985 ' 1987 1992
Low 4.8 9.8 10.8 18.7
(166) (163) (166) (166)
Medium 4.2 11.0 10.4 18.5
(168) (163) (163) (168)
High 7.1 13.3 16.1 20.2
(168) (166) (162) (168)
Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)

Normal in 1982
Percent Abnormal Adj. Relative Risk

Initial Dioxin n in 1992 in 1992 95% C.L) p-Value
Low 158 14.6 1.10 (0.89,1.36) 0.375
Medium 161 14.9

High 156 14.1

# Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to date of blood draw for dioxin, and age in 1992.

® Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who did not have diabetes or a 2-hour postprandial glucose level >200 Mg/dl in
1982 (see Chapter 7, Statistical Methods).
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Longitudinal Analysis of Composite Diabetes Indicator

Table 18-71. (Continued)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Abnormal/(n)

. Examination
Dioxin Category 1982 1985 1987 1992
Comparison 3.7 8.7 10.1 14.9
(914) (902) (902) 914)
Background RH 2.9 5.9 7.5 11.7
(341) (338) (334) (341)
Low RH 4.4 11.2 11.4 19.7
(248) (242) (246) (248)
High RH 6.3 11.6 13.5 18.5
(254) (250) (245) (254)
Low plus High RH 54 11.4 12.4 19.1
(502) (492) 491) (502)
Normal in 1982 _
Percent Abnormal : = Adj. Relative Risk
Dioxin Category nin 1992 in 1992 95% C.1.) p-Value
Comparison 880 11.6
Background RH 331 9.1 0.90 (0.57,1.40) 0.633
Low RH 237 16.0 1.28 (0.83,1.98) 0.255
High RH 238 13.0 1.15 (0.72,1.83) 0.566
Low plus High RH 475 14.5 1.22 (0.86,1.73) 0.268

* Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.

Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt. < Initial Dioxin <143 ppt.

High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who did not have diabetes or a 2-hour postprandial glucose level >200 mg/dl in
1982 (see Chapter 7, Statistical Methods).
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Table 18-72.
Longitudinal Analysis of Thyroid Stimulating Hormone (xIU/ml) (TSH)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Mean/(n) .
Examination Exam. Difference
Occupational . Mean of Exam,
Category Group 1982 1985 . 1987 1992 Change*  Mean Change p-Value®
All Ranch Hand 3.89  1.40 112 2.11 -1.78 0.04 0.543
(880) (857) (845) (880)
Comparison 3,75 1.31 1.04 1,92 -1.82
(1,024) (1,001) (998) (1,024)
Officer Ranch Hand  4.00 1.51 1.21 2.30 -1.70 0.04 0.640
329y (323 (32D (329)
Comparison  3.71 1.30 1.05 1.97 -1.74
384y (376) (373) (384
Enlisted Flyer Ranch Hand 3.70 1.30 1.01 2.21 -1.49 0.54 0.082
(155) (153 (149 (155)
Comparison  4.03 1.39 1.15 2.00 -2.03
(171)  (168) (170) 171)
Enlisted Ranch Hand  3.86 1.34 1.09 1.91 -1.95 -0.14 0.534
Groundcrew (396) (38D (375 (396)
Comparison  3.68 1.27 1.00 1.86 -1.81
469y  (457)  (455)  (469)

2 Difference between 1992 and 1982 examination means.

® Results adjusted for thyroid stimulating hormone in 1982 and age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1982, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the 1985, 1987, and 1992 examinations.
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Table 18-72. (Continued)
Longitudinal Analysis of Thyroid Stimulating Hormone (.IU/ml) (TSH)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary Statistics ' Analysis Results for Log, (Initial Dioxin)*
Mean/(n) ' '
. Examination
Initial ‘
Dioxin 1982 1985 - 1987 1992 Adj. Slope (Std. Error) p-Value
Low 3.82 1.32 1.05 1.86 -0.017 (0.151) 0.909
(162) (159 (160) (162)
Medium 3.78 1.51 1.20 2.18
(167) {161) {162) (167)
High 3.99 1.41 1.15 2.45
(163) (161) (157) {163)

* Results based on difference between thyroid stimulating hormone in 1992 and thyroid stimulating hormone in
1982 versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in SEA, change in
percent body fat from the time of duty in SEA to date of blood draw for dioxin, thyroid stimulating hormone in
1982, and age in 1992,

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1982, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the 1985, 1987, and 1992 examinations.
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Table 18-72. (Continued)
Longitudinal Analysis of Thyroid Stimulating Hormone (xIU/ml) (TSH)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Mean/(n)
Examination Difference of
) Exam. Exam.
Dioxin Category 1982 1985 1987 1992 . Mean Change® Mean Change® p-Value®
Comparison 3.75 1.30 1.05 1.93 -1.81
(883) (872 (B73) (883)
Background RH 3.94 1.39 1.12 2.10 -1.85 -0.04 0.893
(333) (3300 (325) (333)
Low RH 3.77 1.34 1.07 1.90 -1.87 -0.06 0.791
(243)  (237) (240) (243)
High RH 3.95 1.50 1.20 242 -1.53 0.28 0.088
(249)  (244) (239) (249)
Low plus High RH 3.86 1.42 1.13 2.16 -1.70 6.11 0.357

492) 481y (479) (492)

? Difference between 1992 and 1982 examination means.
® Difference between Ranch Hand dioxin category and Comparison category.

© Results adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of
duty in SEA to date of blood draw for dioxin, thyroid stimulating hormone in 1982, and age in 1992,

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 Ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1982, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the 1985, 1987, and 1992 examinations.
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Table 18-73.
Longitudinal Analysis of Thyroid Stimulating Hormone (TSH) |
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS
Percent Abnormal High/(n)

Occupational - Examination
Category Group 1982 1985 1987 - 1992
All Ranch Hand 0.7 2.1 2.0 2.3
(880) (857) (845) (880)
Comparison 0.5 L9 L6 2.3
(1,024) (1,001) (998) (1,024)
Officer Ranch Hand 0.9 25 2.5 24
329) (323) 321 (329)
Comparison 03 1.9 1.6 3.7
(384) (376) (373) (384)
Enlisted Flyer ~Ranch Hand 0.7 2.0 2.0 2.6
(155) (153) (149) (155)
Comparison 1.2 1.8 1.2 1.2
(171) (168) (170 171
Enlisted Ranch Hand 0.5 1.8 1.6 2.0
Groundcrew (396) (381) (375) (396)
Comparison 04 2.0 1.8 1.7
(469) 457 (455) (469)
Normal in 1982
Percent
Occupational Abnormal Adj. Relative
Category Group nin 1992 Highin 1992 Risk (95% C.1.)* p-Value®
All Ranch Hand 874 1.7 0.80 (0.41,1.55) 0.503
Comparison 1,019 2.2
Officer Ranch Hand 326 1.5 0.41 (0.15,1.15) 0.090
Comparison 383 3.7
Enlisted Flyer Ranch Hand 154 2.0 3.36 (0.35,32.36) 0.294
Comparison 169 0.6
Enlisted Groundcrew  Ranch Hand 394 1.8 1.21 (0.42,3.49) 0.719
Comparison 467 1.5

? Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
onlty on participants who had a normal thyroid stimulating hormone level in 1982 (see Chapter 7,
Statistical Methods).
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Table 18-73. (Continued)
Longitudinal Analysis of Thyroid Stimulating Hormone (TSH)
(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
Percent Abnormal High/(n)

" Examination
Initial s :
Dioxin 1982 1985 1987 ' 1992
Low 0.0 0.6 0.6 0.6
(162) (159) (160} (162)
Medium 0.6 2.5 1.9 1.2
(167) (161) (162) (167)
High 1.2 2.5 3.2 4.9
(163) (161) (157) (163)
Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Normal in 1982 _
Initial Percent Abnormal High Adj. Relative Risk
Dioxin n in 1992 in 1992 ' © . (95% C.L)® p-Value
Low 162 0.6 1.48 (0.92,2.38) 0.116
Medium 166 1.2
High 161 37

? Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to date of blood draw for dioxin, and age in 1992.

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had a normal thyroid stimulating hormone level in 1982 (see Chapter 7,
Statistical Methods).
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Table 18-73. (Continued)
Longitudinal Analysis of Thyroid Stimulating Hormone (TSH)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY
Percent Abnormal/(n)

Examination
Dioxin Category 1982 _ 1985 1987 1992
Comparison 0.5 2.0 1.6 2.5
(883) 872) (873) (883)
Background RH 0.9 2.7 2.5 2.7
(333) (330) (325) (333)
Low RH 0.0 0.8 0.8 0.8
(243) (237) (240) (243)
High RH 1.2 2.9 2.9 3.6
(249) (244) (239) (249)
Low plus High RH 0.6 1.9 1.9 22
(492) (481) 479) 492)

Normal in 1982
- Percent Abnormal  Adj. Relative Risk

Dioxin Category n in 1992 in 1992 95% C.L)® p-Value®
Comparison 879 23

Background RH 330 1.8 0.69 (0.27,1.76) 0.437
Low RH 243 0.8 0.35 (0.08,1.50) 0.155
High RH 246 2.9 1.54 (0.63,3.75) 0.346
Low plus High RH 489 1.8 0.87 (0.39,1.93) 0.723

? Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had a normal thyroid stimulating hormone level in 1982 (see Chapter 7,
Statistical Methods).
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Table 18-74.
Longitudinal Analysis of Fasting Glucose (mg/dl) (All Participants)
{Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Mean*/(n)
Examination Exam. Difference
Occupational Mean of Exam.
Category Group 1982 1985 1987 1992 Change®  Mean Change p-Value®
All Ranch Hand 97.66 99.01 100.61 104.44 6.78 -1.30 0.369
(899) (877) (867) (899)
Comparison 96.61 98.29 100.22 104.69 8.09
(1,060) (1,037) (1,033) (1,060)
Officer Ranch Hand 98.54 100.46 101.81 105.45 6.91 -0.51 0.947
(338) 333y (331 (338)
Comparison  97.19 97.99 100.33 104.61 7.42
403) (395) (391) (403)
Enlisted Flyer Ranch Hand 98.24 98.63 100.53 103.84 5.60 -2.50 0.185
(15%9)  (157) (154) (159)
Comparison  98.92 100.23 101.71 107.03 8.11
175y 172y . (174 (175)
Enlisted Ranch Hand 96.69 97.92 99.61 103.83 7.14 -1.49 0.587
Groundcrew (402) (387) (382) (402)
Comparison 9530 97.84 9958 103.92 8.63

(482) (470)  (468) (482)

# Transformed from natural logarithm scale.
® Difference between 1992 and 1982 examination means after transformation to original scale.

¢ P-value is based on analysis of natural logarithm of fasting glucose; results adjusted for natural logarithm of
fasting glucose in 1982 and age in 1992,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the

Baseline, 1982, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations.
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Table 18-74. (Continued)
Longitudinal Analysis of Fasting Glucose (mg/dl) (All Participants)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)*
Mean/(n) I
" Examination
Initial
Dioxin 1982 1985 1987 1992 Adj. Slope (Std. Error) p-Value
Low 97.66 99.78 101.41 104,73 0.011 (0.006) 0.072
(166) {163) (165) (166)
Medium 98.89 99.81 101.06 104.74
(168) (162) (164) {168)
High 98.97 101.22 104.35 109.29
(168) (166) (162) (168)

# Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of fasting glucose in 1992 and natural logarithm of
fasting glucose in 1982 versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in
SEA, change in percent body fat from the time of duty in SEA to date of blood draw for dioxin, natural
logarithm of 1982 fasting glucose, and age in 1992.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1982, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who artended the Baseline, 1987, and 1992 examinations.
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Table 18-74. (Continued)
Longitudinal Analysis of Fasting Glucose (mg/dl) (All Participants)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Mean®/(n)
Examination Difference of
Exam. Exam.
Dioxin Category 1982 1985 1987 1992  Mean Change® Mean Change®  p-Valued
Comparison 96.42 98.27 100.20 104.39 7.98
(914)  (903) (904) (914)
Background RH 97.16 97.66 98.68 102.45 5.28 -2.69 0.384
(342) (339 (335 (342
Low RH 98.28 100.21 101.25 105.13 6.84 -1.14 0.435
(248) (242) (246) (248)
High RH 98.72 100.34 103.27 107.34 8.62 0.64 0.277
(254) (249) (245) (254)
Low plus High RH 98.51 100.28 102.25 106.24 7.73 -0.24 0.846

(502) @91 @91y (502)

* Transformed from natural logarithm scale.
® Difference between 1992 and 1982 examination means after transformatien to original scale.
¢ Difference between Ranch Hand dioxin category and Comparison category.

d P-value is based on analysis of natural logarithm of fasting glucose; results adjusted for percent body fat at the
time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for
dioxin, natural logarithm of fasting glucose in 1982, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppr.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 PPt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1982, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations.
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Fasting Glucose (All Participants—Discrete)

Longitudinal analyses of fasting glucose were conducted among participants who
exhibited normal levels of fasting glucose in 1982. All analyses from Models 1, 2, and 3
were nonsignificant, indicating no association between fasting glucose and group, initial
dioxin, or categorized dioxin (Table 18-75(a-c): p>0.14 for all analyses).

2-Hour Postprandial Glucose (Nondiabetics—Continuous)

All results from Models 1, 2, and 3 were nonsignificant from the longitudinal analysis of
2-hour postprandial glucose in nondiabetics (Table 18-76(a-~c): p>0.21 for all analyses).

2-Hour Postprandial Glucose (Nondiabetics—Discrete)

Among nondiabetic participants with normal levels of 2-hour postprandial glucose in
1982, differences among Ranch Hands and Comparisons overall were found marginally
significant from the Model 1 analysis (Table 18-77(a): p=0.081, Adj. RR=1.32). Of Ranch
Hands, 13.5 percent exhibited an impaired level of 2-hour postprandial glucose compared to
10.8 percent of Comparisons. Stratified by occupation, the percent impaired in the officer
Ranch Hand category was marginally significantly higher than the corresponding Comparison
category (p=0.083, Adj. RR=1.59: 13.1% vs. 8.7% respectively). The Model 2 analysis was
limited to participants with normal levels of 2-hour postprandial glucose and revealed a
nonsignificant association with initial dioxin (Table 18-77(b): p=0.143).

Among nondiabetic participants with normal levels of 2-hour postprandial glucose, the
background Ranch Hands versus Comparisons and low Ranch Hands versus Comparisons
contrasts were nonsignificant in the Model 3 longitudinal analysis of 2-hour postprandial
glucose (Table 18-77(c): p=0.975 and p=0.352 respectively). However, the high Ranch
Hands and low plus high Ranch Hands contrasts were significant (Table 18-77(c): p=0.004,
Adj. RR=1.97 and p=0.014, Adj. RR=1.60 respectively). The percentages for those having an
impaired level of 2-hour postprandial glucose at the 1992 examination with a normal level in
1982 were 18.4 percent for high Ranch Hands, 16.2 percent for low plus high Ranch Hands,
and 10.8 percent for Comparisons (Table 18-77(c)).

Total Testosterone (Continuous)

The Model 1 longitudinal analysis of total testosterone revealed that differences of
examination mean change between Ranch Hands and Comparisons were nonsignificant over
all and within each occupational strata (Table 18-78(a): p=0.17 for each contrast). The
Model 2 results also were nonsignificant (Table 18-78(b): p=0.721).

The Model 3 analysis of total testosterone displayed a marginally significant difference
in examination mean changes between background Ranch Hands and Comparisons (Table
18-78(c): p=0.066, Diff. of Exam. Mean Change=12.30). The change in total testosterone
means from 1982 to 1992 for Comparisons was greater than the change for background Ranch
Hands. All other Model 3 analyses were nonsignificant (Table 18-78(c): p>0.48 for
remaining analyses).
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Table 18-75.
Longitudinal Analysis of Fasting Glucose (All Participants)
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS
Percent Abnormal High/(n)

Occupational Examination
Category Group 1982 1985 1987 1992
All Ranch Hand 4.3 9.4 12.3 13.6
(899) (877) (867) - (899)
Comparison 3.7 9.7 13.3 13.7
(1,060) (1,037) (1,033) (1,060)
Officer Ranch Hand 3.9 9.6 13.9 13.3
(338) (333) (331) (338)
Comparison 3.2 8.6 13.3 13.4
(403) 395) (391) (403)
Enlisted Flver Ranch Hand 7.6 10.2 13.0 13.8
(159) (157) (154) (159)
Comparison 4.6 12.2 16.1 14.9
(175) (172) (174) (175)
Enlisted Ranch Hand 3.5 8.8 10.7 13.7
Groundcrew (402) (387) (382) (402)
Comparison 3.7 9.8 12.2 13.5
(482) (470) (468) (482)
Normal in 1982
Adj. Relative
Occupational Percent. Abnormal High Risk (95%
Category Group n in 1992 in 1992 C.L) p-Value®
All Ranch Hand 860 10.4 0.94 (0.70,1.27) 0.707
Comparison 1,021 11.1
Officer Ranch Hand 325 10.2 0.95 (0.58,1.55) 0.835
Comparison 390 10.8
Enlisted Flyer Ranch Hand 147 7.5 0.56 (0.26,1.22) 0.143
Comparison 167 12.6 :
Enlisted Ranch Hand 388 11.6 1.15 (0.74,1.78) 0.540
Groundcrew Comparison 464 10.8

® Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 resuits; results
adjusted for age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had a normal fasting glucose level in 1982 (see Chapter 7, Statistical Methods).
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Table 18-75. (Continued)
Longitudinal Analysis of Fasting Glucose (All Participants)
(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
Percent Abnormal High/(n)

e Examination

Initial

Dioxin 1982 - 1985 1987 1992

Low 54 10.4 14.6 16.9
(166) (163) (165) (166}

Medium 6.6 13.6 11.6 15.5
(168) (162) (164) (168)

High 6.6 13.3 19.1 17.3
(168) (166) (162) (168)

Initial Dioxin Category Summary Statistics
Normal in 1982

Analysis Results for Log, (Initial Dioxin)®

Initial Percent Abnormal High Adj. Relative Risk

Dioxin n in 1992 in 1992 95% C.1)° p-Value
Low 157 12.1 1.11 (0.89,1.40) 0.356
Medium 157 10.8

High 157 12.1

# Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to date of blood draw for dioxin, and age in 1992.

P Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had a normal fasting glucose level in 1982 (see Chapter 7, Statistical Methods).
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Table 18-75. (Continued)
Longitudinal Analysis of Fasting Glucose (All Participants)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Abnormal High/(n)
Examination

Dioxin Category 1982 1985 1987 1992
Comparison 34 5.2 13.2 13.6

(914) (903) (904) 914)
Background RH 23 6.2 8.0 9.7

(342) (339) (335) (342)
Low RH 6.1 12.0 14.2 17.3

(248) (242) (246) (248)
High RH 6.3 12.9 15.9 15.8

(254) (249) (245) (254)
Low plus High RH 6.2 12.4 15.1 16.5

(502) (491) (491) (502)

Normal in 1982
Percent Abnormal - ‘Adj. Relative Risk

Dioxin Category n in 1992 High in 1992 (95% C.L)» p-Value®
Comparison 883 11.3
Background RH 334 8.4 0.81 (0.51,1.28) 0.360
Low RH 233 12.5 0.90 (0.56,1.44) 0.651
High RH 238 10.9 0.96 (0.59,1.57) 0.871
Low plus High RH 471 11.7 0.93 (0.64,1.35) 0.686

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty

SEA to date of blood draw for dioxin,

Note:

RH = Ranch Hand.

and age in 1992.

Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.

Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.

High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses

are based only on participants who had a normal fasting glucose level in 1982 (see

Methods).
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Table 18-76.
Longitudinal Analysis of 2-Hour Postprandial Glucose (mg/dl) (Nondiabetics)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Mean®/(n) .
Examination - Exam. Difference
Occupational Mean of Exam.
Category Group 1982 1985 1987 1992 Change® Mean Change p-Value®
All Ranch Hand 90.52 102.16 106.83 104.03 13.51 -0.95 0.504
(758) (736) (724) (758)
Comparison 90.69 104.32 106.42 105.15 14.46
(902) (875) (867) (902)
Officer Ranch Hand 90.00 104.75 107.61 104.12 14.12 0.60 0.745
(285) (279 (279) (285)
Comparison  89.83 103.22 105.91 103.35 13.51
(354) (344) (341) (354)
Enlisted Flyer Ranch Hand 91.87 101.09 108.75 105.70 13.82 -0.57 0.596
(134) (132) (129) (134)
Comparison  94.62 108.64 109.35 109.01 14.39
(144)  (141) {141) (144)
Enlisted Ranch Hand 90.43 100.42 105.38 103.31 12.88 -2.43 0.330
Groundcrew (339 (325 (316) {339
Comparison  90.08 103,77 105.82 105.40 15.31
(404  (390) (385) (404)

? Transformed from natural logarithm scale.

b Difference between 1992 and 1982 examination means after transformation to original scale.

¢ P-value is based on analysis of natural logarithm of 2-hour postprandial glucose; results adjusted for natural
logarithm of 2-hour postprandial glucose in 1982 and age in 1992.

Note: Summary statistics for 1982 and 1992 are provided for participants who attended the Baseline and 1992
examinations and were nondiabetic in 1982 and 1992. Summary statistics for 1985 are provided for
reference purposes for participants who attended the Baseline, 1985, and 1992 examinations and were
nondiabetic in 1985. Summary statistics for 1987 are provided for reference purposes for participants
who attended the Baseline, 1987, and 1992 examinations and were nondiabetic in 1987.
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Table 18-76. (Continued)
Longitudinal Analysis of 2-Hour Postprandial Glucose (mg/dl) (Nondiabetics)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary: Statistics Analysis Results for Log,
o (Initial Dioxin)®
Mean?/(n) _
Initial Examination ‘ Adj. Slope
Dioxin 1982 1985 . 1987 1992 (Std. Error) p-Value
Low 91.68 103.29 109.23 103.47 0.013 (0.011) 0.211
(135) (131) (133) (135)
Medium 92.14 104.74 106,22 107.11
(137) (131 {(132) (137
High 92.43 101.97 106.36 108.05
(134) (132) (126) (134)

? Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of 2-hour postprandial glucose in 1992 and natural
logarithm of 2-hour postprandial glucose in 1982 versus log; (initial dioxin); results adjusted for percent body
fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to date of blood draw
for dioxin, natural logarithm of 1982 2-hour postprandial glucose, and age in 1992.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1982 and 1992 are provided for participants who attended the Baseline and 1992
examinations and were nondiabetic in 1982 and 1992. Summary statistics for 1985 are provided for
reference purposes for participants who attended the Baseline, 1985, and 1992 examinations and were
nondiabetic in 1985. Summary statistics for 1987 are provided for reference purposes for participants
who attended the Baseline, 1987, and 1992 examinations and were nondiabetic in 1987.
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Table 18-76. (Continued)
Longitudinal Analysis of 2-Hour Postprandial Glucoese (mg/dl) (Nondiabetics)
(Continuous)

c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Mean?/(n) .
Examination Difference of
Dioxin Category 1982 1985 1987 1992  Mean Change®  Mean Change®  p-Value®
Comparison 90.81 104.25 106.81 104.79 13.98
(778) (764) (761)  (778)
Background RH 88.47 101.20 105.64 100.93 12.45 -1.53 0.333
(301) (297) (295)  (301)
Low RH 92,50 103.93 108.86 104.96 12.47 -1.52 0.499
(199) (191) (195  (199)
High RH 91.69 102.76 107.64 107.39 15.70 1.71 0.220
(207) (203) (196)  (207)
Low plus High RH  92.08 103.32 108.25 106.19 14.11 0.12 0.721

(406) (394) (391) (4096)

2 Transformed from natural logarithm scale.
® Difference between 1992 and 1982 examination means after transformation to original scale.
¢ Difference between Ranch Hand dioxin category and Comparison dioxin category.

4 P-value is based on analysis of natural logarithm of 2-hour postprandial glucose; results adjusted for percent
body fat at the time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the
blood draw for dioxin, natural logarithm of 2-hour postprandial glucose in 1982, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1982 and 1992 are provided for participants who attended the Baseline and 1992
examinations and were nondiabetic in 1982 and 1992. Summary statistics for 1985 are provided for
reference purposes for participants who attended the Baseline, 1985, and 1992 examinations and were
nondiabetic in 1985. Summary statistics for 1987 are provided for reference purposes for participants
who attended the Baseline, 1987, and 1992 examinations and were nondiabetic in 1987.

18-373



Table 18-77.
Longitudinal Analysis of 2-Hour Postprandial Glucose (Nondiabetics)

(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Percent Impaired/(n)

Occupational Examination _
Category Group 1982 1985 “1987 1992
All Ranch Hand 6.5 8.6 13.7 15.2
(758) (736) {724) (758)
Comparison 6.9 11.1 10.8 13.1
(902) (875) (867) (902)
Officer Ranch Hand 6.0 9.3 12.5 13.7
(285) 279) (279) (285)
Comparison 6.2 9.3 9.1 11.6
(354) (344) (341) (354)
Enlisted Flyer Ranch Hand 6.7 9.1 18.6 14.2
(134) (132) (129 (134)
Comparison 13.2 16.3 15.6 16.7
(144) {141) (141) (144)
Enlisted Ranch Hand 6.8 7.7 12.7 16.8
Groundcrew (339) (325) (316) (339)
Comparison 5.2 10.8 10.7 13.1
(404) (390) (385) (404)
Normal in 1982
Occupational _ Percent Impaired Adj. Relative Risk
Category Group n in 1992 in 1992 95% C.1.)? p-Value®
All Ranch Hand 709 13.5 1.32 (0.97,1.79) 0.081
Comparison 840 10.8
Officer Ranch Hand 268 13.1 1.59 (0.94,2.69) 0.083
Comparison 332 8.7
Enlisted Flyer Ranch Hand 125 12.0 0.87 (0.41,1.84) 0.722
Comparison 125 13.6
Enlisted Ranch Hand 316 14.6 1.36 (0.87,2.13) 0.176
Groundcrew Comparison 383 1.8

* Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1982 and 1992 are provided for participants who attended the Baseline and 1992
examinations and were nondiabetic in 1982 and 1992. Summary statistics for 1985 are provided for
reference purposes for participants who attended the Baseline, 1985, and 1992 examinations and were
nondiabetic in 1985. Summary statistics for 1987 are provided for reference purposes for participants
who attended the Baseline, 1987, and 1992 examinations and were nondiabetic in 1987. Statistical
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see

Chapter 7, Statistical Methods).
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Table 18-77. (Continued)
Longitudinal Analysis of 2-Hour Postprandial Glucose (Nondiabetics)

(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

‘Percent Impaired/(n)
. Examination
Initial .
Dioxin 1982 1985 1987 1992
Low 7.4 9.9 14.3 16.3
(135 {131) {133) (135)
Medium 8.8 8.4 12.9 17.5
(137) {131) {132) (137)
High 6.0 10.6 16.7 20.9
(134) (132) (126) (134)

Initial Dioxin Category Summary Statistics
Normal in 1982

Annlysis Results for Log, (Initial Dioxin)*

Adj. Relative Risk

Initial Percent Impaired

Dioxin n in 1992 in 1992 (95% C.L)° p-Value
Low 125 13.6 1.18 (0.95,1.49) 0.143
Medium 125 16.0

High 126 19.1

4 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to date of blood draw for dioxin, and age in 1992,

b Relative risk for a twofold increase in initial dioxir.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1982 and 1992 are provided for participants who attended the Baseline and 1992
examinations and were nondiabetic in 1982 and 1992. Summary statistics for 1985 are provided for
reference purposes for participants who attended the Baseline, 1985, and 1992 examinations and were
nondiabetic in 1985. Summary statistics for 1987 are provided for reference purposes for participants
who attended the Baseline, 1987, and 1992 examinations and were nondiabetic in 1987. Statistical
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see

Chapter 7, Statistical Methods).
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Table 18-77. (Continued)
Longitudinal Analysis of 2-Hour Postprandial Glucose (Nondiabetics)
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Impaired/(n)

" Examination
Dioxin Category 1982 1985 1987 1992
Comparison 6.9 10.7 10.5 12.7
(778) {764) (761) (778)
Background RH 53 6.4 12.9 10.6
(301) (297) (295) (30D
Low RH 9.6 10.5 14.4 16.6
(199) (191) (195) (199)
High RH 5.3 8.9 14.8 19.8
(207) (203) (196) 207
Low plus High RH 7.4 9.6 14.6 18.2
(406) (394) (391) (406)
Normal in 1982
Percent Impaired  Adj. Relative Risk
Dioxin Category n in 1992 in 1992 ‘ (95% C.L)» p-Value®
Comparison 724 10.8
Background RH 285 9.8 0.99 {(0.62,1.59) 0.975
Low RH 180 13.9 1.27 (0.77,2.10) 0.352
High RH 196 18.4 1.97 (1.25,3.11) 0.004
Low plus High RH 376 16.2 1.60 (1.10,2.34) 0.014

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1982 and 1992 are provided for participants who attended the Baseline and 1992
examinations and were nondiabetic in 1982 and 1992. Summary statistics for 1985 are provided for
reference purposes for participants who attended the Baseline, 1985, and 1992 examinations and were
nondiabetic in 1985. Summary statistics for 1987 are provided for reference purposes for participants
who attended the Baseline, 1987, and 1992 examinations and were nondiabetic in 1987. Statistical
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see
Chapter 7, Statistical Methods).
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Table 18-78.
Longitudinal Analysis of Total Testosterone (ng/dl)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Mean*(n) :

‘Examination : Exam. Difference
Occupational ‘ Mean of Exam,
Category Group 1982 1985 1987 1992  'Change® Mean Change p-Value®
All Ranch Hand 638.00 598.27 530.88 511.29 -126.70 -1.80 0.488

(836) (861) (854) (886)
Comparison 623.23 575.38 523.57 498.33 -124.90
(1,054) (1,030) (1,028) (1,054)
Officer Ranch Hand 603.45 570.15 506.00 494.76 -108.70 14.96 0.170
(331) (323) (324) (331)
Comparison  601.18 554.17 498.79 477.53 -123.65
401) (3%94), (390) (401)
Enlisted Flyer Ranch Hand 648.81 614.90 526.70 528.21 -120.60 9.77 0.280
(158) (156)  (153) (158)
Comparison  628.51 568.55 529.38 498.15 -130.37
173) 169y (172 (173)
Enlisted Ranch Hand 663.15 615.71 554.47 518.54 -144.61 -20.69 0.371
Groundcrew 397) (382) (377 (397)

Comparison  640.04 596.11 542.60 516.12 -123.92
(480) (467)  (466) (480)

2 Transformed from square root scale.
® Difference between 1992 and 1982 examination means after transformation to original scale.

¢ P-value is based on analysis of square root of total testosterone; results adjusted for square root of total
testosterone in 1982; and age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the

Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations.
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Table 18-78. (Continued)
Longitudinal Analysis of Total Testosterone (ng/dl)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary Statistics Analysis Results for Log,
o (Initial Dioxin)®
Mean?®/(n)
Initial Examination - Adj. Slope
Dioxin 1982 1985 1987 1992 -(Std. Error) p-Value
Low 633.88 559.58 521.46 508.79 0.045 (0.127) 0.721
(165) {161) (164) (165)
Medium 620.68 565.47 514.48 484.20
(166) (160) (162) (166)
High 609.44 584.23 506.01 478.89
(168) (166) {162) (168)

2 Transformed from square root scale.

® Results based on difference between square root of total testosterone in 1992 and square root of total
testosterone in 1982 versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in SEA,
change in percent body fat from the time of duty in SEA to date of blood draw for dioxin, square root of 1982
total testosterone, and age in 1992.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations.
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Table 18-78. (Continued)
Longitudinal Analysis of Total Testosterone (ng/dl)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Mean®/(n) '
Eminaﬁon Exam- Diffel’ence Of
. Mean Exam.
Dioxin Category 1982 1985 1987 1992 Change® Mean Change® p-Value®
Comparison 624.73  576.62  522.09 497.33 -127.40
910) (897) (900) (910)
Background RH 657.21 635.27 551.02 542.11 -115.10 12.30 0.066
(333) (329) (326) (333)
Low RH 631.40 558.05 516.79 504.60 -126.81 0.60 0.581
(246) (239) (244) (246)
High RH 611.40 581.38 511.21  476.90 -134.50 -7.10 0.485
(253) (248) (244) (253)
Low plus High RH  621.22 569.87 513.99  490.46 -130.77 -3.36 0.925

499) (487) (488) (499)

* Transformed from square root scale.
® Difference between 1992 and 1982 examination means after transformation to original scale.
¢ Difference between Ranch Hand dioxin category and Comparison dioxin category.

4 P-value is based on analysis of square root of total testosterone; results adjusted for percent body fat at the
time of duty in SEA, change in percent body fat from the time of duty in SEA to the date of the blood draw for
dioxin, square root of total testosterone in 1982, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initia! Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 pPpL.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations.
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Total Testosterone (Discrete)

Longitudinal analyses of total testosterone were conducted among participants who
exhibited normal levels of total testosterone in 1982. All analyses from Models 1, 2, and 3
were each nonsignificant indicating no association between total testosterone and group, initial
dioxin, or categorized dioxin (Table 18-79(a-c): p>0.14 for all analyses).

DISCUSSION

The historical, physical examination, and laboratory data analyzed in this chapter provide
a comprehensive assessment of thyroid, gonadal, and endocrine pancreatic function in the
population under study. The current laboratory database was expanded to include several
indices relevant to the possibility that dioxin may influence glucose metabolism. Alpha-1-C
hemoglobin reflects the average blood sugar over a 3-4 month period and is a more accurate
index of diabetic control than random or fasting blood sugar measurements. All participants
with diabetes were of the adult-onset (Type II) variety, usually secondary to obesity and
characterized by an acquired defect in insulin receptors with elevated serum insulin levels. In
the production of insulin by the pancreatic islet beta cell, proinsulin is cleaved to form insulin
and c-peptide (connecting-peptide). C-peptide is considered a marker for endogenous
secretion of insulin. Proinsulin in serum consists of insulin plus c-peptide that was not
cleaved during secretion and is an index of beta cell secretory activity. Additional physical
examination variables pertinent to endocrine function—body habitus, ocular signs, and deep
tendon reflexes—were included in the general and neurological examinations and are reported
in Chapters 9 and 11 respectively. Integumentary manifestations of diabetes (cutaneocus
infections, signs of arterial occlusive or venous stasis, and onychomycosis) and thyroid
disorders (e.g., pigmentary and nail changes and thinning of hair) are described in Chapter 14,
Dermatology Assessment.

Measures of LH, FSH, estradiol, and testosterone are used to detect and determine the
location of hormone defects in the hypothalamus, pituitary, or gonads. Elevations in any of
these indices typically reflect primary failure of one of these three organs. In men, such
disorders may be manifested clinically as hypogonadism, sexual dysfunction, or gynecomastia.
Possible etiologies include toxic exposure, neoplasms, infections, or surgical intervention (e.g.,
orchiectomy for testicular cancer).

In the analysis of historical variables verified by medical record review, the prevalence
of thyroid disorders and diabetes mellitus was similar in the Ranch Hand and Comparison
cohorts (5.3% versus 5.6% and 15.0% versus 14.0% respectively). Among Ranch Hands, in a
pattern consistent with a dose-response, a significant positive association was noted between
the current body burden of dioxin and the development of diabetes, specifically in the early
stages requiring only dietary intervention or oral hypoglycemic therapy. Ranch Hands with
higher levels of current serum dioxin were significantly more likely to develop diabetes
sooner after their exposure than those with lower serum dioxin levels.

In the evaluation of thyroid functions by serum T, and TSH, no significant group

differences were defined. Consistent with the 1985 and 1987 examinations, Ranch Hands
continued to have a slightly higher mean serum TSH than Comparisons (1.62 mIU/ml versus
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Table 18-79.
Longitudinal Analysis of Total Testosterone
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS

Percent Abnormal Low/{n)

Occupational Examination
Category Group 1982 1985 1987 1992
All Ranch Hand 4.6 2.9 19 4.5
(386) (861) (854) (886)
Comparison 4.9 3.0 15 5.6
(1,054) (1,030) (1,028) (1,054)
Officer Ranch Hand 4.5 3.7 1.9 4.8
(331) (323) (324) (331
Comparison 5.0 3.8 2.1 5.0
401) (394) (390) 401)
Enlisted Flyer Ranch Hand 6.3 2.6 33 3.8
(158) (156) (153) (158)
Comparison 5.8 4.1 0.6 5.8
(173) (169) (172) (173)
Enlisted Ranch Hand 4.0 24 1.3 4.5
Groundcrew 397) (382) 37N (397)
Comparison 4.6 1.9 1.3 6.0
(480) (467) (466) (480)
"‘Normal in 1982
Percent
Occupational Abnormai Low  Adj. Relative
Category Group -1 in 1992 in 1992 Risk (95% C.1.)* p-Value?
All Ranch Hand 845 3.6 0.84 (0.52,1.36) 0.486
Comparison 1,002 4.2
Officer Ranch Hand 316 4.1 1.21 (0.55,2.66) 0.627
Comparison 381 34
Enlisted Flyer Ranch Hand 148 2.7 0.62 {0.18,2.16) 0.453
Comparison 163 4.3
Enlisted Ranch Hand 381 34 0.71 (0.35,1.43) 0.337
Groundcrew Comparison 458 4.8

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations, Statistical analyses are based
only on participants who had a normal total testosterone level in 1982 (see Chapter 7, Statistical
Methods).
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Table 18-79. (Continued)
Longitudinal Analysis of Total Testosterone

(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Percent Abnormal:-Low/(n)

Initial . Examination

Dioxin 1982 - 1985 1987 1992

Low 4.2 2.5 3.7 4.2
(165) (161) (164) (165)

Medium 5.4 3.1 1.2 4.8
(166) (160) (162) (166)

High 7.1 2.4 2.5 8.3
(168) (166) (162) (168)

Initial Dioxin Category Summary Statistics Analysis Results for Log, (Initial Dioxin)®
Normal in 1982 |
Initial Percent Abnormal Low Adj. Relative Risk
Dioxin n in 1992 in 1992. 95% C.1.)* p-Value
Low 158 2.5 1.20 (0.88,1.65) 0.254
Medium 157 4.5
High 156 7.1

? Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to date of blood draw for dioxin, and age in 1992.

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had a normal total testosterone level in 1982 (see Chapter 7, Statistical

Methods).
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Table 18-79. (Continued)
Longitudinal Analysis of Total Testosterone
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Abnormal Low/(n)

o - Examination
Dioxin Category 1982 1985 - 1987 1992
Comparison 5.0 2.9 1.4 5.5
(910) (897) (900) 910)
Background RH 33 3.0 0.9 2.4
(333) (329) (326) (333)
Low RH 4.9 2.1 33 4.1
(246) (239) (244) (246)
High RH 6.3 3.2 1.64 7.5
(253) (248) (244) (253)
Low plus High RH 5.6 2.7 25 5.8
(499) (487) {488) {499)
Normal in 1982 :
Percent Abnormal Low  Adj. Relative Risk
Dioxin Category n in 1992 in 1992 (95% C.L)® p-Value®
Comparisen 865 3.8
Background RH 322 2.2 0.76 (0.33,1.76) 0.515
Low RH 234 3.0 0.68 (0.29,1.57) 0.363
High RH 237 6.3 1.63 (0.85,3.12) 0.143
Low plus High RH 471 4.7 1.12 (0.64,1.98) 0.685

? Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA 1o date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Diexin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses
are based cnly on participants who had a normal total testosterone level in 1982 (see Chapter 7,
Statistical Methods).
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1.57 mIU/ml), but the difference is no longer statistically significant. In addition, by discrete
analysis, the prevalence of abnormal TSH and T, results was virtually identical in the two
cohorts.

With reference to the laboratory assessment of glucose metabolism and, particularly, the
possibility that dioxin might be a risk factor for the development of diabetes, significant
results were, for the most part, limited to the analyses employing current serum dioxin. In
contrast to the Baseline examination results, in which glucose intolerance was more prevalent
in Comparisons than in Ranch Hands, none of the laboratory variables from the 1992
examination, in both continuous and discrete analyses, revealed any significant group
differences.

In the continuous analysis of all Ranch Hand participants, those with high levels of
serum dioxin had significantly higher fasting glucose and 2-hour postprandial glucose results
than those with lower levels of serum dioxin. Stratification of the Ranch Hand cohort by
disease status revealed that the fasting glucose results were driven primarily by the diabetic
subset. In contrast, in nondiabetics, a slight negative association was noted: those with lower
levels of serum dioxin were more likely to have elevated fasting glucose than those with
higher serum dioxin levels.

The analyses of serum insulin levels raise additional questions and point to a potential
mechanism for an effect of dioxin on glucose metabolism. In the natural history of adult-
onset diabetes mellitus, serum insulin levels vary depending on the stage of the disease.
Initially, as glucose intolerance develops, serum insulin levels typically rise. In nondiabetic
Ranch Hands, serum insulin, like the 2-hour postprandial glucose, was positively and
significantly associated with current serum dioxin, an effect that was pronounced in both the
high and low levels of exposure in the discrete analysis. In contrast, in diabetic participants, a
consistent inverse dose-response was found in all models relating serum insulin to current
serum dioxin. Although not statistically significant, these data are consistent with a
fundamental impairment of islet cell responsiveness to hyperglycemia with increased insulin
production in nondiabetics and, in diabetes, an impaired compensatory response with
compromised insulin production.

The analysis of serum C peptide and serum proinsulin and o-1-c hemoglobin yielded no
significant results and failed to shed light on the biochemical mechanisms, if any, by which
dioxin might have an effect on insulin production and glucose metabolism.

With respect to gonadal function, no significant group differences were defined.
Testicular volume, assessed more accurately in these examinations by ultrasound rather than
by palpitation, was virtually identical in Ranch Hands and Comparisons. As in the Baseline
and 1985 examinations, Ranch Hands had a higher mean total testosterone level than
Comparisons, but the difference was no longer significant. These results are in contrast to
those documented in experimental studies on animals discussed in the background section of
this chapter.

The analysis of total serum testosterone yielded results consistent with a dioxin effect.
Ranch Hands with high current serum dioxin had significantly lower total testosterone levels
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than those with lower current serum dioxin levels. In the continuous analysis of the
biologically active free form of testosterone, however, there was no evidence of a dose-
response effect. Though these results are consistent with those documented in the Serum
Dioxin Analysis of the 1987 Followup Examination, the clinical significance remains
uncertain.

Dependent variable-covariate analyses confirmed associations that are well established in
clinical practice. The classic risk factors of age, obesity, and family history of diabetes were
strongly and positively associated with all diabetic indices. A significant negative association
was noted between age and testicular size and serum testosterone. Age, diabetes, family
history of diabetes, and, particularly, cigarette use all contributed strongly to the development
of pulse deficits and arterial occlusive disease.

The longitudinal analyses yielded results that would be anticipated over time with no
significant differences between Ranch Hands and Comparisons. Age-related increases were
documented in fasting glucose, 2-hour postprandial glucose, and the incidence of diabetes.
Serum testosterone decreased with advancing years.

In summary, after 10 years of observation, the prevalence of endocrine disease remains
similar in Ranch Hands and Comparisons. Though cause and effect remain to be established,
the data cited above provide further evidence for an association between glucose intolerance
and dioxin exposure. Also raised is the possibility that, in a subset of individuals predisposed
to diabetes, dioxin may impair insulin production.

SUMMARY

Analyses were performed on 36 dependent variables derived from medical records,
physical examination, and laboratory procedures for the endocrine assessment. Fourteen
variables were analyzed both continuously and discretely, and separate analyses for all
participants, diabetics, and nondiabetics were executed for five endpoints. Each of these
variables was investigated for possible associations with group (Model 1), initial or
categorized dioxin (Models 2 and 3), and current dioxin (Models 4, 5, and 6). Summarized
results from these analyses are shown in Table 18-80 through 18-83. A list of group-by-
covariate and dioxin-by-covariate interactions that were significant in the Model 1 through 6
adjusted analyses is presented in Table 18-84.

Model 1: Group Analysis

Only one association of marginal significance between group and the thyroid endpoints
was found in the unadjusted and adjusted analyses for Model 1. Overall, abnormality
percentages for anti-thyroid antibodies were greater in the Ranch Hand category than in the
Comparison category, but occupationally-stratified contrasts were nonsignificant.

In the analyses of the diabetes variables, several endpoints exhibited significant
interactions primarily with age, body fat, or both, but results were nonsignificant when these
interaction terms were deleted from the final model. A single exception to this finding was in
the analysis of fasting glucose, where after deleting the interaction term, nondiabetic enlisted
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Table 18-80.
Summary of Group Analyses (Model 1) for Endocrine Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED
. Enlisted Enlisted

Variable Al Officer Flyer Groundcrew
Verified Medical Records
Past Thyroid Disease (D) ns NS NS ns
Composite Diabetes Indicator (D) NS NS ns ns
Diabetic Severity (D)

No Treatment vs. Nondiabetic ns NS ns ns

Diet Only vs. Nondiabetic NS NS* ns NS

Oral Hypoglycemic vs. Nondiabetic ns ns NS NS

Insulin Dependent vs. Nondiabetic NS* NS* NS NS
Time to Diabetes Onset?® (C) ns NS ns ns
Physical Examination
Thyroid Gland (D) ns ns -- ns
Testicular Volume: Minimum? (C) NS NS ns NS
Testicular Volume: Total® (C) ns ns ns NS
Retinopathy Results (Diabetics) (D) NS NS -- ns
Neuropathy Results (Diabetics) (D) NS NS ns NS§*
Radial Pulses (Doppler) (Diabetics) (D) NS NS - -
Femoral Pulses (Doppler) {Diabetics) (D) NS -- ns ns
Popliteal Pulses (Doppler) (Diabetics) (D) NS -- ns NS
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Posterior Tibial Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Leg Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Peripheral Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS ns NS
Thyroid Stimulating Hormone (TSH) (D) NS ns NS NS
Thyroxine (T,)* (C) ns ns NS ns
Thyroxine (T,) (D) NS NS - --
Anti-Thyroid Antibodies (D) NS* NS NS NS
Fasting Glucose (All Participants) (C) ns NS ns NS
Fasting Glucose (All Participants) (D) NS NS ns NS
Fasting Glucose (Diabetics) (C) ns ns ns ns
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Table 18-80. (Continued)

Summary of Group Analyses (Model 1) for Endocrine Variables

(Ranch Hands vs. Comparisons)

UNADJUSTED
_ Enlisted Enlisted

Variable All Officer Flyer Groundcrew
Fasting Glucose (Diabetics) (D) ns ns NS ns
Fasting Glucose (Nondiabetics) (C) ns NS -0.015 NS
Fasting Glucose (Nondiabetics) (D) ns ns ns NS
2-Hour Postprandial Glucose (Nondiabetics) (C) NS NS ns ns
2-Hour Postprandial Glucose {Nondiabetics) (D) NS§* NS ns NS
Fasting Urinary Glucose (All Participants) (D) NS ns ns NS
Fasting Urinary Glucose (Diabetics) (D) ns ns ns NS
Fasting Urinary Glucose (Nondiabetics) (D) -- -- -- --
2-Hour Postprandial Urinary Glucose NS NS ns NS
(Nondiabetics) (D)
Serum Insulin (All Participants) (C) NS N§* ns ns
Serum Insulin (All Participants) (D)

Low vs. Normal ns ns NS NS

High vs. Normal ns NS ns ns
Serum Insulin (Diabetics) (C) NS NS NS NS
Serum Insulin (Diabetics) (D) NS NS ns ns
Serum Insulin (Nondiabetics) (C) ns NS ns ns
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns ns NS NS

High vs. Normal ns ns ns ns
Serum Glucagon (All Participants) (C) ns ns -0.031 NS
Serum Glucagon (Al Participants) (D) NS -- -- NS
Serum Glucagon (Diabetics) {C) NS NS ns NS
Serum Glucagon (Diabetics) {D) NS - -- NS
Serum Glucagon (Nondiabetics) (C) ns ns ns* ns
Serum Glucagon (Nondiabetics) (D) - - -- --
a-1-C Hemoglobin (All Participants) (C) NS NS ns NS
a-1-C Hemoglobin (All Participants) (D) NS NS ns NS
«-1-C Hemoglobin (Diabetics) {C) NS ns ns NS
a-1-C Hemoglobin (Diabetics) (D) NS NS ns NS
a-1-C Hemoglobin (Nondiabetics) (C) ns ns ns NS
a-1-C Hemoglobin (Nondiabetics) (D) ns ns ns NS
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Table 18-80. (Continued)
Summary of Group Analyses (Model 1) for Endocrine Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED
Enlisted Enlisted

Variable All Officer Flyer Groundcrew
Urinary Protein (Diabetics) (D) ns NS NS ns
Serum Proinsulin (Diabetics) (C) ns ns NS NS
Serum Proinsulin {Diabetics) (D) ns ns ns NS
Serum C Peptide (Diabetics) (C) NS NS NS NS
Serum C Peptide (Diabetics) (D) NS ns NS ns
Total Testosterone (C)? NS NS NS* NS
Total Testosterone (D) ns NS ns ns
Free Testosterone (C)? NS NS NS NS
Free Testosterone (D) -0.014 ns -0.012 ns
Sex Hormone Binding Globulin (D) ns* ns ns ns*
Total Testosterone to Sex Hormone Binding ns ns ns NS
Glebulin Ratio (D)

Estradiol (C) ns ns NS ns
Estradiol (D) ns ns NS NS
Luteinizing Hormone (L.H) (C) NS NS NS NS
Luteinizing Hormone (LH) (D) ns ns NS NS
Follicle Stimulating Hormone (FSH) (C) NS NS NS ns
Follicle Stimulating Hormone (FSH) (D) NS NS* NS ns

# Negative difference considered adverse for this variable.

C: Continuous analysis.

D: Discrete analysis.

-t Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p >0.10).

NS* or ns*: Marginally significant (0.05 <p<0.10).

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 18-80. (Continued)
Summary of Group Analyses (Model 1) for Endocrine Variables
(Ranch Hands vs. Comparisons)

ADJUSTED
Enlisted

Variable All Officer  Enlisted Flyer Groundcrew
Verified Medical Records
Past Thyroid Disease (D) **(ns) **(NS) **(NS) **(ns)
Composite Diabetes Indicator (D) NS NS ns NS
Diabetic Severity (D)

No Treatment vs. Nondiabetic ns NS ns ns

Diet Only vs. Nondiabetic NS NS ns NS

Oral Hypoglycemic vs. Nondiabetic ns ns NS NS

Insulin Dependent vs. Nondiabetic NS NS* ns NS
Time to Diabetes Cnset? (C) ns NS ns ns
Physical Examination
Thyroid Gland (D) ns ns - ns
Testicular Volume: Minimum? (C) NS NS ns NS
Testicular Volume: Total® (C) ns ns ns NS
Retinopathy Results (Diabetics) (D) **(NS) **(ng) - **(ns)
Neuropathy Results (Diabetics) (D) NS NS ns NS#*
Radial Pulses (Doppler) (Diabetics) (D) -- -- -- --
Femoral Pulses (Doppler) (Diabetics) (D) NS - ns ns
Popliteal Pulses (Doppler) (Diabetics) (D) NS -- ns NS
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Posterior Tibial Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Leg Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Peripheral Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS ns NS
Thyroid Stimulating Hormone (TSH) (D) NS ns NS NS
Thyroxine (T)H*C) ns ns NS ns
Thyroxine (T,) (D) NS NS - --
Anti-Thyroid Antibodies (D) NS§* NS NS NS
Fasting Glucose (All Participants) (C) NS NS ns NS
Fasting Glucose (All Participants) (D) NS NS ns NS
Fasting Glucose (Diabetics) (C) **(n1s) **(ns) **(ns) **(ns)
Fasting Glucose (Diabetics) (D) ns ns NS ns
Fasting Glucose (Nondiabetics) (C) **(ns) NS -0.012 NS
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Table 18-80. (Continued)
Summary of Group Analyses (Model 1) for Endocrine Variables
(Ranch Hands vs. Comparisons)

ADJUSTED
Enlisted

Variable All Officer  Enlisted Flyer Groundcrew
Fasting Glucose (Nondiabetics) (D) ns ns ns NS
2-Hour Postprandial Glucose (Nondiabetics) (C) Hokokk ook otk Aotk ok
2-Hour Postprandial Glucose (Nondiabetics) (D) **(NS) **(NS) **(ns) *E(NS*)
Fasting Urinary Glucose (All Participants) (D) NS ns ns NS
Fasting Urinary Glucose (Diabetics) (D} ns ns ns NS
Fasting Urinary Glucose (Nondiabetics) (D) -- -- -- --
2-Hour Postprandial Urinary Glucose NS NS ns NS
(Nondiabetics) (D)
Serum Insulin (Al! Participants) (C) **(NS) **(NS) **¥(ns) **(NS)
Serum Insulin (All Participants) (D)

Low vs. Normal **(ns) **(ns) **(NS) **(NS)

High vs. Normal **(1S) **(NS) **(ns) **(ng)
Serum Insulin (Diabetics) (C) NS NS ns NS
Serum Insulin (Diabetics) (D) NS NS ns NS
Serum Insulin {(Nondiabetics) (C) **(ns) **(NS) *¥(115) **(NS)
Serum Insulin (Nondiabetics) (D)

Low vs. Normal . **(ns) *¥(ns) **H(NS) **(NS)

High vs. Normal **(ns) **(ng) **(ns) **(ns)
Serum Glucagon (All Participants) (C) ns ns -0.028 NS
Serum Glucagon (All Participants) (D) NS - - NS
Serum Glucagen (Diabetics) (C) **(NS) **#(N§) **(ns) **(NS)
Serum Glucagon (Diabetics) (D) - - - -
Serum Glucagon (Nondiabetics) (C) ns ns ns* ns
Serum Glucagon (Nondiabetics) (D) -- -- -- --
a-1-C Hemoglobin (All Participants) (C) NS NS ns NS
«-1-C Hemoglobin (All Participants (D) NS NS ns ns
o-1-C Hemoglobin (Diabetics) (C) *okkok Hokokok ok ok ok
a-1-C Hemoglobin (Diabetics) (D) NS NS ns NS
a-1-C Hemoglobin (Nondiabetics) (C) **(ns) *¥(ng) **(ng) **(NS)
a-1-C Hemoglobin (Nondiabetics) (D) ns ns ns NS
Urinary Protein (Diabetics) (D) **(ns) **(NS) **(NS) **(ns)
Serum Proinsulin (Diabetics) (C) NS ns NS NS
Serum Proinsulin (Diabetics) (D) ns ns ns NS
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Table 18-80. (Continued)
Summary of Group Analyses (Model 1) for Endocrine Variables
(Ranch Hands vs. Comparisons)

ADJUSTED
Enlisted

Variable All Officer  Enlisted Flyer Groundcrew
Serum C Peptide (Diabetics) {C) NS* NS NS NS*
Serum C Peptide (Diabetics) (D) NS NS NS NS
Total Testosterone (C)? **(NS) **(NS) **(40.038) **(ng)
Total Testosterone (D) **(ns) **(ns) **(ns) **(ns)
Free Testosterone (C)? NS NS NS* NS
Free Testosterone (D) -0.017 ns -0.006 ns
Sex Hormone Binding Globulin (D) -0.048 ns ns ns*
Total Testosterone to Sex Hormone Binding ns ns ns NS
Globulin Ratio (D)
Estradiol (C) NS ns NS ns
Estradiol (D) ns ns NS NS
Luteinizing Hormone (L.H} (C) NS NS NS NS
Luteinizing Hormone (LH) (D) ns ns NS NS
Follicle Stimulating Hormone (FSH) (C) NS NS NS ns
Follicle Stimulating Hormone (FSH) (D) NS +0.046 NS ns

* Negative difference considered adverse for this variable.

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

-t Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

--:  Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

NS* or ns*: Marginally significam (0.05 <p=<0.10).

**(NS) or **(ns): Group-by-covariate interaction (0.01 <p <0.05); not significant when interaction is deleted;

refer to Appendix N-2 for further analysis of this interaction.
**(NS*): Group-by-covariate interaction (0.01 <p <0.05); marginally significant when interaction is deleted;
refer to Appendix N-2 for further analysis of this interaction.
**(...): Group-by-covariate interaction (0.0f <p<0.05); significant when interaction is deleted and p-value is
given in parentheses; refer to Appendix N-2 for further analysis of this interaction.

**+*x Group-by-covariate interaction (p <0.01); refer 10 Appendix N-2 for further analysis of this interaction.

Note: A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1,00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 18-81.
Summary of Initial Dioxin Analyses (Model 2) for Endocrine Variables
(Ranch Hands Only)

Variable ) Unadjusted Adjusted
Verified Medical Records
Past Thyroid Disease (D) NS NS
Composite Diabetes Indicator (D) NS **(NS*)
Diabetic Severity (D)
No Treatment vs. Nondiabetic ns NS
Diet Only vs. Nondiabetic NS NS
Oral Hypoglycemic vs. Nondiabetic +0.032 +0.001
Insulin Dependent vs. Nondiabetic ns NS
Time to Diabetes Onset® (C) NS ns
Physical Examination
Thyroid Gland (D) - -
Testicular Volume: Minimum? (C) ns **(ns*)
Testicular Volume: Total® (C) ns **(ns*)
Retinopathy Results (Diabetics) (D) NS --
Neuropathy Results (Diabetics) (D) NS NS
Radial Pulses (Doppler) (Diabetics) (D) -- -
Femoral Pulses (Doppler) (Diabetics) (D) ns ns
Popliteal Pulses (Doppler) (Diabetics) (D) ns ns
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D) NS NS
Posterior Tibial Pulses (Doppler) (Diabetics) (D) ns ns
Leg Pulses (Doppler) (Diabetics) (D) NS NS
Peripheral Pulses (Doppler) (Diabetics) (D) NS NS
Laboratory 7
Thyroid Stimulating Hormone (TSH) (C) NS ns
Thyroid Stimulating Hormone (TSH) (D) NS* NS*
Thyroxine (T,)? (C) NS ns
Thyroxine (T,) (D) NS +0.028
Anti-Thyroid Antibodies (D) ns ns
Fasting Glucose (All Participants) (C) NS **(+0.003)
Fasting Glucose (All Participants) (D) ns NS
Fasting Glucose (Diabetics) (C) +0.031 NS*
Fasting Glucose (Diabetics) (D) ns ns
Fasting Glucose (Nondiabetics) (C) ns **(NS)
Fasting Glucose (Nondiabetics) (D) ns ns
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Table 18-81. (Continued)
Summary of Initial Dioxin Analyses (Model 2) for Endocrine Variables

(Ranch Hands Only)

Variable Unadjusted Adjusted
2-Hour Postprandial Glucose (Nondiabetics) (C) NS +0.041
2-Hour Postprandial Glucose (Nondiabetics) (D) NS **(NS)
Fasting Urinary Glucose (All Participants) (D) +0.023 +0.002
Fasting Urinary Glucose (Diabetics) (D) +0.031 +0.009
Fasting Urinary Glucose (Nondiabetics) (D) -- -
2-Hour Postprandial Urinary Glucose NS* NS*
(Nondiabetics) (D)
Serum Insulin (All Participants) (C) NS NS
Serum Insulin (All Participants) (D)

Low vs. Normal ns ns*

High vs. Normal ns NS
Serum Insulin (Diabetics) (C) ns ns
Serum Insulin (Diabetics) (D) -0.003 **(ns*)
Serum Insulin (Nondiabetics) (C) +0.048 +0.035
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns **(ns)

High vs. Normal NS **(+0.047)
Serum Glucagon (All Participants) (C) NS **(NS)
Serum Glucagon (All Participants) (D) ns ns
Serum Glucagon (Diabetics) (C) ns ns
Serum Glucagon (Diabetics) {D} ns NS
Serum Glucagon (Nondiabetics)} (C) NS* +0.041
Serum Glucagon (Nondiabetics) (D) - --
a-1-C Hemoglobin (All Participants) (C) NS* Heokkeok
«-1-C Hemoglobin (All Participants) (D) NS **(NS)
«-1-C Hemoglobin (Diabetics) (C) NS* NS
a-1-C Hemoglobin (Diabetics) (D) NS NS
a-1-C Hemoglobin (Nondiabetics) (C) ns NS
a-1-C Hemoglobin (Nondiabetics) (D) NS NS
Urinary Protein (Diabetics) (D) NS NS
Serum Proinsulin (Diabetics) (C) NS ns
Serum Proinsulin (Diabetics) (D) NS NS
Serum C Peptide (Diabetics) (C) ns ns*
Serum C Peptide (Diabetics) (D) ns ns
Total Testosterone (C)? NS **(ns)
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Table 18-81. (Continued)
Summary of Initial Dioxin Analyses (Model 2) for Endocrine Variables
(Ranch Hands Only)

Variable Unadjusted Adjusted
Total Testosterone (D) NS **(NS)
Free Testosterone (C)? NS ns
Free Testosterone (D) NS NS
Sex Hormone Binding Globulin (D) ns ns
Total Testosterone to Sex Hormone Binding ns NS
Globulin Ratio (D)

Estradiol (C) NS NS*
Estradiol (D) NS NS
Luteinizing Hormone (LH) (C) -0.012 ns*
Luteinizing Hormone (LH) (D) NS +0.042
Follicle Stimulating Hormone (FSH) (C) ns ns
Follicle Stimulating Hormene (FSH) (D) ns NS

? Negative slope considered adverse for this variable.

Continuous analysis.
Discrete analysis.
: Relative risk = 1.00 for discrete analysis or slope nonnegative for continuous analysis.
-1 Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis.
--:  Analysis not performed due to sparse number of abnormalities.
NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p=<0.10).
**(NS) or **(ns): Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); not significant when
interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(NS*) or **(ns*): Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); marginally significant when
interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(...): Log, (initial dioxin)-by-covariate interaction (0.01 <p=<0.05); significant when interaction is deleted
and p-value is given in parentheses; refer to Appendix N-2 for further analysis of this interaction.
****  Log, (initial dioxin)-by-covariate interaction (p=0.01); refer to Appendix N-2 for further analysis of this
interaction.
Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or slope nonnegative for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete analysis or slope
negative for continuous analysis.

+90
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(Ranch Hands vs. Comparisons)

Table 18-82.
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables

Variable

UNADJUSTED

Background
Ranch Hands vs.

Low Ranch High Ranch Low plus High

‘Hands vs.

- Hands vs.

Ranch Hands vs.

Comparisons  Comparisons Comparisons ~ Comparisons

Verified Medical Records

Past Thyroid Gland (D)
Composite Diabetes Indicator (D)
Diabetic Severity (D)

No Treatment vs. Nondiabetic

Diet Only vs. Nondiabetic

Oral Hypoglycemic vs. Nondiabetic
Insulin Dependent vs. Nondiabetic

Time to Diabetes Onset? (C)

Physical Examination

Thyroid Gland (D)

Testicular Volume: Minimum? {C)
Testicular Volume: Total? (C)
Retinopathy Results (Diabetics) (D)
Neuropathy Results {Diabetics) (D)
Radial Pulses (Doppler) (Diabetics) (D)
Femoral Pulses (Doppler) {Diabetics) (D)

Popliteal Pulses (Doppler)
(Diabetics) (D)

Dorsalis Pedis Pulses (Doppler)
(Diabetics) (D)

Posterior Tibial Pulses (Doppler)
(Diabetics) (D)

Leg Pulses (Doppler) (Diabetics) (D)

Peripheral Pulses (Doppler)
(Diabetics) (D)

Laboratory

Thyroid Stimulating Hormone (TSH) (C)
Thyroid Stimulating Hormone (TSH) (D)
Thyroxine (T,)? (C)

Thyroxine (T,) (D)

Anti-Thyroid Antibodies

Fasting Glucose (All Participants) (C)

NS
NS

NS
ns

NS§*
NS

NS
NS
ns
NS
NS
NS
NS

ns

ns

NS

NS

ns

ns
NS
NS

ns
NS

NS
NS
ns
NS

ns

ns
ns
NS
NS
NS

ns

NS

NS
ns
NS
ns

NS*
ns

ns
NS

ns

NS
NS*

NS

ns

ns
NS
ns
NS
NS

ns
NS

NS§*

NS*

+0.009
+0.013

NS
NS
NS
ns
NS
NS

ns
NS

NS
NS
NS
NS

ns

ns
ns
ns
NS
NS
NS
NS
NS

NS

NS

NS
NS

NS
NS
NS
ns
+0.048
NS
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED

Background Low Ranch = High Ranch  Low plus High
Ranch Hands vs..  Hands vs. Hands vs. Ranch Hands vs,

Variable Comparisons ' Comparisons Comparisons Comparisons
Fasting Glucose (All Participants) (D) ns NS NS NS
Fasting Glucose (Diabetics) (C) ns ns NS NS
Fasting Glucose (Diabetics) (D) NS NS NS NS
Fasting Glucose (Nendiabetics) (C) NS NS ns ns
Fasting Glucose (Nondiabetics) (D) ns NS ns ns
2-Hour Postprandial Glucose ns NS NS NS
{Nondiabetics) (C)

2-Hour Postprandial Glucose ns NS +0.031 +0.031
{Nondiabetics) (D)

Fasting Urinary Glucose (All ns ns NS NS

Participants) (D)
Fasting Urinary Glucose (Diabetics) (D) ns ns NS NS

Fasting Urinary Glucose . - - u-
(Nondiabetics) (D)

2-Hour Postprandial Urinary ns NS NS* NS
Glucose (D)
Serum Insulin (All Participants) (C) ns NS NS NS
Serum Insulin (All Participants) (D)

Low vs. Normal ns ns ns ns

High vs. Normal ns ns ns ns
Serum Insulin (Diabetics) (C) NS NS§* ns NS
Serum Insulin {Diabetics) (D) NS NS ns ns
Serum Insulin (Nondiabetics) (C) ns ns NS* NS
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns ns ns ns

High vs. Normal -0.040 ns NS ns
Serum Glucagon (All Participants) (C) ns ns ns ns
Serum Glucagon (All Participants) (D) NS NS -- NS
Serum Glucagon (Diabetics) (C) NS NS ns ns
Serum Glucagon (Diabetics) (D) NS NS -- NS
Serum Glucagon (Nondizabetics) (C) ns¥ ns NS ns
Serum Glucagon (Nondiabetics) (D) - - -- --
a-1-C Hemoglobin (All Participants) (C) ns NS NS NS
a-1-C Hemoglobin (All Participants) (D) NS NS NS NS
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED

. Background ‘Low Ranch High Ranch  Low plus High
Ranch Hands vs. Hands vs. ~ Hands vs. Ranch Hands vs.

Variable Comparisons . Comparisons Comparisons Comparisons
a-1-C Hemoglobin (Diabetics) (C) ns ns NS* NS
a-1-C Hemoglobin {Diabetics) (D) NS NS NS NS*
a-1-C Hemoglobin (Nondiabetics) (C) ns ns ns* ns*
a-1-C Hemoglobin (Nondiabetics) (D) NS ns ns ns
Urinary Protein (Diabetics) (D) NS ns ns ns
Serum Proinsulin (Diabetics) (C) ns ns ns ns
Serum Proinsulin (Diabetics) (D) ns ns NS NS
Serum C Peptide (Diabetics) (C) NS +0.017 NS NS*
Serum C Peptide (Diabetics) (D) ns NS ns ns
Total Testosterone? (C) +0.031 NS ns NS
Total Testosterone {D) ns ns NS ns
Free Testosterone? (C) ns NS +0.033 N§*
Free Testosterone (D) ns* ns* ns ns
Sex Hormone Binding Globulin (D) NS ns ns ns*
Total Testosterone to Sex Hormone ns ns NS ns
Binding Globulin Ratio (D)

Estradiol (C) ns ns NS NS
Estradiol (D) ns ns ns ns
Luteinizing Hormone (LH) (C) NS +0.006 ns NS
Luteinizing Hormone (LH) (D) NS ns ns ns
Follicle Stimulating Hormone (FSH) (C) NS NS* ns NS
Follicle Stimulating Hormone (FSH) (D) NS NS ns NS

# Negative difference considered adverse for this variable.

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

-1 Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

--:  Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

NS* or ns*: Marginally significant (0.05 <p<0.10).

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables

(Ranch Hands vs. Comparisons)

ADJUSTED

Background . Low Ranch High Ranch  Low plus High

Ranch Hands vs. - Hands vs.. . Hands vs. Ranch Hands vs.
Variable Comparisons  Comparisons Comparisons Comparisons
Verified Medical Records
Past Thyroid Disease (D) **(NS) **(ns) **(ns) **(ns)
Composite Diabetes Indicator (D) **(ns) **(NS) **(NS) **(NS)
Diabetic Severity (D)
No Treatment vs. Nondiabetic ns NS NS NS
Diet Only vs. Nondiabetic ns NS NS NS
Oral Hypoglycemic vs. Nondiabetic - ns +0.033 NS
Insulin Dependent vs. Nondiabetic NS NS NS NS
Time to Diabetes Onset® (C) NS ns ns ns
Physical Examination
Thyroid Gland (D) NS - ns ns
Testicular Volume: Minimum?® (C) NS NS ns ns
Testicular Volume: Total® (C) NS NS ns ns
Retinopathy Results (Diabetics) (D) NS ns NS NS
Neuropathy Results (Diabetics) (D) NS ns NS* NS
Radial Pulses (Doppler) (Diabetics) (D) - -- -- -
Femoral Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Popliteal Pulses (Doppler) ns NS NS NS
{Diabetics) (D)
Dorsalis Pedis Pulses (Doppler) ns ns +0.029 NS
(Diabetics) (D)
Posterior Tibial Pulses (Doppler) ns NS NS* NS
(Diabetics) (D)
Leg Pulses (Doppler} (Diabetics) (D) ns ns +0.013 NS
Peripheral Pulses (Doppler) ns ns* +0.017 NS
(Diabetics) (D)
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS NS NS
Thyroid Stimulating Hormone (TSH) (D) ns ns NS NS
Thyroxine (T,)? (C) NS NS ns ns
Thyroxine (T,) (D) ns ns NS ns
Anti-Thyroid Antibodies NS NS* NS +0.048
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables

(Ranch Hands vs. Comparisons)

Variable

- ADJUSTED

“Hands vs.

Background  Low Ranch High Ranch  Low plus High
‘Ranch Hands vs. . Hands vs.
Comparisons ~ Comparisons Comparisons Comparisons

Ranch Hands vs.

Fasting Glucose (All Participants) (C)
Fasting Glucose (All Participants) (D)
Fasting Glucose (Diabetics) (C)
Fasting Glucose (Diabetics) (D)
Fasting Glucose (Nondiabetics) (C)
Fasting Glucose (Nondiabetics) (D)

2-Hour Postprandial Glucose
(Nondiabetics) (C)

2-Hour Postprandial Glucose
(Nondiabetics) (D)

Fasting Urinary Glucose (All
Participants) (D)

Fasting Urinary Glucose (Diabetics) (D)

Fasting Urinary Glucose
{Nondiabetics) (D)

2-Hour Postprandial Urinary Glucose
(Nondiabetics) (D)

Serum Insulin (All Participants) (C)

Serum Insulin (All Participants) (D)
Low vs. Normal
High vs. Normal

Serum Insulin (Diabetics) (C)
Serum Insulin (Diabetics) (D)
Serum Insulin (Nondiabetics) (C)

Serum Insulin (Nondiabetics) (D)
Low vs. Normal
High vs. Normal

Serum Glucagon (All Participants) (C)
Serum Glucagon (All Participants) (D)
Serum Glucagon (Diabetics) (C)
Serum Glucagon (Diabetics) (D)
Serum Glucagon (Nondiabetics) (C)
Serum Glucagon (Nondiabetics) (D)

**(ng)
ns
NS

**(NS)

KAk ak

ns

*¥(ns)

ns

*¥(ng)

*ok

NS

ke ok ok

*¥(ns)
*¥(ns)

NS
**(NS)
**(ns)

*etokk

Aok ok

**(ns)

**(NS)

ns*

*¥(ns)
NS
ns

**(ns)

ok ook
NS
**{NS)

NS

**(ns)

Aok A

NS

Aokk ok

**(ns)
**(ns)

+0.027
**(NS)
Aeskalerk

ek ook

**(ns)

**(NS)

ns

*%(NS*)
NS
NS

*¥(NS)

stk ok

ns

**(NS)

+0.023

**(NS)

L L]

NS

Hookoke sk

**(35)
**(ns)

ns
**(ns)
**(NS)
ek

sk ol sfe s

*%(NS)

**(pg)

NS

*+(NS)
NS
ns

*¥(ng)

ek ek

ns

**(NS)

+0.040

**(NS)

* ok ko

NS

ke sk k

*%(ns)
**(ns)

NS
*4(NS)
*%(NS)

Aok ek
skokok
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

ADJUSTED

Background -~ Low Ranch High Ranch Low plus High
Ranch Hands vs. . Hands vs. Hands vs. Ranch Hands vs.

Variable Comparisons Comparisons Comparisons Comparisons
a-1-C Hemoglobin (All Participants) (C) **(ng) **(ns) **(NS) **(NS)
a-1-C Hemoglobin (All Participants) (D) NS NS NS NS
o-1-C Hemoglobin (Diabetics) (C) NS ns NS NS
«-1-C Hemoglobin (Diabetics) (D) ns NS NS NS
«-1-C Hemoglobin (Nondiabetics) (C) NS ns ns ns*
a-1-C Hemoglobin (Nondiabetics) (D) NS ns ns ns
Urinary Protein (Diabetics) (D) NS ns ns ns
Serum Proinsulin (Diabetics) (C) ns ns NS NS
Serum Proinsulin (Diabetics) (D) ns ns ns ns
Serum C Peptide (Diabetics) (C) **(ns) **(+40.008) **(NS) **(+0.038)
Serum C Peptide (Diabetics) (D) *hkok kKK *kkk ook
Total Testosterone (C)? +0.004 NS ns* ns
Total Testosterone (D) **(ns) **(ns) **(NS) **(ns)
Free Testosterone (C)? NS NS ns NS
Free Testosterone (D) ns* ns* ns ns
Sex Hormone Binding Globulin (D) NS ns ns -0.038
Total Testosterone to Sex Hormone ns ns NS NS
Binding Globulin Ratio (D)

Estradiol (C) ns ns NS ns
Estradiol (D) ns ns ns ns
Luteinizing Hormone (LH) (C) NS +0.019 ns NS
Luteinizing Hormone (LLH) (D) ns ns ns ns
Follicle Stimulating Hormone (FSH) (C) ns NS NS NS
Follicle Stimulating Hormone (FSH) (D) NS NS NS NS
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

egative difference considered adverse for this variable.
: Continuous analysis.
Discrete anaiysis.
: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

-1 Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.
--: Analysis not perforemd due to sparse number of abnormalities.

NS or ns: Not significant (p >0.10).

NS* or ns*: Marginally significant (0.05<p=<0.10).

**(NS) or **(ns):  Categorized dioxin-by-covariate interaction (0.01 <p <0.05); not significant when

interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.

**(NS*): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); marginally significant when interaction

is deleted; refer to Appendix N-2 for further analysis of this interaction.

**(...): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); significant when interaction is deleted and

e 2k 3k ok

Note:

p-value is given in parentheses; refer to Appendix N-2 for further analysis of this interaction.
Categorized dioxin-by-covariate interaction (p<0.01); refer to Appendix N-2 for further analysis of this
interaction.
P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 18-83.
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

‘UNADJUSTED

Modet 6:
- -Model 4: Model 5:  Whole-Weight Current
Lipid-Adjusted Whole-Weight Dioxin Adjusted for

Variable Current Dioxin Current Dioxin Total Lipids
Verified Medical Records
Past Thyroid Disease (D) ns ns ns
Composite Diabetes Indicator (D) +0.005 + <0.001 +0.050
Diabetic Severity (D)
No Treatment vs. Nondiabetic NS NS NS
Diet Only vs. Nondiabetic NS§=* +0.007 +0.020
Oral Hypoglycemic vs. Nondiabetic + <0.001 + <0.001 + <0.001
Insulin Dependent vs. Nondiabetic ns ns ns*
Time to Diabetes Onset?® (C) -0.004 -0.001 -0.026
Physical Examination
Thyroid Giand (D) ns ns ns
Testicular Volume: Minimum? (C) ns ns ns
Testicular Volume: Total? (C) ns ns ns
Retinopathy Results (Diabetics) (D) NS* NS* NS
Neuropathy Results (Diabetics) (D) NS NS NS
Radial Pulses (Doppler) (Diabetics) (D) ns ns ns
Femoral Pulses (Doppler) (Diabetics) (D) ns ns ns
Popliteal Pulses (Doppler) (Diabetics) (D) NS NS ns
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D) NS NS NS
Posterior Tibial Pulses (Doppler) (Diabetics) (D) ns NS ns
Leg Pulses (Doppler) (Diabetics) (D) NS NS NS
Peripheral Pulses (Doppler) (Diabetics) (D) NS NS NS
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS NS
Thyroid Stimulating Hormone (TSH) (D) NS NS NS
Thyroxine (T,)? (C) NS* NS NS
Thyroxine (T,) (D) NS NS NS
Anti-Thyroid Antibodies (D) NS NS NS
Fasting Glucose (All Participants) (C) + <0.001 + <0.001 +0.005
Fasting Glucose (All Participants) (D) +0.011 +0.001 NS*
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables

(Ranch Hands Only)

UNADJUSTED

Model 6:
Mode] 4: Model 5:  Whole-Weight Current
Lipid-Adjusted Whole-Weight Dioxin Adjusted for

Variable Current Dioxin Current Dioxin Total Lipids
Fasting Glucose (Diabetics) (C) +0.001 + <0.001 +0.025
Fasting Glucose (Diabetics) (D) NS NS NS
Fasting Glucose (Nondiabetics) (C) ns NS ns
Fasting Glucose (Nondiabetics) (D) NS NS ns
2-Hour Postprandial Glucose (Nondiabetics) (C) + <0.001 + <0.001 +0.001
2-Hour Postprandial Glucose (Nondiabetics) (D) +0.001 + <0.001 +0.002
Fasting Urinary Glucose (All Participants) (D) + <0.001 + <0.001 +0.001
Fasting Urinary Glucose (Diabetics) (D) +0.005 +0.002 +0.018
Fasting Urinary Glucose (Nondiabetics) (D) -- -- -
2-Hour Postprandial Urinary Glucose +0.018 +0.005 NS*
{Nondiabetics) (D)
Serum Insulin (All Participants) (C) + <0.001 + <0.001 + <0.001
Serum Insulin (All Participants) (D)

Low vs. Normal -0.038 -0.021 -0.021

High vs. Normal +0.016 +0.002 +0.013
Serum Insulin (Diabetics) (C) ns ns ns
Serum Insulin (Diabetics) (D) -0.008 -0.011 -0.029
Serum Insulin (Nondiabetics) (C) + <0.001 + <0.001 + <0.001
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns ns ns*

High vs. Normal +<0.001 + <0.001 + <0.001
Serum Glucagon (All Participants) (C) NS* +0.023 NS
Serum Glucagon (All Participants) (D) ns ns NS
Serum Glucagon (Diabetics) (C) ns NS ns
Serum Glucagon {Diabetics) (D) ns ns NS
Serum Glucagon (Nondiabetics) (C) +0.025 +0.013 +0.047
Serum Glucagon (Nondiabetics) (D) -- -- --
a-1-C Hemoglobin (All Participants) (C) +0.001 + <0.001 +0.042
a-1-C Hemoglobin (All Participants) (D) NS* +0.016 NS
a-1-C Hemoglobin (Diabetics) (C) +0.010 +0.008 NS*
«-1-C Hemoglobin (Diabetics) (D) NS NS NS
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

UNADJUSTED
_ RIS Model 6:
Model 4: . Model 5: Whole-Weight Current
Lipid-Adjusted 'Whole-Weight  Dioxin Adjusted for

Variable Current Dioxin Current Dioxin Fotal Lipids
«-1-C Hemoglobin (Nondiabetics) {C) ns ns ns
«-1-C Hemoglobin (Nondiabetics) (D) ns NS ns
Urinary Protein (Diabetics) (D) NS NS NS
Serum Proinsulin (Diabetics) (C) NS +0.047 NS
Serum Proinsulin (Diabetics) (D) NS* +0.031 NS
Serum C Peptide (Diabetics) (C) NS NS NS
Serum C Peptide (Diabetics) (D) ns ns NS
Total Testosterone (C)? -<0.001 -<0.001 -<0.001
Total Testosterone (D) +0.033 +0.012 NS*
Free Testosterone (C)? ns ns ns
Free Testosterone (D) +0.004 +0.009 +0.002
Sex Hormone Binding Globulin (D) NS NS ns
Total Testosterone to Sex Hormone Binding NS NS NS
Globulin Ratio (D)
Estradiol (C) NS NS NS
Estradiol (D) NS NS NS
Luteinizing Hormone (LH) (C) -0.035 ns* -0.035
Luteinizing Hormone (LH) (D) ns ns ns
Follicle Stimulating Hormone (FSH) (C) ns ns ns
Follicle Stimulating Hormone (FSH) (D) ns NS ns

2 Negative slope considered adverse for this variable.

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or slope nonnegative for continuous analysis.

- Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis.

--; Analysis not performed due to sparse number of abnormalities,

NS or ns: Not significant (p>0.10).

NS* or ns*: Marginally significant (0.05 <p=<0.10).

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete analysis or slope
negative for continuous analysis.
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

ADJUSTED
Model 6:
‘Model 4: ‘Model 5:  Whole-Weight Current
Lipid-Adjusted Whole-Weight Dioxin Adjusted for
Variable Current Dioxin Current Dioxin Total Lipids
Verified Medical Records
Past Thyreid Disease (D) **(ns) NS ns
Composite Diabetes Indicator (D) +0.002 + <0.001 +0.041
Diabetic Severity (D)
No Treatment vs. Nondiabetic **(NS) **(NS) Hokokx
Diet Only vs. Nondiabetic **(+0.007) **(4+ <0.001) deokohok
Oral Hypoglycemic vs. Nondiabetic ¥+ <0.001) **(+<0.001) oAk
Insulin Dependent vs. Nondiabetic **(ns) **{(ns) Hokokok
Time to Diabetes Onset? (C) -0.001 -<0.001 -0.012
Physical Examination
Thyroid Gland (D) ns ns ns
Testicular Volume: Minimum?® (C) ns* ns **(ns*)
Testicular Volume: Total? (C) ns* ns -0.039
Retinopathy Results (Diabetics) (D) NS* NS* NS*
Neuropathy Results (Diabetics) (D) NS NS NS
Radial Pulses (Doppler) (Diabetics) (D) - -- --
Femoral Pulses (Doppler) (Diabetics) (D) ns ns ns
Popliteal Pulses (Doppler) (Diabetics) (D) ns NS ns
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D) NS okokok ok ok
Posterior Tibial Pulses (Doppler) (Diabetics) (D) NS NS NS
Leg Pulses (Doppler) (Diabetics) (D) NS **(NS) NS
Peripheral Pulses (Doppler) (Diabetics) (D) ko NS **(NS)
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS* NS
Thyroid Stimulating Hormone (TSH) (D) NS NS NS
Thyroxine (T;) (C) ns ns ns
Thyroxine (T,) (D) +0.030 +0.025 +0.043
Anti-Thyroid Antibodies (D) NS NS NS
Fasting Glucose (All Participants) (C) + <0.001 **(4+ <0.001) +0.005
Fasting Glucose (All Participants) (D) +0.038 +0.005 NS
Fasting Glucose (Diabetics) (C) +0.046 +0.017 NS
Aok eoeok ke Lk L]

Fasting Glucose (Diabetics) (D)
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables

(Ranch Hands Only)

ADJUSTED

_ o ~ Model 6:
Model 4: Model 5:  Whole-Weight Current
Lipid-Adjusted Whole-Weight  Dioxin Adjusted for

Variable Current Dioxin Current Dioxin Total Lipids
Fasting Glucose (Nondiabetics) (C) NS NS ns
Fasting Glucose (Nondiabetics) (D) ns ns ns
2-Hour Postprandial Glucose (Nondiabetics) (C) +0.012 +0.002 +0.038
2-Hour Postprandial Glucose (Nondiabetics) (D) **(4+0.004) *(+0,002) **(+0.011)
Fasting Urinary Glucose (All Participants) (D) + <0.001 *(+ <0.001) **k(+ <0.001)
Fasting Urinary Glucose (Diabetics) (D) +0.010 +0.005 +0.027
Fasting Urinary Glucose (Nondiabetics) (D) - -- -
2-Hour Postprandial Urinary Glucose N§* +0.011 **(NS)
(Nondiabetics) (D)
Serum Insulin (All Participants) (C). NS* +0.015 **(NS)
Serum Insulin (All Participants) (D)

Low vs. Normal **(ns) **(ns) ns

High vs. Normal **(NS) **(NS) NS
Serum Insulin (Diabetics) (C) ns ns ns
Serum Insulin {Diabetics) (D} ok ok Hokokx *okkok
Serum Insulin (Nondiabetics) (C) +0.025 +0.001 NS*
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns ns Hokokk

High vs. Normal +0.005 + <0.001 ok
Serum Glucagon (All Participants) (C) ARAk +0.044 NS
Serum Glucagon (All Participants) (D) ns ns NS
Serum Glucagon (Diabetics) (C) NS NS ns
Serum Glucagon (Diabetics) (D) ns ns NS
Serum Glucagon (Nondiabetics) (C) +0.044 +0.027 NS*
Serum Glucagon (Nondiabetics) (D) -- -- -~
a-1-C Hemoglobin (All Participants) (C) **(+0.012) **(+4+0.002) **(NS)
a-1-C Hemoglobin (All Participants) (D) NS *E(NS*) **(NS)
o-1-C Hemoglobin (Diabetics) (C) NS NS NS
a-1-C Hemoglobin (Diabetics) (D} NS* +(.035 NS
«-1-C Hemoglobin (Nondiabetics) (C) **(ns) ns ns
«-1-C Hemoglobin (Nondiabetics) (D) ns ns ns
Urinary Protein (Diabetics) (D) NS NS NS
Serum Proinsulin (Diabetics) (C) NS NS ns
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

o ADJUSTED
' Model 6:
Model 4; Model s: ‘Whole-Weight Current
Lipid-Adjusted Whole-Weight Dioxin Adjusted for
Variable - Current Dioxin Current Dioxin = Total Lipids
Serum Proinsulin (Diabetics) (D) ook Nk Rk
Serum C Peptide (Diabetics) (C) ns ns ns
Serum C Peptide (Diabetics) (D) ns **(ns) **(ns)
Total Testosterone® (C) Hkokok 4. <0.001) *(_0.021)
Total Testosterone (D) **(NS) NS NS
Free Testosterone? (C) ns ns ns
Free Testosterone (D) NS NS NS
Sex Hormone Binding Globulin (D) ns NS ns
Total Testosterone to Sex Hormone Binding NS NS NS*
Globulin Ratio (D)
Estradiol (C) NS NS NS
Estradiol (D) otk **(NS) **(NS)
Luteinizing Hormone (LH) (C) ns ns ns
Luteinizing Hormone {LH) (D) ns NS ns
Follicle Stimulating Hormone (FSH) (C) NS NS NS
Follicle Stimulating Hormone (FSH) (D) NS NS NS

a Negauve slope considered adverse for this variable.
Continuous analysis.
Discrete analysis.
: Relative risk = 1.00 for discrete analysis or slope nonnegative for continuous analysis.
Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis.
: Analysis not performed due to sparse number of abnormalities.
NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p< 0.10).
**¥(NS) or **(ns): Log, (current dioxin + 1)-by-covariate interaction (p<0.05); not significant when
interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(NS*) or **(ns*): Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); marginally significant
when interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(...): Log, {current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); significant when interaction is
deleted and p-value given in parentheses; refer to Appendix N-2 for further analysis of this
interaction.
***¥%* Log, (current dioxin + 1)-by-covariate interaction (p <0.01); refer to Appendix N-2 for a detailed
description of this interaction.
Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk of 1.00 or greater for discrete analysis or a nonnegative slope for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete analysis or slope
negative for continuous analysis.

+UO
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Table 18-84.

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Endocrine Variables

Model Variable Covariate

12 Past Thyroid Disease Personality Type
Retinopathy Results Personality Type
Fasting Glucose (Diabetics) (C) Age
Fasting Glucose (Nondiabetics) (C) Occupation
2-Hour Postprandial Glucose (Nondiabetics) (C) Body Fat, Family History of Diabetes
2-Hour Postprandial Glucose (Nondiabetics) (D) Body Fat
Serum Insulin (All) (C) Age, Body Fat
Serum Insulin (All) (D) Age, Body Fat
Serum Insulin (Nondiabetics) (C) Body Fat
Serum Insulin (Nondiabetics) (D) Age, Body Fat
Serum Glucagoen (Diabetics) (C) Body Fat, Diabetic Severity
«-1-C Hemoglobin (Diabetics) (C) Age
«-1-C Hemoglobin (Nondiabetics) (C) Body Fat
Urinary Protein (Diabetics) Race
Total Testosterone (C) Age
Total Testosterone (D) Race, Personality Type

2b Composite Diabetes Indicator Occupation
Testicular Volume: Minimum Occupation
Testicular Volume: Total Occupation
Fasting Glucose (All) (C) Occupation
Fasting Glucose (Nondiabetics) (C) Occupation
2-Hour Postprandial Glucose (Nondiabetics) (D) Race
Serum Insulin (Diabetics) (D) Age, Body Fat, Occupaticn
Serum Insulin (Nondiabetics) (D) Occupation
Serum Glucagon (All) (C) Occupation
a-1-C Hemoglobin (All) (C) Occupation
a-1-C Hemoglobin (All) (D) Occupation
Total Testosterone (C) Personality Type
Total Testosterone (D) Occupation
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Table 18-84. (Continued)

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Endocrine Variables

Model Variable Covarijate

3¢ Past Thyroid Disease Personality Type
Composite Diabetes Indicator Occupation
Fasting Glucose (All) (C) Occupation
Fasting Glucose {Diabetics) (D) Body Fat
Fasting Glucose (Nondiabetics) (C) Occupation
2-Hour Postprandial Glucose (Nondiabetics) (C) Body Fat, Family History of Diabetes
Fasting Urinary Glucose (All) Body Fat, Personality Type
Fasting Urinary Glucose (Diabetics) Body Fat
Serum Insulin (All) (C) Age
Serum Insulin (All)y (D) Age, Body Fat, Occupation,

Personality Type

Serum Insulin (Diabetics) (D) Age
Serum Insulin (Nondiabetics) (C) Age
Serum Insulin (Nondiabetics) (D) Occupation
Serum Glucagon (All) (C) Family History of Diabetes
Serum Glucagon (Diabetics) (C) Body Fat, Diabetic Severity
«-1-C Hemoglobin (All) (C) Body Fat
Serum C Peptide (Diabetics) (C) Occupation
Serum C Peptide (Diabetics) (D) Age
Total Testosterone (D) Personality Type

4¢ Past Thyroid Disease Personality Type

Diabetic Severity
Peripheral Pulses
Fasting Glucose (Diabetics) (D)

2-Hour Postprandial Glucose (Nondiabetics) (D)

Serum Insulin (All) (D)
Serum Insulin (Diabetics) (D)
Serum Glucagon (All) (C)
«-1-C Hemoglobin (All) (C)

«-1-C Hemoglobin (Nondiabetics) (C)

Serum Proinsulin (Diabetics) (D)

Total Testosterone (Diabetics) (C)

Total Testosterone (D)
Estradiol (D)

Occupation

Family History of Heart Disease
Body Fat

Race

Body Fat

Body Fat

Family History of Diabetes
Body Fat

Race

Occupation

Occupation

Occupation

Occupation
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Table 18-84. (Continued)

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Endocrine Variables

Model Variable Covariate

5¢ Diabetic Severity Occupation
Dorsalis Pedis Pulses (Doppler) (Diabetics) Lifetime Cigarette Smoking History
Leg Pulses (Doppler) (Diabetics) Lifetime Cigarette Smoking History
Fasting Glucose (All) (©) Body Fat
Fasting Glucose (Diabetics) (D) Body Fat
2-Hour Postprandial Glucose (Nondiabetics) (D) Race
Fasting Urinary Glucose (All) Personality Type
Serum Insulin (All) (D) Body Fat
Serum Insulin (Diabetics) (D) Body Fat
a-1-C Hemoglobin (All) (C) Age, Body Fat
a-1-C Hemoglobin (All) (D) Body Fat
Serum Proinsulin (Diabetics) (D) Occupation
Serum C Peptide (Diabetics) (D) Age, Diabetic Severity
Total Testosterone (C) Occupation
Estradiol (D) Occupation

6 Diabetic Severity Age
Testicular Volume: Minimum Occupation

Dorsalis Pedis Pulses (Doppler) (Diabetics)
Peripheral Pulses (Deppler) (Diabetics)

Lifetime Cigarette Smoking History
Family History of Heart Disease

Fasting Glucose (Diabetics) (D) Body Fat
2-Hour Postprandial Glucose (Nondiabetics) (D) Race

Fasting Urinary Glucose (All) Personality Type
2-Hour Postprandial Urinary Glucose (Nondiabetics) Occupation
Serum Insulin (All) (C) Body Fat

Serum Insulin (Diabetics) (D} Body Fat

Serum Insulin (Nondiabetics) (D) Age

«-1-C Hemoglobin (All) (C) Age, Body Fat
a-1-C Hemoglobin (All) (D) Body Fat

Serum Proinsulin (Diabetics) (D)
Serum C Peptide (Diabetics) (D)
Total Testosterone (C)

Estradiol (D)

Occupation, Diabetic Severity
Age, Diabetic Severity
Occupation

Occupation

C: Continuous Analysis.

D: Discrete Analysis.

2 Group Analysis (Ranch Hands vs. Comparison).

® Ranch Hands—Log, (Initial Dioxin).

¢ Categorized Dioxin.

d Ranch Hands—Log, (Current Lipid-Adjusted Dioxin + 1).

¢ Ranch Hands—Log, (Current Whole-Weight Dioxin + 1).

f Ranch Hands—Log, (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids.
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flyer Ranch Hands had a significantly lower mean level of fasting glucose than did
Comparisons, but this result was nonsignificant in the analysis of all participants or diabetics
alone (the unadjusted analysis revealed similar results). The analyses of the seven pulse
variables, all group associations, were nonsignificant. In the unadjusted and adjusted analyses
of all participants, mean serum glucagon levels were significantly lower in enlisted flyer
Ranch Hands than for the corresponding Comparison category; however, stratifying the
analysis of this contrast to diabetic and nondiabetic participants revealed only a marginally
significant difference for nondiabetics. Serum C peptide exhibited a marginally significant
positive effect for all participants and for enlisted groundcrew.

The analyses of the physical examination testes variables did not uncover any significant
or notable findings, but analyses of the testosterone variables detected some significant results.
In the unadjusted and adjusted analyses, free testosterone in its discrete form was significantly
associated with group both overall and for enlisted flyers, where Ranch Hands had a smaller
percentage of abnormal low measurements than Comparisons. A significant negative
association with group also was seen in the analysis of sex hormone binding globulin. A
significant group effect was seen in the analysis of total testosterone among enlisted flyers
with a higher mean level in Ranch Hand enlisted flyers than in Comparison enlisted flyers,
and low levels of testosterone are considered adverse.

While not evident in the unadjusted analysis, the adjusted analysis of follicie stimulating
hormone detected a significantly higher percentage of abnormally high measurements in
Ranch Hands than Comparisons for the officer stratum.

Model 2: Initial Dioxin Analysis

Few significant associations with initial dioxin were found in the Model 2 analyses of
the thyroid variables. TSH and T, in the discrete analysis displayed marginally significant
and significant associations respectively with initial dioxin.

Several significant interactions between initial dioxin and occupation were found in the
adjusted analyses of the diabetes variables. All of these were in the investigations of the
composite diabetes indicator, fasting glucose, serum insulin, serum glucagon, and «-1-C
hemoglobin. The composite diabetes indicator was positively associated with initial dioxin
and marginally significant. The continuous analyses of fasting glucose revealed significant
and marginally significant positive associations with initial dioxin for al} participants and
diabetics respectively. While the continuous analyses of serum insulin on all participants and
in diabetics led to nonsignificant results, the analysis on nondiabetics revealed a significant
positive association with initial dioxin. Most adjusted results of discrete serum insulin were
negative and marginally significant, although nondiabetics exhibited a significant positive
association with initial dioxin for the abnormally high serum insulin category. The adjusted
analysis of serum glucagon found a significant positive association with initial dioxin in
nondiabetics. Other diabetic endpoints that displayed significant positive associations with
initial dioxin were fasting urinary glucose and 2-hour postprandial glucose. A significant
positive association between initial dioxin and diabetic severity was found in the contrast of
Ranch Hands using oral hypoglycemics versus nondiabetics, but not for the other diabetic
severity categories.
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The analyses of the testes variables disclosed significant initial dioxin interactions
involving occupation and personality type. Marginally significant associations with initial
dioxin were evident from analyses of the minimum and total testicular volume endpoints with
the interaction terms removed.

In the Model 2 analyses of the remaining endocrine variables, a significant negative
association with initial dioxin was seen for luteinizing hormone in the unadjusted analysis, but
this negative association was only marginally significant in the adjusted analysis. In the
adjusted analysis of luteinizing hormone in discrete form, a significant positive association
with initial dioxin was seen. A marginally significant positive association with initial dioxin
was seen for estradiol measured continuously.

Model 3: Categorized Dioxin Analysis

Categorized dioxin analyses on the thyroid variables were nonsignificant except for the
analysis of anti-thyroid antibodies. For this endpoint, a significantly greater percentage of low
and low plus high Ranch Hands had anti-thyroid antibodies than did Comparisons.

The majority of the analyses on the diabetic endpoints for Model 3 detected significant
interactions between categorized dioxin and various covariates (mainly body fat and
occupation). Analogous to Model 1 results, when supplemental analysis was performed
removing these interactions, significant differences between Ranch Hands and Comparisons
were generally not evident. As an exception, analysis on serum C peptide detected a
significantly greater mean level of serum C peptide in low and low plus high Ranch Hands
than in Comparisons. Significant associations were exhibited in the adjusted analyses of
discrete 2-hour postprandial glucose in high Ranch Hands and continuous serum insulin
restricted to diabetic low Ranch Hands. Marginally significant negative results were seen in
the continuous analyses of serum glucagon and a-1-C hemoglobin in nondiabetics. In the
analysis of discrete serum insulin, associations in all participants, while nonsignificant, were
negative; whereas for diabetics most were positive. Also, more negative associations with
categorized dioxin were exhibited for the nondiabetic cohort in comparison to the all
participant and diabetic cohorts in the analyses of a-1-C hemoglobin. A significantly higher
percentage of Ranch Hands in the high dioxin categoty used oral hypoglycemics than
Comparisons, but contrasts were not significant for the other diabetic severity categories. In
the analysis of the pulse variables in diabetics, high dioxin Ranch Hands had significantly
higher percentages of abnormalities than Comparisons for dorsalis pedis, leg, and peripheral
pulses.

Data collected from the physical examination on the testes variables were analyzed by
Model 3, but results were nonsignificant. For the majority of the analyses, the laboratory
testes variables disclosed negative differences or relative risks less than one when comparing
Ranch Hands and Comparisons. Of these results that were significant, most involved one of
the testosterone variables. In the unadjusted analysis of mean free testosterone for high Ranch
Hands versus Comparisons, a significant difference in means of 0.89 pg/ml was found, with
the Comparisons having the lower mean. After adjusting for covariate information, the
difference became negative and nonsignificant (-0.09 pg/ml). In the analysis of total
testosterone, background Ranch Hands had a significantly higher mean level than

18-412



Comparisons, but the difference between high Ranch Hands and Comparisons was negative
and only marginally significant.

Among the other endocrine variables, continuous Model 3 analyses of luteinizing
hormone detected significant positive differences between low Ranch Hands and Comparisons.

Model 4, §, and 6: Current Dioxin Analysis

Analyses investigating possible associations between the thyroid variables and current
dioxin detected significant results for two of the laboratory variables. Thyroxine, although
nonsignificant in the unadjusted analysis, exhibited significant positive associations with each
analysis of current dioxin after covariate adjustment. Also, mean levels of thyroxine increased
significantly with lipid-adjusted current dioxin in the unadjusted analysis, but adjusting for
covariate information led to a nonsignificant negative association. Marginally significant
results were found in the Model 5 adjusted analysis of thyroid stimulating hormone measured
continuously, but results were nonsignificant in Models 4 and 6.

Current dioxin analyses on the diabetes variable led to several significant findings, most
of which suggested a positive dose-response relationship with current dioxin. In the analysis
of diabetic severity, the percentage of Ranch Hands using diet only or oral hypoglycemics to
treat their diabetes showed significant associations with current dioxin. The association was
not significant for insulin dependent Ranch Hands. Abnormality percentages for retinopathy
results were marginally significantly related to current dioxin in each adjusted analysis, the
relative risk being above 1.5 in each case. The number of years before the onset of diabetes
decreased significantly with increasing levels of current dioxin for all three current dioxin
analyses. All participants and diabetics generally possessed fasting glucose measurements that
were positively associated with current dioxin, whereas nondiabetics alone exhibited no
significant relationships for this endpoint. Similar results were seen for fasting urinary
glucose. Highly significant results indicating a positive relationship with all current dioxin
measurements were seen in the analyses of 2-hour postprandial glucose; however, for 2-hour
postprandial urinary glucose, significant associations were apparent for whole-weight current
dioxin only. The analyses of serum insulin yielded several noteworthy findings. For all
participants, unadjusted analyses on this endpoint revealed highly significant results that
became nonsignificant after adjusting for covariates. This was the case for the both the
continuous and trichotomous discrete analyses. Inverse, albeit nonsignificant, associations
with current dioxin were evident in the continuous diabetic analyses of serum insulin, whereas
for all participants and nondiabetics, serum insulin increased with current dioxin (significantly
so for nondiabetics). In the discrete analysis of serum insulin, associations with current dioxin
were positive for the high serum insulin category and negative for the low category and were
significant only for nondiabetics in Models 4 and 5. The discrete diabetic analyses of serum
insulin revealed highly significant dioxin interactions with body fat. Results from analyses on
serum glucagon found significant relationships only in the continuous analyses for
nondiabetics, where serum glucagon increased with current dioxin. In the adjusted analyses of
a-1-C hemoglobin, significant positive relationships with lipid-adjusted and whole-weight
current dioxin were evident for all participants (using continuously measured a-1-C
hemoglobin) and diabetics (in the discrete analysis). A noteworthy result from the a-1-C
hemoglobin analyses was the prevalence of only inverse current dioxin relationships for the
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nondiabetic cohort in contrast to only positive associations for diabetics. In the adjusted
analyses of the diabetic variables, current dioxin interactions involving body fat and
occupation comprised the majority of the significant interaction terms.

Analyses of testes variables from the physical examination revealed negative results,
indicating testicular volumes decrease as current dioxin increases. Associations were
marginally significant for all Model 4 and 6 analyses except for the Model 6 total testicular
volume analysis, where the relationship was significant. All Model 5 analyses were
nonsignificant. Notable in the total testosterone analyses from the laboratory examination was
the differences between the unadjusted and adjusted analyses. All associations were
significant in the continuous and discrete unadjusted analyses, but after adjusting for
covariates, only the Model 5 and 6 continuous analyses revealed significant results. Also, the
continuous analyses yielded results indicative of a negative dose-response relationship.
Similar to the continuous analyses, the discrete analyses disclosed associations of a positive
nature indicating an increase in abnormally low testosterone as dioxin increased. Unadjusted
continuous analyses of free testosterone led to significant results for Models 4, 5, and 6.
After covariate adjustment, however, all of these analyses were nonsignificant. Analyses on
the sex hormone binding globulin variables yielded primarily nonsignificant results.

In the remaining current dioxin analyses of the endocrine variables, significant negative
associations were seen for luteinizing hormone in the unadjusted analysis but were
nonsignificant after adjusting for covariate information,

CONCLUSION

The assessment of the endocrine system yielded an extensive evaluation of thyroid,
pancreatic, and gonadal functions and their relation to dioxin exposure. Analyses of thyroid
functions did not identify significant differences between Ranch Hands and Comparisons.
Similarly, the prevalence of diabetes mellitus in the two populations was not significantly
different, although significant positive associations were found between current dioxin levels
and the onset of diabetes.

Significant glucose metabolism results were confined to the current serum dioxin
analyses. These results suggest a possible mechanism for dioxin effect on glucose metabolism
and the development of diabetes. Ranch Hands with high levels of current serum dioxin had
significantly higher fasting glucose levels than those with lower levels of dioxin, a result due
mainly to the diabetic cohort. Nondiabetics, on the other hand, exhibited an inverse
association between fasting glucose and current serum dioxin and a positive association
between 2-hour postprandial glucose and current serum dioxin. Serum dioxin levels were
significantly related to elevated insulin levels in nondiabetics, but not in diabetics. This is
suggestive of a TCDD effect on glucose metabolism with a heightened release of insulin in
Ranch Hands with a fully responsive pancreas. When this pancreatic response is no longer
effective, elevated glucose levels lead to the clinical diagnosis of diabetes mellitus and loss of
the dose-response between TCDD and insulin.

Analyses of gonadal functions detected a significant inverse dose-response relationship
between current serum dioxin and total serum testosterone in Ranch Hands. These results
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support those described in the Serum Dioxin Analysis of the 1987 Followup Examination, but
the clinical significance is uncertain.

In conclusion, though the existence of endocrine disorders is comparable in Ranch Hands
and Comparisons, the assessment of glucose metabolism shows the possibility of detrimental
effects from dioxin in relation to glucose intolerance and insulin production.
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