CHAPTER 13

GASTROINTESTINAL ASSESSMENT

INTRODUCTION
Background

In contrast with the wealth of dioxin research data available in animal models, there is
relatively little information about the effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD,
or dioxin) on the human digestive system. Although the pharmacokinetics of orally ingested
TCDD in a human volunteer have been reported (1), the pathologic lesions that have been
studied in animals (gastric metaplasia with ulceration and ileitis) have not been described in
human populations, in which the principal route of exposure has been transcutaneous.
Further, in two reports of extreme phenoxyherbicide toxicity by ingestion in three humans,
the primary target organs were the central nervous system with associated coma, and the
musculoskeletal system with thabdomyolysis and renal failure, rather than digestive system
effects (2,3). -

The digestive system and the liver have been clearly defined as target organs for TCDD
toxicity in numerous laboratory and domestic animals (4-9). TCDD ingested by rodents
(10-18) and adult monkeys (19) is absorbed by the intestinal lymphatics, transported by
chylomicrons in enterohepatic circulation, and preferentially stored in the liver. Hepatotoxic
manifestations, which appear to be dose- and time-dependent, include cellular hypertrophy,
parenchymal necrosis (principally centrilobular), and fatty degeneration (9, 20-21).

Much of the basic animal research into the mechanism of TCDD-induced hepatotoxicity
has focused on the definition and function of the aryl hydrocarbon (Ah) receptor, a
stereospecific protein present in the cytosol of hepatic parenchymal cells in some animal
species (22-27). Capable of binding aromatic hydrocarbons, the species- and strain-specific
Ah receptor mediates a broad range of biochemical and enzymatic reactions, many of which
are dependent on the ferrocytochrome P-450 enzyme system (22,28-31). In rats, TCDD
administration is associated with increased gastrin secretion (32) and hypertrophy of the
gastric antral mucosa (33). This Ah receptor has not been identified in humans. -

A host of hepatic biochemical reactions related to TCDD toxicity have been studied
including enhanced lipid peroxidation (10, 34-39), hepatic prostaglandin synthetase activity
(40), and inhibition of glutathione peroxidase (36). Results from several lines of biochemical
investigation have created a bridge between animal and human studies including research into
lipid (39,41-44) and porphyrin metabolism (45-48). In rats, TCDD has been shown to
increase the activity of glucuronyl transferase (49), which has led in turn to the use of
urinary d-glucaric-acid as a marker for TCDD exposure in some human epidemiologic
studies (50-52).

Numerous human morbidity studies from the industrial sector have reported abnormal
indices of liver function in most cases unassociated with any other clinical evidence for
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hepatic or gastrointestinal disease (53-57). ‘Further, in longer-term followup studies,
abnormalities noted at the time of acute exposure appeared to disappear over time (58-62).

Several reports of Vietnam veterans have focused on the potential association of hepatic
and digestive diseases with Herbicide Orange exposure. In one retrospective cohort study, in
which the self-reporting of a rash during or after duty in Vietnam was used as a surrogate for
dioxin exposure, an increased prevalence of liver enzyme abnormalities was noted but
attributed to prior viral hepatitis and alcohol consumption (63). Similarly, chronic
alcoholism contributed to increased mortality from digestive diseases (cirrhosis and peptic
ulcer) in a study of U.S. Army Chemical Corps veterans (64).

Few epidemiologic studies have correlated tissue dioxin levels with indices of the
digestive system. One report, employing adipose samples assayed for TCDD, found no
abnormalities in standard tests of liver function related to the body burden of dioxin (65).

The National Institutes for Occupational Safety and Health (NIOSH) is conducting a
comprehensive cross-sectional study of industrial workers proved by serum TCDD levels to
have had significant occupational exposure to dioxin. In a recent report comparing 281
exposed (mean lipid-adjusted serum TCDD level of 220 pg per gram of lipid) and 260
controls (mean serum TCDD of 7 pg per gram of lipid) there was no evidence for an
increased risk of clinical hepatic or gastrointestinal disease related to dioxin exposure. Upon
further analysis, a statistically significant elevation in gamma glutamyl transferase (GGT) in
the exposed group was attributed to alcohol consumption (66).

Finally, in the most recent reports of the Air Force Health Study (AFHS), the latest of
which includes serum dioxin data (67,68), there was no increase in the prevalence of hepatic
or digestive disease in the Ranch Hand cohort versus the Comparisons.

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

The 1982 AFHS examination included an extensive evaluation of hepatic status by
questionnaire, physical examination, and laboratory testing. The questionnaire eticited data
on liver conditions, liver disease, and symptoms compatible with porphyria cutanea tarda
(PCT), as well as detailed information on PCT risk factors (e.g., alcohol consumption,
chemical exposures). The physical examination measured hepatomegaly, or enlarged liver,
when present and determined liver function and porphyrin patterns by a comprehensive
battery of 12 laboratory tests.

The questionnaire showed that Ranch Hands reported more miscellaneous liver
conditions (verified by medical record reviews) and more skin changes compatible with PCT
than their Comparisons. Although the reported skin changes were statistically significant, no
cases of PCT were diagnosed at examination in either cohort.

Ranch Hands had slightly higher GGT and lactic dehydrogenase (LDH) results and
lower cholesterol levels; no differences were found for bilirubin or alkaline phosphatase
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levels. All of these two-factor interactions were statistically significant (p<0.05). There
were no significant group differences in uroporphyrin, coproporphyrin, or d-aminolevulinic
acid levels, nor did any test set support a diagnosis of PCT.

The comprehensive hepatic evaluation did not reveal any consistent pattern of significant
liver damage in the Ranch Hand group.

1985 Followup Study Summary Results

The 1985 AFHS examination continued the emphasis on hepatic function and expanded
the porphyrin test battery to six assays. The interval questionnaire revealed sparse reporting
of liver disorders from 1982 to 1985. Reported liver discases were verified by medical
records, and these data were added to the verified Baseline history to assess possible lifetime
differences. No significant differences were found.

The physical examination disclosed a marginally significant increase of hepatomegaly in
the Ranch Hand group. Emphasis was placed on nine laboratory test variables measuring
liver functions—aspartate aminotransferase (AST), alanine aminotransferase (ALT, previously
called serum glutamic-pyruvic transaminase or SGPT), GGT, alkaline phosphatase, total and
direct bilirubin, LDH, cholesterol, triglycerides—additionally, uroporphyrin and
coproporphyrin measurements were obtained to assess the likelihood of PCT.

Only four variables produced differences of any note. The results showed a
significantly lower mean ALT level, a greater mean alkaline phosphatase level, a lower mean -
uroporphyrin level, and a marginally significant greater mean coproporphyrin level in Ranch
Hands. Only for alkaline phosphatase was the discrete analysis statistically significant.

Overall, the followup examination laboratory data showed no adverse clinical or
exposure patterns in either group. Further, highlighting the difference between statistical
significance and biological relevance, the continuous statistical tests detected significant mean
shifts (still within normal range) that were not mirrored by the discrete tests. These findings
were generally consistent with the 1982 Baseline data. Slight differences in analytic results
are probably due to the use of more fully adjusted models for the 1985 followup examination
data.

Interval reporting of PCT-like symptoms of skin patches, bruises, and sensitivity was
significantly increased in Ranch Hands. However, when these historic data were contrasted
to both uroporphyrin and coproporphyrin abnormalities, no correlation was apparent, nor
were there any significant group differences. The likelihood of bona fide PCT among study
participants, and particularly among the Ranch Hands, appears to be remote.

1987 Followup Study Summary Results

Overall, the gastrointestinal assessment did not find the health of the Ranch Hand group
to be significantly different from that of the Comparison group. Group differences based on
verified historical data from the questionnaire were not significant for eight categories of
liver disease. No significant group difference was found for past or present occurrence of
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peptic ulcers. The prevalence of hepatomegaly diagnosed at the physical examination also
was not significantly different between the two groups. The only significant finding from the
laboratory examination variables was that Ranch Hands had a higher mean alkaline
phosphatase than Comparisons, also noted at the 1985 examination. Group differences for
the other laboratory variables (AST, ALT, GGT, total bilirubin, direct bilirubin, LDH,
cholesterol, high-density lipoprotein [HDL], cholesterol-HDL ratio, triglycerides, and
creatine kinase) were not significant.

Serum Dioxin Analysis of 1987 Followup Study Summary Results

The 1987 serum dioxin analyses did not show a significant association with any of the
verified historical liver disorder variables. However, the analyses of the laboratory variables
detected significant associations between dioxin (current and estimated initial) and lipid-
related health indices such as cholesterol, HDL cholesterol, the cholesterol-HDL ratio, and
triglycerides. These findings were consistent with significant associations seen for fat-related
variables in other clinical assessments such as the percent body fat results in the General
Health Assessment and the diabetes and glucose results noted in the Endocrine Assessment,
and may represent a dioxin mediated alteration of biochemical processes.

Parameters for the Gastrointestinal Assessment
Dependent Variables

Questionnaire, physical examination, and laboratory data were used in the
gastrointestinal assessment. The questionnaire data was organized by International
Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) medical coding
categories. '

Medical Records Data

During the 1992 health interview, each study participant was asked about the occurrence
of hepatitis, jaundice, cirrhosis, enlarged liver, and other liver conditions. This self-reported
information was captured in the questionnaire and combined with information from the
Baseline, 1985, and 1987 examinations and verified by medical record review. The verified
results were grouped into eight categories of disorders for analysis: hepatitis (non-A, non-B,
and non-C), jaundice (unspecified, not of the newborn), acute and subacute necrosis of the
liver, chronic liver disease and cirrhosis (alcohol-related and nonalcohol-related cirrhosis will
be analyzed separately), liver abscess and sequelae of chronic liver disease, other disorders
of the liver (ICD codes 5730-5739, 7901, 7904, 7905, and 7948), and enlarged liver
(hepatomegaly). Hepatitis (non-A, non-B, and non-C) was verified by serological testing.
The purpose of the hepatitis (non-A, non-B, and non-C) category was to define a category
that was neither clearly A nor B nor C, so that liver disease misdiagnosed as “yiral hepatitis”
could be detected. This approach to historical hepatitis creates a group of cases that could
have been chemically induced. The category of other liver disorders includes elevated
enzyme elevations as well as conditions such as abnormal liver scans, unspecified liver
disorders, and unspecified hepatitis. The majority of AFHS participants with a medical
history of other liver disorders were individuals who had been told at a previous AFHS
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examination that they had a nonspecific elevation of a laboratory test (687/691). Only four
participants had an actual diagnosed liver disease. Abnormal enzyme elevations and
unspecified hepatitis also are in this category.

Information on the occurrence of skin bruises, patches, and sensitivity also was captured
in all four questionnaires (1982, 1985, 1987, and 1992). The occurrence of skin bruises,
patches, and sensitivity was intended to be a surrogate measure for symptoms of PCT.
However, the diagnoses of the individuals reporting “yes” to skin bruises, patches, or
sensitivity included such a broad range of conditions that meaningful analysis was not
feasible. Appendix Table I-1-1 displays the diagnoses for all of the participants who reported
“yes” to skin bruises, patches, or sensitivity.

For each condition, participants with a pre-SEA diagnosis were excluded from the
analysis.

Physical Examination Data

One variable from the 1992 physical examination, current hepatomegaly, was analyzed
in the gastrointestinal assessment. This variable was coded as “yes” or “no.” Participants
whose blood contained hepatitis B surface antigen (HB,Ag) or hepatitis C antibodies were
excluded from the analysis of current hepatomegaly to account for the effects of these viruses
on chronic hepatic disease.

Laboratory Examination Data

The 1992 examination emphasized the evaluation of laboratory data through the analysis
of 28 measurements. Twelve of these laboratory variables were common to the statistical
analysis for the 1987 examination: AST (U/L), ALT (U/L), GGT (U/L), alkaline
phosphatase (U/L), total bilirubin (mg/dl), direct bilirubin (mg/dl), lactic dehydrogenase
(LDH in U/L), cholestero! (mg/dl), high-density lipoproteins (HDL in mg/dl),
cholesterol-HDL ratio, triglycerides (mg/dl), and creatine kinase (U/L). In addition, the
1992 gastrointestinal assessment was expanded to include serum amylase (U/L), antibodies
for hepatitis A, serological evidence of prior hepatitis B infection, antibodies for hepatitis C,
stool hemoccult, and 10 components (in mg/dl) in a protein profile (prealbumin, albumin,
a-1-acid glycoprotein, a-1-antitrypsin, o-2-macroglobulin, apolipoprotein B, C; complement,
C, complement, haptoglobin, and transferrin). IgA, IgG, and IgM also were part of this
profile, but they were analyzed in the Immunologic Assessment (see Chapter 19).

Baxter/Dade Paramax® equipment was used to quantify the 12 laboratory variables
analyzed previously as well as serum amylase (added in 1992). The Brooks Air Force Base
(AFB), Texas, laboratory determined antibodies of hepatitis A, serological evidence of
present or prior hepatitis B infection: hepatitis B surface antigen (HB,Ag) and its antibody,
anti-HB,; anti-hepatitis B core antibodies (IgM anti-HB, and IgG anti-HB,); hepatitis B,
antigen (HB,Ag) and gs antibody, anti-HB,, and antibodies of hepatitis C. The Beckman
Array Protein System quantified the components of the protein profile.
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All laboratory variables were analyzed in both continuous and discrete forms except for
direct bilirubin, antibodies for hepatitis A, positive serological evidence of present or prior
hepatitis B infection, antibodies for hepatitis C, and stool hemoccult, which were analyzed
only in discrete form. The continuous data were transformed to enhance normality, if
necessary. Direct bilirubin was analyzed only in its discrete form because there were few
distinct measurements, precluding a meaningful continuous analysis.

Participants whose blood contained HBAg or hepatitis C antibodies, and participants
with body temperatures greater than or equal to 100° Fahrenheit, were excluded from the
analysis of all laboratory variables except antibodies for hepatitis A, serological evidence of
prior hepatitis B infection, and antibodies for hepatitis C. For these three hepatitis variables,
no participants were excluded.

One Ranch Hand was found to have a history of hepatitis C after the statistical analyses
for hepatitis C were well underway. Consequently, the analyses of the dependent variable
“ Antibodies for Hepatitis C” were changed to include this individual, but the exclusion
category “Presence of Hepatitis C Antibodies” was not modified. This Ranch Hand did not
have a dioxin measurement and therefore only the results of Model 1 were affected.

Covariates

~ Race, military occupation, lifetime alcohol history, lifetime industrial chemical
exposure, and lifetime degreasing chemical exposure were candidate covariates in the
adjusted analyses for all of the medical records variables. Similar to the 1987
gastrointestinal serum dioxin analysis, the adjusted analyses for all of the medical records
variables retained age because older individuals are more susceptible to disease than younger
individuals and therefore may tend to have a higher historical occurrence of disease. Also,
the analysis of chronic liver disease and cirrhosis (alcohol-related) excluded participants with
zero lifetime alcohol history because nondrinkers would not be at risk for alcohol-related
liver disease.

Age, race, military occupation, current alcohol use, lifetime alcohol history, lifetime
industrial chemical exposure, and lifetime degreasing chemical exposure were candidate
covariates for the adjusted analyses of the physical examination variable and all of the
laboratory variables except alkaline phosphatase, antitrypsin, antibodies for hepatitis A,
serological evidence of prior hepatitis B infection, and antibodies for hepatitis C. The .
adjusted analyses for antibodies for hepatitis A, serological evidence of prior hepatitis B
infection, and antibodies for hepatitis C used all of the candidate covariates except current
alcohol use. Wine use showed a strong negative association with alkaline phosphatase in the
1985 and 1987 examinations. The negative association persisted in the 1992 followup data;
therefore, current wine use and lifetime wine history replaced current alcohol use and
lifetime alcohol history as candidate covariates for alkaline phosphatase. Current wine
consumption replaced current alcohol use in the adjusted analysis of «-1 antitrypsin because
covariate associations of the 1992 followup data showed that antitrypsin was highly
associated with current wine use, but not associated with current alcohol use.
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The lifetime alcohol {or wine) history and current alcohol (or wine) use covariates were
based on self-reported information from the questionnaire. For lifetime alcohol history, the
respondent’s average daily alcohol consumption was determined for various drinking stages
throughout his lifetime, and an estimate was derived for the corresponding total number of
drink-years (1 drink-year is the equivalent of drinking 1.5 ounces of 80-proof alcoholic
beverage per day for 1 year). The current alcohol use covariate was based on average daily
alcohol consumption for the month prior to completing the questionnaire. Exposure to
industrial chemicals and degreasing chemicals covariates represented lifetime exposure based
on self-reported questionnaire data.

Age, current alcohol use, and lifetime alcohol history were treated as continuous
variables for all adjusted analyses and were categorized to explore interactions. Current wine
use and lifetime wine history were treated as continuous variables for the adjusted alkaline
phosphatase analyses and were categorized for interaction exploration. For «-1 antitrypsin,
the adjusted analysis also treated current wine use as a continuous variable and categorized it
to study interactions. Degreasing chemical exposure and industrial chemical exposure were
categorized as yes or no for all analyses. '

Statistical Methods

Table 13-1 summarizes the statistical analyses performed for the gastrointestinal
assessment. The basic statistical analysis methods used are described in Chapter 7, Statistical
Methods. The first part of Table 13-1 lists the dependent variables analyzed, the source of
the data, the form of the data (discrete or continuous), the cutpoints, the candidate
covariates, and the statistical methods. The second part of this table provides a further
description of the candidate covariates examined. Abbreviations used in the body of the table
are defined at the end of the table.

Table 13-2 provides the number of participants with missing dependent variable and
covariate data, and the number of participants excluded for medical reasons and pre-SEA-
conditions. :

"Cutpoints for cholesterol, HDL cholesterol, and triglycerides are age-dependent.
Consequently, normal and abnormal levels were constructed according to a participant’s
laboratory value and age at the physical examination. The age-specific cutpoints are listed in
Table 13-1, and the reference ages for these cutpoints are given in parentheses following the
cutpoints.

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
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Table 13-1.
Statistical Analyses for the Gastrointestinal Assessment

Dependent Variables .

U:LR,CS

Hepatitis D Yes AGE,RACE,

{(Non-A, Non-B, No OCC,DRKYR, A:LR
and Non-C) IC,.DC

Jaundice (Unspecified) MR-V D Yes AGE,RACE, U:LR,CS

No OCC,DRKYR, A:LR
IC,DC

Acute and Subacute MR-V D Yes - Frequencies
Necrosis of No
the Liver _

Chronic Liver Disease MR-V D Yes AGE,RACE, U:LR,CS
and Cirrhosis No OCC,DRKYR, ALR
(Alcohol-Related) IC,DC

Chronic Liver Disease MR-V D Yes AGE,RACE, U:LR,CS
and Cirrhosis No OCC,DRKYR, A:LR
(Nonalcohol-Related) IC,DC

Liver Abscess and MR-V D Yes - Frequencies
Sequelae of Chronic No
Liver Disease

Other Liver MR-V D Yes AGE,RACE, - U:LR,CS
Disorders No OCC,DRKYR, A:LR

1C,DC

Hepatomegaly MR-V D Yes AGE,RACE, U:LR,CS

No OCC,DRKYR, ALR
IC,DC
Current Hepatomegaly PE D Yes AGE,RACE, U:LR,CS
No OCC,ALC, A:LR
DRKYR,IC.DC
AST (U/L) LAB D/C High: >50 AGE,RACE, U:LR,CS,GLM,
Normal: <50 OCC,ALC, TT
DRKYR,IC,DC A:LR,GILM
L:LR,GLM
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_ Table 13-1. (Continued)
Statistical Analyses for the Gastrointestinal Assessment

Dependent Variables

‘Variable (Units)

€5 ¥
ALT (U/L) LAB High: >55 AGE,RACE, U:LR,CS,GLM,
Normal: <55 OCC,ALC, TT
DRKYR,IC,DC A:LR,GLM
L:LR,GLM
GGT (U/L) LAB b/C High: >51 ,AGE,RACE, U:LR,CS,GLM,
' Normal: <51 OCC,ALC, TT
DRKYR,IC,DC A:LR,GLM
L:LR,GLM
Alkaline Phosphatase LAB D/C High: >107 AGE,RACE, U:LR,CS,GLM,
(U/L) Normal: <107 OCC,WINE, TT
LWINE,IC,DC A:LR,GLM
Total Bilirubin LAB D/C High: >1.2 AGE RACE, U:LR,CS,GLM,
(mg/dl) Normal: <1.2 OCC,ALC, TT
DRXYR,IC,DC A:LR,GLM
Direct Bilirubin LAB D High: >0.4 AGE,.RACE, U:LR,CS
(mg/dl) Normal: <0.4 OCC,ALC, A:LR
DRKYR,IC,DC
Lactic Dehydrogenase LAB D/C High: >172 AGE,RACE, U:LR,CS,GLM,
. (LDH) (U/L) Normal: £172 OCC,ALC, TT
DRKYR,IC,DC A:1LR,GLM
Cholesterol LAB D/C High: AGE,RACE, U:LR,CS,GLM,
(mg/dl) >250 (40-44) OCC,ALC, TT
>260 (45-69) DRKYR,IC,DC A:LR,GLM
>250 (=70) L:LR,GLM
Normal:
<250 (40-44)
<260 (45-69)
<250 (=70)
HDL. Cholesterol LAB D/C Low: AGE,RACE, U:LR,CS,GLM,
(mg/dl) <25 (40-44) OCC,ALC, TT
<30 (=45) DRKYR,IC,DC  A:LR,GLM
Normal: L:LR,GLM
=25 (40-44)
=30 (=45)
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Table 13-1. (Continued)
Statistical Analyses for the Gastrointestinal Assessment

Dependent Variables

Cholesterol-HDL

U:LR,CS,GLM,

LAB D/C - High: >5 AGE,RACE,
Ratio Normal: <5 OCC,ALC, T
DRKYR,IC,DC  A:LR,GLM
L:LR,GLM
Triglycerides LAB D/C High: AGE,RACE, U:LR,CS,GLM,
(mg/dl) >320 (40-54) OCC,ALC, T -
>290 (55-64) DRKYR,IC,DC  A:LR,GLM
>260 (=65) L:LR,GLM
Normal:
<320 (40-54)
=290 (55-64) -
<260 (=65)
Creatine Kinase LAB D/C High: >224 AGE,RACE, U:LR,CS,GLM,
(U/L) Normal: =224 OCC,ALC, TT
‘ DRKYR,IC,DC  A:LR,GLM
Serum Amylase LAB D/C High: >122 AGE,RACE, U:LR,CS,GLM,
(U/L) Normal: =122 OCC,ALC, TT
DRKYR,IC.DC  A:LR,GLM
Antibodies for LAB-AF D Yes AGE,RACE, U:LR,CS
Hepatitis A No OCC,DRKYR, A:LR
IC,DC
Serological Evidence of LAB-AF D Yes AGE,RACE, U:LR,CS
Present or Prior No OCC,DRKYR, A:LR
Hepatitis B 1C,DC
Infection
Antibodies for LAB-AF D Yes AGE,RACE, U:LR,CS
Hepatitis C No OCC,DRKYR, A:LR
IC,DC
Stool Hemoccult LAB D Yes AGE,RACE, U:LR,CS
No OCC,ALC, ALR
DRKYR,IC,DC
Protein Profile: LAB D/C Low: <17 AGE,RACE, U:LR,CS,GLM,
Prealbumin Normal: =217 OCC,ALC, TT
(mg/dl) DRKYR,IC,DC A:LR,GIM
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Table 13-1. (Continued)
Statistical Analyses for the Gastrointestinal Assessment

Dependent Variables

Y :
Protein Profile: LAB D/C Low: <3,350 AGE,RACE, U:LR,CS,GLM,
Albumin - Normal: =3,350 OCC,ALC, TT
{mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB D/C High: >88 AGE,RACE, U:LR,CS,GLM,
a-1 Acid Normal: <88 OCC,ALC, TT
Glycoprotein (mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB b/C Abnormal Low: AGE,RACE, U.PR,CS,GLM,
o-1 Antitrypsin <93 OCC,WINE, TT
(mg/dl) Normal: DRKYR,IC,DC  A:PR,GLM
93-224
Abnormal High:
>224
Protein Profile: LAB D/C High: >269 AGE,RACE, U:LR,CS,GLM,
«-2 Macroglobulin - Normal: <269 OCC,ALC, T
(mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB D/C High: >128 AGE,RACE, U:LR,CS,GLM,
Apolipoprotein B ' Normal: <128 OCC,ALC, TT
(mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB D/C Low: <85 AGE,RACE, U:LR,CS,GLM,
C; Complement Normal: =85 OCC,ALC, TT
(mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB D/C Low: <12 AGE,RACE, U:LR,CS,GLM,
C, Complement Normal: =12 OCC,ALC, TT
(mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB D/C High: >163 AGE RACE, U:LR,CS,GLM,
Haptoglobin Normal: <163 OCC,ALC, TT :
(mg/dl) DRKYR,IC,DC  A:LR,GLM
Protein Profile: LAB b/C Low: <252 AGE,RACE, U:LR,CS,GLM,
Transferrin Normal: =252 OCC,ALC, TT
(mg/di) DRKYR,IC,.DC  A:LR,GLM
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Table 13-1. (Continued)
Statistical Analyses for the Gastrointestinal Assessment

Covariates

Age (AGE) Born =1942

Born <1942
Race (RACE) MIL D Black
Non-Black
Occupation (OCC) MIL D Officer
Enlisted Flyer
Enlisted Groundcrew
Industrial Chemical Exposure (IC) Q-SR D Yes
No
Degreasing Chemical Exposure (DC) Q-SR D Yes
No
Current Alcohol Use Q-SR p/C 0-1
(drinks/day) (ALC) >1-4
>4
Lifetime Alcohol History Q-SR D/C 0
(drink-years) (DRKYR) >(0-40
>40
Current Wine Use (drinks Q-SR D/C 0
of wine/day) (WINE) >0
Lifetime Wine History Q-SR D/C 0
{drink-years of wine) >0
(LWINE)
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Table 13-1. (Continued)
Statistical Analyses for the Gastrointestinal Assessment

Abbreviations

Data Source: LAB

1992 laboratory results

LAB-AF = 1992 Brooks AFB laboratory results
MIL = Air Force military records
MR-V = Medical records (verified)
PE = 1992 physical examination
Q-SR = Health questionnaires (self-reported)

Data Form: D = Discrete analysis only
D/C = Discrete and continuous analyses for dependent variables; appropriate form for

analysis (either discrete or continuous) for covariates
Statistical U = Unadjusted analyses
Analyses: A = Adjusted analyses

L = Longitudinal analyses

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

Methods: GLM General linear models analysis

LR = Logistic regression analysis
PR = Polytomous logistic regression analysis
TT = Two-sample t-test
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Table 13-2.

Number of Participants with Missing Data for, or Excluded from,
the Gastrointestinal Assessment

Current DEP 0 1 0 0 0 1

Hepatomegaly

AST DEP 0 1 0 0 0 0
ALT - DEP 0 1 0 0 0 0
GGT DEP 0 1 0 0 0 0
Alkaline DEP 0 1 0 0 0 0
Phosphatase

Total Bilirubin DEP 0 1 0 ¢ 0 0
Direct Bilirubin DEP 1 0 0 0 0
LDH DEP 1 2 0 0 0 1
‘Cholestero! DEP 0 1 0 0 0 0
HDL Cholesterol DEP 14 13 9 . 13 13 10
Cholesterol-HDL DEP 14 13 9 13 13 10
Ratio )

Triglycerides DEP 0 1 0 0 0 0
Creatine Kinase DEP -0 1 0 0 0 -0
Serum Amylase DEP 0 1 v 0 0 0
Antibodies for DEP 0 1 0 0 0 0
Hepatitis A -

Serological DEP 0 1 0 0 0 0

Evidence of Prior
Hepatitis B

Infection
Antibodies for DEP 0 . 1 0 0 0 0
Hepatitis C
Stool Hemoccult DEP 43 - 55 26 37 37 39
Prealbumin DEP 0 1
~ Albumin DEP 0 1
-1 Acid DEP 0 1
Glycoprotein
-1 Antitrypsin DEP 0 1
o-2 Macrogiobulin =~ DEP 0 1
Apolipoprotein B DEP 0 1
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Table 13-2. (Continued)
Number of Participants with Missing Data for, or Excluded from,
the Gastrointestinal Assessment

C, Complement DEP

0 0 0 0
C, Complement DEP 0 1 0 0 0
Haptoglobin DEP 0 1 0 0 0
Transferrin DEP 0 1 0 0 0
Current Alcohol Cov 10 18 7 9 9 16
Use
Lifetime Alcohol CcoVv 22 21 13 20 . 20 13
History
Current Wine Use Cov 11 18 7 10 10 16
Lifetime Wine Ccov 19 21 : 11 17 17 18
History :
Pre-SEA Hepatitis EXC 8 9 4 8. 8 8
{Non-A, Non-B,
or Non-C)
Pre-SEA Jaundice. EXC 24 33 13 24 24 28
{Unspecified)
Pre-SEA Acute EXC 0 1 0 0 Q 1
and Subacute )
Necrosis of the
Liver
Pre-SEA Chronic ~ EXC 1 4 1 1 1 4
Liver Disease and
Cirrhosis
(Alcohol-Related)
Pre-SEA ‘Chronic EXC- 0 1 0 0 H 1
Liver Disease and '
Cirrhosis
(Nonalcohol-
Related)
Pre-SEA Other EXC 4 11 1 4 4 10
Liver Disorders
Pre-SEA History EXC 1 2 1 1 1 2
of Hepatomegaly
Hepatitis B EXC 4 3 3 4 4 3

Surface Antigen
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| Table 13-2. (Continued)
Number of Participants with Missing Data for, or Excluded from,
the Gastrointestinal Assessment

Presence of EXC 7 23 2 4 4 16

Hepatitis C
Antibodies
Fever EXC 3 1 1 3 3 1

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 Compatisons for categorized dioxin.
One Ranch Hand missing totat lipids for current dioxin.
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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.

The results of the analyses without occupation are presented in Appendix I-3 and are
only discussed in the text if the level of significance differs from the original final adjusted
model (significant versus nonsignificant).

Longitudinal Analysis

The longitudinal analyses of the gastrointestinal assessment examined seven laboratory
variables (AST, ALT, GGT, cholesterol, HDL cholesterol, the cholesterol-HDL ratio, and
triglycerides). Each variable was analyzed in both continuous and discrete forms. AST,
ALT, and GGT were analyzed longitudinally in previous phases of the AFHS; the other
variables were added to the 1992 analyses because they all showed significant associations
with dioxin in the previous serum dioxin analyses. These longitudinal analyses were used to
assess any relationship between dioxin and hepatic changes across time.

RESULTS
Dependent Variable-Covariate Associations

Covariate tests of association were done to examine the unadjusted relationships between
the covariates used in the adjusted analyses and the dependent variables. Appendix Table
I-1-2 provides summary results of these analyses, including correlation coefficients (1),
percents abnormal, means, and p-values to test the statistical significance of the association.
Statistically significant associations are discussed below. ‘

Age

For the historical liver disorder variables, age exhibited a significant positive association
with hepatomegaly. The prevalence of hepatomegaly was lower for younger participants than
for older participants (1.3% for men born in or after 1942 vs. 3.0% for men born before
1942, p=0.010). The covariate tests of association did not find age to be significantly
associated with the other historical variables.

For the laboratory variables, age was negatively correlated with ALT (r=-0.141,
p<0.001) and creatine kinase (r=-0.093, p<0.001) and positively correlated with alkaline
phosphatase (r=0.047, p=0.029), LDH (r=0.084, p<0.001), and serum amylase (r=0.060,
p=0.005). Analyses of the discretized form of these dependent variables showed similar
results. Older participants were more likely to have antibodies for hepatitis A than younger
participants (42.0% vs. 22.8%, p<0.001), probably reflecting the cumulative risk of
exposure with advancing age. '

Age was significantly correlated with many of the protein profile variables, including
negative correlations with prealbumin (r=-0.143, p<0.001), albumin (r=-0.161, p<0.001),
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and transferrin (r=-0.054, p=0.011), as well as positive associations with -1 antitrypsin
(r=0.152, p<0.001), -2 macroglobulin (r=0.251, p<0.001), apolipoprotein B (r=0.047,
p=0.027), and haptoglobin (r=0.094, p<0.001). Analyses of the discretized form of these
dependent variables showed similar results.

Race

Race was a significant factor in the prevalence of other liver disorders. Black
participants were much more likely than non-Black participants to have a medical history of
other liver disorders (47.3% vs. 27.6%, p<0.001). There were no significant racial
differences for the other historical variables.

For the hepatic enzymes, Blacks had a significantly higher mean level of GGT
(p=0.005) and significantly more abnormal high LDH levels (p=0.040) than non-Blacks.
Of the lipid and carbohydrate indices, Blacks had a significantly higher mean level of HDL
cholesterol (p<0.001) and fewer abnormal low values (p=0.047) than non-Blacks. Blacks
also had significantly lower mean levels of triglycerides (p <0.001) and a lower mean
cholesterol-HDL ratio (p=0.001), as well as a significantly lower prevalence of
abnormalities for both of these variables.

The creatine kinase mean was much higher for Blacks than for non-Blacks (233.07
mg/dl vs. 124.27 mg/dl, p<0.001) as was the percentage of abnormal high levels (51.6%
vs. 11.7%, p<0.001). These findings also were noted at previous examinations. Blacks
had a significantly higher mean level of serum amylase (p<0.001) and more than three times
as many abnormal high values as did non-Blacks.

Blacks had a significantly higher history of antibodies for hepatitis A and C (p=0.007
and p=0.039 respectively) and a significantly higher history of serological evidence of prior
hepatitis B infection (p<0.001) than did non-Blacks.

Of the protein profile variables, Blacks had significantly lower mean levels of albumin,
(p=0.019) and o2 macroglobulin (p<0.001), and significantly higher mean levels of C,
complement (p<0.001) and C, complement (p <0.001) than did non-Blacks. However, the
corresponding discrete analyses for these variables did not show that the prevalence of
abnormal levels differed significantly between Blacks and non-Blacks. The mean level of
transferrin was significantly lower (p=0.003) and the percentage of abnormal low levels of
transferrin was significantly higher (p=0.006) for Blacks.

Occupation

The covariate tests of association did not show significant occupational differences for
any of the historical variables. By contrast, the mean levels or percent abnormal differed
significantly among military occupations for most of the laboratory variables. In many
instances, the mean levels or percent abnormal levels differed between the officer cohort and
the enlisted cohorts, but in some cases there were differences between the enlisted flyers and
the enlisted groundcrew, as in the tests of creatine kinase and stool hemoccult.
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Industrial Chemical Exposure

None of the historical variables were significantly associated with industrial chemical
exposure. But, for the laboratory variables, participants who had been exposed to industrial
chemicals had significantly higher mean levels of the cholesterol-HDL ratio (p=0.013),
triglycerides (p=0.035), -1 acid glycoprotein (p=0.032), «-1 antitrypsin (p=0.005), C,
complement (p=0.002), C, complement (p=0.015) and haptoglobin (p=0.045), and a lower
mean level of HDL cholesterol than participants who had never been exposed to industrial
chemicals (p=0.031). For each of those variables, other than the cholesterol-HDL ratio, the
percentages of abnormalities did not differ significantly between exposed and non-exposed
individuals. A greater number of participants exposed to industrial chemicals also had high
cholesterol levels (p=0.019) and serological evidence of prior hepatitis B infection
(p=0.015) than non-exposed participants.

Degreasing Chemical Exposure

The covariate tests of association results for degreasing chemical exposure found
significant results for many of the same variables associated significantly with industrial
chemical exposure. Similar to the industrial chemical exposure findings, participants exposed
to degreasing chemicals had significantly higher mean levels of the cholesterol-HDL ratio
(p<0.001), triglycerides (p=0.018), o-1 acid glycoprotein (p=0.003), -1 antitrypsin
(p <0.001), C, complement (p<0.001), and haptoglobin (p<0.001), and a lower mean HDL
cholesterol level (p=0.014) than participants never exposed to degreasing chemicals. In
addition, relatively more individuals exposed to degreasing chemicals had high cholesterol
tevels (p=0.007) and a history of serological evidence of prior hepatitis B infection
(p=0.009) than non-exposed individuals. The degreasing chemical exposure results also
showed that exposed participants had significantly higher mean ALT (p=0.023), cholesterol
(p=0.030), apolipoprotein B (p=0.015), and transferrin (p=0.001) levels than non-exposed
individuals.

Current Alcohol Use

The covariate tests of association found that current alcohol consumption correlated
significantly with many of the laboratory variables. There were highly significant positive
correlations with AST, ALT, GGT, total bilirubin, cholesterol, and HDL cholesterol, and a -
highly significant negative correlation with the cholesterol-HDL ratio (p<0.001 for each
variable). The chi-square tests of association also were significant for the discrete forms of
these variables as well as for direct bilirubin and LDH (p=<0.033 for all analyses). In
addition, there was a significant negative correlation with serum amylase (p=0.032).

Of the protein profile variables, current aicohol consumption was positively associated
with prealbumin and «-1 acid glycoprotein in both the continuous and discrete analyses
(p=0.036 for all analyses). There were also significant associations with o-1 antitrypsin
(discrete only, p=0.017), C; complement (continuous only, a negative correlation,
p=0.018), and haptoglobin (continuous only, a positive correlation, p=0.007).
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Lifetime Alcohol History

The covariate tests of association results for lifetime alcohol history revealed expected
significant positive relationships with alcohol-related chronic liver disease and cirrhosis
(p<0.001), hepatomegaly (p<0.001), and the category of other liver disorders (p=0.003).
In addition, the results for many of the laboratory variables also were significant, although
some of these findings may be attributed to the interrelationship between lifetime alcohol
history and current alcohol use. Significant positive associations were noted for AST, GGT,
and HDL (p=<0.002 for all analyses), whereas significant decreasing associations were noted
for the cholesterol-HDL ratio (p<0.001) and creatine kinase (p=0.008).

Participants with O drink-years had a higher history rate of antibodies for hepatitis A
(41.0%) than participants with greater than O but less than 40 drink-years (32.1 %) and those
with greater than 40 drink-years (35.8%) (p=0.046). By contrast, O drink-year participants
had the lowest rate of serological evidence of prior hepatitis B infection (11.2%) compared
with the other lifetime alcohol history categories (12.4% for >0-40 drink-years, and 16.7%
for >40 drink-years) (p=0.030). The history of antibodies for hepatitis C was not
significantly associated with lifetime alcohol history.

There were several significant associations with the protein profile variables, including
positive correlations with -1 acid glycoprotein, a-1 antitrypsin, «~2 macroglobulin, and
haptoglobin (p=<0.004 for all analyses). In addition, the percentage of abnormal low
prealbumin levels increased with the number of drink-years (p=0.005).

Current Wine Use

Current wine use was used as an adjusting covariate instead of current alcohol use for
alkaline phosphatase and «-1 antitrypsin because the covariate tests of association found
significant decreasing associations (p<0.005 for all analyses), whereas the results for current
alcohol use were not significant. The alkaline phosphatase relationship was noted at previous
examination cycles; o-1 antitrypsin had not been analyzed before.

Lifetime Wine History

Lifetime wine history was used as an adjusting covariate instead of lifetime alcohol
history for alkaline phosphatase for the same reason current wine use was substituted for
current alcohol use; the covariate tests of association found a significant decreasing
association (p=0.043), whereas the results for lifetime alcohol history were not significant.

Exposure Analysis

The following section presents the results of the statistical analyses of the dependent
variables shown in Table 13-1. Dependent variables are grouped into three sections: those
derived and verified from a review of medical records, one variable obtained during the 1992
physical examination, and data derived from the laboratory portion of the 1992 followup
examination.
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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 measurement
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 of body fat from the 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 (69). 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 seram 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 the percent of
body fat at the participant’s time of duty in SEA and the change in the percent of 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. Details on dioxin and the modeling
strategy are found in Chapters 2 and 7 respectively.

The statistical significance of the results in Models 4, 5, and 6 may differ for
cholesterol and other lipid variables because of the lipid-adjustment applied in Models 4 and
6. The whole-weight dioxin measure analyzed in Model 5 may be associated with the lipid
variables because dioxin is lipophilic and correlates positively with lipid measures. The
lipid-adjusted current dioxin level analyzed in Model 4 accounts for the correlation, which
may result in less significant associations between TCDD and the lipid variables. The Model
6 analysis forces total lipids into the model as an adjusting covariate that often is highly
associated with the lipid variables. The forced inclusion of total lipids into the model resuits
in a higher R-squared and may cause the association between whole-weight TCDD and lipid
variables to become nonsignificant. '

Results of the investigation for group-by-covariate and dioxin-by-covariate interactions
are referenced in the text, and tabular results are presented in Appendix I-2. As described
previously, additional analyses were performed when occupation was retained in the final
model for Models 2 through 6, Results excluding occupation from these models are tabled in
Appendix I-3, and dioxin-by-covariate interactions with occupation excluded from these
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models are presented in Appendix I-4. Results from analyses excluding occupation are
discussed in the text only if a meaningful change occurred (that is, changes between
significant results, marginally significant results, and nonsignificant results).

Verified Medical Records Variables
Hepatitis (Non-A, Non-B, and Non-C)

The unadjusted and adjusted Model 1 analyses of hepatitis did not find a significant
difference between Ranch Hands and Comparisons (Table 13-3(a,b): p>0.49 for all
contrasts). The adjusted model contained two covariate-by-covariate interactions: .industrial
chemical exposure-by-degreasing chemical exposure and age-by-industrial chemical exposure.

Similarly, the analyses of Models 2 and 3 did not show hepatitis to be significantly
associated with initial dioxin or categorized dioxin (Tables 13-3(c-f): p>0.56 for all
analyses). The adjusted analyses for both Models 2 and 3 included the covariates age,
degreasing chemical exposure, and industrial chemical exposure.

For Models 4 through 6, the unadjusted and adjusted analyses did not reveal a
significant association between hepatitis and current dioxin (Tables 13-3(g,h): p>0.32 for all
analyses). Each of the adjusted analyses for Models 4 through 6 contained the covariates age
and industrial chemical exposure.

Jaundice (Unspecified)

In the unadjusted Model 1 analysis, Ranch Hands and Comparisons were not
significantly different in the historical occurrence of jaundice (Table 13-4(a): p=0.123).
However, stratifying the unadjusted analysis by occupation revealed a marginally significant
group difference within the enlisted groundcrew stratum (Table 13-4(a): p=0.099, Est.
RR=0.36, 95% C.I.=[0.12, 1.09]). For the enlisted groundcrew, 2.7 percent of
Comparisons had a history of jaundice while only 1.0 percent of the Ranch Hands had a
history of jaundice.

Group-by-race was a significant interaction in the adjusted analysis of Model 1 (Table
13-4(b): p=0.032). The adjusted analysis also contained degreasing chemical exposure and
the occupation-by-age interaction. Appendix Table I-2-1 presents results stratified by race.
After removing the group-by-race interaction, the adjusted analysis detected a marginally
significant difference between Ranch Hands and Comparisons (Table 13-4(b): p=0.100, Adj.
RR=0.62, 95% C.1.=[0.35, 1.11]). A lower percentage of Ranch Hands than Comparisons
had a history of jaundice (1.8% vs. 3.0%). The relative risk within the enlisted groundcrew
stratum remained marginally significant in the adjusted analysis (Table 13-4(b): p=0.068,
Adj. RR=0.36, 95% C.1.=[0.12, 1.08]).

The unadjusted and adjusted Model 2 analyses did not reveal a significant relationship

between jaundice and initial dioxin (Table 13-4(c,d): p>0.37 for both analyses). Age was
the only significant covariate in the adjusted model.
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Table 13-3.
Analysis of Hepatitis (Non-A, Non-B, and Non-C)

All Ranch Hand 944 L7 1.03 (0.53,1.98) 0.999

Comparison 1,272 L7

Officer Ranch Hand 363 1.1 1.09 (0.29,4.10) 0.999
Comparison 495 1.0

Enlisted Flyer Ranch Hand 162 3.1 2.12 (0.50,9.02) 0.495
Comparison . 203 1.5 :

Enlisted Groundcrew Ranch Hand 419 1.7 0.73 (0.29,1.85) 0.668
Comparison . 574 2.3

A ma
All 1.05 (0.55,2.03) 0.878 IC*DC (p=0.011)
Officer 111 (0.29,4.18) 0.879 AGE*IC (p=0.018)
Enlisted Flyer 2.03 (0.48,8.58) 0.334

Enlisted Groundcrew 0.78 (0.31,1.97) 0.593

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-3. (Continued)
Analysis of Hepatitis (Non-A, Non-B, and Non-C)

Low 172 1.7 1.11 {0.67,1.83) 0.693
Medium 172 1.7 '
High 172 1.7

516 1.02 (0.59,1.75) 0.944 AGE (p=0.964)
DC (p=0.069)
IC (p=0.021)

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 13-3. (Continued)
Analysis of Hepatitis (Non-A, Non-B, and Non-C)

& MODEL 3. RANCH HANDS AND COMP.

Dioxin Category ~ ~ .n

Comparison 1,055

Background RH 370 1.6 0.98 (0.38,2.52) 0.973
Low RH 258 1.9 1.10 (0.40,2.99) 0.856
High RH 258 1.6 0.89 (0.30,2.65) 0.828
Low plus High RH 516 1.7 0.99 (0.44,2.23) 0.985

Dioxin Category ~~ 'n’ - - (95% narks
Comparison 1,055 AGE (p=0.224)

IC (p=0.077)
Background RH 370 122 (0.47,3.16)  0.689 DC (p=0.111)
Low RH 258 1.18(0433.23)  0.753
High RH | 258 072 (0.242.19)  0.567
Lowplus High RH 516 092 (0.41,2.08)  0.848

a Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent bedy 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 bedy 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 13-3. (Continued)
Analysis of Hepatitis (Non-A, Non-B, and Non-C)

4 1.7 1.7 7 1.00 (0.71,1.42) 0.991
(293) (296) 297)

5 1.7 1.7 1.7 0.92 {0.69,1.25) 0.608
(297) (294) (295)

6° 1.7 i7 1.7 1.00 (0.72,1.39) 0.988
(296) (294) (295)

4 886 0.91 (0.64,1.30) 0.602 AGE (p=0.740)
IC (p=0.002)

5 | ss6 0.86 (0.65,1.15) 0.321 . AGE (p=0.713)
IC (p=0.002)

6 885 0.93 (0.67,1.27) 0.638 AGE (p=0.857)
. . IC (p=0.002)

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.

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 13-4.
Analysis of Jaundice

All Ranch Hand 928 1.8 0.61 (0.34,1.09) 0.123
Comparison 1,248 3.0 '

Officer Ranch Hand 355 2.5 0.61 (0.27,1.35) 0.294
Comparison 486 4.1

Enlisted Flyer Ranch Hand 160 2.5 2.49 (0.45,13.76) 0.506
Comparison 196 1.0

Enlisted Groundcrew Ranch Hand 413 1.0 0.36 (0.12,1.09) 0.099
Comparison 566 2.7 :

0.62 (0.35,1.11)** 0.100** GROUP*RACE (p=0.032)

. DC (p<0.093)
Hoke ok
Officer 0.64 (0.29,1.42) 0.269 OCC*AGE (p=0.025)
Enlisted Flyer 2.34 (0.41,13.39)*+* 0.341%*
Enlisted Groundcrew 0.36 (0.12,1.08)** 0.068**

a 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 I-2-1 for further
analysis of this interaction.
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Table 13-4. (Continued)
Analysis of Jaundice

Low 168 0.6 1.15 (0.52,2.53) 0.739

Medium 171 0.6
High 168 0.6

507 1.47 (0.66,3.31) 0.372 AGE (p=0.033)

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 13-4. (Continued)
Analysis of Jaundice

Comparison 1,035 2.8

Background RH 363 3.6 1.36 (0.69,2.67) 0.376
Low RH 253 04 0.14 (0.02,1.01) 0.052
High RH 254 0.8 0.26 (0.06,1.09) 0.066
Low plus High RH 507 6.6 0.20 (0.06,0.66) 0.008

Comparison 1,035 DC (p=0.051)
. OCC*AGE (p=0.015)
Background RH 363 1.28 (0.63,2.57)  0.496
Low RH 253 0.13 (0.02,0.97)  0.046
High RH 254 0.30 (0.07,1.31)  0.109

Low plus High RH 507 0.21 (0.06,0.70)‘ 0.011

2 Relative risk and confidence interval relative to Comparisons.

b Adjuéted 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 13-4. (Continued)
Analysis of Jaundice

‘6) MODELS 4, 5; AND 6: ' RANCH HAND

4 3.5 1.4 0.7 0.50 (0.34,0.74) <0.001
(287) (290) (293)

5 3.1 1.8 0.7 0.62 (0.49,0.79) <0.001
(294) (285) (291)

6° 3.1 1.8 0.7 0.59 (0.46,0.77) <0.001
(293) (285) (291)

4 870 0.48 (0.32,0.74) <0.001 AGE (p=0.058)
DC (p=0.117)
IC (p=0.133)

5 870 0.61 (0.47,0.79) <0.001 AGE (p=0.053)
DC (p=0.128)
IC (p=0.121)

64 869 0.59 (0.44,0.77) <0.001 AGE (p=0.056)
' DC (p=0.120}
IC (p=0.140)

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 dioxXin.
¢ 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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The unadjusted categorized dioxin analysis (Model 3) revealed a significant difference in
the history of jaundice between low plus high Ranch Hands and the Comparison group
(Table 13-4(e): p=0.008, Est. RR=0.20, 95% C.I.=[0.06, 0.66]). The unadjusted relative
risks were marginally significant for low Ranch Hand and high Ranch Hand categories
(Table 13-4(e): p=0.052, Est. RR=0.14, 95% C.1.=[0.02, 1.01], p=0.066, Est. RR=0.26,
95% C.I.=[0.06, 1.09] respectively). The percentages of participants who experienced
jaundice in the Comparison, low Ranch Hand, high Ranch Hand, and low plus high Ranch
Hand categories were 2.8, 0.4, 0.8, and 0.6 percent respectively.

After adjusting for degreasing chemical exposure and the occupation-by-age interaction,
the relative risk for the low plus high Ranch Hand category remained significant (Table
13-4(f): p=0.011, Adj. RR=0.21, 95% C.1.=[0.06, 0.70]). After these same adjustments,
the relative risk for the low Ranch Hand category became significant (Table 13-4(f):
p=0.046, Adj. RR=0.13, 95% C.1.=[0.02, 0.97]) and the relative risk for the high Ranch
Hand category became nonsignificant (Table 13-4(f): p=0.109).

After removing occupation from the adjusted model, the relative risk for the high Ranch
Hand category became marginally significant (Appendix Table I-3-1: p=0.078, Adj.
RR=0.27, 95% C.I.=[0.06, 1.16]). '

As shown in Table 13-4(g), each of the unadjusted analyses for Models 4 through 6
displayed a highly significant inverse association between jaundice and current dioxin
(p<0.001, Est. RR=0.50, 95% C.I=[0.34, 0.74], p<0.001; Est. RR=0.62, 95%
C.1.=[0.49, 0.79]; and p<0.001, Est. RR=0.59, 95% C.I.=[0.46, 0.77] for Models 4, 5,
and 6 respectively).

Each of the adjusted analyses for Models 4 through 6 included age, degreasing chemical
exposure, and industrial chemical exposure. Similar to the unadjusted analyses, the adjusted
analyses for Models 4 through 6 detected a significant inverse relationship between jaundice
and current dioxin (Table 13-4(h): p<0.001, Adj. RR=0.48, 95% C.1.=[0.32, 0.74];
p<0.001, Adj. RR=0.61, 95% C.1.=[0.47, 0.79]; and p<0.001, Adj. RR=0.59, 95%
C.1.=[0.44, 0.77] respectively).

Acute and Subacute Necrosis of the Liver

Due to sparse data (one Comparison and no Ranch Hands), analyses were not conducted
on acute and subacute necrosis of the liver. Table 13-5 displays sample sizes and frequencies
for each model.

Alcoholic Chronic Liver Disease and Cirrhosis

The unadjusted and adjusted Model 1 analyses did not find a significant group
difference in the analysis of alcoholic chronic liver disease and cirrhosis (Table 13-6(a,b):

p>0.20 for all contrasts). The adjusted analysis contained the covariates age and race, and
the occupation-by-lifetime alcohol history interaction.
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Table 13-5.
Acute and Subacute Necrosis of the Liver

All Ranch Hand 952 0.0

Comparison 1,280 0.1

Officer Ranch Hand 367 0.0
“ Comparison 501 0.2

Enlisted Flyer Ranch Hand 162 0.0
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand | 423 0.0
Comparison 576 0.0

Low 174 0.0

Medium 173 0.0
High 173 0.0

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-5. (Continued)
Acute and Subacute Necrosis of the Liver

' ¢) MODEL 3: ]

Comparison
Background RH
Low RH

High RH

Low plus High RH

1,062
374
260
260
520

0.0
0.0
0.0
0.0
0.0

)

- LOW

MODELS 4, 5, A}

0.0
(295)

0.0
(300)

0.0
(299)

0.0

0.0 .
(300) (299)
0.0 0.0
(297 (297)
0.0 0.0
97y (297)

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 Jog, total lipids.

Note: RH = Ranch Hands.
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.

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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7 Table 13-6.
Analysis of Alcoholic Chronic Liver Disease and Cirrhosis

) MODEL 1; RANCH HANDS

All Ranch Han - 888 5.4 . 1.00 (0.68,1.47) 0.999

Comparison 1,206 5.4

Officer Ranch Hand 353 5.7 1.53 (0.80,2.93) 0.265
Comparison 476 38

Enlisted Flyer Ranch Hand 147 6.1 0.97 (0.40,2.37) 0.999
Comparison 191 6.3

Enlisted Groundcrew Ranch Hand 388 4.9 0.74 (0.42,1.32) 0.378
Comparison 539 6.5

All 0.93 (0.62,1.40) 0.733 RACE (p=0.103)

AGE (p=0.373)
Officer 1.46 (0.73,2.92) 0.283 OCC*DRKYR (p=0.002)
Enlisted Flyer 0.92 (0.36,2.40) 0.871 :
Enlisted Groundcrew 0.68 (0.37,1.23) 0.202

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-6. (Continued)
Analysis of Alcoholic Chronic Liver Disease and Cirrhosis

Low 164 6.1 ' 1.05 (0.79,1.39) 0.759
Medium 160 5.0
High 156 6.4

467 1.02 (0.74,1.39)** ' 0.915**

INIT*RACE (p=0.004)
AGE (p=0.228)
DRKYR (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 timé 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 Table 1-2-2 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 13-6. (Continued)
Analysis of Alcholic Chronic Liver Disease and Cirrhosis

Comparison ‘ 1,005 . 6.0

Background RH 354 54 0.94 (0.55,1.61) 0.821
Low RH 245 5.7 0.91 (0.50,1.67) 0.767
High RH 235 © 6.0 0.96 (0.52,1.75) 0.887
Low plus High RH 480 5.8 0.93 {(0.59,1.49) 0.776

‘Dioxin

Comparison 987 DXCAT*RACE (p=0.028)
OCC*DRKYR (p=0.002)
AGE*DRKYR (p=0.026)

Background RH 347 0.98 (0.54,1.77)** 0.951**
Low RH 239 0.86 (0.45,1.64y+*  0.649**
High RH 228 0.84 (0.43,1.61)%* (,593**

Low plus High RH 467 0.85 (0.52,1.39)** (.517%*

a 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.

** Categorized dioxin-by-covariate interaction (0.01 <p=<0.03); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table I-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.
DXCAT = Categorized Dioxin.
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Table 13-6. (Continued)
Analysis of Alcoholic Chrenic Liver Disease and Cirrhosis

4 5.4 6.0 55 1.05 (0.86,1.28) 0.655
(278) (282) (274)

5 5.3 5.7 5.9 1.04 (0.88,1.24) 0.633
(282) (283 (269)

6° 53 5.7 5.9 1.01 (0.84,1.22) 0.905
(281) (283) (269)

4 814 1.03 (0.83,1.27) 0.782 AGE (p=0.279)

DRKYR (p<0.001)

5 814 1.03 (0.86,1.23) 0.745 AGE (p=0.276)
DRKYR (p<0.001)

69 813 1.00 (0.83,1.21) 0.986 AGE (p=0.298)
DRKYR (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.

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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Examination of the unadjusted Model 2 results did not reveal a significant association
between initial dioxin and alcoholic chronic liver disease and cirrhosis (Table 13-6(c):
p=0.759).

The adjusted analysis of Model 2 had a significant initial dioxin-by-race interaction
(Table 13-6(d): p=0.004). Appendix Table I-2-2 presents results stratified by each level of
race. The final model also contained age and lifetime alcohol history. After removing the
initial dioxin-by-race interaction from the adjusted model, initial dioxin was not significantly
associated with alcoholic chronic liver disease and cirrhosis (Table 13-6(d): p=0.915).

As shown in Table 13-6(e), the unadjusted Model 3 analysis did not find a significant
contrast between any of the Ranch Hand categories and the Comparison group (p>0.76 for
all contrasts).

Categorized dioxin-by-race was a significant interaction in the adjusted Model 3 analysis
(Table 13-6(f): p=0.028). Appendix Table I-2-2 shows adjusted results stratified by each
Jevel of race. The final model also included two covariate-by-covariate interactions:
occupation-by-lifetime alcohol history and age-by-lifetime alcohol history. Without the
categorized dioxin-by-race interaction, the adjusted analysis of Model 3 did not detect a
significant association between categorized dioxin and alcoholic chronic liver disease (Table
13-6(f): p>0.51 for all contrasts).

The unadjusted and adjusted analyses of Models 4 through 6 did not reveal a significant
association between current dioxin and alcoholic chronic liver disease and cirrhosis (Table
13-6(g,h): p>0.63 for all analyses). Each of the adjusted analyses for Models 4 through 6
contained the covariates age and lifetime alcohol history.

Nonalcoholic Chronic Liver Disease and Cirrhosis

Displayed in Table 13-7(a,b), the unadjusted and adjusted results for Model 1 did not
find a significant group difference in the analysis of nonalcoholic chronic liver disease and
cirthosis (p>0.24 for all contrasts). The adjusted analysis for Model 1 contained the
covariate age.

Similarly, the analyses of Models 2 and 3 did not reveal nonalcoholic chronic liver
disease and cirrhosis to be significantly associated with either initial dioxin or categorized
dioxin (Table 13-7(c-f): p>0.61 for all analyses). For Models 2 and 3, the adjusted
analyses contained the covariate age.

The unadjusted and adjusted current dioxin analyses (Models 4 through 6) did not find a
significant association between current dioxin and nonalcoholic chronic liver disease and
cirrhosis (Table 13-7(g,h): p>0.38 for all analyses). Each of the adjusted analyses for
Models 4 through 6 contained the covariate age. '
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Table 13-7,

Analysis of Nonalcoholic Chronic Liver Disease and Cirrhosis

‘Occupational Category . - Group:

All Ranch Hand 952 1.4 1.35 (0.62,2.92) 0.574
Comparison 1,280 L

Officer Ranch Hand 367 1.4 2.29 (0.54,9.66) 0.422
Comparison 501 0.6 '

Enlisted Flyer Ranch Hand 162 1.2 1.26 (0.18,9.02) 0.999
Comparison 203 1.0

Enlisted Groundcrew Ranch Hand - . 423 1.4 1.02 (0.35,2.97) 0.999
Comparison 576 1.4

Occupational Category . ) - arate ner
All 1.36 (0.63,2.96) 0.434 AGE (p=0.095)
Officer 2.34 (0.56,9.88) 0.246

Enlisted Flyer 1.27 (0.18,9.26) 0.810

Enlisted Groundcrew 1.02 (0.35,2.96) 0.973

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-7. (Continued)

Analysis of Nonalcoholic Chronic Liver Disease and Cirrhosis

Low 174 1.1 0.98 (0.55,1.72) 10.932

Medium 173 1.7
High 173 1.2

520 0.87 (0.47,1.59) 0.640 AGE (p=0.246)

a 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 13-7. (Continued)
Analysis of Nonalcoholic Chronic Liver Disease and Cirrhosis

Comparison 1,062 1.1

Background RH 374 1.1 1.15 (0.36,3.63) 0.814
Low RH 260 1.5 1.24 (0.38,3.99) 0.721
High RH 260 1.2 0.79 (0.22,2.92) 0.730
Low plus High RH 520 13 1.00 (0.38,2.62) 0.999

Comparison 1,062 AGE (p=0.167)
Background RH 174 126(0.39,4.03)  0.698
Low RH 260 1.37 (0.42,4.41)  0.602
High RH 260 0.71(0.19,2.64)  0.612
Lowplus High RH 520 099 (0.38,2.59)  0.980

a 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 13-7. (Continued)
Analysis of Nonalcoholic Chronic Liver Disease and Cirrhosis

4 1.0 1.0 1.7 1.15 (0.78,1.70) 0.480

(295) (300) 7(299)

5 1.0 1.0 1.7 1.17 (0.82,1.65) 0.388
(300) (297) (297)

6¢ 1.0 1.0 1.7 1.13 (0.78,1.64) 0.530
(299) (297) 297) .

4 894 1.10 (0.74,1.63) 0.651 AGE (p=0.340)
5 894 1.12 (0.79,1.59) 0.525 AGE (p=0.352)
64 893 1.07 (0.73,1.57) 0.722 AGE (p=0.316)

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.

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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Liver Abscess and Sequelae of Chronic Liver Disease

Due to sparse data (one Ranch Hand and one Comparison), analyses were not conducted
on liver abscess and sequelae of chronic liver disease. Table 13-8 presents sample sizes and
frequencies for each model.

Other Liver Disorders

The category of other liver disorders includes primarily nonspecific elevations of
laboratory tests measured at previous AFHS examinations. Only four participants had a
medical history of an actual diagnosed disease. The unadjusted and adjusted Model 1
analyses for other liver disorders did not show Ranch Hands and Comparisons to be
significantly different (Table 13-9(a,b): p>0.24 for all contrasts). The adjusted analysis
contained the covariates age, race, and lifetime alcohol history.

As presented in Table 13-9(c), the unadjusted Model 2 results did not reveal a
significant association between initial dioxin and other liver disorders (p=0.177).

The initial dioxin-by-occupation interaction was significant in the adjusted analysis of
Model 2 (Table 13-9(d): p=0.018). Appendix Table I-2-3 presents results stratified by
occupation. In addition to this interaction, age and race also were significant in the adjusted
analysis. When the initial dioxin-by-occupation interaction was removed from the final
model, the adjusted Model 2 analysis revealed a significant positive association between other
liver disorders and initial dioxin (Table 13-9(d): p=0.046, Adj. RR=1.18, 95% C.1.=[1.00,
1.40]). ‘

With occupation removed, the adjusted Model 2 results matched the unadjusted results.
The association between other liver disorders and initial dioxin was nonsignificant (Appendix
Table I-3-3(a): p=0.203).

The unadjusted Model 3 analysis found a marginally significant difference in the history
of other liver disorders between the high Ranch Hands and the Comparison group (Table 13-
9e): p=0.081, Est. RR=1.30, 95% C.1.=[0.97, 1.74]). The percentage of participants
with a history of other liver disorders was higher for high Ranch Hands than for the
Comparison group (34.2% vs. 27.4%).

The adjusted Model 3 analysis contained a significant categorized dioxin-by-degreasing
chemical exposure interaction (Table 13-9(f): p=0.042). Appendix Table I-2-3 displays
adjusted results stratified by degreasing chemical exposure. In addition to the categorized
dioxin-by-degreasing chemical exposure interaction, the occupation-by-race interaction and
two covariates, age and lifetime alcohol history, were significant in the adjusted analysis of
Model 3. The relative risk for high Ranch Hands became significant when the categorized
dioxin-by-degreasing chemical exposure was removed from the adjusted analysis (Table
13-9(f): p=0.048, Adj. RR=1.37, 95% C.1.=[1.00, 1.86)).
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Table 13-8.
Liver Abscess and Sequelae of Chronic Liver Disease

~ amMobELT:

Ranch Hand 952 0.1
Comparison 1,281 0.1
Officer Ranch Hand 367 0.0
Comparison 502 0.2
Enlisted Flyer Ranch Hand 162 0.0
Comparison 203 0.0
Enlisted Groundcrew Ranch Hand 423 0.2
Comparison , 576 0.0

Low 174 _ 0.0

Medium 173 0.0
High 173 0.6

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-8. (Continued)
Liver Abscess and Sequelae of Chronic Liver Disease

©) MODEL 3: RANCH HANDS Al

Comparison 1,063 0.1

Background RH 374 0.0
Low RH 260 0.0
High RH 260 0.4
Low plus High RH 520 ' 0.2

4 0.0 : 0.0 03

(295) (360) (2é9)
5 0.0 ' 0.0 0.3

(300) - (297 _ (297)
6 0.0 0.0 0.3

(299) (297) 297)

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.

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.

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.

13-45



Table 13-9.
Analysis of Other Liver Disorders

All Ranch Hand 948 30.1 L.11 (0.92,1.34) 0.281

Comparison 1,270 27.9

Officer Ranch Hand 364 29.4 1.12 (0.83,1.51) 0.513
Comparison 494 271 .

Enlisted Flyer Ranch Hand 162 25.3 0.91 (0.57,1.46) 0.791
Comparison 203 27.1

Enlisted Groundcrew Ranch Hand 422 325 1.19 (0.91,1.56) 0.240
Comparison 573 28.8 :

All : 1.11 (0.92,1.34) 0.272 AGE (p=0.711)
RACE (p <0.001)

Officer 1.14 (0.84,1.54) | 0.398 DRKYR (p=0.003)

Enlisted Flyer 0.87 (0.54,1.41) 0.579

Enlisted Groundcrew 1.18 (0.89,1.56) 0.240

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-9. (Continued)
Analysis of Other Liver Disorders

Low 173 26.6 1.10 (0.96,1.27) 0.177
Medium 173 324
High 173 35.8

519 1.18 (1.00,1.40)%* 0.046%* INIT*OCC (p=0.018)
AGE (p=0.142)
RACE (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.

** 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 t¢ Appendix Table 1-2-3 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-9. (Continued)
Analysis of Other Liver Disorders

Comparison - 1,053 . 274

Background RH 371 25.1 0.96 (0.73,1.26) 0.750
Low RH 259 29.0 1.04 (0.77,1.41) 0.787
High RH 260 34.2 1.30 (0.97,1.74) ' 0.081
Low plus High RH 519 31.6 1.17 (0.93,1.47) 0.193

Comparison 1,036 DXCAT*DC (p=0.042)

AGE (p=0.972)
DRKYR (p<0.001)
ook *k
Background RH 365 0.96 (0.72,1.21) 0.761 OCC*RACE (p=0.037)
Low RH 253 1.03 {0.75,1.40)** (.860**
High RH 253 1.37 (1.00,1.86)** (.048**

Low plus High RH 506 1.18 (0.93,1.50)** 0.169%*

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” column.

%+ Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval,
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 1-2-3 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 13-9. (Continued)
Analysis of Other Liver Disorders

4 23.5 29.9 33.1 1.15 (1.04,1.27) 0.007
(293) (298) (299)

5 23.9 29.1 33.7 1.14 (1.05,1.24) 0.003
(297) (296) (297)

6° 24.0 29.1 33.7 1.11 (1.01,1.21) 0.033
(296) (296) @97y .

4 871 1.19 (1.06,1.34)** 0.004%* CURR*OCC (p=0.004)
CURR*DC (p=0.005)
AGE (p=0.597)
RACE (p=0.030)
DRKYR (p=0.023)

5 871 1.18 (1.06,1.31)** 0.001** CURR*QCC (p=0.007)
CURR*DC (p=0.011)
AGE (p=0.573)
RACE (p=0.028)
DRKYR (p=0.025)

6 870 1.14 (1.02,1.27)** 0.018%* CURR*OCC (p=0.011)
CURR*DC (p=0.010)
AGE (p=0.528)
RACE (p=0.022)
DRKYR (p=0.028)

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

** Log, (current dioxin + 1)-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 I-2-3
for further analysis of these interactions.

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 ppg.
CURR: Log, {current dioxin + 1).
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Deleting occupation from the final model had produced a small change in the adjusted
results. When occupation and the categorized dioxin-by-degreasing chemical interaction were
removed from the adjusted model, the relative risk for the high Ranch Hand category became
marginally significant (Appendix Table I-3-3: p=0.077).

The unadjusted analyses for Models 4 through 6 revealed a significant positive
association between current dioxin and other liver disorders (Table 13-9(g): p=0.007, Est.
RR=1.15, 95% C.1.=[1.04, 1.27]; p=0.003, Est. RR=1.14, 95% C.1.=[1.05, 1.24]; and
p=0.033, Est. RR=1.11, 95% C.1.=[1.01, 1.21] for Models 4, 5, and 6 respectively).

Each of the adjusted analyses for Models 4 through 6 had a significant current dioxin-
by-occupation interaction and a significant current dioxin-by-degreasing chemical interaction
(Table 13-9(h): p=0.004 and p=0.005 for Model 4, p=0.007 and p=0.011 for Model 5,
and p=0.011 and p=0.010 for Model 6). Age, race and lifetime alcohol history also were
included in the adjusted analyses of Models 4 through 6. Appendix Table I-2-3 presents
results stratified separately by occupation and degreasing chemical exposure. The adjusted
analyses of Models 4 through 6 found a significant positive association between current
dioxin and other liver disorders when both the current dioxin-by-occupation and current -
dioxin-by-degreasing chemical exposure interactions were removed from each of the adjusted
models (Table 13-9(h): p=0.004, Adj. RR=1.19, 95% C.I.=[1.06, 1.34]; p=0.001, Adj.
RR=1.18, 95% C.I.=[1.06, 1.31]; and p=0.018, Adj. RR=1.14, 95% C.I.=[1.02, 1.27] -
respectively.

Omitting occupation from the adjusted analysis of Models 4 and 5 had no effect on the
results of either of these models. However, deleting occupation from the adjusted analysis of
Model 6 affected the significance of the association between current dioxin and other liver
disorders. Without occupation and the current dioxin-by-occupation and the current dioxin-
by-degreasing chemical interactions, the Model 6 analysis detected a marginally significant
positive association instead of a significant association between current dioxin and other liver
disorders (Appendix Table I-3-3: p=0.056).

Hepatomegaly

The unadjusted Model 1 results did not reveal a significant group difference in the
historical occurrence of hepatomegaly (Table 13-10(a): p=0.163). However, stratifying the
unadjusted analysis by occupation revealed a marginally significant group difference within
the enlisted groundcrew stratum (Table 13-10(a): p=0.052, Est. RR=0.35, 95%
C.1.=[0.13, 0.951). In this stratum, Ranch Hands were less than half as likely as
Comparisons to have a history of hepatomegaly (1.2% vs. 3.3%).

The adjusted Model 1 analysis contained the group-by-occupation interaction (Table
13-10(b): p=0.048) and two covariates, age and lifetime alcohol history. In contrast to the -
unadjusted analysis, the adjusted analysis detected a marginally significant overall difference
when the group-by-occupation interaction was removed from the final model (Table 13-10(b):
p=0.098, Adj. RR=0.61, 95% C.1.=[0.33, 1.11]). The group contrast within the enlisted
groundcrew stratum became significant when the adjusted analysis was stratified by
occupation (Table 13-10(b): p=0.031, Adj. RR=0.33, 95% C.1.=[0.12, 0.90D).
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Table 13-10.
Analysis of Hepatomegaly

.. 4) MODEL 1: :RANCH HAND,

‘Occupational Category -

ry  Group es p-Valge

All Ranch Hand 951 1.7 0.63 (0.34,1.14) 0.163
Comparison 1,279 2.7

Officer Ranch Hand 367 1.4 0.56 (0.20,1.61) 0.400
Comparison 500 24

Enlisted Flyer Ranch Hand 162 3.7 2.56 (0.63,10.42) 0.306
Comparison . 203 1.5

Enlisted Groundcrew Ranch Hand 422 1.2 0.35 (0.13,0.95) 0.052
Comparison 576 i3

All 0.61 (0.33, 1.11)** 0.098%* GROUP*QCC (p=0.048)
AGE (p<0.001)
sk *%k
Officer 0.54 (0.19,1.57) 0.261 DRKYR (p=0.006)
Enlisted Flyer 2.61 (0.64,10.66)** 0.182%*
Enlisted Groundcrew 0.33 (0.12,0.90)** 0.031%**

a 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 afier deletion of this interaction.
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Table 13-10. (Continued)
Analysis of Hepatomegaly

Low 174 1.1 1.01 (0.61,1.67) 0.980

Medium 173 2.9
High 172 1.2

tiv 95

506 1.00 (0.55,1.82) AGE (p=0.011)
OCC (p=0.132)

DRKYR (p=0.033)

2 Adjusted for peréent 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 13-10. (Continued)
Analysis of Hepatomegaly

Comparison

Background RH
Low RH

High RH

Low plus High RH

1,061 2.6

374 1.3
260 0.8
259 2.7
519 1.7

0.53 (0.20,1.38) 0.192
0.27 {0.06,1.13) 0.073
0.98 (0.42,2.28) 0.960
0.61 (0.29,1.32) 0.210

Comparison 1,043

Background RH 367
Low RH 254
High RH 252

Low plus High RH 506

0.51 (0.19,1.38)
0.26 (0.06,1.09)
1.02 (0.43,2.44)
0.61 (0.28,1.32)

0.186
0.066
0.958
0.211

AGE (p=0.012)
DC (p=0.115)
DRKYR (p=0.006)

a 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.

13-53



Table 13-10. (Continued)
Analysis of Hepatomegaly

4 1.0 1.3 2.3 1.00 (0.70,1.44) 0.994
(295) (300) (298)

5 1.3 1.0 2.4 0.96 (0.70,1.30) 0.773
(300) 297) T (296)

6° 1.3 1.0 24 0.97 (0.69,1.33) 0.850
(299) (297) (296) '

4 873 0.92 (0.61,1.39) 0.683 AGE (p=0.009)
OCC (p=0.038)
DRKYR (p=0.080)

5 873 0.88 (0.63,1.23) 0.462 AGE (p=0.009)
0CC (p=0.029)
DRKYR (p=0.082)

6¢ 872 0.89 (0.61,1.29) 0.534 AGE (p=0.008)
OCC (p=0.029)
DRKYR (p=0.083)

a 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 ppgq; Medium = >46-128 ppq; High = >128 ppq.
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The unadjusted and adjusted Model 2 analyses did not reveal significant associations
between hepatomegaly and initial dioxin (Table 13-10(c,d): p>0.98 for both analyses). The
adjusted analysis for Model 2 contained the covariates age, occupation, and lifetime alcohol
history.

The unadjusted Model 3 results revealed a marginally significant difference in
hepatomegaly between low Ranch Hands and the Comparison group (Table 13-10(e):
p=0.073, Est. RR=0.27, 95% C.I.=[0.06, 1.13]). Low Ranch Hands were less likely than
Comparisons to have a history of hepatomegaly (0.8% vs. 2.6%). After adjusting for age,
degreasing chemical exposure, and lifetime alcohol history, the relative risk for low Ranch
Hands remained marginally significant (Table 13-10(f): p=0.066, Adj. RR=0.26, 95%
C.I.=[0.06, 1.091),

The unadjusted and adjusted analyses of Models 4 through 6 found no significant
associations between hepatomegaly and current dioxin (Table 13-10(g,h): p>0.46 for all
analyses). Each of the adjusted analyses for Models 4 through 6 contained the covariates
age, occupation, and lifetime alcohol history.

Physical Examination Variable
Current Hepatomegaly

The unadjusted and adjusted Model 1 analyses of current hepatomegaly did not reveal
significant differences between Ranch Hands and Comparisons (Table 13-11(a,b): p>0.63
for all contrasts). Lifetime alcohol history was the only significant covariate in the adjusted
analysis. :

The unadjusted Mode! 2 analysis did not reveal a significant association between current
hepatomegaly and initial dioxin (Table 13-11(c): p=0.632). The unadjusted and adjusted
Model 2 results were identical because no covariates were retained in the final model.

The unadjusted and adjusted Model 3 results did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-11i(e,f): p=0.31
for all contrasts). Lifetime alcohol history was the only significant covariate in the adjusted
analysis.

For Models 4 through 6, the unadjusted and adjusted analyses did not show a significant
association between current hepatomegaly and current dioxin (Table 13-11(g,h): p>0.38 for
all analyses). Each of the adjusted analyses included lifetime alcohol history.
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Table 13-11.
Analysis of Current Hepatomegaly

up

‘Occupational Category . Group - :
All Ranch Hand 942 0.6 0.80 (0.29,2.20) 0.854

Comparison 1,254 0.8

Officer Raoch Hand 364 0.5 0.68 (0.12,3.72) 0.972
Comparison 495 0.8

Enlisted Flyer Ranch Hand - 162 0.6 - -
Comparison 198 0.0

Enlisted Groundcrew Ranch Hand 416 0.7 0.67 (0.17,2.70) 0.822
Comparison 561 1.1

All 0.87 (0.31,2.46) 0.785 DRKYR (p=0.024)

Officer 0.66 (0.12,3.63) : 0.633
Enlisted Flyer A - -
Enlisted Groundcrew 0.79 (0.19,3.35) 0.747

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

-+ Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 13-11. (Continued)
Analysis of Current Hepatomegaly

o jative Risk (95%
516 0.83 (0.38,1.81) 0.632

a 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 13-11. (Continued)
Analysis of Current Hepatomegaly

Comparison 1,043 0.9

Background RH 371 0.3 0.34 (0.04,2.72) ‘ 0.310
Low RH 258 0.4 0.43 (0.05,3.42) 0.425 -
High RH 258 1.2 1.25 (0.33,4.71) 0.738
Low plus High RH 516 0.8 0.85 (0.26,2.78) 0.783

Comparison 1,025

Background RH 364 0.41 (0.05,3.34)
Low RH 252 0.51 (0.06,4.17)
High RH 251 1.27 (0.32,4.97)

Low plus High RH 503 0.92 (0.27,3.11)

0.405
0.532
0.735
0.890

DRKYR (p=0.030)

a 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 pefcent 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 13-11. (Continued)
Analysis of Current Hepatomegaly

4 0.0 0.7 1.0 1.25 (0.72,2.20) 0.440

(292) (299) (Zéﬁ)

5 0.3 : 0.3 1.0 1.26 (0.76,2.09) 0.380
(296) 297) (294)

6° 0.3 0.3 1.0 1.23 (0.72,2.12) 0.457
(295) (297) (294)

4 867 1.21 (0.71,2.09) 0.495 DRKYR (p=0.092)
5 867 1.21 (0.75,1.97) 0.438 DRKYR (p=0.095)
6¢ 866 1.19 (0.70,2.03) 0.517 DRKYR (p=0.095)

a 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 ppg. -
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Laboratory Examination Variables
AST (Continubus)

The unadjusted Model 1 analysis revealed a marginally significant difference in the
mean level of AST between Ranch Hands and Comparisons (Table 13-12(a): p=0.082).
Ranch Hands had a lower mean level of AST than Comparisons (23.11 U/L vs. 23.76 U/L).
Stratifying the unadjusted results by occupation revealed a significant difference in the mean
levels of AST within the enlisted flyer stratum (Table 13-12(a): p=0.022), with a higher
mean level of AST in the Comparisons than in the Ranch Hands (23.17 U/L vs. 21.28 U/L).

The adjusted Model 1 analysis included occupation and two covariate-by-covariate
interactions: lifetime alcohol history-by-degreasing chemical exposure and current alcohol
use-by-industrial chemical exposure. In contrast to the unadjusted analysis, the adjusted
analysis of AST did not show a significant difference between the Ranch Hands and
Comparisons (Table 13-12(b): p=0.138). When the adjusted analysis was stratified by
occupation, the group contrast within the enlisted flyer stratum became marginally significant
(Table 13-12(b): p=0.071).

The unadjusted Model 2 results did not reveal a significant association between AST and
initial dioxin (Table 13-12(c): p=0.362). The interaction between initial dioxin and current
alcohol use was significant in the adjusted analysis of Model 2 (Table 13-12(d): p=0.005).
Appendix Table I-2-4 displays adjusted results stratified by current alcohol use. These
results reveal a synergism between current alcohol consumption and initial dioxin exposure.
The relationship between AST and TCDD (i.e., slope coefficient) increased for higher
alcohol consumption levels. Besides the initial dioxin-by-current alcohol use interaction, the
adjusted model contained the covariates occupation and degreasing chemical exposure, and
the current alcohol use-by-industrial chemical exposure interaction. AST was not
significantly associated with initial dioxin when the initial dioxin-by-current alcohol use
interaction was removed from the adjusted model (Table 13-12(d): p=0.433).

The unadjusted and adjusted Model 3 analyses did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-12(e,f): p>0.19
for all contrasts). The adjusted analysis included occupation and two covariate-by-covariate
interactions: lifetime alcohol history-by-degreasing chemical exposure and current alcohol
use-by-industrial chemical exposure.

The unadjusted analyses of Models 4 and 6 did not find a significant association
between AST and current dioxin (Table 13-12(g): p=0.166 and p=0.253 for Models 4 and 6
respectively). However, the unadjusted Model 5 analysis uncovered a marginally significant
positive association between AST and current dioxin (Table 13-12(g): p=0.095, Est. Slope=
0.0120).

Each of the adjusted analyses for Models 4 through 6 contained a significant current
dioxin-by-current alcohol use interaction (Table 13-12(h): p=0.003 for each model).
Appendix Table 1-2-4 presents adjusted results stratified by current alcohol use for each of
the models. In addition to the current dioxin-by-current alcohol use interaction, each of the
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Table 13-12.
Analysis of AST (U/L)
(Continuous)

All Ranch Hand 939 23.11 -0.66 -- 0.082

Comparison 1,253 23.76

Officer Ranch Hand 361 23.67 -0.70 -- 0.258
Comparison 495 24.37

Enlisted Flyer Ranch Hand 162 21.28 -1.89 -- 0.022
Comparison 196 23.17

Enlisted Groundcrew - Ranch Hand 416 23.37 -0.08 -- 0.887
Comparison 562 23.45

Occup ti

Category. .. roup .- emark

All Ranch Hand 917 22.87 - -0.55 - 0.138 OCC (p=0.010)
Comparison 1,232 23.41 DRKYR*DC (p=0.010)

* =

Officer Ranch Hand 357  23.55 0.61 - 0.319 ALCHIC (p=0.002)
Comparison 487 24.15

Enilisted Flyer Ranch Hand 156 21.33 -1.57 -- 0.071
Comparison 195 22.90

Enlisted Ranch Hand 404 23.41 0.11 -- 0.851

Groundcrew  Comparison 550 23.51

2 Transformed from natural logarithm scale.

b 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 13-12. (Continued)
Analysis of AST (U/L)
{Continuous)

Low 173 22.42 22.49 0.009 0.0113 (0.0124) 0.362
Medium 170 23.53 23.57
High 172 23.65 23.54

Low 171 22.01% | 0.094 0.0110 (0.0140)** 0.433**  INIT*ALC (p=0.005)
. : OCC, (p=0.017)
*k -
Medium 167 23.03 DC (po0.144)
High 170 22 884+ : _ ALCH*IC (p=0.003)

2 Transformed from the 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 AST 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.

** | og, (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 I-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 13-12. (Continued)
Analysis of AST (U/L)
(Continuous)

Comparison 1,043 23.66

Background RH 369 22.93 23.15 -0.50 - 0.340

Low RH 251 ;322 23.14 0.51 -- 0.394 )
High RH 258 23.17 22.96 -0.69 - 0.248

Low plus High RH 515 23.19 23.05 .60 - 0.195

23.20 0CC (p=0.007)
DRKYR*DC (p=0.013)
Background RH 362 2273 0.47 0.370 ALCHIC (p<0.001)
Low RH 251 22.91 0.29 - 0.616
High RH 251 2279 0.41 - 0.496
Low plus High RH 502 22.85 0.35 - 0.442

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): Cusrent 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 13-12. (Continued)
Analysis of AST (U/L)
(Continuous)

(290) (268) (296) (0.0084)

5 22.57 23.27 23.41 0.003 0.0120 0.085
(294) (297) (293) (0.0072)

64 22.74 23.28 23.22 0.005 0.0088 0.253
(293) 297) (293) (0.0077)

Model® | L« Medium. .- High or)° - p-Value
4 [21.88%% 23.19%%  22.46%* 0.0137  0.147%*  CURR*ALC (p=0.003)
(287 (290) (287) (0.0094)** OCC (p=0.004)
' AGE*DRKYR (p=0.046)
ALC*IC (p<0.001)
DRKYR*DC (p=0.011)
s |2177%% 22.80% 2295+ [|0.081  0.0135  0.090**  CURR*ALC (p=0.003)
(290)  (290) (284) (0.0080)** OCC (p=0.003)
AGE*DRKYR (p=0.046)
ALC*IC (p<0.001)
DRKYR*DC (p=0.012)
6 [21.80%% 22.82%% 22.80% [10.083  0.0115  0.184**  CURR*ALC (p=0.003)
(289)  (290) (284) (0.0086)** 0CC (p=0.003)
AGE*DRKYR (p=0.038)
ALC*IC (p<0.001).
DRKYR*DC (p=0.011)

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 AST 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 (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 1-2-4 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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adjusted analyses for Models 4 through 6 contained the covariate occupation and three
covariate-by-covariate interactions: age-by-lifetime alcohol history, current alcohol use-by-
industrial chemical exposure, and lifetime alcohol history-by-degreasing chemical exposure.
For the Model 4 analysis, current dioxin was not significantly associated with AST when the
current dioxin-by-current alcohol use interaction was removed from the adjusted model
(Table 13-12(h): p=0.147). The adjusted analysis of Model 5 was similar to its unadjusted
analysis after the current dioxin-by-current alcohol use interaction was removed from the
final model. Current dioxin was marginally associated with AST (Table 13-12(h): p=0.090,
Adj. Slope=0.0135). The adjusted Model 6 analysis did not reveal a significant association
between current dioxin and AST when the current dioxin-by-current alcohol use interaction
was removed from the final model (Table 13-12(h): p=0.134).

AST (Discrete)

For Model 1, the unadjusted analysis did not reveal a significant group difference in the
percent of participants with high levels of AST (Table 13-13(a): p>0.31 for all contrasts).
The interaction between group and current alcohol use was significant in the adjusted analysis
of Model 1 (Table 13-13(b): p=0.017). Appendix Table I-2-5 presents adjusted results
stratified by current alcohol use. Race, degreasing chemical exposure, industrial chemical
exposure, and liféetime alcohol history also were significant in the adjusted analysis. The
adjusted analysis did not reveal any significant group contrast when the group-by-current
alcohol use interaction was removed from the final model (Table 13-13(b): p>0.25 for all
contrasts). :

Shown in Table 13-13(c), the unadjusted Model 2 results did not disclose a significant
association between AST and initial dioxin (p=0.895). The adjusted Model 2 analysis
contained lifetime alcohol history and a significant interaction between initial dioxin and
current alcohol use (Table 13-13(d): p=0.025). Results stratified by current alcohol use are
presented in Appendix Table I-2-5. After removing the interaction between initial dioxin and
current alcohol use from the final model, the adjusted analysis did not reveal a significant
association between AST and initial dioxin (Table 13-13(d): p=0.679).

The unadjusted Model 3 analysis did not find a significant difference in the percentage
of participants with high AST levels between any of the Ranch Hand categories and the
Comparison group (Table 13-13(e): p>0.19 for all contrasts).

The interaction between categorized dioxin and current alcohol use was significant in
the adjusted Model 3 analysis (Table 13-13(f): p=0.015). Appendix Table 1-2-5 presents
adjusted results stratified by current alcohol use. The final model also contained industrial
chemical exposure, degreasing chemical exposure, and lifetime alcohol history. The adjusted
analysis did not reveal a significant association between AST and categorized dioxin for each
contrast when the categorized dioxin-by-current aicohol use interaction was removed from the
adjusted model (Table 13-13(f): p>0.20).

None of the unadjusted analyses for Models 4 through 6 revealed a significant
association between AST and current dioxin (Table 13-13(g): p>0.23 for each analysis).
For Models 4 through 6, all of the adjusted analyses contained a significant interaction
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Table 13-13.
Analysis of AST
(Discrete)

Occup egoty -~ Group 95 - pVal

Al Ranch Hand 939 2.7 0.75 (0.46,1.24) 0.316
Comparison 1,253 3.5

Officer Ranch Hand 361 3.6 0.89 (0.44,1.81) 0.881
Comparison 495 4.0

Enlisted Flyer Ranch Hand 162 1.2 ~ 0.34 (0.07,1.65) 0.286
Comparison 196 3.6

Enlisted Groundcrew Ranch Hand 416 2.4 0.79 (0.36,1.74) 0.698
Comparison 562 3.0

Occupational

Z_V‘
All 0.85 (0.51,1.41)** 0.519%* GROUP*ALC (p=0.017)
‘ RACE (p=0.137)
okesk t 1]
Officer 0.94 (0.45,1.96) 0.875 D (om0.090
Enlisted Flyer 0.39 (0.08,1.95)** 0.253%* IC (p=0.035)
Enlisted Groundcrew 0.93 (0.41,2.13)%* 0.860+* DRKYR (p=0.044)

a Covariates and associated p-values correspond to final model based on 2l 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 1-2-5 for further
analysis of this interaction.
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Table 13-13. (Continued)
Analysis of AST
(Discrete)

Low 173 2.3 1.03 (0.69,1.52) 0.895
Medium 170 2.9
High 172 2.9

502 0.92 (0.60,1.40)** 0.679%* INIT*ALC (p=0.025)
DRKYR (p=0.080)

a 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 intervai,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table I-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 13-13. (Continued)
Analysis of AST
(Discrete)

Comparison 1,043 3.2

Background RH 369 2.2l : 0.78 (0.35,1.71) 0.52%
Low RH 257 35 1.06 (0.50,2.25) 0.885
High RH 258 1.9 0.53 (0.20,1.38) 0.192
Low plus High RH 515 2.7 0.78 (0.41,1.48) 0.449

Comparison 1,025 DXCAT*ALC (p=0.015)
IC (p=0.008)
DC (p=0.020)
sleoke siesk
Background RH 362 0.91 (0.41,2.05%* 0.824 " DRKYR (p=0.141)
Low RH 251  1.24 (0.57,2.71)%* 0.587**
High RH 251 0.52 (0.19,1.42)** 0.201**
Low plus High RH 502 0.85 (0.43,1.65)%* 0.628**

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" 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 I-2-5 for
further analysis of this interaction.

Note: 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 13-13. (Continued)
Analysis of AST
_(Discrete)

4 1.4 44 1.7 1.13 (0.86,1.50) - 0.303
(290) (298) (296)

5 1.4 3.4 27 1.16 (0.91,1.49) 0237
(294) (297) (293) _

6° 1.4 3.4 2.7 1.08 (0.83,1.41) 0.578
(293) 97) (293)

. _h) MODELS 4, 5, AND 6: RANCH HAND

‘Adj. Relative: Ri
Viodel™ 1 Lo i (95%(:1)
4 864 1.19 (0.82,1.71)y**

0.352%* CURR*ALC (p=0.012)
OCC (p=0.029)
IC (p=0.088)
DC (p=0.003)

DRKYR (p=0.087)

5 864 1.22 (0.88,1.69)** 0.231%* CURR*ALC (p=0.018)
OCC (p=0.018)
IC (p=0.103)
DC (p=0.003)
DRKYR (p=0.088)

69 863 1.14 (0.81,1.61)%* 0.451%+ CURR*ALC (p=0.016)
OCC (p=0.018)
IC (p=0.112)
DC (p=0.004)
DRKYR (p=0.086)

2 Model 4: Log, (lipid-adjusted current dicxin + 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
1-2-5 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 ppg; Medium = >46-128 ppq; High = >128 ppq.
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between current dioxin and current alcohol use (Table 13-13(h): p=0.012, p=0.018, and
p=0.016 for Models 4, 5, and 6 respectively). Similar to the Model 2 findings for initial
dioxin, the interaction results displayed in Table I-2-4 reveal a synergism between current
alcohol consumption and current dioxin levels, with the association between current dioxin
levels anid AST becoming stronger for higher alcohol consumption levels. In addition to the
current dioxin-by-current alcohol use interaction, each of the adjusted analyses contained the
covariates occupation, industrial chemical exposure, degreasing chemical exposure and -
lifetime alcohol history. After removing the current dioxin-by-current alcohol use interaction
from each of the three adjusted models, AST was not significantly associated with current
dioxin in any of the adjusted analyses (Table 13-13(h): p>0.23 for all analyses).

ALT (Continuous)

The unadjusted Model 1 resuits showed a significant group difference in the mean levels
of ALT (Table 13-14(a): p=0.047). The mean level of ALT was lower for Ranch Hands
than Comparisons (26.85 U/L vs. 27.92 U/L). Stratification by occupation revealed a
significant group difference in the mean levels of ALT within the enlisted flyer stratum
(Table 13-14(a): p=0.010). Again, the mean level of ALT was lower for Ranch Hands than
Comparisons (24.76 U/L vs. 28.11 U/L).

After adjusting for covariates, the difference in mean levels of ALT between Ranch
Hands and Comparisons became marginally significant (Table 13-14(b): p=0.080). A
significant difference in mean levels of ALT persisted within the enlisted flyer stratum after
the adjusted analysis was stratified by occupation (Table 13-14(b): p=0.026). The adjusted
model contained race, lifetime alcohol history, degreasing chemical exposure and the age-by-
current alcohol use interaction.

The unadjusted and adjusted Model 2 analyses did not reveal a significant association
between ALT and initial dioxin (Tables 13-14(c,d): p>0.11 for both analyses). Age,
occupation, current alcohol use, and degreasing chemical exposure were significant
covariates in the adjusted analysis.

In Table 13-14(e), the unadjusted Model 3 results revealed a significantly lower mean
level of ALT for background Ranch Hands than for the Comparison group (p=0.011,
_ Difference=-1.85). The mean levels of ALT for the Ranch Hands and Comparisons were
25.91 U/L and 27.76 U/L respectively.

After adjusting for lifetime alcohol history, degreasing chemical exposure, and the age-
by-current alcohol use interaction, the difference in the mean levels of ALT between the
background Ranch Hands and Comparisons became marginally significant (Table 13-14(f):
p=0.072, Adj. Difference=-1.31).

The unadjusted resuits for Models 4, 5, and 6 showed highly significant positive
associations between ALT and current dioxin (Tabie 13-14(g): p<0.001, Est.
Slope=0.0476; p<0.001, Est. Slope=0.0429; and p<0.001, Est. Slope=0.0410
respectively).
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~ Table 13-14.
Analysis of ALT (U/L)
(Continuous)

All Ranch Hand 939 26.85 -1.07 ~ 0.047

Comparison 1,253 27.92

Officer , Ranch Hand 361 26.76 -0.66 -- 0.424
Comparison 495 2742

Enlisted Flyer Ranch Hand 162 24.76 -3.35 -- 0.010
Comparison 196 28.11

Enlisted Groundcrew Ranch Hand 416 27.80 ' -0.52 -- 0.544
Comparison 562 28.32

All Ranch Hand 917 26.12 -0.91 -- 0.080 RACE (p=0.120)

Comparison 1,232 27.03 DRKYR {p=0.040)
Officer Ranch Hand 357  26.81 0.40 - 0.63 | om0l

Comparison 487  27.22 ' : (p=0.006)
Enlisted Flyer Ranch Hand 156 24.59 279 0.026

Comparison 195 27.39
Entisted Ranch Hand 404 26.17 0.63 - 0.423

Groundcrew  Comparison 550  26.80

2 Transformed from natural logarithm scaie.

b 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_yalues 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 13-14. (Continued)
Analysis of ALT (U/L)
(Continuous)

Low 173 26.08 26.33 0.038 0.0244 (0.0154) 0.113
Medium 170 28.59 28.68
High 172 29.21 28.83

Low 171 26.27 0.088  0.0171 (0.0175) 0.328 AGE (p=0.001)
. OCC (p=0.059)
Medium 167 28.34 ALC (p=0.009)
DC (p=0.068)

High 170 27.94

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 ALT 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 13-14. (Continued)
Analysis of ALT (U/L)
(Continuous)

Comparison 1,043 27.78 27.76

Background RH 369 25.35 25.91 -1.85 -- 0.011
Low RH 257 27.37 27.27 ' -0.48 -- 0.571
High RH 258 28.47 27.82 0.06 - 0.944
Low plus High RH 515 27.92 27.54 -0.21 -- 0.749

Comparison 1,025  27.56 DRKYR (p=0.090)

DC (p=0.049)
Background RH 362 26.25 131 - 0.072 AGE*ALC (p=0.001)
Low RH 251 27.47 0.09 - 0.913

High RH 251 27.09 0.47 0.581

Low plus High RH 502 27.28 0.28 0.667

# 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 scaie.

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 13-14. (Continued)
Analysis of ALT (U/L)
(Continuous)

4 24.75 27.18

28.61

0.023 0.0476 <0.001

(290) (298) (296) (0.0104)

5 24.96 26.82 28.82 0.025 0.042% <0.001
(294) (297) (293) (0.0090)

69 25.12 26.83 28.66 0.025 0.0410 <0.001
(293) (297) (293) (0.0097)

5 24.01 26.35 28.03
(292) (293) (288)

6 | 24.18 2639  27.88
@91) (295 (289

0.070

0.073

0.072

0.0504
(0.0118)

0.0450
(0.0099)

0.0434
(0.0108)

<0.001 AGE (p<0.001)
OCC (p<0.001)
ALC (p=0.006)
DC (p=0.003)

<0.001 AGE (p<0.001)
OCC (p <0.001)
ALC (p=0.007)
DC (p=0.004)

<0.001 AGE (p<0.001)
OCC (p<0.001)

ALC (p=0.008)

DC (p=0.004)

a 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 ALT 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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The adjusted results for Models 4, 5, and 6 paralleled the unadjusted results. All of the
adjusted analyses uncovered a significant positive association between ALT and current
dioxin (Table 13-14(h): p<0.001, Adj. Slope=0.0504; p<0.001, Adj. Slope=0.0450; and
p<0.001, Adj. Slope=0.0434 for Models 4, 5, and 6 respectively). Each of the adjusted
analyses for Models 4 through 6 contained age, occupation, current alcohol use, and
degreasing chemical exposure.

ALT (Discrete)

The unadjusted Model 1 analysis did not find a significant group difference between the
Ranch Hands and Comparisons in the proportion of ALT abnormalities (Table 13-15(a):
p>0.14 for all contrasts).

The adjusted Model 1 analysis contained significant interactions between group and age
and between group and degreasing chemical exposure (Table 13-15(b): p=0.032 and '
p=0.011 respectively). The results from analyzing ALT stratified by age and degreasing
chemical exposure are displayed in Appendix Table I-2-6. The overall group contrast -
remained nonsignificant after removing these interactions from the final model (Table
13-15(b): p=0.140). However, stratifying the adjusted analysis by occupation revealed a
marginally significant group difference within the enlisted groundcrew stratum (Table
13-15(b): p=0.099, Adj. RR=0.65, 95% C.I.=[0.38, 1.09)).

The unadjusted and adjusted analyses of Model 2 did not find a significant association
between initial dioxin and ALT (Table 13-15(c,d): p>0.17 for both analyses). Current
alcohol use was the only significant covariate in the adjusted analysis of Model 2.

The unadjusted Model 3 analysis did not reveal a significant association between
categorized dioxin and ALT (Table 13-15(e): p>0.11 for all contrasts). Categorized dioxin-
by-degreasing chemical exposure and categorized dioxin-by-current alcohol use interactions
were significant in the adjusted analysis of Model 3 (T able 13-15(f): p=0.006 and p=0.041
respectively). Appendix Table I-2-6 presents adjusted results stratified separately by
degreasing chemical exposure and current alcohol use. Besides these two interactions, the
adjusted analysis also contained the age-by-current alcohol use interaction. After dropping
the two categorized dioxin-by-covariate interactions, the adjusted analysis did not show a
significant association between categorized dioxin and ALT (Table 13-15(f): p>0.27 for all
contrasts). ‘

The unadjusted analyses for Models 4 and 5 revealed a significant positive association
between current dioxin and ALT (Table 13-15(g): p=0.031, Est. RR=1.24, 95%
C.I.=[1.02, 1.50); p=0.017, Est. RR=1.23, 95% C.1.=[1.04, 1.46] for Models 4 and 5
respectively). The unadjusted Model 6 analysis detected a marginally significant positive
association between current dioxin and ALT (Table 13-15(g): p=0.063, Est. RR=1.19, 95%
C.1.=[0.99, 1.43)).

The adjusted results for Models 4 through 6 paralleled the unadjusted results. The
adjusted analyses of Models 4 and 5 revealed a significant positive association between
current dioxin and ALT while the association was marginally significant in the adjusted
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Table 13-15.
Analysis of ALT
(Discrete)

All " Ranch Hand 939 5.5 0.76 (0.53,1.08)

Comparison 1,253 7.2

Officer Ranch Hand 361 5.8 0.96 (0.54,1.70) 0.998
Comparison 4935 6.1

Enlisted Flyer ‘Ranch Hand 162 4.3 0.64 (0.25,1.63) 0.474
Comparison 196 6.6

Enlisted Groundcrew Ranch Hand 416 5.8 0.67 (0.40,1.12) 0.155
Comparison 562 8.4

All 0.77 (0.53,1.10)** 0. 140** GROUP*AGE (p=0.032)
GROUP*DC (p=0.011)
Aok ok
Officer 1.01 (0.56,1.80) 0.979 RACE (p=0.036)
Enlisted Flyer 0.68 (0.26,1.75)** 0.422%%* ALC (p=0.001)
Entisted Groundcrew 0.65 (0.38,1.09)** 0.099**

a 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 Appendix Table I-2-6 for further
analysis of these interactions.
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Table 13-15. (Continued)
Analysis of ALT
(Discrete)

Low 173 2.3 1.17 (0.91,1.51) 0.221

Medium 170 8.8
High 172 7.6

508 0.173 ALC (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 13-15. (Continued)
Analysis of ALT
(Discrete)

Comparison 1,043 7.0

Background RH 369 4.1 0.63 (0.36,1.12) 0.117
Low RH 257 5.1 0.68 (0.37,1.26) 0.217
High RH 258 7.4 0.94 (0.55,1.60) 0.812
Low plus High RH 515 6.2 0.81 (0.52,1.26) . 0.348

Comparison 1,027 ' DXCAT*DC (p=0.006)
DXCAT*ALC (p=0.041)
AGE*ALC (p=0.014)

Background RH 367 0.72 (0.40,1.29)*%* 0.272**
Low RH 254 0.71 (0.37,1.34)**  0.201**
High RH 254 0.84 (0.49,1.45)%* 0.538**

Low plus High RH 508 0.78 (0.50,1.23)y** 0.285%*

a 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.

*#* 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 I-2-6 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.

13-78



Table 13-15. (Continued)
Analysis of ALT
‘(Discrete)

4 3.8 4.4 7.8 1.24 (1.02,1.50) 0.031
(290) (298) (296) :
.5 3.7 4.4 7.8 1.23 (1.04,1.46) 0.017
(294) @297 (293)
6° 3.8 4.4 7.8 1.19 (0.99,1.43) 0.063
(293) (297) (293)

% C.IL.

4 875 1.30 (1.01,1.66) 0.035 OCC (p=0.058)
DC (p<0.001)
AGE (p=0.119)
ALC (p=0.010)

5 875 1.28 (1.03,1.60) 0.024 0CC (p=0.050)
DC (p <0.001)
AGE (p=0.111)
ALC (p=0.011)

6¢ 874 1.25 (0.99,1.59) 0.058 OCC (p=0.058)
DC (p<0.001)
AGE (p=0.104)
ALC (p=0.013)

a 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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analysis of Model 6 (Table 13-15(h): p=0.035, Adj. RR=1.30, 95% C.I1.=[1.01, 1.66];
p=0.024, Adj. RR=1.28, 95% C.I.={1.03, 1.60]; p=0.058, Adj. RR=1.25, 95%
C.1.=[0.99, 1.59] for Models 4, 5, and 6 respectively]. Each of the three adjusted modeis
accounted for occupation, degreasing chemical exposure, age, and current alcohol use.

A followup model excluding occupation was examined because of the high association
between current dioxin levels and occupational categories. Removing occupation from
Models 4, 5 and 6 caused the relative risk to become nonsignificant in each of the models.
When occupation was removed from each of the adjusted analyses, current dioxin was no
longer significantly associated with ALT (Appendix Table I-3-8: p>0.16 for all analyses).

GGT (Continuous)

The unadjusted and adjusted Model 1 analyses did not find a significant group
difference in the mean level of GGT (Table 13-16(a,b): p>0.17 for all contrasts). The
adjusted analysis contained race and three covariate-by-covariate interactions: age-by-
occupation, age-by-industrial chemical exposure, and lifetime alcohol history-by-current
alcohol use.

The unadjusted Model 2 results did not reveal a significant association between GGT
and initial dioxin (Table 13-16(c): p=0.581). For the Model 2 adjusted analysis, the
interaction between initial dioxin and degreasing chemical exposure was significant (Table
13-16(d): p=0.010). Appendix Table I-2-7 presents adjusted results stratified by degreasing
chemical exposure. In addition to the interaction involving initial dioxin, the final model
also contained occupation and two covariate-by-covariate interactions: age-by-lifetime
alcohol history and age-by-current alcohol use. The adjusted analysis did not find a
significant association between GGT and initial dioxin when the initial dioxin-by-degreasing
chemical exposure interaction was removed from the final model (Table 13-16(d): p=0.177).

For Model 3, the unadjusted analysis detected a significant positive difference in the
mean levels of GGT between the low plus high Ranch Hands and the Comparison group
(Table 13-16(e): p=0.020). Further examination of contrasts involving the Comparisons
revealed marginally significant increases for the low Ranch Hands and the high Ranch Hands
(Table 13-16(e): p=0.085 and p=0.061 respectively). The mean levels of GGT for the low
plus high Ranch Hands, high Ranch Hands, low Ranch Hands, and Comparisons were 34.58
U/L, 34.70 U/L, 34.47 U/L, and 31.97 U/L respectively. '

The adjusted Model 3 analysis contained a significant interaction between categorized
dioxin and degreasing chemical exposure (Table 13-16(f): p=0.034). The final model also
included race and the lifetime alcohol history-by-current alcohol use interaction. Appendix
Table 1-2-7 displays adjusted results stratified by degreasing chemical exposure. The
adjusted analysis uncovered two significant differences involving the Comparisons (low plus
high Ranch Hands vs. Comparisons and high Ranch Hands vs. Comparisons) when the
categorized dioxin-by-degreasing chemical exposure was removed from the analysis (Table
13-16(f): p=0.031 and p=0.011 respectively). The contrast between the low Ranch Hands
and the Comparisons remained marginally significant in the adjusted analysis (Table 13-16(f):
p=0.080).

13-80



Table 13-16.
Analysis of GGT (U/L)
(Continuous)

1ODEL 1: RANCH H,

All Ranch Hand 9239 32.75 0.60 -- 0.501

Comparison 1,253 32.15

Officer Ranch Hand 361 32.37 1.30 -- 0.363
Comparison 495 31.07

Enlisted Flyer Ranch Hand 162 31.43 -3.06 -- 0.172
Comparison = 196 34.49

Enlisted Groundcrew Ranch Hand 416 33.61 1.29 -- 0.332
Comparison 562 32.32

RACE (p=0.014)

Comparison 1,232 34.13 AGE*0CC (p=0.032)
Officer Ranch Hand 357  33.70 0.80 -- 0571 | A B

Comparison 487  32.90 (p=0.004)
Enlisted Flyer Ranch Hand 156  34.35 -1.40 -- 0.545

Comparison 195 ., 35.74 :
Entisted Ranch Hand 404  35.80 1.44 0.305

Groundcrew ~ Comparison 550 34.36

a Transformed from natural jogarithm scale.

b 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 13-16. (Continued)
Analysis of GGT (U/L)
(Continuous)

St r) alue
0.0117 (0.0212) 0.581

173 33.17 33.52 0.020

Medium 170 36.47 36.57
High 172 35.98 35.51

riate Ks.

Low 170 33.67%* 0.111 0.0329 (0.0243)** 0.177** INIT*DC (p=0.010)
. 0CC (p=0.028)
* sk
Medium 165 37.72 ’ AGE*DRKYR (p=0.015)
High 167 37.66** _ _ AGE*ALC (p=0.024)

a 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 GGT 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.

** 1 0g, (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 I-2-7 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >>98-232 ppt; High = >232 ppt.
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Table 13-16. (Continued)
Analysis of GGT (U/L)
(Continuous)

~ Comparison 1,043 32.01 31.97

Background RH 369 29.33 30.12 -1.85 -- 0.119
Low RH 257 34.70 34.47 2.50 -- 0.085
High RH 258 35.64 34.70 2.73 - 0.061
Low plus High RH - 515 35.17 34.58 2.61 - 0.020

. y A i1k -
Comparison 1,005 34.34%* DXCAT*DC (p=0.034)
RACE (p=0.008)
Background RH 362 32.60%* A1.75 A 0.162++ | DRKYR*ALC (p=0.002)
Low RH . 251 36.99%* 2.65 -+ 0.080%*
High RH 251 37.67+ 3.33 0.031%*
Low plus High RH 502 37.33%* 2.09 0.011%*

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_yalue 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.

*x 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 I-2-7 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 13-16. (Continued)
Analysis of GGT (U/L)
(Continuous)

0.0578
(290) (298) (296) (0.0142)
5 28.88 32.83 36.57 0.027 0.0604 <0.001
(294) 297) (293) (0.0122)
69 30.13 32.96 34.91 0.051 0.0395 0.002
(293) (297) (293) (0.0130)

4 |28.87% 33.02%¢ 3584* | 0.088 0.0620  <0.001%*  CURR*OCC (p=0.025)
(289) (295 (291) (0.0159)** AGE (p=0.103)
ALC (p<0.001)
5 [28.48%% 32.59%¢ 36.92%¢ [ 0.097 0.0645  <0.001%**  CURR*OCC (p=0.014)
(292)  (295) (288) (0.0134)** AGE (p=0.088)
ALC (p<0.001)
6c  |31.73%% 34.76%+ 37.87%* [f0.124 0.0448 0.002**  CURR*OCC (p=0.037)
(291)  (295) (288) (0.0144)+* ' AGE (p=0.032)
' : RACE (p=0.088)
ALC*OCC (p=0.037)

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 GGT versus log, (current dioxin -+ 1).
d Adjusted for log, total lipids. ' |
e Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** ] og, (current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model ﬁttegi after deletion of this interaction; refer to Appendix
Table 1-2-7 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 ppg; Medium = >46-128 ppq; High = >128 ppq.
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The unadjusted results for Models 4 through 6 showed a significant positive association
between current dioxin and GGT (Table 13-16(g): p<0.001, Est. Slope=0.0578; p<0.001,
Est. Slope=0.0604; p=0.002, Est. Slope=0.0395 for Models 4, 5, and 6 respectively).
Each of the adjusted analyses for Models 4 through 6 contained a significant interaction
between current dioxin and occupation (Table 13-16(h): p=0.025, p=0.014, p=0.037 for
Models 4, 5, and 6 respectively). Appendix Table I-2-7 presents adjusted results stratified
by occupation for each model. Models 4 and 5 also contained age and current alcohol use
whereas Model 6 included age, race, and the current alcohol use-by-occupation interaction.
The adjusted analyses for Models 4 through 6 revealed a significant positive association
between current dioxin and GGT when the current dioxin-by-occupation interaction was
removed from each of the final models (Table 13-16(h): p<0.001, Adj. Slope=0.0620;
p<0.001, Adj. Slope=0.0645; p=0.002, Adj. Slope=0.0448).

GGT (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the proportion of GGT abnormalities (Table 13-17(2,b): p>0.26 for all
contrasts). The adjusted model included age, race, and the current alcohol use-by-lifetime
aicohol history interaction.

Unadjusted and adjusted analyses for Model 2 did not reveal a significant association
between initial dioxin and GGT (Table 13-17(c,d): p>0.57 for both analyses). The adjusted
analysis accounted for degreasing chemical exposure, current alcohol use, and an interaction
between age and lifetime alcohol history. : '

For Model 3, the unadjusted analysis did not detect a significant contrast between Ranch
Hand dioxin categories and the Comparison group (Table 13-17(e): p>0.12 for all
contrasts). The adjusted Model 3 analysis contained a significant interaction between
categorized dioxin and degreasing chemical exposure (Table 13-17(f): p=0.008). In addition
to this interaction, the adjusted model also included age, and three other covariate-by-
covariate interactions: race-by-current alcohol use, race-by-lifetime alcohol history, and
current alcohol use-by-lifetime alcohol history. Appendix Table I-2-8 displays adjusted
results stratified by degreasing chemical exposure. After removing the categorized dioxin-
by-degreasing chemical exposure interaction from the final model, the adjusted analysis
revealed a marginally significant relative risk for the low plus high Ranch Hands (Table 13-
17(f): p=0.070, Adj. RR=1.29, 95% C.I.=[0.98, 1.70]).

The unadjusted analyses for Models 4 and 5 revealed a significant positive association
between current dioxin and GGT (Table 13-17(g): p=0.033, Est. RR=1.13, 95%
C.I.=[1.01, 1.26}; p=0.009, Est. RR=1.14, 95% C.I.=[1.03, 1.26]). The unadjusted
Mode} 6 analysis was not significant (p=0.131).

All of the adjusted analyses for Models 4 through 6 contained a significant interaction
between current dioxin and degreasing chemical exposure (Table 13-17(h): p=0.005,
p=0.015, and p=0.015 for Models 4, 5, and 6 respectively). In addition, all three adjusted
models accounted for age and the current alcohol use-by-lifetime aicohol history interaction.
Appendix Table 1-2-8 displays adjusted results stratified by degreasing chemical exposure.
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Table 13-17.
Analysis of GGT
(Discrete)

All Ranch Hand 939 19.9 1.10 (0.89,1.36) 0.414

Comparison 1,253 18.4

Officer Ranch Hand 361 19.4 1.19 (0.84,1.70) 0.369
Comparison 495 16.8

Enlisted Flyer Ranch Hand 162 17.9 0.82 (0.49,1.40) 0.560
Comparison 196 20.9

Enlisted Groundcrew Ranch Hand 416 21.2 1.14 (0.83,1.56) 0.461
Comparison - 562 19.0

MODEL 1: RANC

‘Qccupational Category * ... (95% C.

All 1.13 (0.91,1.42) 0.266 AGE (p=0.006)
: RACE (p=0.091)

Officer 1.18 (0.82,1.70) 0.363 ALC*DRKYR (p=0.010)

Enlisted Flyer 0.96 (0.55,1.67) 0.891

Enlisted Groundcrew 1.16 (0.84,1.61) - . 0.375

- 2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-17. (Continued)
Analysis of GGT
{Discrete)

Low 173 17.3 1.05 (0.89,1.22) 0.574

Medium 170 26.5
High 172 221

at! sk(95%C B o aj

502 1.01 (0.85,1.20) 0.909 DC (p=0.010)
ALC (p<0.001)

AGE*DRKYR (p=0.018)

2 Adjusted for percent body fat at the tinie 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 13-17. (Continued)
Analysis of GGT
(Discrete)

Comparison 1,043 18.0

Background RH 369 16.3 0.94 (0.68,1.30) 0.7117
Low RH 257 214 1.22 (0.87,1.72) 0.249
High RH 258 22.5 1.24 (0.89,1.74) 0.201
Low plus High RH 515 21.9 1.23 (0.95,1.61) 0.120

Comparison 1,025 DXCAT*DC (p=0.008)
AGE (p=0.063)
RACE*ALC (p=0.004)

ok ok
Background RH 362 0.98 (0.70,1.38) 0.920 RACE*DRKYR (p=0.034)
Low RH 251 1.27 (0.89,1.81)%* (.191%* ALC*DRKYR (p=0.004)
High RH 251 1.31 (0.92,1.87)** 0.129%*

Low plus High RH 502 1.29 (0.98,1.70)** 0.070**

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 blooed 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 biood draw for dioxin, and covariates specified under "Covariate Remarks” column.

#* Categorized 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 Table 1-2-8 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 13-17. (Continued)
Analysis of GGT
(Discrete)

4 15.5 19.5 23.6 - 1.13 (1.01,1.26) 0.033

(290) (298) (296}
5 15.3 18.9 24.6 1.14 (1.03,1.26) 6.009
(254) 297) (293) _
6° 15.4 18.9 24.6 1.09 (0.98,1.21) 0.131

(293) (297) (293)

............. P-valul
4 864 1.14 (1.01,1.29)%* 0.040%* CURR*DC (p=0.005)
AGE (p=0.025)
_ ALC*DRKYR (p=0.031}
5 864 1.15 (1.03,1.28)** 0.012%* CURR*DC (p=0.015)

AGE (p=0.024)
ALC*DRKYR (p=0.026)

6 863 1.09 (0.97,1.23)** 0.133%* CURR*DC (p=0.015)
AGE (p=0.012)
ALC*DRKYR (p=0.033)

a 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 1-2-8 for
further analysis of this interaction. . : A

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 results from the adjusted analyses of Models 4 through 6 paralleled the unadjusted
results when the current dioxin-by-degreasing chemical exposure interaction was removed
from each of the final models. The adjusted analysis for Models 4 and 5 detected a
significant positive association between GGT and current dioxin (Table 13-17(h): p=0.040,
Adj. RR=1.14, 95% C.I.=[1.01, 1.29]; p=0.012, Adj. RR=1.15, 95% C.1.=[1.03,
1.28]). The adjusted Model 6 analysis was not significant (p=0.133).

Alkaline Phosphatase (Continuous)

The unadjusted Model 1 analysis of alkaline phosphatase detected a significant
difference between the Ranch Hands and Comparisons (Table 13-18(a): p=0.005). The
mean level of alkaline phosphatase was higher for the Ranch Hands than the Comparisons
(70.73 U/L vs. 68.55 U/L). The unadjusted analysis also uncovered a significant group
difference within the enlisted groundcrew stratum when the unadjusted analysis was stratified
by occupation (Table 13-18(a): p=0.001). Among the enlisted groundcrew, the mean levels
of alkaline phosphatase for the Ranch Hands and Comparisons were 73.35 U/L and 69.33
U/L respectively.

The adjusted Model 1 analysis contained three group-by-covariate interactions: group-
by-age, group-by-race, and group-by-degreasing chemical exposure (Table 13-18(b):
p=0.040, p=0.033, and p=0.017 respectively). Appendix Table 1-2-9 presents adjusted
results stratified separately by age, race, and degreasing chemical exposure. In addition to
the three group-by-covariate interactions, the adjusted analysis included occupation and three
covariate-by-covariate interactions: current wine use-by-degreasing chemical exposure,
lifetime wine history-by-race, and lifetime wine history-by-degreasing chemical exposure.
After removing the three group-by-covariate interactions from the final model, the adjusted
analysis uncovered a significant overall group difference and a significant group difference
within the enlisted groundcrew stratum (Table 13-18(b): p=0.005 and p=0.001
respectively).

The unadjusted Model 2 analysis did not find a significant association between initial
dioxin and alkaline phosphatase (Table 13-18(c): p=0.547). The adjusted Model 2 analysis
contained occupation and a significant interaction between initial dioxin and degreasing
chemical exposure (Table 13-18(d): p=0.010). Appendix Table 1-2-9 displays adjusted
results stratified by degreasing chemical exposure. After removing the initial dioxin-by-
degreasing chemical exposure interaction from the final model, the adjusted analysis did not
find a significant association between initial dioxin and alkaline phosphatase (Table 13-18(d):
p=0.422). '

The unadjusted Model 3 results show three significant contrasts involving the
Comparisons: low Ranch Hands versus Comparisons, high Ranch Hands versus
Comparisons, and low plus high Ranch Hands versus Comparisons (Table 13-18(e):
p=0.002, p=0.020, and p=0.001 respectively). The mean levels of alkaline phosphatase,
adjusted for percent body fat at the time of duty in SEA and from the time of duty in SEA to
the date of the blood draw for dioxin, for the low Ranch Hands, high Ranch Hands, fow plus
high Ranch Hands, and Comparisons were 72.13 U/L, 71.24 U/L, 71.69 U/L, and 68.34
U/L respectively.

13-90



Table 13-18.
Analysis of Alkaline Phosphatase (U/L)
(Continuous)

All Ranch Hand 939 70.73 2.18 -- 0.005

Comparison 1,253 68.55

Officer Ranch Hand 361 67.74 1.18 - 0.329
Comparison 495 66.56

Enlisted Flyer Ranch Hand 162 70.93 -0.53 - 0.790
Comparison 196 71.45

Enlisted Groundcrew Ranch Hand 416 73.35 4.02 -- 0.001
Comparison 562 69.33

roup :om 1S (9 7 wPrka may .

Al Ranch Hand 920  71.05%* 2.20 %+ 0.005%*| GROUP*AGE (p=0.040)
Comparison 1,232  68.85% _ GROUP*RACE (p=0.033)

Officer Ranch Hand 357  67.51%* 43 -tk 0.231%+| GROUP*DC (p=0.017)
Comparison 487  66.08%* OCC (p <0.001)

WINE*DC (p=0.013)

Enlisted Flyer Ranch Hand 157  70.53%* L0.54 -+ 0.782%* | LWINE*RACE (p=0.007)
Comparison 195  71.07# - LWINE*DC (p=0.014)

Enlised  Ranch Hand 406  74.24%* 3.5 -4 0.001**

Groundcrew  Comparison 550  70.29%*

3 Transformed from natural logarithm scale.

b 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.
** Group-by-covariate interactions (0.01 <p=0.05); adjusted mean, difference of adjusted means, confidence

interval, and p-value derived from a model fitted after deletion of these interactions; refer to Appendix
Table I-2-9 for further analysis of these interactions.
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Table 13-18. (Continued)
Analysis of Alkaline Phosphatase (U/L)
: (Continuous)

Low 173 70.40 70.57 0.009 0.0050 (0.0083) 0.547
Mediuom 170 72.85 72.95
High 172 72.26 71.99

Low 173 70.43%* 0.038  -0.0076 (0.0094)** 0.422** INIT*DC (p=0.010)

Medium 170 71.46%* 0CC (p=0.139)
High 172 69.12%+*

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 alkaline phosphatase versus log, (initial dioxin).

d Adjusted for percent body fat at the time of dﬁty 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 means, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table I-2-
9 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-18. (Continued)
Analysis of Alkaline Phosphatase (U/L)
(Continuous)

Comparison 1,043 68.35 - 68.34

Background RH 369 69.32 69.53 1.20 -- 0.267
Low RH 257 72.19 72.13 3.80 -- 0.002
High RH 258 71.45 71.24 2.90 -- 0.020
Low plus High RH 515 71.82 71.69 3.35 - 0.001

Dioxin Categor  Mean®

Comparison 1,027 67.48%* DXCAT*DC (p=0.012)
AGE (p<0.001)
0CC (p<0.001)

ES kk *

Background RH 366 69.68 2.20 0.043* WINE (r=0.022)

Low RH 254 70.87%* 3.38 -H* 0.006%* RACE*IC (p=0.002)

High RH 254 68.96%* 1.47 <% 0.239%*

Low plus High RH 508 69.90% 2.42 -4 C0.011%*

a 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_yalue 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 I-2-9 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 Pioxin > 143 ppt.
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Table 13-18. (Continued)
Analysis of Alkaline Phosphatase (U/L)
(Continuous)

4 69.50 70;91 71.89 0.001 7 0.0063

(290) (298) "(296) (0.0059)
5 69.86 70.13 72.35 0.001 0.0056 0.266
(294) 297) (293) (0.0050) :
6% 70.29 70.18 71.79 0.007 0.0024 0.665
(293) (297) (293). {0.0054)

Remarks

4 67.94%% §8.61**  66.36%F { (.045 -0.0100 0.136%* CURR*RACE (p=0.040
(287) (291) (289) (0.0067)** AGE (p=0.050) -
OCC (p=0.139)
LWINE (p=0.015)
DC (p=0.102)

5 |eg29%x 67.80%* 67.08%* [|0.046  -0.0078  0.167**  CURR*RACE (p=0.020)
(290)  (291) (286) (0.0057y** AGE (p=0.044)
OCC (p<0.001)
LWINE (p=0.014)
DC (p=0.105)

6  |68.92%% 68.02#* 66.64** [[0.051  -0.0118  0.054**  CURR*RACE (p=0.017)
(289)  (291) (286) (0.0061)** AGE (p=0.072)
OCC (p<0.001)
LWINE (p=0.017)
DC (p=0.131)

a 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 alkaline phosphatase versus log, (current dioxin + 1).
4 Adjusted for log, total lipids.

¢ Adjusted for log, total lipids in addition to covaﬁates 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 1-2-9 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 ppg; Medium = >46-128 ppq; High = >128 ppq.
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The adjusted Model 3 analysis contained a significant interaction between categorized
dioxin and degreasing chemical exposure (Table 13-18(f): p=0.012). Appendix Table I-2-9
presents adjusted results stratified by degreasing chemical exposure. In addition to the
categorized dioxin-by-degreasing chemical exposure interaction, the adjusted analysis for
Model 3 included age, occupation, current wine use, and the interaction between race and
industrial chemical exposure. The adjusted analysis detected three significant contrasts when
the categorized dioxin-by-degreasing chemical exposure interaction was removed from the
final model. The contrasts for the low Ranch Hands and low plus high Ranch Hands
remained significant in the adjusted analysis (Table 13-18(f): p=0.006 and p=0.011
respectively), and the background Ranch Hand contrasts became significant in the adjusted
analysis (Table 13-18(f): p=0.043). The high Ranch Hand contrast was nonsignificant in the
adjusted analysis (p=0.239).

Removing occupation from the Model 3 analysis produced a change in the adjusted
results. When occupation and the categorized dioxin-by-degreasing chemical exposure
interaction were removed from the final model, the adjusted results were similar to the
unadjusted results. This adjusted analysis did not find a significant difference between the
background Ranch Hands and the Comparisons. The contrasts for the low Ranch Hands,
high Ranch Hands, and low plus high Ranch Hands were significant (Appendix Table
I-3-10(b): p=0.006, p=0.024, and p=0.001 respectively).

The unadjusted analyses of Models 4 through 6 did not reveal a significant association
between current dioxin and alkaline phosphatase (Table 13-18(g): p>0.26 for all analyses).
Each of the adjusted analyses for Models 4 through 6 contained a significant interaction
between current-dioxin and race (Table 13-18¢h): p=0.040, p=0.020, and p=0.017 for
Models 4, 5, and 6). In addition to this interaction, all of the adjusted models contained age,
occupation, lifetime wine history, and degreasing chemical exposure. For Models 4 through
6, Appendix Table I-2-9 presents adjusted results stratified by race. After removing the
current dioxin-by-race interaction from Models 4 through 6, the adjusted analyses of Models
4 and 5 did not show a significant association between alkaline phosphatase and current
dioxin (Table 13-18(h): p>0.13 for both analyses). However, the adjusted Model 6 analysis
revealed a marginally significant negative association between current dioxin and alkaline
phosphatase (Table 13-18(h): p=0.054).

The adjusted results for Models 4 through 6 resembled the unadjusted results when
occupation was removed from each of the final models. Without occupation, the adjusted
analyses for Models 4 through 6 did not indicate a significant association between alkaline
phosphatase and current dioxin (Appendix Table 1-3-10(c): p>0.55 for all analyses).

Alkaline Phosphatase (Discrete)

The unadjusted Model 1 analysis detected a significant group difference in the
proportion of alkaline phosphatase abnormalities (Table 13-19(a): p=0.039, Est. RR=1.59,
95% C.1.=[1.04, 2.42]). Ranch Hands were more likely than Comparisons to have
abnormally high levels of alkaline phosphatase (5.2% vs. 3.4%). Stratifying the unadjusted
analysis by occupation revealed a significant difference between the Ranch Hand and
Comparison enlisted groundcrew strata (Table 13-19(a): p=0.007, Est. RR=2.26, 95%
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Table 13-19.
Analysis of Alkaline Phosphatase
(Discrete)

All Ranch Hand 939 5.2 1.59 (1.04,2.42) 0.039

Comparison 1,253 34

Officer Ranch Hand 361 2.8 1.06 (0.46,2.44) 0.999
Comparison 495 2.6 ‘

Enlisted Flyer Ranch Hand 162 4.3 0.94 (0.34,2.58) 0.999
Comparison 196 4.6

Enlisted Groundcrew Ranch Hand 416 7.7 2.26 (1.27,4.01) 0.007
Comparison 562 3.6

All 1.49 (0.97,2.29) 0.072 AGE (p<0.001)

‘ : OCC (p=0.001)
Officer 1.03 (0.45,2.39) 0.941 DC*LWINE (p=0.049)
Enlisted Flyer 0.81 (0.28,2.39) o 0.699 :
Enlisted Groundcrew 2.14 (1.19,3.84) 0.011

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-19. (Continued)
Analysis of Alkaline Phosphatase
{Discrete)

Low 173 35 1.07 (0.81,1.41) 0.631

Medium 170 6.5
High 172 5.8

INIT*IC (p=0.030)
AGE (p=0.134)
OCC*LWINE (p=0.021)

504 0.93 (0.67,1.31)** 0.695%*

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.

** pg, (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 I-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 13-19. (Continued)
Analysis of Alkaline Phosphatase
(Discrete)

Comparison 1,043 3.1

Background RH 369 4.9 1.68 (0.92,3.05) 0.089
Low RH 257 5.8 1.86 (0.99,3.50) 0.055
High RH ) 258 4.7 1.50 (0.76,2.97) 0.247
Low plus High RH 515 5.2 1.68 (0.99,2.85) 0.054

Comparison 1,043 AGE (p=0.006)

OCC (p<0.001)
Background RH . 369 1.98 (1.07,3.67)  0.030
Low RH 257 1.85 (0:98,3.51)  0.059
High RH 258 1.26 (0.63,2.54)  0.516

Low plus High RH 515 1.54 {0.90,2.63) 0.112

a 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 13-19. (Continued)
Analysis of Alkaline Phosphatase
(Discrete)

4 3.4 6.0 5.7 1.03 (0.84,1.27)

(290) (2§8) (2§6)

5 4.1 5.7 5.5 1.03 (0.86,1.22) 0.776
(294) (297) (293)

6° 4.1 5.7 5.5 0.97 (0.80,1.18) 0.764
(293) (297) (293)

OB CLY p-Valu ¢
4 884 0.90 (0.73,1.12) 0.360 AGE (p=0.058)
OCC (p<0.001)
5 884 0.92 (0.77,1.10) 0.374 AGE (p=0.055)
OCC (p<0.001)
6¢ 883 0.86 (0.71,1.05) 0.148 AGE (p=0.076)
0CC (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 cutrent 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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C.1.={1.27, 4.01]). The percentage of abnormalities was higher for the Ranch Hands than
for the Comparisons (7.7% vs. 3.6%).

In the adjusted Model 1 analysis, the overall group contrast became marginally
significant, and the group contrast within the enlisted groundcrew stratum remained
significant (Table 13-19(b): p=0.072, Adj. RR=1.49, 95% C.1.=[0.97, 2.29]; p=0.011,
Adj. RR=2.14, 95% C.1.=[1.19, 4.01] respectively). The final adjusted model contained
age, occupation, and the interaction between degreasing chemical exposure and lifetime wine
history.

The unadjusted Model 2 results did not reveal a significant association between alkaline
phosphatase and initial dioxin (Table 13-19(c): p=0.631). The adjusted analysis contained a
significant interaction between initial dioxin and industrial chemical exposure (Table
13-19(d): p=0.030). In addition to this interaction, the adjusted model also included age and
the occupation-by-lifetime wine history interaction. Appendix Table I-2-10 presents adjusted
results stratified by industrial chemical exposure. The adjusted analysis did not find a
significant association between alkaline phosphatase and initial dioxin when the initial dioxin-
by-industrial chemical exposure interaction was removed from the final model (Table
13-19(d): p=0.695). '

Examination of the unadjusted Model 3 results revealed marginally significant relative
risks greater than one for each Ranch Hand category other than the high Ranch Hand
category: (Table 13-19(e): p=0.089, Est. RR=1.68, 95% C.I.=[0.92, 3.05] for the
background Ranch Hands; p=0.055, Est. RR=1.86, 95% C.I.=[0.99, 3.50] for the low
Ranch Hands; and p=0.054, Est. RR=1.68, 95% C.1.=[0.99, 2.85] for the low plus high
Ranch Hands). The percentages of alkaline phosphatase abnormalities for the background
Ranch Hands, low Ranch Hands, low plus high Ranch Hands, and the Comparison group
were 4.9 percent, 5.8 percent, 5.2 percent, and 3.1 percent respectively.

After adjusting for age and occupation, the relative risk for the background Ranch
Hands became significant, and the relative risk for the low Ranch Hands remained
marginally significant (Table 13-19(f): p=0.030, Adj. RR=1.98, 95% C.1.=[1.07, 3.67]);
p=0.059, Adj. RR=1.85, 95% C.1.=[0.98, 3.51] respectively). For the low plus high
Ranch Hand category, the relative risk became nonsignificant (Table 13-19(f): p=0.112).

Results from the adjusted analysis changed when occupation was removed from Model
3. Without occupation, the adjusted analysis detected a significant relative risk for the low
plus high Ranch Hands and a marginally significant relative risk for the low Ranch Hands
(Appendix Table I-3-11(b): p=0.047, Adj. RR=1.71, 95% C.1.=[1.01, 2.91]; p=0.070,
Adj. RR=1.80, 95% C.1.=[0.95, 3.39] respectively). The background Ranch Hands and
Comparisons were not significantly different in this analysis (Appendix Table I-3-11(b):
p=0.111).

The unadjusted and adjusted analyses for Models 4 through 6 did not detect a significant

association between alkaline phosphatase and current dioxin (Table 13-19(g,h): p>0.14 for
all analyses). The adjusted model contained age and occupation.
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Total Bilirubin (Continuous)

The unadjusted and adjusted Model 1 results did not reveal a significant group
difference in the mean levels of total bilirubin (Table 13-20(a,b): p>0.16 for all contrasts).
The adjusted Model 1 analysis included occupation, current alcohol use, and the age-by-
industrial chemical exposure interaction.

For Model 2, the unadjusted and adjusted analyses did not reveal a significant
association between total bilirubin and initial dioxin (Table 13-20(c,d): p>0.37 for both
analyses). Occupation was the only significant covariate in Model 2.

The unadjusted Model 3 analysis revealed a significant and a marginally significant
negative contrast for the high Ranch Hands and the low plus high Ranch Hands respectively
(Tabie 13-20(e): p=0.033 and p=0.080). The mean levels of totai bilirubin, adjusted for
percent body fat at the time of duty in SEA and the change in percent body fat from the time
of duty in SEA to the date of the blood draw for dioxin, for the high Ranch Hands, low plus
high Ranch Hands, and Comparisons were 0.59 mg/dl, 0.61 mg/dl, and 0.63 mg/dl
respectively.

The adjusted analysis of Model 3 did not reveal a significant contrast involving the
Comparisons (Table 13-20(f): p>0.11 for all contrasts). The adjusted analysis included age,
occupation, and current alcohol use. Results from the adjusted model changed slightly when
occupation was removed from the analysis. Without occupation, the adjusted Model 3
analysis revealed a marginally significant negative difference between the high Ranch Hand
category and the Comparison group (Appendix Table I-3-12(a): p=0.074).

The unadjusted analyses for Models 4 through 6 did not show a significant association
between total bilirubin and current dioxin (Table 13-20(g): p>0.28 for all analyses). For
Model 4, the adjusted analysis contained a significant interaction between current dioxin and
degreasing chemical exposure (Table 13-20(h): p=0.048). Appendix Table I-2-11 presents
adjusted results stratified by degreasing chemical exposure. The adjusted analysis for Model
4 also contained occupation and the age-by-race interaction. After removing the interaction
between current dioxin and degreasing chemical exposure from the final model, the adjusted
Model 4 analysis did not reveal a significant association between total bilirubin and current
dioxin (Table 13-20¢(h): p=0.774).

The adjusted analyses for Models 5 and 6 did not indicate a significant association
between total bilirubin and current dioxin (Table 13-20¢h): p>0.46 for both analyses). Both
of the adjusted models contained occupation and the age-by-race interaction.

Total Bilirubin (Discrete)
The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of total bilirubin abnormalities (Table 13-21(a,b): p>0.54 for all

contrasts). The adjusted model contained the current alcohol use-by-lifetime alcohol history
interaction.
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Table 13-20.
Analysis of Total Bilirubin (mg/dl)
{Continuous)

All Ranch Hand 939 0.62 -0.01 - 0.469

Comparison 1,253 0.63
Officer Ranch Hand 361 0.65 0.01 - 0.593
Comparison 495 C.64 '
Enlisted Flyer Ranch Hand 162 0.58 -0.04 - 0.161
: Comparison 196 0.61
Enlisted Groundcrew Ranch Hand 416 0.62 -0.01 -- 0.561
Comparison 562 0.63

All Ranch Hand 929 0.61 -0.01 - 0.600 OCC (p=0.022)

Comparison 1,235 0.62 ALC (p<0.001)
Officer Ranch Hand 361  0.64 0.01 — 0.645 | ACEYIC (p=0.030)
Comparison 488 0.63 :
Enlisted Flyer Ranch Hand 159 0.58 -0.03 -- 0.221
Comparison 196 0.61
Enlisted Ranch Hand 409 0.62 -0.01 - 0.637
Groundcrew  Comparison 551 0.63 :

2 Transformed from natural logarithni scale.

b Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on matural logarithm scale.

¢ Pvalues 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 13-20. (Continued)
Analysis of Total Bilirubin (mg/dl)
(Continuous)

JHtiarinoxin A : oAl - td. Error)
Low 173 0.65 0.65 0.005 -0.0125 (0.0140)
Medium 170 0.59 0.5%

High 172 0.60 0.60

0.020

Medium 170 0.59
High 172 0.61

4 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 total bilirubin 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 13-20. (Continued)
Analysis of Total Bilirubin (mg/dl)
(Continuous)

o MODEL 3: RANCH HANDS AND COMPARIS

Dioxin Catego :

Comparison 1,043 0.63 0.63

Background RH 369 0.63 0.64 0.01 - 0.721
Low RH 257 0.62 0.62 ‘ -0.01 -- 0.561
High RH , 258 0.60 0.59 -0.04 -- 0.033
Low plus High RH 515 0.61 0.61 -0.02 -- 0.080

228 Covar emark
Comparison AGE (p=0.058)
OCC (p=0.084)
Background RH 367  0.63 0.00 0.888 ALC (p<0.001)
Low RH 254 0.62 0.01 - 0.700
High RH 254 0.60 0.03 - 0.114
Low plus High RH 508 (.61 0.02 -- 0.198

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.

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 13-20. (Continued)
Analysis of Total Bilirubin (mg/dl)
(Continuous)

2 MODELS 4, 5,'AND 6: RANCH HA

urrent D

0.64

0.59

-0.0088

0.63 . 0.001 0.343
290 (298) (296) (0.0093)

5 0.63 0.63 0.60 <0.001 -0.0041 0.607
(294) 97 (293) (0.0080)

6¢ 0.64 0.63 0.59 0.003 -0.0093 0.281
(293) (297) (293) (0.0086)

Viodel \ e narks

4 | o061 063+ 059+ [[0.022  0.0031 0.774**  CURR*DC (p=0.048)

(290)  (298)  (296) (0.0106)** 0CC (p=0.007)
AGE*RACE (p=0.029)

5 061 062 061 [[0.017  0.0065 0.469 0CC (p=0.011)
@94)  @97)  (293) (0.0090) AGE*RACE (p=0.027)

¢ | o2 o062 o060 [0.019  0.0019 0.847 0CC (p=0.015)
(293) 297) (293) (0.0097) AGE*RACE (p=0.032)

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 total bilirubin 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 1-2-11 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 13-21.
Analysis of Total Bilirubin
(Discrete)

All Ranch Hand 9239 5.1 1.07 (0.73,1.58) 0.805

Comparison 1,253 4.8

Officer Ranch Hand 361 5.8 1.11 (0.62,2.01) 0.837
Comparison 495 5.3

Enlisted Flyer Ranch Hand 162 3.1 0.75 (0.24,2.33) 0.828
Comparison 196 4.1

Enlisted Groundcrew Ranch Hand 416 5.3 1.15 (0.64,2.06) 0.746
Comparisen 562 4.6

All 1.10 (0.74,1.63) 0.632 ALC*DRKYR (p=0.015)
Officer 1.12 (0.62,2.03) 0.702
Enlisted Flyer 0.78 (0.25,2.45) 0.674
Enlisted Groundcrew 1.20 (0.66,2.16) 0.549

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-21. (Continued)
Analysis of Total Bilirubin
(Discrete)

' '© ) MODEL 2: RANCH HANDS

"3 MODEL 2: RANCH HANDS — INITIAL DIOXI
e L ~ Analysis Resnlts
“m ' Adj. Relative Risk (95% C.L)°

502 0.88 (0.64,1.22)%* 0.449%+ INIT*IC (p=0.026)
DC (p=0.004)

RACE*DRKYR (p=0.019)

ALC*DRKYR (p=0.009)

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.

#* ] og, (initial 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 1-2-12 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-21. (Continued)
Analysis of Total Bilirubin
{(Discrete)

Comparison 1,043 5.0

Background RH 369 54 1.12 (0.65,1.91) 0.682
Low RH 257 4.7 0.92 (0.48,1.75) 0.795
High RH 258 4.7 0.92 (0.48,1.75) 0.788
Low plus High RH 515 4.7 0.92 (0.56,1.51) 0.732

Comparison 1,025 ALC*DRKYR (p=0.014)
Background RH 362 1.17 (0.68,2.00) 0.572
Low RH 251 0.97 (0.51,1.86) 0.934
High RH 251 0.90 (0.47,1.73) 0.753
Low plus High RH 502 0.94 (0.57,1.55) 0.796

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” column.

Noie: 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 Diexin > 143 ppt.
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Table 13-21. (Continued)
Analysis of Tetal Bilirubin
(Discrete)

4 55 5.4 4.1 0.94 (0.76,1.16) 0.550
(290) (298) (296)

5 5.4 4.7 4.8 0.97 (0.81,1.16) 0.768
(294) (297) (293)

6° 55 4.7 4.8 0.92 (0.76,1.12) 0.415
(293) 297) (293)

Analy,
4 875 0.93 (0.75,1.16)** 0.527+* 'CURR*DC (p=0.020)
IC (p=0.066)
AGE*ALC (p=0.015)
5 875 0.97 (0.81,1.17)** 0.776%* CURR*DC (p=0.024)
IC (p=0.067)
AGE*ALC (p=0.017)
64 874 0.92 (0.75,1.12)** 0.388%* CURR*DC (p=0.02_4)
IC (p=0.057)
bBC*ALC (p=0.050)
AGE*ALC (p=0.013)

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.

** ] og, (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
1-2-12 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-26.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppg; Medium = >46-128 ppq; High = >128 ppq.
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For Model 2, the unadjusted analysis did not reveal a significant association between
total bilirubin and initial dioxin (Table 13-21(c): p=0.844). The adjusted Model 2 analysis
detected a significant interaction between initial dioxin and industrial chemical exposure
(Table 13-21(d): p=0.026). Appendix Table I-2-12 presents adjusted results stratified by
industrial chemical exposure. The adjusted analysis contained degreasing chemical exposure
and two covariate-by-covariate interactions: race-by-lifetime alcohol history and current
alcohol use-by-lifetime alcohol history. The adjusted analysis of Model 2 did not reveal a
significant association between total bilirubin and initial dioxin when the initial dioxin-by-
industrial chemical exposure interaction was removed from the final model (Table 13-21(d):
p=0.449).

The unadjusted and adjusted Model 3 results did not show any of the four Ranch Hand
categories to be significantly different from the Comparison group (Table 13-21(e,f): p>0.57
for all contrasts). The adjusted model contained an interaction between current alcohol use
and lifetime alcohol history.

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between total bilirubin and current dioxin (Table 13-21(g): p>0.41 for all analyses). Each
of the adjusted analyses contained a significant interaction between current dioxin and
degreasing chemical exposure (Table 13-21(h): p=0.020, p=0.024, and p=0.024 for Models
4, 5, and 6 respectively). Appendix Table I-2-12 presents adjusted results stratified by
degreasing chemical exposure for Models 4 through 6. Besides the current dioxin-by-
degreasing chemical interaction, the adjusted analyses for Models 4 and 5 contained
industrial chemical exposure and the age-by-current alcohol use interaction. Model 6
contained industrial chemical exposure, the degreasing chemical exposure-by-current alcohol
use interaction, and the age-by-current alcohol use interaction. The adjusted analyses for
Models 4 through 6 did not reveal a significant association between totai bilirubin and
current dioxin when the current dioxin-by-degreasing chemical exposure interaction was
removed from each of the final models (Table 13-12¢h): p>0.38 for all analyses).

Direct Bilirubin

The unadjusted Model 1 analysis did not show a significant overall group difference in
the percentage of direct bilirubin abnormalities (Table 13-22(a): p=0.127). However,
stratifying the analysis by occupation revealed a significant group difference within the
enlisted groundcrew stratum (Table 13-22(a): p=0.022, Est. RR=0.23, 95% C.1.=[0.07,
0.80]. Among the enlisted groundcrew, Ranch Hands had a significantly lower percentage of
abnormalities than Comparisons (0.7% vs. 3.0%).

After adjusting for occupation and the current alcohol use-by-industrial chemical
exposure interaction, the adjusted Model 1 analysis did not show a significant difference
between Ranch Hands and Comparisons (Table 13-22(b): p=0.111). Similar to the
unadjusted analysis, the stratified adjusted analysis revealed a significant group difference
within the enlisted groundcrew stratum (Table 13-22(b): p=0.026, Adj. RR=0.24, 95%
C.1.=[0.07, 0.84}).
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Table 13-22.
Analysis of Direct Bilirubin

__ ) MODEL 1: RANCH H!

‘Occupational Category - :Group

All Ranch Hand 938 1.4 0.57 (0.30,1.10)
Comparison 1,253 2.4

Officer Ranch Hand 361 2.5 1.13 (0.46,2.74) 0.976
Comparison 495 2.2

Eniisted Flyer Ranch Hand 161 0.6 0.61 (0.05,6.75) 0.999
Comparison 196 1.0

Enlisted Groundcrew Ranch Hand 416 0.7 0.23 (0.07,0.80) 0.022
Comparison 562 3.0

All 0.59 (0.31,1.15) 0.111 0CC (p=0.060)
Officer 1.12 (0.46,2.73) 0.810 ALCHIC (p=0.042)
Enlisted Flyer 0.67 (0.06,7.53) 0.742

Enlisted Groundcrew 0.24 (0.07,0.84) 0.026

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

13-111



Table 13-22. (Continued)
Analysis of Direct Bilirubin

' ¢) MODEL 2:; RANCH HANDS — INITIAL DIOXIN __UNADJUSTED_

lmtlal Dmxm Category Summary Statlsti

Low 173 2.3 0.73 (0.36,1.46) 0.348

Medinum 170 0.0
High 172 1.2

“n f Adj. Relative Risk (95% C1)
515 0.73 (0.36,1.46)

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.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-22. (Continued)
Analysis of Direct Bilirubin

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

s . Pereent O E S
Dioxin Category - n  Higgh __p-Value
Comparison 1,043 2.3
Background RH 369 14 0.71 (0.27,1.91) 0.503
Low RH 257 1.6 0.61 (0.21,1.78) 0.363
High RH 258 0.8 0.27 (0.06,1.16) 0.078
Low plus High RH 515 1.2 0.43 (0.17,1.07) 0.069

__DMODEL 3: RANCH HANDS AND COMPARI
i Ad). Relatis
Dioxin Category n = (95% ClI L orovapae e
Comparison 1,027 OCC (p=0.048)

IC (p=0.011)
RACE*AGE (p=0.035)

NS BY DIOXIN CATEGORY — ADJUSTED

Background RH 367 0.67 (0.24,1.86) 0.441 AGE*ALC (p=0.039)
Low RH 254 0.62 (0.21,1.89) 0.403
High RH 254 0.34 (0.08,1.49) 0.151

Low plus High RH 508 0.49 (0.19,1.23) 0.127

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 bbdy 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 13-22. (Continued)
Analysis of Direct Bilirubin

@ MODELS 4, 5, AND 6: RANCH HAND

* ©". Current Dioxin Category

4 1.0 2.0 0.7 0.86 (0.56,1.32) 0.488

(290) (298) (2é6)

5 0.3 2.4 1.0 1.00 (0.70,1.42) 0.990
(294) 297 (293)

6° 6.3 2.4 1.0 0.70 (0.48,1.02) 0.075
(293) 297) (293)

W) MODELS 4,5, AND 6:

4 864 1.19 (0.68,2.11)** 0.539%* CURR*DRKYR (p=0.028)
: OCC (p=0.028)

5 864 1.42 (0.86,2.35)** 0.156%* CURR*DRKYR (p=0.004)
OCC (p=0.004)

6¢ 863 0.88 (0.54,1.44)%* 0.621%* CURR*DRKYR (p=0.039)
OCC (p=0.045)

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.

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

** 1og, (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 1-2-13 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 unadjusted Model 2 results did not show a significant association between direct
bilirubin and initial dioxin (Table 13-22(c): p=0.348). The adjusted results were identical to
the unadjusted results because no covariates were retained in the final model.

The unadjusted Model 3 analysis revealed two marginally significant contrasts: high
Ranch Hands versus Comparisons and low plus high Ranch Hands versus Comparisons
(Table 13-22(¢): p=0.078, Est. RR=0.27, 95% C.I1.=[0.06, 1.16]; p=0.069, Est.
RR=0.43, 95% C.1.=[0.17, 1.07]). The percentages of individuals with high levels of
direct bilirubin among high Ranch Hands, low plus high Ranch Hands, and Comparisons
were 0.8 percent, 1.2 percent, and 2.3 percent respectively.

After covariate adjustment, the Model 3 analysis did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-22(f): p>0.12
for all contrasts). The adjusted model contained occupation, industrial chemical exposure,
and two covariate-by-covariate interactions: race-by-age and age-by-current alcohol use.
The results of the adjusted Model 3 analysis without occupation resembled the unadjusted
results. Excluding occupation, the adjusted analysis revealed two marginally significant
contrasts, high Ranch Hands versus Comparisons and low plus high Ranch Hands versus the
Comparison group (Appendix Table I-3-13: p=0.079 and p=0.083 respectively).

The unadjusted analyses of Models 4 and 5 did not indicate a significant association
between direct bilirubin and current dioxin (Table 13-22(g): p>0.48 for both analyses).
However, the unadjusted Model 6 analysis detected a marginally negative significant
association (Table 13-22(g): p=0.075, Est. RR=0.70, 95% C.I.=[0.48, 1.02]).

Each of the adjusted analyses for Models 4 through 6 contained a significant interaction
between current alcohol use and lifetime alcohol history (Table 13-22(h): p=0.028,
p=0.004, and p=0.039 for Models 4, 5, and 6 respectively). Appendix Table I-2-13
presents adjusted results stratified by lifetime alcohol history for Models 4 through 6. In
addition to the current dioxin-by-lifetime alcohol history interaction, the adjusted analyses for
Models 4 through 6 contained occupation. None of the adjusted analyses showed a
significant association between direct bilirubin and current dioxin when the current dioxin-by-
lifetime alcohol history interaction was removed from the final model (Table 13-22(h):
p>0.15 for each analysis).

Removing occupation from the adjusted analyses of Models 4 through 6 changed the
results only for Model 6. The adjusted analysis for Model 6 found a marginally significant
negative association between direct bilirubin and current dioxin when occupation and the
current dioxin-by-lifetime alcohol history interaction were removed from the final model
(Table 1-3-13(b): p=0.065).

LDH (Continuous)

The unadjusted Model 1 analysis did not show a significant group difference in the
mean levels of LDH (Table 13-23(a): p>0.13 for all contrasts). The group-by-age and
group-by-lifetime alcohol history interactions were significant in the adjusted analysis of
Model 1 (Table 13-23(b): p=0.002 and p=0.011 respectively). Appendix Table I-2-14
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Table 13-23.
Analysis of LDH (U/L)
(Continuous)

Ranch Hand 938

Comparison 1,252 145.45

Officer Ranch Hand 360 144,21 -0.53 -- 0.759
Comparison 495 144.73

Enlisted Flyer Ranch Hand 162 143.45 -4.10 -- 0.133
Comparison 196 147.55

Enlisted Groundcrew Ranch Hand 416 147.89 2.53 -- 0.137
Comparison 561 145.36

b) MODEL 1: RANCH HANDS VS. COMPARISONS —

Occupational =10 LR f. Adj. -
Category: . . Group  'n an® ' Means (95% C.L1)° p-Value® - Covarjate Remarks®
All Ranch Hand 916 145.33** 0.36 —** 0.743**| GROUP*AGE (p=0.002)
Comparison 1,231 144.97% GROUP*DRKYR (p=0.011)
Officer Ranch Hand 356 143.05%* 0.49 % 0.779% 0CC (p=0.016)
Comparison 487 143.55% ALC*DRKYR (p=0.007)
ALC*DC (p=0.022)
Enlisted Flyer Ranch Hand 156 142.49** 4,03 ¥+ 0.139%*
Comparison 195 146.51**
Enlisted Ranch Hand 404 148.97+* 2.8] ¥+ 0.096%*
Groundcrew  Comparison 549 146.15%*

2 Transformed from natural logarithm scale.

b 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.
** Group-by-covariate interactions (p <0.05); adjusted mean, difference of adjusted means, confidence interval,

and p-value derived from a mode] fitted after deletion of these interactions; refer to Appendix Table 1-2-14
for further analysis of these interactions.
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Table 13-23. (Continued)
Analysis of LDH (U/L)
(Continuous)

0 MODEL 2: RANCH HANDS _ INITIAL DIOXIN — UNADJUSTED

146.72 146.95 0.007 0.0020 (0.0058) 0.735

Medium 170 143.15 143.23
High 172 148.46 148.15

Low 171 146.10 0.032  -0.0012 (0.0067) 0.863 OCC (p=0.070)
Medium 167 142.24 RACE*ALC (p=0.025)
High 170 145.89

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 LDH 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 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 13-23. (Continued)
Analysis of LDH (U/L)
(Continuous)

Zﬂiﬁﬁn"Cgteédry =y : S 'n\ L R

Comparison 1,042

Background RH 369 144.66 145.56 -0.31 -- 0.843
Low RH 257 146.39 146.09 0.22 -- 0.904
High RH 258 145.82 144.96 -0.91 -- 0.612
Low plus High RH 515 146.11 145.53 -0.35 -- 0.803

LR S Ay parisons

Dioxin Category . ' n  Mean™ ) ks

Comparison 1,024 147.47% DXCAT*AGE (p=0.003)
DXCAT*RACE (p=0.028)
DXCAT*DRKYR (p=0.040)

¥k Lok sk

Background RH 362 147.90 0.43 0.793 0CC (p=0.001)

Low RH 251 147.40%* 0.07 -4+ 0.971%+

High RH 251 146.55% 0.92 -** 0.625%*

Low plus High RH 502 146.98** -0.50 ¥+ 0.729++

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
adjust®d means not presented because analysis was performed on patural logarithm scale.

4 p_yalue is based on difference of means on natural logarithm scale.

¢ Adjusted for percent body fai 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 I-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 13-23. (Continued)
Analysis of LDH (U/L)

(Continuous)

::_‘-Q‘Current Dmxm Categ )

f(n)
4 144.01 147.09 145.38 0.002 0.0049 0.211
(290) (298) (296) (0.0039)
5 143.82 146.63 146.07 0.002 0.0042 0.208
(294) 297) (293) (0.0033)
6¢ 144.06 146.65 145.83 0.002 0.0034 0.341
(293) 297) (293) (0.0036)

4 143.83

(289)
5 143.51

(292)
6° 143.76

(291)

146.50

(295)

145.78
(295)

145.82
(295)

143.14
251

144.13
(288)

143.90
(288)

0.020 0.0020
(0.0045)

0.020 0.0017
(0.0038)

0.020 0.0009
(0.0041)

0.660

0.820

0OCC (p=0.024)
ALC*DC (p=0.020)

0oCC (p=0.022)
ALC*DC (p=0.020)

OCC (p=0.022)
ALC*DC (p=0.021)

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 LDH 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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presents adjusted results stratified separately by age and lifetime alcohol history. In addition,
the adjusted analysis contained occupation and two covariate-by-covariate interactions:
current alcohol use-by-lifetime alcohol history, and current alcohol use-by-degreasing
chemical exposure. The adjusted analysis did not show a significant overall group difference
when the two group-by-covariate interactions were removed from the final model (Table
13-23(b): p=0.743). However, the stratified adjusted analysis detected a marginally
significant group difference within the enlisted groundcrew stratum (Table 13-23(b):
p=0.096). For the enlisted groundcrew, the adjusted mean level of LDH was higher for the
Ranch Hands than for the Comparisons (148.97 U/L vs. 146.15 U/L).

The unadjusted and adjusted Model 2 analyses did not show a significant association
between lactic dehydrogenase and initial dioxin (Table 13-23(c,d): p>0.73 for both
analyses). The final adjusted model contained occupation and the race-by-current alcohol use
interaction.

For Model 3, the unadjusted analysis did not reveal any of the Ranch Hand categories
to be significantly different from the Comparison group (Table 13-23(e): p>0.61 for all
contrasts). Categorized dioxin-by-age, categorized dioxin-by-race, and categorized dioxin-
by-lifetime alcohol history were significant interactions in the adjusted analysis of Model 3
(Table 13-23(f): p=0.003, p=0.028, and p=0.040 respectively). Appendix Table I-2-14
presents adjusted results stratified separately by age, race, and lifetime alcohol history. The
adjusted analysis also included occupation. -Without the three categorized dioxin-by-covariate
interactions, the adjusted analysis did not show a significant contrast with the Comparison
group (Table 13-23(f): p>0.62 for all contrasts).

The upadjusted and adjusted results for Models 4 through 6 did not reveal a significant
association between LDH and current dioxin (Table 13-23(g,h): p>0.20 for all analyses).
Each of the final adjusted models contained occupation and the current alcohol use-by-
degreasing chemical exposure interaction.

LDH (Discrete)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
percentage of LDH abnormalities (Table 13-24(a): p>0.80 for all contrasts). The adjusted
analysis contained a significant interaction between group and current alcohol use (Table
13-24(b): p=0.015). The final adjusted model contained age, race, and two significant
interactions: degreasing chemical exposure-by-occupation and degreasing chemical exposure-
by-lifetime alcohol history. Appendix Table I-2-15 displays adjusted results stratified by
current alcohol use. When the group-by-current alcohol use interaction was removed from
the final model, the adjusted analysis did not detect a significant group difference (Table
13-24(b): p>0.58 for all contrasts). '

For Model 2, the unadjusted and adjusted results did not reveal a significant association

between LDH and initial dioxin (Table 13-24(c,d): p>0.22 for both analyses). Current
alcohol use was the only covariate retained in the adjusted analysis.

13-120



Table 13-24.
Analysis of LDH
(Discrete)

All Ranch Hand 1.01 (0.80,1.29) 0.957

Comparison

Officer Ranch Hand 360 0.98 (0.65,1.46) 0.987
Comparison 495

Enlisted Flyer Ranch Hand 162 0.96 (0.54,1.72) 0.999
Comparison 196

Enlisted Groundcrew Ranch Hand 416 1.06 (0.74,1.51) 0.809
Comparison 561

" b) MODEL 1: RANCH HANDS VS. COMPARISONS -
T Ad Relat ——

Occupational Category 1 :(95% C . p-Value : Retnarl
All 1.05 (0.82,1.34)%* 0.696%* GROUP*ALC (p=0.015)
AGE (p=0.013)
Kok 1]
Officer 1.01 (0.67,1.52) 0.976 RACE Tr0.018)
Enlisted Flyer 1.00 {0.55,1.82)%* 0.999%+ DC*OCC (p=0.038)
Enlisted Groundcrew 1.1 (0.77,1.59)** 0.585%+ DC*DRKYR (p=0.021)

a 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 I-2-15 for further
analysis of this interaction.
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Table 13-24. (Continued)
Analysis of LDH
{Discrete)

1.12 (0.93,1.35) . ALC (p=0.004)

508

a 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 13-24. (Continued)
Analysis of LDH
(Discrete)

- © MODEL 3: RANCH HANDS AND COMPARISONS BY DIt

Comparison 1,042

Background RH 369 13.3 1.01 (0.71,1.44) 0.945
Low RH 257 12.5 0.82 (0.54,1.23) 0.332
High RH 258 15.5 0.99 (0.68,1.46) 0.977
Low plus High RH 515 14.0 0.91 (0.67,1.23) 0.525

Comparison DXCAT*DRKYR (p=0.004)
RACE (p=0.006)
AGE (p=0.075)
dek ok
Background RH 362 1.12 (0.77,1.62) 0.549 ALC (p=0.002)
Low RH 251 0.83 (0.54,1.26)** (0.383** OCC*DC (p=0.032)
High RH 251 1.05 (0.70,1.57)** §.801**
Low plus High RH 502 0.94 (0.68,1.29)y%* (.689%*

a 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.

** Categorized 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 Table I-2-15 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 13-24. (Continued)
Analysis of LDH
(Discrete)

)MODELS 4, 5, AND 6: 'RANCH HANDS ‘.CURRENT  DIOXIN — UNABJUSTED .

bl .Current Dloxm Catego
Percent High/(n)
: W ..'-,:Medijum | ] _ S pVal
4 13.8 13.1 14.2 1.07 (0.94,1.21) 0.340
(290) (298) (296)
5 12.9 12.8 15.4 1.06 (0.95,1.19) 0.312
(294) (297 (293)
6° 13.0 12.8 15.4 1.04 (0.92,1.17) 0.561
(293) (297) (293)

ENT DIOXIN — ADJUSTED

4 875 1.08 (0.94,1.23) 0.278 ALC (p=0.001)

5 875 1.07 (0.95,1.20) 0.277 ALC (p=0.001)
69 874 1.05 (0.93,1.19) 0.461 ALC (p=0.001)

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.

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

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 unadjusted analysis for Model 3 did not reveal a significant contrast between any of
the Ranch Hand categories and the Comparison group (Table 13-24(e): p>0.33 for all
contrasts). Categorized dioxin-by-lifetime alcohol history was a significant interaction in the
adjusted Model 3 analysis (Table 13-24(f): p=0.004). Also included in the adjusted analysis
were race, age, current alcohol use, and the occupation-by-degreasing chemical exposure
interaction. Appendix Table I-2-15 shows adjusted results stratified by lifetime alcohol
history. After removing the categorized dioxin-by-lifetime alcohol history interaction from
the final model, the adjusted analysis did not reveal any of the Ranch Hand categories to be
significantly different from the Comparison group (Table 13-24(f): p>0.38 for all contrasts).

The unadjusted and adjusted analyses for Models 4 through 6 did not show a significant
association between LDH and current dioxin (Table 13-24(g,h): p>0.27 for all analyses).
Current alcohol use was the only covariate retained in each of the adjusted analyses.

Cholesterol (Continuous)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
mean levels of cholesterol (Table 13-25(a): p>0.36 for all contrasts). The interaction
between group and current alcohol use was significant in the adjusted Model 1 analysis
(Table 13-25(b): p=0.035). The adjusted model also contained occupation, degreasing
chemical exposure, and the age-by-lifetime alcohol history interaction. Appendix Table I-2-
16 displays adjusted results stratified by current alcohol use. The adjusted analysis did not
reveal a significant group contrast when the group-by-current alcohol use interaction was
removed from the final model (Table 13-25(b): p>0.36 for all contrasts).

The unadjusted Model 2 results did not reveal a significant association between
cholesterol and initial dioxin (Table 13-25(c): p=0.215). The adjusted analysis for Model 2
contained a significant interaction between initial dioxin and degreasing chemical exposure
(Table 13-25(d): p=0.023). Appendix Table I-2-16 shows adjusted results stratified by
degreasing chemical exposure. Age and current alcohol] use also were significant covariates
in the adjusted analysis. In contrast to the unadjusted analysis, the adjusted analysis detected
a marginally significant positive association between cholesterol and initial dioxin when the
initia] dioxin-by-degreasing chemical exposure interaction was removed from the final model
(Table 13-25(d): p=0.080, Adj. Slope=0.0113).

For Model 3, the unadjusted analysis of cholesterol did not reveal any of the Ranch
Hand categories to be significantly different from the Comparison group (Table 13-25(e):
p>0.15 for all contrasts). The adjusted Model 3 analysis contained a significant interaction
between categorized dioxin and lifetime alcohol history (Table 13-25(f): p=0.047).
Appendix Table 1-2-16 displays adjusted results stratified by lifetime alcohol history. The
final adjusted model also contained four covariate-by-covariate interactions: age-by-lifetime
alcohol history, race-by-occupation, occupation-by-lifetime alcohol history, and current
alcohol use-by-degreasing chemical exposure. After removing the categorized dioxin-by-
lifetime alcohol history interaction from the final model, the adjusted analysis did not show a
significant difference between any of the Ranch Hand categories and the Comparison group
(Table 13-25(f): p>0.38 for all con'grasts).
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Table 13-25.
Analysis of Cholesterol (mg/dl)
(Continuous)

) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational ifference of Means - =

P :jgp.‘f'_(r_}roup:?

L Mean® = - (95%C.L)"

All Ranch Hand 939 215.57 0.64 --
Comparison 1,253 214.93

Officer Ranch Hand 361 214.16 2.30 -- 0.365
Comparison 495 211.86

Enlisted Flyer Ranch Hand 162 219.24 -2.88 -- 0.495
Comparison 196 222.12

Enlisted Groundcrew Ranch Hand 416 215.38 0.19 -- 0.942
Comparison 562 215.19

" b) MODEL 1: RANCH HAND

Gc p:

Category - Group _n . ‘Mean date'Remar
All Ranch Hand 917 216.07%* .GROUP*ALC (p=0.035)
Comparison 1,232 215.49** OCC (p=0.011)
DC (p=0.137)
Officer Ranch Hand 357 213.61** 2.4] --** 0.365** * a
Comparison 487 211.20%* AGE*DRKYR (p=0.030)
Enlisted Flyer Ranch Hand 156 217.80** -3.04 -** 0.473%*
Comparison 195 220.84%**
Enlisted Ranch Hand 404 215.66%* 0.26 --** 0.918**
Groundcrew  Comparison 550 215.4Q**

2 Transformed from natural logarithm scale.

b 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.
** 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
1-2-16 for further analysis of this interaction.
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Table 13-25. (Continued)
Analysis of Cholesterol (mg/dl)
(Continuous)

. Initial Dioxin Category Summary Sta

Il Dioxin  m  Men®  Men® || R (S _ p-Value
Low 173 216.17 216.05 0.004 0.0076 (0.0061) 0.215
Medium 170 214.25 214.16

High 172 218.20 218.42

Initial'DiQ:klin: Category Summiary

Statistics -

CLAdL A
- Mean® - st a
214.68%* | 0.033  0.0113 (0.0064)** 0.080**

jarks
INIT*DC (p=0.023)

' AGE (p=0.031)
*k
Medinm 167 213.07 ALC (p=0.019)

High 170 218.87**

& 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 cholesterol 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.

** | 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 I-2-16 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-25. (Continued)
Analysis of Cholesterol (mg/di)
(Continuous)

in Categor

Comparison

Background RH 369 214.41 214.04 -0.40 -- 0.864
Low RH 257 214.37 214.77 0.33 -- 0.901
High RE 258 218.06 218.20 3.76 - 0.159
Low plus High RH 515 216.21 216.48 2.04 -- 0.323

IOXIN CATEGORY. — ADJUSTED

Comparison 218.97%% DXCAT*DRKYR (p=0.047)
AGE*DRKYR (p=0.042)
RACE*OCC (p=0.035)

*k __%3k *%

Background RH 362 219.72 0.75 0.757 OCC*DRKYR {p=0.042)

Low RH 251 218.49%* -0.48 --** 0.861** ALC*DC (p=0.032)

High RH 251 221.45%* 2.48 --** 0.381**

Low plus High RH 502 219.96%* 1.00 -+* 0.641%*

a 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 adjustéd 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 (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 I-2-16 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 13-25, (Continued)
Analysis of Cholesterol (mg/dl)
(Continuous)

214.75

214.34

0.0058

4 217.29
(290) (298) (296) (0.0041)

5 210.19 215.71 220.61 0.019 0.0145 <{.001
(294) (297) (293) (0.0035)

69 218.50 216.53 211.37 0.272 -0.0054 0.098
(293) (297) (293) (0.0033)

4 214.88  213.93 217.37 ] 0.041 0.0066 0.129 ALC (p<{.001)
(287) (290) (287) (0.0043) AGE*DRKYR (p=0.009)
AGE*DC (p=0.013)
5 21042  215.33 221.28 || 0.059 0.0155 <0.001 ALC (p<0.001)
(290) (290) (284) (0.0036) AGE*DRKYR (p=0.007)
AGE*DC (p=0.012})
6° 218.83  216.64 211.45 | 0.294 -0.0055 0.129 ALC (p<0.001)
(289) (290) (284) (0.0036) AGE*DRKYR (p=0.008)
‘ AGE*DC (p=0.004)

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 cholesterol 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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The unadjusted Model 4 analysis did not reveal a significant association between
cholesterol and current dioxin (Table 13-25(g): p=0.162), but a significant and a marginally
significant association was detected in the unadjusted analyses of Models 5 and 6 respectively
(Table 13-25(g): p<0.001, Est. Slope=0.0145 and p=0.098, Est. Slope=-0.0054). Also,
the estimated slopes for Models 5 and 6 differed in sign.

The adjusted results for Models 4 through 6 differed from the unadjusted results. After
covariate adjustment, the analyses of Models 4 and 6 did not show a significant association
between cholesterol and current dioxin (Table 13-25(h): p=0.129 for both analyses).
However, the adjusted Model 5 analysis did show a significant association (Table 13-25(h):
p<0.001, Adj. Slope=0.0155). Each of the adjusted analyses contained current alcohol use
and two covariate-by-covariate interactions: age-by-lifetime alcohol history and age-by-
degreasing chemical exposure.

Cholesterol (Discrete)

The unadjusted Model 1 analysis did not show a significant group difference in the
percentage of individuals with high cholesterol (Table 13-26(a): p>0.21 for all contrasts).
The adjusted Model 1 analysis contained a significant group-by-current alcohol use
interaction (Table 13-26(b): p=0.001). In addition to this interaction, the final model
contained occupation and an interaction between race and industrial chemical exposure.
Appendix Table 1-2-17 displays adjusted results stratified by current alcohol use. When the
group-by-current alcohol use interaction was removed from the final model, the adjusted
analysis did not reveal a significant group contrast (Table 13-26(b): p>0.10 for all
contrasts).

For Model 2, the unadjusted analysis did not show a significant association between
cholesterol and initial dioxin (Table 13-26(c): p=0.926).

Initial dioxin-by-degreasing chemical exposure and initial dioxin-by-lifetime alcohol
history were significant interactions in the adjusted Model 2 analysis (Table 13-26(d):
p=0.018 and p=0.014 respectively). Appendix Table I-2-17 presents adjusted results
stratified separately by degreasing chemical exposure and lifetime alcohol history. The final
adjusted model contained age and the interaction between race and current alcohol use. The
adjusted analysis did not reveal a significant association between cholesterol and initial dioxin
when the two initial dioxin-by-covariate interactions were removed from the final model
(p=0.480).

The unadjusted Model 3 results revealed a marginally significant difference between the
low plus high Ranch Hands and the Comparisons in the percentage of individuals with high
cholesterol (Table 13-16(e): p=0.091, Est. RR=1.30, 95% C.I.=[0.96, 1.75]). The
percentage of participants with high cholesterol was greater for the low plus high Ranch
Hands than for the Comparison group (15.7% vs. 12.7%).

The adjusted Model 3 analysis contained a significant interaction between categorized
dioxin and current alcohol use (Table 13-26(f): p=0.014). Appendix Table I-2-17 displays
adjusted results stratified by current alcohol use. Besides the categorized dioxin-by-current
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Table 13-26.
Analysis of Cholesterol
(Discrete)

egory - 'Gi%oup

All Ranch Hand 939 15.0 1.13 (0.89,1.44)

Comparison 1,253 13.5

Officer Ranch Hand 361 12.2 1.13 (0.74,1.73) 0.637
Comparison 495 10.9

Enlisted Flyer Ranch Hand 162 19.8 1.48 (0.85,2.58) 0.216
Comparison 196 14.3

Enlisted Groundcrew Ranch Hand 416 15.6 1.01 (0.71,1.43) 0.999
Comparison 562 15.5

All 1.15 (0.90,1.47)** 0.252%* GROUP*ALC (p<0.001)
OCC (p=0.015)
*k ok
Officer | 1.14 (0.74,}.74) 0.557 RACE*IC (p=0.007)
Enlisted Flyer 1.60 (0.91,2.80)** 0.101%*
Enlisted Groundcrew 1.03 (0.72,1.46)%* 0.889*+

a 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 1-2-17 for further analysis of
this interaction.
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Table 13-26. ' (Continued)
Analysis of Cholesterol
(Discrete)

" ¢y MODEL % RANCH HANE

jii'itial bi’o‘xin 'Catggo;y Sﬁ;x;n_:éry Statistics

L ; SR e Péifcent
Initial Diein =~ n ~  High § alue
Low 173 16.2
Medium 170 14.7
High 172 16.3

INIT*DC (p=0.018)
INIT*DRKYR (p=0.014)
AGE (p=0.079)
RACE*ALC (p=0.024)

1.07 (0.88,1.31)**

a Adjusted for percent body fat ai 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.

#* | og, (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 [-2-17
for further analyses of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-26. (Continued)
Analysis of Cholesterol
(Discrete)

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

egory

Dioxin C:

Comparison 1,043 12.7

Background RH 369 13.6 1.07 (0.75,1.53) 0.697
Low RH 257 14.8 1.22 (0.83,1.81) 0.313
High RH 258 16.7 1.37 (0.94,2.00) 0.101
Low plus High RH 515 15.7 1.30 (0.96,1.75) 0.091

§ L . Adj. Relativ B

p-Value

Diqiin;-Gategory

Comparison 1,027 DXCAT*ALC (p=0.014)
) AGE (p=0.044)
OCC (p=0.003)
L3 sk
Background RH 367 1.22 (0.84,1.76) 0.294 RACE¥IC (p=0.016)
Low RH 254 1.24 (0.84,1.84)%* (.285%*
High RH 254 1.25 (0.84,1.84y%¢ 0.271**
Low plus High RH 508 1.24 (0.91,1.69)** 0.165%*

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" 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 1-2-17 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Cutrent 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 13-26. (Continued)

Analysis of Cholesterol
(Discrete)
13.8 14.8 15.9 1.06 (0.94,1.21)
(290) (298) (296)
5 11.2 14.8 18.4 1.18 (1.06,1.32) 0.003
(294} 297 (293)
6° 11.3 14.8 18.4 0.94 (0.83,1.07) 0.360
(293) (297) (293)

Ve ark
AGE (p=0.105)
OCC (p=0.086)
DRKYR (p=0.072)
RACE*ALC (p=0.019)

4 864 1.02 (0.88,1.19)

5 864 1.18 (1.03,1.36)** 0.002#* CURR*OCC (p=0.025)
DRKYR (p=0.075)
RACE*ALC (p=0.016)
DC*AGE (p=0.026)

6d 863 0.95 (0.82,1.09) 0.431 ALC (p<0.001)
' : DRKYR (p=0.149)
DC*AGE (p=0.024)

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.

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

** | og, (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

1-2-17 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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alcohol use interaction, the final model also included occupétion, age, and the race-by-
industrial chemical exposure interaction. In contrast to the unadjusted results, the adjusted
analysis did not show any of the Ranch Hand categories to be significantly different from the
Comparison group (Table 13-26(f): p>0.16 for all contrasts).

Removing occupation from the final model affected the adjusted results. Without
occupation and the categorized dioxin-by-current alcohol use interaction, the adjusted analysis
detected marginally significant relative risks for the high Ranch Hands and low plus high
Ranch Hands (Appendix Table I-3-17(a): p=0.073, Adj. RR=1.42, 95% C.1.=[0.97, 2.10]
and p=0.067, Adj. RR=1.33, 95% C.I.=[0.98, 1.81] respectively).

The unadjusted analyses for Models 4 and 6 did not show a significant association
between cholesterol and current dioxin (Table 13-26(g): p>0.33 for both analyses).
However, the unadjusted Model 5 analysis showed a significant positive association between
cholesterol and current dioxin (Table 13-26(g): p=0.003, Est. RR=1.18, 95% C.I.=[1.06,
1.32]).

Similar to the unadjusted results, the adjusted analyses for Models 4 and 6 did not show
a significant association between cholesterol and current dioxin (Table 13-26(h): p>0.43 for
both analyses). For Model 4, the final model contained age, occupation, lifetime alcohol
history, and the race-by-current alcohol use interaction. Model 6 contained current alcohol
use, lifetime alcohol history, and the degreasing chemical exposure-by-age interaction.

The adjusted analysis for Model 5 contained a significant interaction between current
dioxin and occupation (Table 13-26(h): p=0.025). Appendix Table 1-2-17 presents adjusted
results for Model 5 stratified by occupation. The adjusted Modei 5 analysis also included
lifetime alcobol history and two covariate-by-covariate interactions, race-by-current alcohol
use and degreasing chemical exposure-by-age. When the current dioxin-by-occupation
interaction was removed from the final model, the adjusted analysis detected a significant
positive association between cholesterol and current dioxin (Table 13-26(h): p=0.002, Adj.
RR=1.18, 95% C.1.=[1.03, 1.36]).

HDL Cholesterol (Continuous)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
mean levels of HDL cholesterol (Table 13-27(a): p>0.24 for all contrasts). The adjusted
analysis for Model 1 contained two significant group-by-covariate interactions: group-by-
current alcohol use and group-by-lifetime alcobol history (Table 13-27(b): p<0.001 and
p=0.023 respectively). Appendix Table I-2-18 presents adjusted results stratified separately
by current alcohol use and lifetime alcohol history. The final model also contained
occupation and five covariate-by-covariate interactions: age-by-degreasing chemical
exposure, race-by-industrial chemical exposure, race-by-degreasing chemical exposure,
lifetime alcohol history-by-current alcohol use, and current alcohol use-by-industrial chemical
exposure. The adjusted analysis did not reveal a significant group contrast after the two
“group-by-covariate interactions were removed from the final model (Table 13-27(b):
p>0.33).
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Table 13-27.
Analysis of HDL Cholesterol (mg/dl)
(Continuous)

/" 2) MODEL 1; RANCH HANDS VS, COMPAR

Ranch Hand
Comparison

Officer Ranch Hand
Comparison

Enlisted Flyer Ranch Hand
Comparison

Enlisted Groundcrew Ranch Hand
Comparison

b) MODEL 1: RANY

Occupa lonal &

Growp . m

All Ranch Hand 903  42.61%*  -0.20 —** 0.656%%| GROUP*ALC (p<0.001)
Comparison 1,221  42.81% GROUP*DRKYR (p=0.023)
Officer Ranch Hand 349  44.20%% 027 --%* 0.727%* OCC (p<0.001)
Comparison 484 44 ,56%* AGE*DC (p=0.026)
RACEIC (p=0.010)
Enlisted Flyer Ranch Hand 152 42.55%* 1,08 --** 0.335*%| RACE*DC (p=0.024)
Comparison 192 41.47%* DRKYR*ALC (p=0.025)
Enlisted Ranch Hand 402  41.49%% 0,62 -** 0.356%+]  ALCHC (p=0.042)
Groundcrew  Comparison 345  42.11%*

2 Transformed from natural logarithm scale.

b 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.

** Group-by-covariate interactions (p 0.05); adjusted mean, difference of adjusted means, confidence interval,
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table I-2-18
for further analysis of these interactions.
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Table 13-27. (Continued)
Analysis of HDL Cholesterol (mg/dl)
(Continuous)

' . ¢ MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED . =
 Inmitial ;Didxin 'Cétegory: SummaryStatlStl Iysis Resuits for: a
Initisl Dioin  n  Mean'
Low 172 41.12
Medium 166 38.69 38.64
High 168 38.88 39.15

%" g)MODEL 2: RANCH HANDS

+ Initial Dipﬁ;_inﬁi‘_cat:egory Summary R
S statisties _ SRRy
RN e Adj' ] .
Low 170 41.56 0.195  -0.0052 (0.0090) 0.563 OCC (p=0.073)
. RACE*IC (p=0.025)
Medium 163 40.20 ALC*DC (p=0.009)
High 166 41.17 :

a 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 HDL cholesterol 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 13-27. (Continued)
Analysis of HDL Cholesterol (mg/dl)
(Continuous)

) MODEL 3: RANCH HANDS AND COMPARISONS BY DI

Dioxin Category - n’

Comparison 1,033

Background RH 365 42.23 41.49 0.72 - 0.247
Low RH 253 40.66 40.89 0.i1 - 0.872
High RH 253 38.51 39.13 -1.65 -- 0.017
Low plus High RH 506 39.57 40.00 -0.78 -- 0,150

) MODEL 3: RANCH HANDS AND

o Ad].

Diiiiithat,egorY om - Mean®™ 0 (95%. C.L)° Value® ovariate Remarks .
Comparison 1,016 42.57** DXCAT*ALC (p <0.001)
DXCAT*DRKYR (p=0.008)
RACE (p <0.001)

Hk _kok Kk
Background RH 358 43.01 0.44 0.495 0CC (p<0.001)
Low RH 247 42.60%* 0.03 —-** 0.967** ALC*IC (p=0.044)
High RH 246 41.72%* 0.85 --%* 0.250%*
Low plus High RH 493 42,16%* -0.41 - 0.463%*

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 afier transformation to original scale; confidence interval on difference of
adjusted means not presented because analysis was performed on natural logarithm scale.

d p_yalue 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 1-2-18 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 13-27. (Continued)
Analysis of HDL Cholesterol (mg/dl)
{Continuous)

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

Current Dioxin Category = -
- Mean®/@m) ©
‘Model’ | Low . Medium High

4 42.62 40.95 38.52
(288) (293) (290) (0.0061)

5 42,95 40.79 38.28 0.027 -0.0255 <0.001
(294) (294) 283y . (0.0052)

6° 42.41 40.75 33.82 0.041 -0.0187 0.001
(293), (294) (283) (0.0055)

Analysis Results for: N

Model® High p-Value:

4 44 30%% 42 .59%% 40 72%* -0.0218 0.001%* CURR*DRKYR (p=0.007)
- (285) (285) (281) {0.0067)** CURR*ALC (p=0.033)

RACE (p=0.033)
AGE*DC (p=0.028)
OCC*ALC (p=0.042)

5 44.77T%%  42.34%  40.36** [ 0.141 -0.0225 <0.001** CURR*DRKYR (p=0.001) .
(290) = (287) (274) (0.0057y** CURR*ALC (p=0.020)

. RACE (p=0.040)

AGE*DC (p=0.032)

OCC*ALC (p=0.042)

6 |43.80%+ 42.02%% 4087+ [|0.165  -0.0138 0.022** CURR*DRKYR (p=0.002)
(289)  (287) (274) (0.0060)** CURR*ALC (p=0.030)
CURR*DC (p=0.048)
RACE (p=0.082)
AGE*DC (p=0.017)
OCC*ALC (p=0.046)

a 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, tota! liptds.

¢ Slope and standard error based on natural logarithm of HDL cholesterol 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 (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 1-2-18 for
further analysis of this interaction.

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

Models S and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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The unadjusted Model 2 results revealed a significant inverse association between HDL
cholesterol and initial dioxin (Table 13-27(c): p=0.035, Est. Slope=-0.0176). In contrast to
the unadjusted analysis, the adjusted analysis did not reveal a significant association between
HDL cholestero} and initial dioxin (Table 13-27(d): p=0.563). The final model contained
occupation and two interactions: race-by-industrial chemical exposure and current alcohol
use-by-degreasing chemical exposure. When occupation was removed from the final model,
the association between HDL cholesterol and initial dioxin became marginally significant
(Appendix Table I-3-18: p=0.066).

The unadjusted Model 3 analysis detected a significant difference in the mean levels of
HDL cholesterol between the high Ranch Hands and Comparisons (Table 13-27(e):
p=0.017). The mean level of HDL cholesterol, adjusted for percent body fat at the time of
duty in SEA and the change in percent body fat from the time of duty in SEA to the date of
the blood draw for dioxin, was lower for the high Ranch Hand category than for the
Comparison group (39.13 mg/dl vs. 40.78 mg/dl). The categorized dioxin-by-current
alcohol use and categorized dioxin-by-lifetime alcohol history interactions were significant in
the adjusted analysis. Appendix Table I-2-18 presents adjusted results stratified separately by
current alcohol use and lifetime alcohol history. Without the two categorized dioxin-by-
covariate interactions, the adjusted Model 3 analysis did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-27(f): p=20.25
for all contrasts).

Removing occupation from the adjusted analysis affected the significance level of the
contrast between the high Ranch and comparisons. Without occupation and the two
categorized dioxin-by-covariate interactions, the adjusted analysis found a significant
difference between the high Ranch Hands and Comparisons (Appendix Table I-3-18(b):
p=0.027). '

Each of the unadjusted analyses for Models 4 through 6 detected a significant inverse
association between HDL cholesterol and current dioxin (Table 13-27(g): p<0.001, Est.
Slope=-0.0269; p<0.001, Est. Slope=-0.0255; and p=0.001, Est. Slope=-0.0187 for
Models 4, 5, and 6 respectively).

Current dioxin-by-lifetime alcohol history and current dioxin-by-current alcohol
interactions were significant in the adjusted analyses of Models 4 through 6 (Table 13-27(h):
p=0.007, p=0.033; p=0.001, p=0.020; and p=0.002, p=0.030 for Models 4, 5, and 6
respectively). The adjusted analysis for Model 6 also contained a significant interaction
between current dioxin and degreasing chemical exposure (Table 13-27(h): p=0.048).
Appendix Table I-2-18 presents adjusted results stratified separately by lifetime alcohol
history and current alcohol use for Models 4 through 6, as well as adjusted results for Model
6 stratified by degreasing chemical exposure. Each of the adjusted analyses for Models 4
through 6 revealed a significant inverse association between HDL cholesterol and current
dioxin when all of the current dioxin-by-covariate interactions were removed from the models
(Table 13-27(h): p=0.001, Adj. Slope=-0.0218; p<0.001, Adj. Slope=-0.0225; and
p=0.022, Adj. Slope=-0.0138 for Models 4, 5, and 6 respectively).
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HDL Cholesterol (Discrete)

The unadjusted Model 1 analysis detected a marginally significant overall group
difference in the percentage of individuals with low levels of HDL cholesterol (Table
13-28(a): p=0.064, Est. RR=1.33, 95% C.I.=[0.99, 1.77]). Ranch Hands were more
likely than Comparisons to have low levels of HDL cholesterol (10.9% vs. 8.5%).
Stratifying the analysis by occupation revealed a marginally significant group difference for
the officers (Table 13-28(a): p=0.077, Est. RR=1.57, 95% C.1.=[0.98, 2.51]). Within the
officer stratum, the percentage of HDL cholesterol abnormalities was higher for the Ranch
Hands than for the Comparisons (11.3% vs. 7.5%).

After adjusting for the race-by-current alcohol use and occupation-by-current alcohol use
interactions, both marginally significant contrasts in the unadjusted analysis became
significant (Table 13-28(b): p=0.048, Adj. RR=1.34, 95% C.I.=[1.00, 1.79] and p=0.048,
Adj. RR=1.61, 95% C.1.=[1.00, 2.59}) for the overall group contrast and the officer group
contrast respectively).

The unadjusted and adjusted Model 2 results did not show a significant association
~ between HDL cholesterol and initial dioxin (Table 13-28(c,d): p>0.51 for both analyses).
Race and current alcohol use were the only significant terms in the adjusted model.

The unadjusted Model 3 analysis revealed a marginally significant difference in HDL
cholesterol abnormalities between the background Ranch Hands and Comparison group
(Table 13-28(e): p=0.061, Est. RR=1.48, 95% C.1.=[0.98, 2.23]). The percentages of
participants with low levels of HDL cholesterol among the background Ranch Hands and the
Comparison group were 10.4 percent and 8.4 percent respectively.

The adjusted Model 3 analysis contained a significant interaction between categorized
dioxin and lifetime alcohol history (Table 13-28(f): p=0.020). The final model also
contained race and current alcohol use. Appendix Table [-2-19 presents results stratified by
lifetime alcohol history. After the categorized dioxin-by-lifetime alcohol history interaction
was removed from the final model, the adjusted analysis did not show any of the Ranch
Hand categories to be significantly different from the Comparison group (Table 13-28(f):
p>0.10 for all contrasts). :

For Models 4 through 6, the unadjusted analyses did not reveal a significant association
between low levels of HDL cholesterol and current dioxin (Table 13-28(g): p>0.27 for all
analyses). Each of the adjusted analyses for Models 4 through 6 contained a significant
interaction between current dioxin and lifetime alcohol history (Table 13-28(f): p=0.003,
p<0.001, and p<0.001 for Models 4, 5, and 6 respectively). Appendix Table I-2-19
presents adjusted results stratified by lifetime alcohol history for each of the models. The
adjusted analyses for Model 4 also included race and current alcohol use: Model 6 contained
degreasing chemical exposure and current alcohol use; and Model 5 contained age,
degreasing chemical exposure, and current alcohol use. The adjusted analyses for Models 4
and 6 did not reveal a significant association between HDL cholesterol and current dioxin
when the current dioxin-by-lifetime alcohol history interaction was removed from both of the
models (Table 13-28(h): p>0.55 for both analyses). However, the adjusted model 5 analysis
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Table 13-28.
Analysis of HDL Cholesterol
(Discrete)

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

I Perc Rel

‘Occupational Category ~ ~ Group = ° . n CLow:.ito. 0 (95% € al

All Ranch Hand 925 10.9 1.33 (0.99,1.77) 0.064
Comparison 1,241 8.5

Officer Ranch Hand 353 11.3 1.57 (0.98,2.51) 0.077
Comparison 491 7.5

Enlisted Flyer Ranch Hand 158 8.9 0.80 (0.35,1.62) 0.653
Comparison 193 10.9

Enlisted Groundcrew Ranch Hand 414 114 1.39 (0.91,2.13) 0.159
Comparison 557 8.4

Covariate Remarks® -

Occupationa 95% ne

All 0.048 RACE*ALC (p=0.015)
Officer 1.61 (1.00,2.59) 0.048 OCCrALC (p=0.005)
Enlisted Flyer 0.76 (0.37,1.56) 0.450

Enlisted Grounderew 1.42 (0.92,2.19) 0.110

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-28. (Continued)
Analysis of HDL Cholesterol
(Discrete)

 Initial Dioxin Category Summary Statistics

: ‘ " Percent
Jnitial Dioxin - -~ =~ - . ‘Low.
Low 172 7.6
Medium 166 12.7
High 168 11.3

" d) MODEL 2: RANCH HANDS

& Analysis Res
" Adj. Relative Risk (95% C.1).
499 1.05 (0.85,1.30)

RACE (p=0.128)
ALC (p=0.012)

a 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.

13-143



Table 13-28. (Continued)
Analysis of HDL Cholesterol
(Discrete)

Comparison 1,033

Background RH 365 10.4 1.48 (0.98,2.23) ~ 0.061
Low RH 253 8.7 0.97 (0.59,1.60) 0.913
High RH 253 12.3 1.36 (0.88,2.12) 0.169
Low plus High RH 506 10.5 1.17 (0.81,1.68) 0.405

. Adj.Rela
ioxin Categol om e (95% : arks -
Comparison 1,016 DXCAT*DRKYR (p=0.020)

RACE (p=0.041)
ALC (p=0.003)

Background RH 358 1.41 (0.93,2.14)** 0,108%* .
Low RH 247 1.03 (0.62,1.69)** 0.916**
High RH 246 1.40 (0.90,2.18y** 0.141**

Low plus High RH =~ 493 1.21 (0.84,1.75)%*% 0.300%*

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” 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 Tabie I-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 13-28. (Continued)
Analysis of HDL Cholesterol
(Discrete)

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

"~ “Current Dioxin Category
. Percent Low/(n)
_Mode* | © Tew . Medum | High
4 9.7 9.6 12.1
o (288) (293) (290}
5 9.9 8.8 12.7 1.07 (0.94,1.22) 0.277
(294) (294) (283)
6° 9.9 8.8 12.7 0.97 (0.84,1.12) 0.676
(293) (294) (283)

"h) MODELS 4, 5, AND 6: RANCH HANDS — CURRE

o Analys ults for Log;
- Adj.-Relative Ri ST
_m - 98%CA) - p-Value
4 851 1.05 (0.90,1.21)** 0.555%%*
RACE (p=0.124)
ALC (p=0.015)
5 851 1.13 (0.98,1.29)** 0.085%* CURR*DRKYR (p<0.001)
AGE (p=0.144)
DC (p=0.140)
ALC (p=0.022)
6d 850 1.00 (0.87,1.16)** 0,951 ** CURR*DRKYR (p <0.001)
DC (p=0.066)
ALC (p=0.009)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Medel 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 I-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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detected a marginally significant positive association after the current dioxin-by-lifetime
alcohol history interaction was removed from the final model (Table 13-28(h): p=0.085,
Adj. RR=1.13, 95% C.1.=[0.98, 1.29]).

Cholesterol-HDL Ratio (Continuous)

The unadjusted and adjusted Model 1 analyses of the cholesterol-HDL ratio did not
reveal a significant difference between Ranch Hands and Comparisons (Table 13-29(a,b):
p>0.19 for all contrasts). Race, occupation, and current alcohol use were significant in the
adjusted analysis.

The unadjusted Model 2 results detected a significant positive association between
cholesterol-HDL ratio and initial dioxin (Table 13-29(c): p=0.012, Est. Slope=0.0234}.
The adjusted Model 2 analysis contained a significant interaction between initial dioxin and
current alcohol use (Table 13-29(d): p=0.006). The final model contained age and four
significant covariate-by-covariate interactions: race-by-industrial chemical exposure,
occupation-by-current alcohol use, lifetime alcohol history-by-industrial chemical exposure,
and current alcohol use-by-degreasing chemical exposure. Appendix Table 1-2-20 displays
adjusted results stratified by current alcohol use. After the initial dioxin-by-current alcohol
use interaction was removed from the final model, the adjusted analysis did not reveal a
significant association between HDL cholesterol and initial dioxin (Table 13-29(d):
p=0.178).

Removing occupation from the final model changed the statistical significance of the
adjusted results. Without occupation and the initial dioxin-by-current alcohol use interaction,
the adjusted Model 2 analysis detected a significant positive association between HDL
cholesterol and initial dioxin (Appendix Table I-3-19(a): p=0.012, Adj. Slope=0.0243).

The unadjusted Model 3 analysis showed the mean levels of cholesterol-HDL ratio to be
significantly different between the high Ranch Hand category and the Comparison group
(Table 13-29(¢): p=0.004). In addition, the unadjusted analysis detected a marginally
significant difference between the low plus high Ranch Hand category and the Comparison
group (Table 13-29(e): p=0.073). The mean levels of cholesterol-HDL ratio, adjusted for
percent body fat at the time of duty in SEA and the change in percent body fat from the time
of duty in SEA to the date of the blood draw for dioxin, for the high and low plus high
Ranch Hand categories and the Comparison group were 5.55, 5.40, and 5.25 respectively.

Categorized dioxin-by-current alcohol use was a significant interaction in the adjusted
Model 3 analysis (Table 13-29(f): p=0.031). The final model also included race and
occupation. Appendix Table 1-2-20 displays adjusted results stratified by current alcohol use.
The adjusted Model 3 analysis did not detect a significant difference between any of the
Ranch Hand categories and the Comparison group when the categorized dioxin-by-current
alcohol use interaction was removed from the final model (Table 13-29(f): p>0.17 for all
contrasts).
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Table 13-29.
Analysis of Cholesterol-HDL Ratio
(Continuous)

Ranch Hand

Comparison 1,241 5.25

Officer Ranch Hand 353 5.07 0.06 -- 0.569
Comparison 491 5.01

Enlisted Flyer Ranch Hand 158 5.38 -0.15 -- 0.366
Comparison 193 5.53

Entisted Groundcrew Ranch Hand 414 5.48 0.11 -- 0.274
Comparison 557 5.36

All Ranch Hand 915
Comparison 1,224 5.03 OCC (p<0.001)
Officer Ranch Hand 353  4.82 0.08 - 0.411 ALC (p<0.001)
Comparison 485 4.74
Enlisted Flyer Ranch Hand 155 5.10 -0.20 -- 0.199
Comparison 193 5.30
Enlisted Ranch Hand 407 5.20 0.08 -- 0.383
Groundcrew  Comparison 546 5.12

2 Transformed from natural logarithm scale.

b 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 13-29. (Continued)
Analysis of Cholesterol-HDL Ratio

(Continuous)
| ¢ MODEL 2! RANCH HANDS — INITIAL DIOXIN — UNADJUSTED =
. Inial Dioxin Caegory Summary St
Initial Dioxin. -~ » _p-Value
Low 172 0.012
Medium 166 5.51 5.51
High 168 5.58 5.55

" Initial Dioxin Category Summary * || =~ Analys
S Statisties S

IOXIN — ADJUSTED _~
ults for Log, (Initial Dioxiny -~

Initial Dioxin | * = n . Mean® Remarks

Low 169 5.11%* 0.162 INIT*ALC {p=0.006)
AGE (p=0.065)

Medium 161 5.17+% RACE*IC (p=0.013)

OCC*ALC (p=0.049)

High 163 5. 19%* DRKYR*IC (p=0.033)

ALC*DC (p=0.024)

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 cholesterol-HDL ratio 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" cojumn.

** ] og, (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 I-2-20 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-29. (Continued)
Analysis of Cholesterol-HDL Ratio
(Continuous)

Comparison 1,033 5.26 . 5.25

Background RH 365 5.07 5.15 -0.10 -- (0.253
Low RH 253 5.26 5.24 0.01 - - 0.936
High RH 253 5.64 5.55 0.30 - 0.004
Low plus High RH 506  5.45 5.40 0.14 — 0.073

Dioxin Category ' ...n .. Mean e b opValwe' o Covariate Remar

Comparison 1018 5.08% DXCAT*ALC (p=0.031
| RACE (p=0.001)

Background RH 363 5.05%* 0.03 - 0.761%* OCC (p<0.001)

Low RH 250 5.07% 0.00 -+ 0,967+

High RH 249 5.21% 0.14 -+ 0.177%*

Low plus High RH 499 5.14%* 0.07 --+* 0.387%*

3 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.

** 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 1-2-20 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 13-29. (Continued)
Analysis of Cholesterol-HDL Ratio
(Continuous)

0.0312

(288) (2'93) (290) (0.0068)

5 4.89 5.29 5.73 0.049 0.0384 <0.001
(294) (294) (283) (0.0058)

64 5.15 5.31 5.41 0.226 0.0118 0.035
(293) (294) (283) (0.0056)

4 4.82%* 5.31** [ 0.069 0.0281 <0.001** CURR*DC (p=0.030)

(287)  (290) (285) (0.0069)** RACE (p=0.028)
ALC (p<0.001)

5 4.68%%  5.08+* 549+ [0.091 0.0395 <0.001%* CURR*AGE (p=0.044)
(292)  (292) (278) (0.0058)** RACE (p=0.027)
ALC (p <0.001)

6° §5.16%% 5. 31%¥ 5.36%* '] 0.283 0.0094 0.093%* CURR*DC (p=0.005)
(291) (292) {278) (0.0056)** ALC (p<0.001)

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 cholesterol-HDL ratio versus fog, (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 (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 1-2-20 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.

13-150



Without occupation, the adjusted resulits paralleled the unadjusted results. The adjusted
Model 3 analysis detected a significant difference between the high Ranch Hand category and
the Comparison group and a marginally significant difference between the low plus high
Ranch Hand category and the Comparison group (Appendix Table I-3-19(b): p=0.006 and
p=0.078 respectively).

. The unadjusted analyses for Models 4 through 6 revealed a highly significant positive
~ association between HDL cholesterol ratio and current dioxin (Table 13-29(g): p<0.001,
Est. Slope=0.0312; p<0.001, Est. Slope=0.0384; and p=0.035, Est. Slope=0.0118 for

Models 4, 5, and 6 respectively). :

The adjusted analyses for Models 4 and 6 contained a significant interaction between
current dioxin and degreasing chemical exposure (Table 13-29(h): p=0.030 and p=0.005
respectively). Current dioxin-by-age was a significant interaction in the adjusted Model 5
analysis (Table 13-29(h): p=0.044). In addition to the current dioxin-by-covariate
interactions mentioned above, Models 4 and 5 included race and current alcohol use, whereas
Model 6 contained only current alcohol use. Appendix Table I-2-20 presents results
stratified by degreasing chemical exposure for Models 4 and 6 and stratified by age for
Model 5. After excluding the current dioxin-by-covariate interactions, the results of the
adjusted analyses for models 4 and 5 supported the unadjusted findings. There were highly
significant positive associations between the HDL-cholesterol ratio and lipid-adjusted current
dioxin in Model 4 (Table 13-29(h): p<0.001, Adj. Slope=0.0281), and between the HDL-
cholesterol ratio and whole-weight current dioxin in Model 5 (p<0.001, Adj.
Slope=0.0395). Forcing total lipids into the adjusted Model 6 analysis caused the
association between the HDL-cholesterol ratio and whole-weight dioxin to become marginally
significant (p=0.093, Adj. Slope=0.0094). This resulted from the strong correlation
between total lipids and the HDL-cholesterol ratio.

Cholesterol-HDL Ratio (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of individuals with high cholesterol-HDL ratios (Table
13-30(a,b): p>0.28 for all contrasts). The adjusted model contained age, occupation, race,
and current alcohol use.

The unadjusted Model 2 analysis detected a marginally significant positive association
between cholesterol-HDL ratio and initial dioxin (Table 13-30(c): p=0.081, Est. RR=1.13,
95% C.1.=[0.98, 1.30]). In contrast with the unadjusted analysis, the adjusted Model 2
analysis did not show a significant association between cholesterol-HDL ratio and initial
dioxin (Table 13-30(d): p=0.547). The final model contained age, occupation, current
alcohol use, and two significant covariate-by-covariate interactions: race-by-industrial
chemical exposure and race-by-degreasing chemical exposure.

The unadjusted Model 3 analysis revealed a significant difference between the high
Ranch Hand category and the Comparison group in the percentage of participants with
elevated cholesterol-HDL ratios (Table 13-30(e): p=0.009, Est. RR=1.49, 95% C.I.=[1.11,
2.00]). The unadjusted analysis also detected a marginally significant difference between the
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Table 13-30.
Analysis of Cholesterol-HDI. Ratio
(Discrete)

All Ranch Hand 925 59.0 1.10 (0.93,1.31) 0.287

Comparison 1,241 56.6

Officer Ranch Hand 353 51.0 1.08 (0.82,1.42) 0.633
Comparison 491 49.1

Enlisted Flyer Ranch Hand 158 63.9 0.96 (0.62,1.50) 0.959
Comparison 193 64.8

Enlisted Groundcrew Ranch Hand - 414 . 64.0 1.16 (0.89,1.51) 0.295
Comparison 557 60.5

1.07 (0.90,1.28) 0.435 AGE (p=0.096)

_ : RACE (p=0.001)

1.10 (0.83,1.44) 7 0.520 0CC (p<0.001)

Enlisted Flyer 0.90 (0.57,1.40) 0.637 ALC (p<0.001)
Enlisted Groundcrew 1.12 (0.86,1.47) 0.400

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-30. (Continued)

Analysis of Cholesterol-HDL Ratio
(Discrete)

Low 172 56.4 1.13 (0.98,1.30) 0.081

‘Medium 166 68.7
High 168 64.9

499 1.05 (0.89,1.25) 0.547 AGE (p=0.094)
0CC (p=0.128)

ALC (p<0.001)

RACE*IC (p=0.006)
RACE*DC (p=0.033)

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 covatiates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-30. (Continued)
Analysis of Cholesterol-HDL Ratio
(Discrete)

Comparison 1,033 57.1

Background RH 365 52.9 0.93 (0.73,1.18) 0.543
Low RH 253 58.5 1.04 (0.79,1.39) 0.769
High RH 253 68.0 ' 1.49 (1.15,2.,00) 0.009
Low plus High RH 506 63.2 1.24 (0.99,1.55) 0.060

Comparison 1,018 ' ' RACE (p=0.012)
0CC (p<0.001)
DC (p=0.137)
Background RH 363 1.03 (0.80,1.33)  0.803 ALC (r<0.001)
Low RH 250  1.02(0.76,1.37)  0.882
High RH 249 1.22(0.89,1.66)  0.216
Low plus High RH 499  1.11(0.88,1.39)  0.381

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" 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 13-30. (Continued)
Analysis of Cholesterol-HDL Ratio
(Discrete)

MODELS 4, 5, AND 6: RAN

1.18 (1.08,1.30)

(288) (293) (290)

5 47.6 58.8 70.7 1.24 (1.14,1.35) <0.001
(294) (294) (283)

6° 47.8 58.8 70.7 1.06 (0.96,1.16) 0.261
(293) (294) (283)

4 862 1.15 (1.04,1.27) 0.006 RACE (p=0.115)
DC (p=0.007)
ALC (p<0.001)

5 862 1.23 (1.12,1.34) <0.001 IC (p=0.135)
DC (p=0.008)
ALC (p<0.001)

6 861 1.02 (0.93,1.13) 0.672 DC (p=0.022)
ALC (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 twofoid 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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low plus high Ranch Hand category and the Comparison group (Table 13-30(e): p=0.060,
Est. RR=1.24, 95% C.1.=[0.99, 1.55]). 'The percentages of cholesterol-HDL ratio
abnormalities for the high Ranch Hands, low plus high Ranch Hands, and the Comparison
group were 68.0 percent, 63.2 percent, and 57.1 percent respectively.

After covariate adjustment, the Model 3 analysis no longer showed any of the Ranch
Hand categories to be significantly different from the Comparison group (Table 13-30(f):
p>0.21 for all contrasts). The final model contained occupation, race, degreasing chemical
exposure, and current alcohol use.

Removing occupation from the final model produced a change in the adjusted results.
Without occupation, the adjusted Model 3 analysis revealed a significant difference between
the high Ranch Hand category and Comparison group (Appendix Table 1-3-20(b): p=0.030,
Adj. RR=1.40, 95% C.1.=[1.03, 1.89]).

The unadjusted analyses for Models 4 and 5 revealed a significant positive association
between cholesterol-HDL ratio and current dioxin (Table 13-30(g): p<0.001, Est.
RR=1.18, 95% C.I.=[1.08, 1.30]; p<0.001, Est. RR=1.24, 95% C.1.=[1.14, 1.35]).
The unadjusted Model 6 analysis revealed no significant association (Table 13-30(g):
p=0.261).

The adjusted results for Models 4 through 6 paralleled the unadjusted results. After
covariate adjustment, the analysis of Models 4 and 5 revealed a significant association
between cholesterol-HDL and current dioxin (Table 13-30(h): p=0.006, Adj. RR=1.15,

95% C.I.=[1.04, 1.27]; p<0.001, Adj. RR=1.23, 95% C.I.=[1.12, 1.34]). The adjusted
Model 6 analysis did not reveal a significant association (Table 13-30¢h): p=0.672). Each of
the adjusted models contained degreasing chemical exposure and current alcohol use. Race
was also significant in Model 4, and industrial chemical exposure was significant in Model 5.

Triglycerides (Continuous)

The unadjusted Model 1 analysis did not show a significant overall group difference in
the mean levels of triglycerides (Table 13-31(a): p=0.389). Stratifying the unadjusted
analysis by occupation revealed marginally significant group differences within the officer
and enlisted flyer strata (Table 13-31(a): p=0.058 and p=0.074 respectively). Within the
officer stratum, the mean level of triglycerides was higher for the Ranch Hands than the
Comparisons (144.96 mg/dl vs. 134.52 mg/dl). However, the Ranch Hands had a lower
mean triglyceride level in the enlisted flyer stratum (145.32 mg/dl vs. 162.09 mg/dl).

Group-by-occupation was a significant covariate in the adjusted Model 1 analysis (Table
13-31(b): p=0.027). The final model also contained race and the age-by-lifetime alcohol
history interaction. The adjusted analysis did not detect a significant overall group difference
when the group-by-occupation interaction was removed from the final model (Table 13-31(b):
p=0.362). For the stratified analysis, the group difference for the officers became
significant (Table 13-31(b): p=0.039), and the enlisted flyer group contrast remained
marginally significant (Table 13-31(b): p=0.062).
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Table 13-31.
Analysis of Triglycerides (mg/dl)
(Continuous)

All
Officer

Enlisted Flyer

Enlisted Groundcrew

Ranch Hand
Comparison

Ranch Hand
Comparison

Ranch Hand
Comparison

Ranch Hand
Compatison

939
1,253

361
495

162
196

416
562

147.42
144.38

144.96
134.52
145.32
162.09

150.43
147.58

3.04 -

0.389

10.44 -- 0.058
-16.76 - 0.074
2.85 -- 0.587

Officer

Enlisted Flyer

Enlisted
Groundcrew

Ranch Hand

Comparison

Ranch Hand
Comparison

Ranch Hand
Comparison

Ranch Hand
Comparison

917 131.89%*
1,232 129.01%*
357 125.96%* 9.67 --**
487 116.29%*
156 128.58%* 215,12 -k
195 143.70%*
404 135.38%* 2.76 --**
550 132.62%*

0.362%*

0.039**

0.062**

0.572**

GROUP*OCC (p=0.027)
RACE (p <0.001)
AGE*DRKYR (p=0.039)

3 Transformed from natural logarithm scale.

b 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.

** 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
1-2-21 for further analysis of this interaction.

13-157



Table 13-31. (Continued)
Analysis of Triglycerides (mg/dl)
(Continuous)

Low 173 146.18 0.033 0.0366 (0.0190) 0.055

Medium 170 164.69
High 172 160.85

Low 173 128.27%* 0.065  0.0403 (0.0218)** 0.065** INIT*OCC (p=0.031)
Medium 170 144.14%* RACE (p=0.003)
High 172 141.84%*

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 triglycerides 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 (0.0 <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 I-2-21 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-31. (Continued)
Analysis of Triglycerides (mg/dl)
(Continuous)

| ¢) MODEL 3; RANCH HANDS AND CO

Comparison 1,043 145.90

Background RH 369 134.41 139.43 -6.26 -- 0.188
Low RH 257 147.66 145.96 0.27 -- 0.962
High RH 258 166.86 161.08 15.39 -- 0.008
Low plus High RH 515 156.99 153.33 7.64 - | 0.083

Comparison 1,025 130.78 RACE (p<0.001)

OCC (p=0.013)
Background RH 362 127.25 3.53 - 0423 | AGE*DREYR (p=0.013)
Low RH 251 132.05 127 - 0.802
High RH 251 142.50 11.72 - 0.031
Low plus High RH 502 137.17 ’ 6.39 -- 0.112

a 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 fogarithm 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 13-31. (Continued)
Analysis of Triglycerides (mg/dl)
(Continuous)

(290) (298) (296) (0.0130)

5 123.83 145.27 177.21 0.066 0.0888 <0.001
(294) 297) (293) (0.0109)

6 141.65 147.20 152.67 0.380 0.0196 0.041
(293) (297) (293) (0.0096) :

4 | 114.92%% 127.79%+ 151.18%*
(290) (298) (296)

<0.001** CURR*OCC (p=0.035)
RACE (p=0.002)

0.0729
(0.0149)**

5 106.25%% 128.43%* 164.67** || 0.116 0.1049

<0.001** CURR*QCC (p<0.001)
(290) (290) (284) (0.0124)**

CURR*DRKYR (p=0.027)
RACE (p=0.002)
AGE*DRKYR (p=0.031)

6° 128.58%*% 136.68+* 145.26** | 0.401 0.0298

_ 0.007** CURR*OCC (p=0.041)
(289) (290) (284) (0.0110)**

CURR*DRKYR (p=0.035)
RACE (p=0.024)
ALC (p=0.099)

a 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 triglycerides versus log, (current dioxin + 1).
P g 2

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 interactions (p=0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table 1-2-21
for further analysis of these interactions. '

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 unadjusted Model 2 resuits showed a marginally significant positive association
between triglycerides and initial dioxin (Table 13-31(c): p=0.055, Est. Slope=0.0366). The
adjusted analysis of Model 2 contained a significant interaction between initial dioxin and
occupation (Table 13-31(d): p=0.031). Appendix Table I-2-21 displays adjusted results
stratified by occupation. The final model also included race. The association between
triglycerides and initial dioxin remained marginally significant after the initial dioxin-by-
occupation interaction was removed from the adjusted analysis (Table 13-31(d): p=0.065,
Adj. Slope=0.0403). ' '

The unadjusted Model 3 analysis showed a significant difference between the high
Ranch Hands and Comparisons and a marginally significant difference between the low plus
high Ranch Hands and Comparisons (Table 13-31(¢): p=0.008 and p=0.083 respectively).
The mean levels of triglycerides, adjusted for percent body fat at the time of duty in SEA
and the change in percent body fat from the time of duty in SEA to the date of the blood
draw for dioxin, for the high Ranch Hands, low plus high Ranch Hand category, and the
Comparison group were 161.08 mg/dl, 153.33 mg/dl, and 145.69 mg/dl respectively.

After adjusting for race, occupation, and the age-by-lifetime alcohol history interaction,
the adjusted analysis detected a significant difference between the high Ranch Hand category
and the Comparison group (Table 13-31(f): p=0.031). The contrast between the low plus
high Ranch Hand category and the Comparison group became nonsignificant (p=0.112).
After deletion of occupation from the final model, the contrast between the low plus high
Ranch Hand category and the Comparison group became significant (Appendix Table
1-3-21(b): p=0.040).

Each of the unadjusted analyses for Models 4 through 6 revealed a significant
association between triglycerides and current dioxin (Table 13-31(g): p<0.001, Est.
Slope=0.0649; p<0.001, Est. Slope=0.0888; and p=0.041, Est. Slope=0.0196 for Models
4, 5, and 6 respectively).

The interaction between current dioxin and occupation was significant in each of the
adjusted analyses of Models 4, 5, and 6 (Table 13-31¢h): p=0.035, p<0.001, and p=0.041
respectively). The current dioxin-by-lifetime alcohol history interaction also was significant
in Models 5 and 6 (Table 13-31(h): p=0.027 and p=0.035 for Models 4 and 5). Appendix
Table I-2-21 presents adjusted results stratified by occupation and lifetime alcohol history. In
addition to the current dioxin-by-covariate interactions, Model 4 included race; Model 5
contained race and the age-by-lifetime alcohol history interaction; and Model 6 included race
and current alcohol use. Without the current dioxin-by-covariate interactions, the adjusted
analyses detected a significant positive association between triglycerides and current dioxin
(Table 13-13(h): p<0.001, Adj. Slope=0.0729; p<0.001, Adj. Slope=0.1049; and
p=0.007, Adj. Slope=0.0298 for Models 4, 5, and 6 respectively).

Triglycerides (Discrete)
The unadjusted Model 1 analysis did not reveal a significant overall group difference in
the percentage of individuals having high triglyceride levels (Table 13-32(a): p=0.179).

Stratifying the analysis by occupation revealed a marginally significant group difference
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within the officer stratum (Table 13-32(a): p=0.063, Est. RR=1.58, 95% C.1.=[1.00,
2.50]). For the officers, the percentage of triglyceride abnormalities was higher for the
Ranch Hands than for the Comparisons (11.9% vs. 7.9%).

After adjusting for age, race, and industrial chemical exposure, the Model 1 analysis did .
not reveal a significant overall group difference (Table 13-32(b): p=0.162). However, the
group contrast within the officer stratum became significant (Table 13-32(b): p=0.050, Adj.
RR=1.58, 95% C.1.=[1.00, 2.49]). ' '

The unadjusted and adjusted Model 2 analyses did not show a significant association
between triglycerides and initial dioxin (Table 13-32(c,d): p>0.15 for both analyses). Race
and degreasing chemical exposure were significant in the adjusted analysis.

The unadjusted Model 3 analysis revealed a marginally significant difference between
the high Ranch Hand category and the Comparison group (Table 13-32(¢): p=0.071, Est.
RR=1.46, 95% C.I.=[0.97, 2.19]). Ranch Hands had a higher percentage of individuals
with high triglyceride levels than Comparisons (14.7% vs. 9.7%).

Adjusting for age and race caused the contrast between the high Ranch Hands and the
Comparison group to become significant (Table 13-32(f): p=0.036, Adj. RR=1.56, 95%
C.1.=[1:03, 2.36]). The adjusted Model 3 analysis did not reveal any other significant
contrasts involving the Comparisons. '

The unadjusted results for Models 4 and 5 revealed a significant positive association
between triglycerides and current dioxin (Table 13-32(g): p=0.013, Est. RR=1.19, 95%
C.1.=[1.04, 1.37] and p<0.001, Est. RR=1.35, 95% C.I1.=[1.19, 1.53] for Models 4 and
5 respectively). The unadjusted Model 6 analysis did not reveal a significant association
(Table 13-32(g): p=0.949).

The adjusted analyses of Models 4 and 5 revealed a significant positive association
between triglycerides and current dioxin (Table 13-32(h): p=0.002, Adj. RR=1.32, 95%
C.I.=[1.11, 1.57] and p<0.001, Adj. RR=1.60, 95% C.I.=[1.35, 1.90]), but the adjusted
Model 6 analysis did not show a significant association (Table 13-32(h): p=0.293). The
analyses of Models 4 and 5 contained occupation and race, whereas the adjusted Model 6
analysis contained the occupation-by-degreasing chemical exposure interaction.

Creatine Kinase (Continuous)

The unadjusted Model 1 analysis did not show a significant group difference in the
mean levels of creatine kinase (Table 13-33(a): p>0.14 for all contrasts). The adjusted
Mode] 1 analysis contained a significant interaction between group and race. Appendix
Table I-2-22 presents the adjusted results stratified by race. The adjusted analysis also
includes five covariate-by-covariate interactions: age-by-lifetime alcohol history, current _
alcohol use-by-degreasing chemical exposure, current alcohol use-by-lifetime alcohol history,
current alcohol use-by-industrial chemical exposure, and race-by-lifetime alcohol history.
The adjusted analysis did not reveal a significant group difference after removing the group-
by-race interaction from the final model (Table 13-33(b): p>0.29 for all contrasts).
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Table 13-32.
Analysis of Triglycerides
(Discrete)

All Ranch Hand 939 11.2 1.22 (0.93,1.61) 0.179
Comparison 1,253 9.3

Officer Ranch Hand 361 11.9 1.58 (1.00,2.50) 0.063
Comparison 495 7.9

Enlisted Flyer Ranch Hand 162 13.6 1.24 (0.66,2.34) 0.607
Comparison 196 11.2

Enlisted Groundcrew Ranch Hand 416 9.6 0.96 (0.63,1.47) 0.942
Comparison 562 10.0

All 1,22 (0.92,1.61) 0.162 AGE (p=0.046)

' RACE (p=0.013)
Officer 1.58 (1.00,2.49) 0.050 IC (p=0.125)
Enlisted Flyer 1.21 (0.64,2.29) 0.549 '
Enlisted Groundcrew 0.97 (0.63,1.48) 0.877

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-32. (Continued)
Analysis of Triglycerides
(Discrete)

Low 173 9.2 _ 1.13 (0.93,1.37) 0.211
Medium 170 16.5
High 172 12.8

n Relative Risk (9 iate Remarks
515 1.15 (0.95,1.40) 0.156 RACE (p=0.067)
DC (p=0.079)

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 13-32. (Continued)
Analysis of Triglycerides
(Discrete)

Comparison 1,043 9.7

Background RH 369 8.9 1.04 (0.68,1.58) 0.862
Low RH 257 10.9 1.19 (0.70,1.72) 0.685
High RH 258 14.7 1.46 (0.97,2.19) ' 0.071
Low plus High RH 515 12.8 1.28 (0.91,1.78) . 0.152

Comparison 1,043 ' AGE (p=0.018)
RACE (p=0.016)

Background RH 369 0.99 (0.65,1.50)  0.959

Low RH 257 1.07 (0.68,1.69)  0.759

High RH 258 1.56 (1.03,2.36)  0.036

Low plus High RH 515 1.31 (0.93,1.83) 0.121

3 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 daty
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 13-32. (Continued)
Analysis of Triglycerides
(Discrete)

4 8.3 10.4 14.9 1.19 (1.04,1.37) 0.013
(290) (298) (296)

5 5.8 10.1 17.7 1.35 (1.19,1.53) <0.001
(294) (297) (293)

6° 5.8 10.1 17.7 1.01 (0.86,1.17) 0.949
(293) 97 (293)

4 884 1.32 (1.11,1.57) 0.002 RACE (p=0.030)
OCC (p=0.088)

5 884 1.60 (1.35,1.90) <0.001 RACE (p=0.056)
OCC (p=0.001)

6 883 1.1 (0.92,1.33) 0.293 OCC*DC (p=0.049)

a 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 13-33.
Analysis of Creatine Kinase (U/L)
(Continuous) '

All Ranch Hand 128.05 -1.25 -- . 0.679

Comparison 129.31

Officer Ranch Hand 127.61 2.88 - 0.535
Comparison 124.74

Enlisted Flyer Ranch Hand 162 i17.32 -10.20 -- 0.146
Comparison 196 127.51

Enlisted Groundcrew Ranch Hand 416 132.89 -1.23 -- 0.799
Comparison 562 134,12

Ranch Hand 917 168.64%* -1.08 —-** 0.780*%*| GROUP*RACE (p <0.001)
Comparison 1,232 169.72** ' AGE*DRKYR (p=0.017)
Officer Ranch Hand 357 175.20%% 4,62 —** 0.464%x| ALC*DC (9=0.022)
Comparison 487 170.67+ ALC*DRKYR (p=0.038)
_ ALC*IC (p=0.021)
Enlisted Fiyer Ranch Hand 156 158.25%* -9.52 ¥ 0.299*%*| RACE*DRKYR (p=0.037)
Comparison 195 167.76**
Enlisted Ranch Hand 404 167.41** -2.53 --¥# 0.663%*
Groundcrew  Comparison 550 168.93%*

2 Transformed from natural logarithm scale.

b 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 (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
1-2-22 for further analysis of this interaction.
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Table 13-33. (Continued)
Analysis of Creatine Kinase (U/L)
(Continuous)

0.032 0.0114 (0.0173) 0.512

Medium 170 125.22 125.65
High 172 139.43 137.45

Low 170 156.53 0.124  0.0217 (0.0167) 0.196 RACE*DRKYR (p<0.001)

Medium 165 153.93
High 167 169.59

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 creatine kinase 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 13-33. (Continued)
Analysis of Creatine Kinase (U/L)
(Continuous)

Comparison 1,043 128.46 128.30

Background RH 369 123.12 126.97 -1.33 -- 0.750
Low RH 257 129.04 127.95 -0.35 -- 0.941
High RH 258 133.17 129.17 0.87 -- 0.857
Low plus High RH 515 131.09 128.56 0.26 -- 0.945

Comparison 1,025 170.02**

DXCAT*DRKYR (p=0.020)
; AGE (p=0.002)
Back d RH 362 64%% -1.38 --** B01*+*
ackgroun 62 168 - -1.3 0.801 OCC*DRKYR (p=0.039)
Low RH 251 167.25%* _ 277 %% 0.650** | RACE*DRKYR (p=0.049)
High RH 251 172.64%* 2.61 --** 0.684%*
Low plus High RH 502 169.92%* -0.10 —** : 0.983%*

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,

#* Categorized dioxin-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 1-2-22
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 13-33. (Continued)
Analysis of Creatine Kinase (U/L)
(Continuous)

4 121.20 129.41 132.63 0.006 - 0.0278 0.01’777 .

(250) (298) (296) (0.0116)

5 120.67 131.43 131.27 0.007 0.0253 . 0.011
(294) (297) (293) (0.0100)

64 121.11 131.44 131.23 0.006 0.0237 0.027
(293) (297) (293) (0.0107)

4 135.67 146.74 154.76 | 0.089 0.0392 0.003 AGE (p=0.139)
(287) (290) (287) (0.0130) DC (p=0.133)

RACE*OCC (p=0.033)
RACE*DRKYR (p<0.001)

5 13629 148.17 15320 [[0.090  0.0350 0.002 AGE (p=0.122)
(290) (290 (284) (0.0110) DC (p=0.124)
RACE*OCC (p=0.035)
RACE*DRKYR (p<0.001)

6 |137.18 14832 15279 {0.088  0.0324 0.006 AGE (p=0.127)
289)  (290)  (284) (0.0119) DC (p=0.131)
RACE*OCC (p=0.034)
RACE*DRKYR (p <0.001)

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 creatine kinase 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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The unadjusted and adjusted Model 2 analyses did not show a significant association
between creatine kinase and initial dioxin (Table 13-33(c,d): p>0.19 for both analyses).
The adjusted analysis contained the race-by-lifetime alcohol history interaction.

Displayed in Table 13-33(g), the unadjusted Model 3 analysis of creatine kinase did not
show a significant difference between any of the Ranch Hand categories and the Comparison
group (Table 13-33(e): p>0.75). Categorized dioxin-by-race and categorized dioxin-by-
lifetime alcohol history were significant interactions in the adjusted Model 3 analysis (Table
13-33(f): p=0.013 and p=0.020 respectively). Appendix Table 1-2-22 presents adjusted
results stratified separately by race and lifetime alcohol history. The final model also ’
contained age and two covariate-by-covariate interactions: occupation-by-lifetime alcohol
history and race-by-lifetime alcohol history. The adjusted analysis did not show any of the
Ranch Hand categories to be significantly different from the Comparison group when the two
categorized dioxin-by-covariate interactions were removed from the final model (Table
13-33(f): p>0.65 for all contrasts).

Each of the unadjusted analyses for Models 4 through 6 detected a significant positive
association between creatine kinase and current dioxin (Table 13-33(g): p=0.017, Est.
Slope=0.0278; p=0.011, Est. Slope=0.0253; and p=0.027, Est. Slope=0.0237 for Models
4, 5, and 6 respectively). Similar to the unadjusted analyses, the adjusted analyses for
Models 4 through 6 revealed a significant positive association between creatine kinase and
current dioxin (Table 13-33(h): p=0.003, Adj. Slope=0.0392; p=0.002, Adj.
Slope=0.0350; and p=0.006, Adj. Slope=0.0324 for Models 4, 5, and 6 respectively).
Each of the adjusted analyses contained age, degreasing chemical exposure and two
covariate-by-covariate interactions, race-by-occupation and race-by-lifetime alcohol history.

Creatine Kinase (Discrete)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
percentage of participants with high creatine kinase levels (Table 13-34(a): p>0.38 for all
contrasts). The adjusted analysis contained a significant group-by-race interaction (Table
13-34(b): p=0.005). Appendix Table 1-2-23 presents the adjusted results stratified by race.
The race-by-current alcohol use and current alcohol use-by-degreasing chemical exposure
interactions were significant in the final model. The adjusted analysis did not reveal a
significant group difference when the group-by-race interaction was removed from the Model
1 analysis (Table 13-34(b): p>0.30 for all analyses).

The unadjusted and adjusted Model 2 analyses did not show a significant association
between creatine kinase and initial dioxin (Table 13-34(c): p>0.51 for both analyses). The
adjusted analysis contained three covariate-by-covariate interactions: occupation-by-current
alcohol use, age-by-lifetime alcohol history, and race-by-lifetime alcohol history.

The unadjusted Model 3 results did not show any of the Ranch Hand categories to be
significantly different from the Comparison group (Table 13-34(e): p>>0.81 for all contrasts).
Categorized dioxin-by-race and categorized dioxin-by-lifetime alcohol history were significant
interactions in the adjusted Model 3 analysis (Table 13-34(f): p=0.006 and p=0.004
respectively). Appendix Table I-2-23 displays adjusted results stratified separately by race
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Table 13-34.
Analysis of Creatine Kinase
(Discrete)

All Ranch Hand - 939 14.1 1.02 (0.80,1.30) 0.916

Comparison 1,253 13.8

Officer Ranch Hand 361 13.9 1.21 (0.81,1.82) 0.410
Comparison 495 11.7 )

Enlisted Flyer Ranch Hand 162 11.1 0.72 (0.38,1.35) 0.384
Comparison 196 14.8

Enlisted Groundcrew Ranch Hand 416 15.4 1.01 (0.71,1.43) 0.999
Comparison 562 15.3

All 1.02 (0.79,1,32)** 0.871%* GROUP*RACE (p=0.005)
RACE*ALC (p<0.001)
sk ek
Officer 1.24 (0.82,1.89) 0.308 ALC*DC (p=0.002)
Enlisted Flyer 0.74 (0.38,1.45)** 0.384**
Enlisted Groundcrew 0.97 (0.67,1.41)** 0.878%*

2 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 1-2-23 for further analysis of
this interaction.
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Table 13-34. (Continued)
Analysis of Creatine Kinase
(Discrete)

Low 173 13.3 1.01 (0.84,1.21) 0.914

Medium 170 12.4
High 172 18.0

502 1.08 (0.85,1.37) : 0.519

OCC*ALC (p=0.019)
AGE*DRKYR (p<0.001)
RACE*DRKYR (p<0.001)

a 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 13-34. (Continued)
Analysis of Creatine Kinase
(Discrete)

Comparison 1,043 13.6

Background RH 369 12.5 1.04 (0.72,1.49) 0.845
Low RH 257 13.6 0.95 (0.64,1.43) 0.818
High RH 258 15.5 1.04 (0.70,1.53) 0.851
Low plus High RH 515 14.6 1.00 (0.73,1.36) 0.982

Comparison 1,025 DXCAT*RACE (p=0.006)
DXCAT*DRKYR (p=0.004)
OCC*DRKYR (p=0.003)

s () 835%F
Background RH 362 1.04 (0.70,1.54) 0.835 RACE*ALC (p=0.002)
Low RH 251 0.84 (0.54,1.30)%% 0.425%* IC*ALC (p=0.037)
High RH 251  1.19(0.78,1.83)** 0.417** DC*ALC (p=0.002)

Low plus High RH 502 1.00 (0.72,1.39)** = 0.997**

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” 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 1-2-23 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 13-34. (Continued)
Analysis of Creatine Kinase
(Discrete)

4 12.4 134 15.2 1.08 (0.95,1.23) 0.254

(290) (298) (296)

5 11.9 14.5 14.7 1.06 (0.95,1.19) 0.305
(254) (297) (293)

6° 11.9 14.5 14.7 1.07 (0.95,1.21) 0.248
(293) 297) (293)

4 864 1.16 (0.99,1.37) 0.070 OCC*ALC (p=0.022)
RACE*DRKYR (p=0.003)
AGE*DRKYR (p=0.001)

5 864 1.13 (0.98,1.30) 0.097 OCC*ALC (p=0.023)
: RACE*DRKYR (p=0.004)
AGE*DRKYR (p=0.001)

6 863 1.14 (0.98,1.33) 0.090 OCC*ALC (p=0.022)
RACE*DRKYR (p=0.003)
AGE*DRKYR (p=0.002)

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

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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and lifetime alcohol history. The adjusted analysis also contained four covariate-by-covariate
interactions: occupation-by-lifetime aicohol history, race-by-current alcohol use, industrial
chemical exposure-by-current alcohol use, and degreasing chemical exposure-by-current
alcohol use. The adjusted Model 3 analysis did not show a significant difference between
any of the Ranch Hand categories and the Comparison group after the categorized dioxin-by-
covariate interactions were removed from the final model (Table 13-34(f): p>0.41 for all
contrasts).

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between creatine kinase and current dioxin (Table 13-34: p>0.24 for all analyses). In
contrast to the unadjusted analyses, the adjusted analyses for Models 4 through 6 detected
marginally significant positive associations between creatine kinase and current dioxin (Table
13-34(h); p=0.070, Adj. RR=1.16, 95% C.I.=[0.99, 1.37]; p=0.097, Adj. RR=1.13,
95% C.1.=[0.98, 1.30]; and p=0.090, Adj. RR=1.14, 95% C.I.=[0.98, 1.33] for Models
4, 5, and 6 respectively). Each of the final models contained three covariate-by-covariate
interactions: occupation-by-current alcohol use, race-by-lifetime alcohol history, and age-by-
lifetime alcohol history.

Removing occupation from the analyses of Models 4 through 6 changed the adjusted
results. Without occupation, the adjusted analyses did not show a significant association
between creatine kinase and current dioxin (Appendix Table 1-3-24(c): p>0.28 for all
analyses).

Serum Amylase (Continuous)

The unadjusted Model 1 analysis did not show a significant group difference in the
mean levels of serum amylase (Table 13-35(a): p>>0.10 for all contrasts). After adjusting
for age and three covariate-by-covariate interactions (race-by-degreasing chemical exposure,
- current alcohol use-by-occupation, and current alcohol use-by-industrial chemical exposure),
the adjusted analysis did not detect a significant overall group difference (Table 13-35(b):
p=0.895). However, stratifying the adjusted analysis by occupation revealed a marginally
significant group difference within the officer stratum (Table 13-35(b): p=0.058). For the
officers, the adjusted mean level of serum amylase was lower for Ranch Hands than
Comparisons (81.74 U/L vs. 85.58 U/L).

The results from the unadjusted Model 2 analysis revealed a significant inverse
association between serum amylase and initial dioxin (Table 13-35(c): p=0.014, Est.
Slope=-0.0290). After covariate adjustment, the Model 2 analysis also detected a significant
inverse association between serum amylase and initial dioxin (Table 13-35(d): p=0.027, Adj.
Slope=-0.0273). The final model contained current alcohol use and two covariate-by-
covariate interactions: age-by-degreasing chemical exposure and race-by-lifetime alcohol
history. :

The unadjusted Model 3 analysis revealed a marginally significant difference between
the low Ranch Hands and the Comparison group (Table 13-35(¢): p=0.092). The mean
levels of serum amylase, adjusted for percent body fat at the time of duty in SEA and the
change in percent of body fat from the time of duty in SEA to the date of the blood draw for
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Table 13-35.
Analysis of Serum Amylase (U/L)
(Continuous)

All Ranch Hand 939 73.27 -0.30 — 0.791

Comparison 1,253 73.57

Officer Ranch Hand 361 72.08 -2.93 - 0.109
Comparison 495 75.01

Enlisted Flyer Ranch Hand 162 73.89 2.22 - 0.39%4
Comparison 196 71.67

Enlisted Groundcrew Ranch Hand 416 74.07 1.08 -- 0.528
Comparison 562 72.99

All Ranch Hand 929  82.89 -0.17 -- 0.895 AGE (p<0.001)
Comparison 1,235 83.05 RACE*DC (p=0.033)
Officer Ranch Hand 361  81.74 3.84 - 0.058 Akfé%?é‘i?%ﬂi”
Comparison 488  85.58 : =0.043)
Enlisted Fiver Ranch Hand 159 - 82.86 2.05-- 0.503
Comparison 196 80.81
Enlisted Ranch Hand 409 84.79 2.25 -- 0.238
Groundcrew  Comparison 551 82.54

2 Transformed from natural logarithm scale.

b 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 13-35. (Continued)
Analysis of Serum Amylase (U/L)
(Continuous)

Low 173 77.45 76.76 0.058 -0.0290 (0.0118) 0.014
Medium 170 71.43 71.20
High 172 70.12 70.99

Low 170 84.74 0.132  -0.0273 (0.0123) 0.027 ALC (p=0.024)

: : o AGE*DC (p=0.036)
Medium 165 78.98 RACE*DRKYR (p=0.011)
High 167 79.36

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 amylase 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 13-35. (Continued)
Analysis of Serum Amylase (U/L)
(Continuous)

Comparison 1,043 73.57 73.63

Background RH 369 73.36 71.73 -1.90 -- 0.223
Low RH 257 76.11 76.74 3.11 -- 0.092
High RH ' 258 69.93 71.39 -2.24 - 0.208
Low plus High RH 515 72.95 74.02 0.39 -- 0.783

Comparison 1,027 81.69 ‘ RACE (p<0.001)

ALC (p=0.004)
y _ AGE*DC (p=0.047)
Background RH 367 79.25 2.44 0.162 OCCHC (p=0.037)
Low RH 254  84.37 2.69 -- 0.184
High RH 254  80.36 -1.33 -- 0.514
Low plus High RH- 508 82.34 0.65 -- 0.676

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_yalue 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 13-35. (Continued)
Analysis of Serum Amylase (U/L)
(Continuous)

Carrent Dioxi

4 74.05 * 74.46 0.005 -0.0171 0.037

(290) (298) (296) (0.0082)

5 73.77 75.23 - 70.41 0.006 -0.0164 0.019
(294) 297) (293) (0.0070)

6¢ 72.85 75.14 71.31 0.011 -0.0104 0.170
(293) (297) (293) (0.0075)

4 84.74 8330 7875 [(0.045  -0.0238 0.010 AGE (p=0.013)
(290)  (298) (296) (0.0092) RACE (p<0.001)

OCC (p=0.060)

5 8422 8384  78.16 [0.046  -0.0220 0.005 AGE (p=0.012)
294)  (297) (293) (0.0078) RACE (p<0.001)

OCC (p=0.051)

6 82.91 8346 7895 [0.049  -0.0160 0.058 AGE (p=0.008)
(293)  (297) (293) (0.0084) , RACE (p<0.001)

, OCC (p=0.072)

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 serum amylase 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 ppg; High = >128 ppq.
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dioxin, for the low Ranch Hand category and the Comparison group were 76.74 mg/dl and
73.63 mg/dl respectively. By contrast, the adjusted Model 3 analysis did not show any of
the Ranch Hand categories to be significantly different from the Comparison group (Table
13-35(f): p>0.16 for all contrasts). The final model contained race, current alcohol use,
and two covariate-by-covariate interactions: age-by-degreasing chemical exposure and
occupation-by-industrial chemical exposure.

For Models 4 and 5, the unadjusted analyses revealed a significant inverse association
between serum amylase and current dioxin (Table 13-35(g): p=0.037, Est. Slope=-0.0171
and p=0.019, Est. Slope=-0.0164 respectively). The unadjusted Model 6 analysis did not
show a significant association (Table 13-35(g): p=0.170).

The adjusted results paralleled the unadjusted results for Models 4 and 5. After
covariate adjustment, the Model 4 and 5 analyses revealed a significant inverse association
between serum amylase and current dioxin (Table 13-35(h): p=0.010, Adj. Slope=-0.0238
and p=0.005, Adj. Slope=-0.0220 respectively). In contrast to the unadjusted results, the
adjusted Model 6 analysis detected a marginally significant inverse association between serum
amylase and current dioxin (Table 13-35(h): p=0.058, Adj. Slope=-0.0160). Each of the
adjusted analyses contained age, race, and occupation.

Deleting occupation from the analyses of Models 4 through 6 produced a change in the
adjusted results. For Models 4 and 5, the adjusted analysis detected only a marginally
significant inverse association between serum amylase and current dioxin (Appendix Table
1-3-25(b): p=0.096, Adj. Slope=-0.0137 and p=0.053, Adj. Slope=-0.0136 respectively).
The adjusted Model 6 analysis without occupation did not show a significant association
between serum amylase and current dioxin (Appendix Table I-3-25(b): p=0.321).

Serum Amylase (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of participants having high serum amylase levels (Table
13-36(a,b): p>0.20 for all contrasts). The adjusted model contained age, race, and
occupation.

The results from the unadjusted Model 2 analysis did not detect a significant association
between serum amyiase and initial dioxin (Table 13-36(c): p=0.189). Initial dioxin-by-age
was a significant interaction in the adjusted Model 2 analysis (Table 13-36(c): p=0.007).
Appendix Table I-2-24 displays adjusted results stratified by age. The final model also
contained race, degreasing chemical exposure, current alcohol use, and an interaction
between occupation and age. After the initial dioxin-by-age interaction was removed from
the final model, the adjusted analysis did not find a significant association between serum
amylase and initial dioxin (p=0.558). |

The unadjusted Model 3 analysis did not show any of the Ranch Hand categories to be
significantly different from the Comparison group (Table 13-36(d): p>0.13 for all
contrasts). The interaction between categorized dioxin and race was significant in the
adjusted analysis of Model 3 (Table 13-36(f): p=0.029). Appendix Table 1-2-24 displays
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Table 13-36.
Analysis of Serum Amylase
(Discrete)

All Ranch Hand 939 6.4 0.90 (0.64,1.27) 0.618

Comparison 1,253 7.0

Officer Ranch Hand 361 6.9 0.74 (0.45,1.24) 0.310
Comparison 495 9.1

Enlisted Flyer Ranch Hand 162 3.1 1.01 (0.30,3.37) 0.699
Comparison 196 3.1

Enlisted Groundcrew Ranch Hand 416 7.2 1.10 (0.67,1.82) 0.798
Comparison. 562 6.6

All 0.90 (0.64,1.27) 0.555 AGE (p=0.003)
RACE (p<0.001)

Officer _ 0.72 (0.43,1.20) 0.203 0CC (p<0.001)

Enlisted Flyer 1.05 (0.31,3.57) 0.934

Enlisted Groundcrew i.11 (0.67,1.85) 0.687

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-36. (Continued)
Analysis of Serum Amylase
(Discrete)

O MoDEL 2 AN

Low 173 8.1 0.82 (0.60,1.12) 0.189
Medium 170 4.1
High 172 5.2

, ati 59 :‘“fé ; Lemar;
508 0.89 (0.61,1.31)** (0.558%* INIT*AGE (p=0.007)
. RACE (p<0.001)
DC (p=0.030)
ALC (p=0.070)

OCC*AGE (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.

** | pg, (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 Table 1-2-24 for
further analysis of this interaction. '

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

13-183



Table 13-36. (Continued)
Analysis of Serum Amylase
(Discrete)

Comparison 1,043 7.9

Background RH 369 6.8 0.77 (0.48,1.23) 0.273
Low RH 257 7.0 0.91 (0.53,1.54) 0.719
High RH _ 258 - 4.7 0.62 (0.33,1.16) 0.137
Low plus High RH 515 5.8 0.77 (0.50,1.19) 0.232

Comparison 1,043 - DXCAT*RACE (p=0.029)
AGE (p=0.003)
0CC (p<0.001)

skl ek

Background RH 369 0.71 (0.44,1.15) 0.160 DC (p=0.107)

Low RH 257 0.82 (0.47,1.42)** 0.481**

High RH 258 0.74 (0.38,1.44y** .379*+*

Low plus High RH 515 0.79 (0.50,1.24y** 0.304**

a 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 djoxin, 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 [-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 13-36. (Continued)
Analysis of Serum Amylase
(Discrete)

7.7 5.1 0.91 (0.75,1.11) 0.343

(298) (296)

8.1 4.1 0.92 (0.78,1.08) 0.309
297) 293)

8.1 4.1 0.96 (0.81,1.14) 0.628
297) 293)

6d

884

884

883

0.90 (0.72,1.14) 0.394 AGE (p=0.001)
RACE (p<0.001)
OCC (p=0.041)
DC (p=0.015)

0.91 (0.76,1.10} 0.340 AGE (p=0.001)
RACE (p <0.001)

OCC (p=0.041)

DC (p=0.014)

0.95 (0.78,1.17) 0.660 AGE (p=0.001)
RACE (p <0.001)

OCC (p=0.037)

DC (p=0.012)

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.

¢ 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 ppg; High = >128 ppq.
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adjusted results stratified by race. Age, occupation, and degreasing chemical exposure also
were significant covariates in the Model 3 analysis. When the categorized dioxin-by-race
interaction was removed from the final model, the adjusted analysis did not show a
significant difference between any of the Ranch Hand categories and the Comparison group
(Table 13-36: p=0.16 for all analyses).

The unadjusted and adjusted analyses of Models 4 through 6 did not reveal a significant
association between serum amylase and current dioxin (Table 13-36(g,h): p>0.30 for all
analyses). Each of the adjusted analyses contained age, race, occupation, and degreasing
chemical exposure.

Antibodies for Hepatitis A

Neither the unadjusted nor the adjusted Model 1 analyses detected a significant group
difference in the percentage of individuals having antibodies for hepatitis A (Table
13-37(a,b): p>0.28 for all contrasts). Age, race, and occupation were significant covariates
in the adjusted analysis. '

The unadjusted and adjusted Model 2 results did not reveal a significant association
between antibodies for hepatitis A and initial dioxin (Table 13-37(c,d): p>0.86 for both
analyses). The adjusted model contained age, occupation, and three covariate-by-covariate
interactions: race-by-degreasing chemical exposure, race-by-lifetime alcohol history, and
industrial chemical exposure-by-lifetime alcohol history.

Neither the unadjusted nor adjusted Model 3 analyses showed any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-37(e): p>0.33
for all contrasts). The adjusted Model 3 analysis contained occupation and the race-by-age
interaction.

Without occupation, the adjusted analysis of Model 3 detected a marginally significant
relative risk greater than one for the Ranch Hands in the high category (Appendix Table
I-3-27(b): p=0.052, Adj. RR=1.35, 95% C.I.=[1.00, 1.82]) and a marginally significant
relative risk less than one for the background Ranch Hands (p=0.083, Adj. RR=0.79, 95%
C.1.=[0.61, 1.03)]).

Neither the unadjusted nor the adjusted analyses of Models 4 through 6 revealed a
significant association between antibodies for hepatitis A and current dioxin (Table
13-37(g,h): p>0.15 for all analyses). Each of the final models contained occupation and
two covariate-by-covariate interactions: race-by-age and race-by-lifetime aicohol history.

Excluding occupation from Models 4 through 6 resulted in significant associations
between antibodies for hepatitis A and current dioxin (Appendix Table I-3-27(c): p=0.002,
Adj. RR=1.18, 95% C.1.=[1.06, 1.32]; p=0.002, Adj. RR=1.15, 95% C.L.=[1.05, 1.26];
and p=0.004, Adj. RR=1.16, 95% C.I.=[1.05, 1.28] for Models 4, 5, and 6 respectively).
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Table 13-37.
Analysis of Antibodies for Hepatitis A

All Ranch Hand 952
Comparison 1,280
Officer Ranch Hand 367
Comparison 502
Enlisted Flyer Ranch Hand 162
Comparison 202
Enlisted Groundcrew" Ranch Hand 423
Comparison 576

33.5
34.0

25.9

25.1

47.5
44.6

34.8
38.0

0.98 (0.82,1.17) 0.849

1.04 (0.77,1.42) 0.854
1.13 (0.74,1.71) 0.645
0.87 (0.67,1.13) 0.321

All

Officer

Enlisted Flyer
Enlisted Groundcrew

0.95 (0.79,1.15)

1.01 (0.73,1.40)
1.11 (0.72,1.72)
0.86 (0.65,1.13)

0.937
0.634
0.283

0.634

AGE (p <0.001)
RACE (p=0.021)
0CC (p<0.001)

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-37. (Continued)
Analysis of Antibodies for Hepatitis A

Low 174 36.2 0.99 (0.86,1.13) 0.864

. Medium 173 35.3
High 173 36.4

Relative Risk { p-Val Remarks:
507 1.00 (0.84,1.18) 0.974 AGE (p<0.001)
OCC (p<0.001)

RACE*DC (p=0.005)
RACE*DRKYR (p<0.001)
IC*DRKYR (p=0.009)

a 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 dut'y 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 13-37. (Continuved)
Analysis of Antibodies for Hepatitis A

Comparison 1,063 34.1

Background RH 374 30.5 0.88 (0.68,1.14) 0.338
Low RH 260 © 35.8 1.04 (0.78,1.38) 0.810
High RH. 260 36.2 1.06 (0.80,1.42) 0.667
Low plus High RH 520 36.0 1.05 (0.84,1.31) 0.666

Comparison 1,063 OCC (p<0.001)

RACE*AGE (p=0.037)
Background RH 374 1.03 (0.78,1.37) 0.827
Low RH 260 0.91 (0.67,1.24) 0.552
High RH 260 0.94 (0.69,1.29) 0.720

Low plus High RH 520 0.93 (0.73,1.18) 0.535

3 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 13-37. (Continued)
Analysis of Antibodies for Hepatitis A

4 30.8 33.7 36.5 1.06 (0.97,1.17) 0.209

(295) (300) (299) ‘

5 27.7 36.4 37.0 1.06 (0.98,1.15) 0.152
(300) (297) 97

6° 27.4 36.4 37.0 1.05 (0.96,1.15) 0.292
(299) (297) (297)

4 874 1.01 (0.90,1.14) 0.818 0CC (p<0.001)
RACE*AGE (p=0.014)
RACE*DRKYR (p=0.022)

5 874 1.01 (0.92,1.12) 0.782 OCC (p<0.001)
RACE*AGE (p=0.014)
RACE*DRKYR (p=0.022)

6¢ 873 1.01 (0.90,1.12) 0.897 OCC (p<0.001)
RACE*AGE (p=0.016)
RACE*DRKYR (p=0.026)

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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Serological Evidence of Present or Prior Hepatitis B Infection

The unadjusted Model 1 analysis revealed a significant overall group difference in the
percentage of individuals with serological evidence of present or prior hepatitis B infection
(Table 13-38(a): p=0.001, Est. RR=0.66, 95% C.I.=[0.51, 0.85]). The percentage of
Ranch Hands with serological evidence of present or prior hepatitis B infection was lower
than the percentage for the Comparisons (10.7% vs. 15.5%). Stratifying the unadjusted
analysis by occupation revealed a significant group difference within the officer stratum and
marginally significant group differences for the enlisted flyer and enlisted groundcrew
stratums (Table 13-38(a): p=0.030, Est. RR=0.53, 95% C.I.=[0.30, 0.92]; p=0.077, Est.
RR=0.58, 95% C.I.=[0.33, 1.02]; and p=0.086, Est. RR=0.73, 95% C.1.=[0.52, 1.03]
respectively). In each occupation stratum, the percentage of participants with serological '
evidence of present or prior hepatitis B infection was lower for the Ranch Hands than for the
Comparisons (5.2% vs. 9.4%, 13.6% vs. 21.3%, and 14.4% vs. 18.8% for the officers,
enlisted flyers, and enlisted groundcrew respectively).

After adjusting for the covariates age, race, occupation, and lifetime alcohol history, the
adjusted analysis produced results that closely paralleled the unadjusted findings. The
adjusted analysis revealed a significant overall group difference (Table 13-38(b): p<0.001,
Adj. RR=0.65, 95% C.1.=[0.50, 0.84]). When the adjusted results were stratified by
occupation, the Model 1 analysis detected a significant group difference for the officers and
marginally significant group differences for the enlisted flyers and enlisted groundcrew
(p=0.030, Adj. RR=0.54, 95% C.1.=[0.31, 0.94]; p=0.082, Adj. RR=0.60, 95%
C.1.=[0.34, 1.07]; and p=0.060, Adj. RR=0.71, 95% C.I1.=[0.50, 1.01] respectively).

The unadjusted Model 2 analysis revealed a marginally significant positive association
between serological evidence of present or prior hepatitis B infection and initial dioxin (Table
13-38(c): p=0.054, Est. RR=1.21, 95% C.1.=[1.00, 1.48]). After covariate adjustment,
the Model 2 analysis did not show 2 significant association between serological evidence of
present or prior hepatitis B infection and initial dioxin (Table 13-38(d): p=0.308). Age,
occupation, and the race-by-lifetime alcohol history interaction were retained in the adjusted
analysis.

Without occupation, the adjusted Model 2 analysis generated different results. The
analysis revealed a significant positive association between serological evidence of present or
prior hepatitis B infection and initial dioxin (Appendix Table 1-3-28(a): p=0.016, Est.
RR=1.31, 95% C.1.=[1.05, 1.63]). '

The unadjusted Model 3 analysis revealed three significant contrasts: background
Ranch Hands versus Comparisons, low Ranch Hands versus Comparisons, and low plus high
Ranch Hands versus Comparisons (Table 13-38(¢): p=0.013, Est. RR=0.61, 95%
C.1.=[0.41, 0.90}; p=0.030, Est. RR=0.61, 95% C.I.=[0.40, 0.95]; and p=0.033, Est.
RR=0.71, 95% C.1.=[0.51, 0.97] respectively). The percentages of participants with
serological evidence of present or prior hepatitis B infection for the Comparisons,
background Ranch Hands, low Ranch Hands, and low plus high Ranch Hands were 15.1%,
9.4%, 10.0%, and 11.5% respectively.
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Table 13-38.

Analysis of Serological Evidence of Present or Prior Hepatitis B Infection

up WL ‘alue
All Ranch Hand 952 10.7 - 0.66 (0.51,0.85) 0.001
& Comparison 1,280 15.5 '

Officer Ranch Hand 367 5.2 0.53 (0.30,0.92) 0.030
' Comparison 502 9.4

Enlisted Flyer Ranch Hand 162 13.6 0.58 (0.33,1.02) 0.077
, Comparison 202 21.3

Enlisted Groundcrew Ranch Hand 423 14.4 0.73 (0.52,1.03) 0.086
Comparison 576 18.8

All 0.65 (0.50,0.84) <0.001 AGE (p=0.003)

RACE (p<0.001)
Officer 0.54 (0.31,0.94) 0.030 OCC (p<0.001)
Enlisted Flyer 0.60 (0.34,1.07) 0.082 DRKYR (p=0.011)
Enlisted Groundcrew 0.71 (0.50,1.01) 0.060

2 Covariates. and assdciated p-values correspond to final model based on all participants with available data.
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Table 13-38. (Continued)
Analysis of Serological Evidence of Present or Prior Hepatitis B Infection

Low 174 8.0 _ 1.21 (1.00,1.48) 0.054
Medium 173 9.2
High 173 17.3

507 © 1,13 {0.89,1.43) 0.308 AGE (p=0.047)
‘ ' OCC (p=0.001)
RACE*DRKYR (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.
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Table 13-38. (Continued)
Analysis of Serological Evidence of Present or Prior Hepatitis B Infection

Comparison 1,063 15.1

Background RH 374 9.4 0.61 (0.41,0.90) 0.013
Low RH 260 10.0 0.61 (0.40,0.95) 0.030
High RH 260 13.1 0.80 (0.53,1.19) 0.272
Low plus High RH 520 11.5 0.71 (0.51,0.97) 0.033

Comparison 1,045 DXCAT*AGE (p=0.044)
DXCAT*OCC (p=0.024)
RACE (p=0.004)

ok ok
Background RH 367 0.77 (0.52,1.16) 0.211 DRKYR (p=0.032)
Low RH 254 0.58 (0.37,0.92y**  0.020%**
High RH A 253 0.65 (0.42,0.98y** (.041%*

Low plus High RH 507 0.62 (0.44,0.86y** 0.004**

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 tirﬁe 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 I-2-25 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 13-38. (Continued)

Analysis of Serological Evidence of Present or Prior Hepatitis B Infection |

4 8.8 9.3 1.13 (0.98,1.30) 0.098
(295) (300) (299)

5 9.3 8.4 1401 - 1.11 (0.98,1.26) 0.109
(300) 297 - 297)

6 9.4 8.4 - 141 1.10 (0.96,1.26) 0.152
(299) (297) - (297)

4 874 (.97 (0.82,1.14)** | 0.674%* CURR*OCC (p=0.0006)
RACE*DRKYR (p=0.001)

5 874 0.97 (0.85,1.11)** 0.677%* CURR*OCC (p=0.011)
RACE*DRKYR (p=0.001)

64 873 0.96 (0.82,1.11)** 0.554%%* CURR*OCC (p=0.014)
RACE*DRKYR (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.

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

** | og, (current dioxin + 1)-by-covariate interactioﬁ (p=<0.05); adjusted ré!ative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table 1-2-25 for

further analysis of this interaction. .

Note: Model 4;: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Meodels 5 and 6: Low = < 46 ppg; Medium = >46-128 ppq; High = > 128 ppq.
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Categorized dioxin-by-age and categorized dioxin-by-occupation were significant

" covariates in the adjusted analysis (Table 13-38(f): p=0.044 and p=0.024 respectively).

The final model also included a race-and-lifetime alcohol history interaction. Appendix
Table 1-2-25 displays adjusted results stratified separately by age and occupation. After the
two categorized dioxin-by-covariate interactions were removed from the final model, the low
Ranch Hands versus Comparisons and the low plus high Ranch Hands versus Comparisons
contrasts remained significant (Table 13-38(f): p=0.020, Adj. RR=0.58, 95% C.1.=[0.37,
0.92] and p=0.004, Adj. RR=0.62, 95% C.I.=[0.44, 0.86] respectively). In contrast to the
unadjusted results, the high Ranch Hands versus Comparisons contrast became significant
(13-38(f): p=0.041, Adj. RR=0.65, 95% C.I.={0.42, 0.98]) and the background Ranch
Hands versus Comparisons contrasts became nonsignificant (p=0.211).

" The adjusted results corresponded with the unadjusted results after occupation was
deleted from the final model, revealing three significant contrasts: background Ranch Hands
versus Comparisons, low Ranch Hands versus Comparisons, and low plus high Ranch Hands
versus Comparisons (Appendix Table I-3-28(b): p=0.020, Adj. RR=0.63, 95% C.I.={0.42,
0.93]; p=0.018, Adj. RR=0.58, 95% C.1.=[0.37, 0.91] and p=0.028, Adj. RR=0.69,
95% C.I.=[0.50, 0.96] respectively).

The unadjusted Model 4 analysis detected a marginally significant positive association
between serological evidence of present or prior hepatitis B infection and current dioxin
(Table 13-38(g): p=0.098, Est. RR=1.13, 95% C.I.=[0.98, 1.30]). The unadjusted Model
5 and 6 analyses did not show a significant association (p>0.10 for both analyses).

Current dioxin-by-occupation was a significant interaction in each of the adjusted
analyses for Models 4, 5, and 6 (Table 13-38(h): p=0.006, p=0.011, and p=0.014
respectively). Appendix Table I-2-25 presents adjusted results stratified by occupation for
Models 4 through 6. The race-by-lifetime alcohol history interaction also was included in the
adjusted analyses. After excluding the current dioxin-by-occupation interaction, the adjusted
analyses for Models 4 through 6 did not reveal a significant association between serological
evidence of present or prior hepatitis B infection and current dioxin (Table 13-38(h): p> 0.55
for all analyses).

Antibodies for Hepatitis C

The unadjusted Model 1 analysis revealed a marginally significant overall group
difference in the percentage of participants with antibodies for Hepatitis C (Table 13-39(a):
p=0.084, Est. RR=0.46, 95% C.1.=[0.21, 1.04]). The percentage of individuals with
antibodies for hepatitis C was lower for the Ranch Hands than for the Comparisons (0.8%
vs. 1.8%). The stratified occupation analysis did not generate an estimated relative risk for
the enlisted flyer stratum because none of the enlisted flyer Ranch Hands had antibodies for
hepatitis C.

The adjusted Model 1 analysis detected significant interactions between group and age
(Table 13-39(b): p=0.003) and between group and degreasing chemical exposure (p=0.040).
Race also was retained in the final model. Appendix Table I-2-26 presents results stratified
separately for age and degreasing chemical exposure. The adjusted relative risk for the
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Table 13-39.
Analysis of Antibodies for Hepatitis C

Ranch Hand

All 0.46 (0.21,1.04)

Comparison 1,280 L8

Officer Ranch Hand 367 0.8 0.58 (0.15,2.27) 0.641
Comparison 502 1.4

Enlisted Flyer Ranch Hand 162 0.0 - --
Comparison 202 2.0

Enlisted Groundcrew Ranch Hand 423 1.2 0.56 (0.20,1.61) 0.400
Comparison 576 2.1

Occupational Category = ©
Al 0.46 (0.21,1.03)**

0.048** GROUP*AGE (p=0.003)

‘ GROUP*DC (p=0.040)
*ok *k
Officer 0.60 (0.15,2.33)* 0.457 RACE (p=0.039)
Enlisted Flyer - --
Enlisted Groundcrew 0.55 (0.19,1.59)** 0.272%*

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

** Group-by-covariate interactions (ps'0.0S); adjusted relative risk, confidence interval, and p-value derived
from a mode] fitted after deletion of these interactions; refer to Appendix Table 1-2-26 for further analysis
of these interactions. '

—-: Adjusted relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.
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Table 13-39. (Continued)
Analysis of Antibodies for Hepatitis C

Low 174 0.6 | 0.42 (0.08,2.18) 0.229-
Medium 173 0.6
High 173 0.0

520 0.97 (0.14,6.98) 0.979 AGE (p=0.016)
RACE {(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.
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Table 13-39. (Continued)
Analysis of Antibodies for Hepatitis C

Comparison 1,063

Backgrouﬁd RH 374 0.5 0.31 (0.07,1.37) 0.122
Low RH 260 0.4 0.27 (0.04,2.06) 0.207
High RH 260 0.4 0.28 (0.04,2.11) 0.215
Low plus High RH 520 0.4 ~0.27 (0.06,1.20) 0.086

Dioxin Category ~ n (9

Comparison 1,063 DC (p=0.066)
RACE*AGE (p=0.002)

Background RH 374 0.33 (0.08,1.49) 0.151

Low RH 260 0.17 (0.02,1.46) 0.107

High RH 260 0.27 (0.04,2.11) 0.212

Low plus High RH 520 0.21 (0.05,0.99) 0.048

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 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 Dicxin < 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.

13-199



Table 13-39. (Continued)
Analysis of Antibodies for Hepatitis C

)MODELS4 5, AND 6: RANCHHANDS ----- - CURRENT DIOXIN — UNADJ

' Current Dloxm Catego :
;Percent} Yes/(n)

4 0.7 0.3 0.3 0.73 (0.35,1.53) 0.394
(295) (3000 - (299)

5 1.0 0.0 0.3 0.73 (0.44,1.21) 0.245
(300) (297) (297) :

6° 1.0 0.0 0.3 0.89 (0.47,1.70) 0.727
(299) (297) - {(297)

4 894 0.65 (0.30,1.39) 0.252 AGE (p=0.071)
RACE (p=0.023)

5 894 0.65 (0.38,1.13) 0.154 AGE (p=0.070)
RACE (p=0.022)

64 893 0.78 (0.42,1.47) 0.461 AGE (p=0.060)
RACE (p=0.022)

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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overall group contrast became significantly less than one when the two group-by-covariate
interactions were removed from the final model (Table 13-39(b): p=0.048, Adj. RR=0.46,
95% C.1.=[0.21, 1.03]). The adjusted relative risks stratified by occupation were less than
one, but not significant.

The unadjusted and adjusted Model 2 analyses did not detect a significant association
between antibodies for hepatitis C and initial dioxin (Table 13-39(c,d): p>0.22 for both
analyses). The adjusted analysis contained age and race. '

The unadjusted Model 3 results revealed a marginally significant difference between the
low plus high Ranch Hands and Comparisons in the percentage of individuals with antibodies
for hepatitis C (Table 13-39(e): p=0.086, Est. RR=0.27, 95% C.I1.=[0.06, 1.20]). The
percentages of participants with antibodies for hepatitis C for the Comparisons and low plus
high Ranch Hands were 1.5 percent and 0.4 percent respectively.

After adjusting for degreasing chemical exposure and the race-by-age interaction in the
Model 3 analysis, the contrasts between the low plus high Ranch Hands and Comparisons
became significant (Table 13-39(f): p=0.048, Adj. RR=0.21, 95% C.I1.=[0.05, 0.99]).

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
association between antibodies for hepatitis C and current dioxin (Table 13-39(g,h): p>0.15
for all analyses). Each of the adjusted analyses contained age and race.

Stool Hemoccult

The unadjusted Model 1 analysis did not reveal a significant group difference in the
percentage of individuals with blood in their stools (Table 13-40(a): p>0.39 for all
contrasts).

The stratified occupation analysis could not produce an estimated relative risk for the
enlisted flyer stratum because stool blood was not detected in any of the enlisted flyer Ranch
Hands. '

The group-by-lifetime alcohol history interaction was significant in the adjusted Model 1
analysis (Table 13-40(b): p=0.030). Occupation and the current alcohol use-by-industrial
chemical exposure interaction also were significant in the final model. Appendix Table
1-2-27 displays adjusted results stratified by lifetime alcohol history. After the group-by-
lifetime alcohol history interaction was removed from the final model, no significant group
contrasts were found in the adjusted analysis (p>0.33 for all contrasts).

The unadjusted and adjusted Model 2 analyses did not detect a significant association
between stool hemoccult results and initial dioxin (Table 13-40(c,d): p>0.31 for both
analyses). Occupation was the only significant covariate in the adjusted analysis.

The unadjusted Model 3 results revealed a significant difference between the low Ranch
Hands and Comparisons in the percentage of participants with positive stool hemoccult tests
(Table 13-40(¢): p=0.031, Est. RR=2.39, 95% C.I.=[1.08, 5.27]). The low Ranch Hands
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Table 13-40. |
Analysis of Stool Hemoccult

All ' Ranch Hand 898 2.6 1.35 (0.75,2.41) 0.397

Comparison 1,200 1.9
Officer Ranch Hand 352 - 2.6 1.54 (0.59,4.04) 0.522
Comparison 478 1.7
Enlisted Flyer Ranch Hand 152 0.0 -- --
Comparison 192 - 1.0
Enlisted Groundcrew Ranch Hand 394 3.6 1.47 (0.68,3.15) 0.433
‘ Comparison 530" 2.5

ﬁic‘ﬁi)éf. 1l Category

All 1.35 (0.74,2.45)** 0.332%+ GROUP*DRKYR {p=0.030)
OCC (p=0.024)
ok %k
Officer 1.59 (0.61,4.18) ~ 0.346 ALCHIC (p <0.001)
Enlisted Flyer - -
Enlisted Groundcrew 1.42 (0.64,3.13)** 0.384%*

3 Covariates and associated p-values correspond to final modet 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 I-2-27 for further analysis of
this interaction.
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Table 13-40. (Continued)
Analysis of Stool Hemoccult

Low 166 2.4 0.80 (0.51,1.26) $.313
Medium 161 4.3 '
High 163 1.8

490 0.83 (0.50,1.36) 0.449 OCC (p=0.033)

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 13-40. (Continued)
Analysis of Stool Hemoccult

Comparison 1,005 1.8

Background RH 358 1.7 0.93 {0.36,2.39) 0.885
Low RH 247 4.0 2.39 (1.08,5.27) 0.031
High RH 243 1.6 0.89 (0.30,2.68) 0.841
Low plus High RH 490 2.9 . 1.62 (0.79,3.30) 0.184

Comparison 987 OCC (p=0.010)

RACE*DRKYR (p=0.013)
IC*ALC (p <0.001)

Background RH 351 0.80 (0.30,2.14) 0.657 DC*DRKYR (p=0.043)
Low RH 241 2.49 (1.06,5.85) 0.037 :
High RH 236 1.14 (0.35,3.68) 0.825

Low plus High RH 477 1.87 (0.87.,4.02) 0.110

a 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 Djoxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 13-40. (Continued)
Analysis of Stool Hemoccult

4 1.8 2.8 2.5 1.05 (0.77,1.41) 0.774

(282) (288) (27.'8)

5 1.7 2.8 2.5 1.09 (0.84,1.42) 0.522
@87 (284) @

6° 1.7 2.8 25 . 1.01 (0.76,1.34) 0.962
(286) (284) @277

4 828 1.12 (0.77,1.62) 0.554 0CC (p=0.020)
DRKYR (p=0.032)
RACE*ALC (p=0.013)
IC*ALC (p=0.014)

5 828 1.15 (0.83,1.60) 0.379 OCC (p=0.018)
: ' DRKYR (p=0.031)
RACE*ALC (p=0.013)
IC*ALC (p=0.013)

64 827 1.09 (0.77,1.55) 0.631 OCC (p=0.022)
' DRKYR (p=0.033)
RACE*ALC (p=0.018)
IC*ALC (p=0.017)

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.

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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were more than twice as likely as Comparisons to have positive stool hemoccult tests (Table
13-40(e): 4.0% vs. 1.8%).

After adjusting for covariates in the Model 3 analysis, the contrast between the low
Ranch Hands and Comparisons remained significant (Table 13-40(f): p=0.037, Adj.
RR=2.49, 95% C.I.=[1.06, 5.85]). The final model contained occupation and three
interactions: race-by-lifetime alcohol history, industrial chemical exposure-by-current alcohol
use, and degreasing chemical exposure-by-lifetime alcohol history.

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
association between positive stool hemoccult and current dioxin (Table 13-40(g,h): p>0.37
for all analyses). Each of the final models contained occupation, lifetime alcohol history,
and two interactions: race-by-current alcohol use and industrial chemical exposure-by-
current alcohol use.

Prealbumin (Continuous)

The unadjusted Model 1 analysis did not disclose a significant group difference in the
mean levels of prealbumin (Table 13-41(a): p>0.76 for all contrasts). The interaction
between group and current alcohol use was significant in the adjusted Model 1 analysis
(Table 13-41(b): p=0.022). Occupation and the age-by-lifetime alcohol history interaction
also were significant in the final model. Appendix Table I-2-28 presents adjusted results
stratified by current alcohol use. The adjusted Model 1 analysis did not show a significant
group difference in the mean levels of prealbumin when the group-by-current alcohol use
interaction was removed from the final model (Table 13-41(b): p>0.76 for all contrasts).

Examination of the unadjusted Model 2 results did not show a significant association
between prealbumin and initial dioxin (Table 13-41(c): p=0.961). The initial dioxin-by-
industrial chemical exposure interaction was significant in the adjusted Model 2 analysis
(Table 13-41(d): p=0.013). Appendix Table I-2-28 displays adjusted results stratified by
industrial chemical exposure. Age and current alcohol use also were significant covariates in
the adjusted analysis. After the initial dioxin-by-industrial chemical interaction was removed
from the final model, the adjusted analysis did not show a significant association between
prealbumin and initial dioxin (Table 13-41(d): p=0.524).

The unadjusted Model 3 results did not show any of the Ranch Hand categories to be
significantly different from the Comparison group in the mean levels of prealbumin (Table
13-41(e): p>0.64 for each contrast). Categorized dioxin-by-industrial chemical exposure
was a significant interaction in the adjusted Model 3 analysis (Table 13-41(f): p=0.009).
Appendix Table 1-2-28 displays adjusted results stratified by industrial chemical exposure.
Occupation, current alcohol use, and the age-by-lifetime alcohol history interaction also were
significant in the final model. The adjusted Model 3 analysis did not uncover a significant
difference between any of the Ranch Hand categories and the Comparison group after
removing the categorized dioxin-by-industrial chemical exposure interaction from the final
model (Table 13-41(f): p>0.53 for all contrasts).
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Table 13-41.
Analysis of Prealbumin (mg/dl)
(Continuous)

All » Ranch Hand 939 27.72 -0.01 (-0.38,0.37) 0.975

Comparison 1,253 27.73

Officer Ranch Hand 361 27.95 0.09 (-0.53,0.72) 0.767
Comparison 495 27.85

Enlisted Flyer Ranch Hand 162 27.64 -0.03 (-0.90,0.84) - 0.943
Comparison 196 27.67

Enlisted Groundcrew Ranch Hand 416 27.56 -0.08 (-0.64,0.48) 0.782

Comparison 562 27.64

All Ranch Hand 917  27.80%% 0.05 (-0.32,0.42)** 0.788**| GROUP*ALC (p=0.022)
Comparison 1,232  27.75%* OCC (p<0.001)

' AGE*DRKYR (p=0.
Officer Ranch Hand 357 28.23%* 0.09 (-0.51,0.68y%  0.777%* RKYR (p=0.043)
Comparison 487  28.14**

Enlisted Flyer Ranch Hand 156  27.92** (.14 (-0.78,1.06)**  0.765%*
Comparison 195 27.78%*

Enlisted Ranch Hand 404  27.28%* -0.01 (-0.57,0.55)**  0.964**
Groundcrew  Comparison 550 27.29%*

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 mean, difference of adjusted means, confidence

interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table 1-2-28 for further analysis of this interaction.
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Table 13-41. (Continued)
Analysis of Prealbumin (mg/dl)
(Continuous)

Low 173 27.70 27.65 0.034  -0.0073 (0.1474) 0.961
Medium 170 27.40 27.34
High 172 27.72 27.83

Low 171 27.81% || 0.077  -0.0977 (0.1530)** (.524%* INIT*IC (p=0.013)

. AGE (p=0.020)
Medium 167 27.43%* | ALC (p=0.001)
High 170 27.70%*

a 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.

#* 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 1-2-28
for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-41. (Continued)
Analysis of Prealbumin (mg/dl)
(Continuous)

Comparison 1,043 27.71 27.72

Background RH 369 27.80 27.59 -0.13 (-0.66,0.41) 0.642
Low RH 257 27.53 27.65 -0.07 (-0.68,0.54) 0.828
High RH 258 27.68 27.84 0.12 (-0.49,0.73) 0.691
Low plus High RH 515 27.61 21.75 0.03 (-0.44,0.50} 0.908

Dioxin Categor -n . Me
Comparison 1,025 27.75%*

DXCAT*IC (p=0.009)

| OCC (p=0.012)
Background RH 362 27.58*%  0.17 (0.71,0.37y%*  0.537* AGE%&K% 0(-1)0%)013)
Low RH 251 27.82%* 007 (0.54,0.67T)**  0.827* >
High RH 251 27.93% Q.17 (0.45,0.80**  0.589%*
Low plus High RH 502 27.87**  0.12 (0.350.50**  0.620%*

a 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.

#x 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 I-2-28 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, Injtial Dioxin > 143 ppt.
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Table 13-41. (Continued)
Analysis of Prealbumin (mg/dl)

(Continuous)

&) MODELS 4, 5, AND 6. RANCH HANDS — CURRE

10X1)

o

.0.0193

4 28.05 27.52 <0.001
(290) (298) (296) (0.1040)
5 27.74 27.68 27.65 0.001 0.0977 0.274
(294) (297) (293) (0.0893)
6 28.12 27.71 27.27 0.029 -0.0968 0.307
(293) (297) (293) (0.0947)
Viodel’ m.High |l R- = (Std o
4 |28.10%* 27.68%% 27.61** [[0.055  0.0277  0.798** CURR*DC (p=0.002)
(287)  (290) (287) (0.1080)** CURRHIC (p=0.027)
ALC (p<0.001)
DRKYR (p=0.075)
AGE*DC (p=0.018)
5 |27.76%+ 27.84% 27.91%* [ 0065  0.1569  0.115%%  CURR*DC (p<0.001)
(290)  (290) (284) (0.0994)%* CURR*OCC (p=0.007)
ALC (p<0.001)
DRKYR (p=0.098)
AGE*DC (p=0.010)
6 |28.20% 27.88% 2736% ||0.087  0.1088  0.266%* CURR*DC (p=0.001)
(289)  (290) (284) (0.0978)*+ CURRHIC (p=0.008)
ALC (p<0.001)
DRKYR (p=0.042)
AGE*DC (p=0.020)

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 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 (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 1-2-28 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 unadjusted analyses for Models 4 through 6 did not detect a significant association
between prealbumin and current dioxin (Table 13-41(g): p>0.27 for all analyses). Current
dioxin-by-degreasing chemical exposure and current dioxin-by-industrial chemical exposure
were significant covariates in each of the adjusted analyses for Models 4 through 6 (Table
13-41(h): p=0.002 and p=0.027; p<0.001 and p=0.007; p=0.001 and p=0.008
respectively). Appendix Table I-2-28 presents adjusted results stratified separately by
degreasing chemical exposure and industrial chemical exposure for Models 4 through 6.
Each of the final models also contained current alcohol use, lifetime alcohol history, and the
age-by-degreasing chemical exposure interaction. When the two current dioxin-by-covariate
_ interactions were removed from each of the final models, none of the adjusted analyses for
Models 4 through 6 found prealbumin to be significantly associated with current dioxin
(Table 13-41(h): p>0.11 for all analyses).

Prealbumin (Discrete)

The unadjusted and adjusted Model 1 analyses did not show a significant group
difference in the percentage of participants with low levels of prealbumin (Table 13-42(a,b):
p>>0.26 for all contrasts). The adjusted model contained the covariates age and current
alcohol use.

The unadjusted Model 2 analysis did not find a significant association between
prealbumin and initial dioxin (Table 13-42(c): p=0.282). The adjusted Model 2 results were
identical to the unadjusted results because no covariates were retained in the final model.

Examination of the unadjusted and adjusted Model 3 results did not show any of the
Ranch Hand categories to be significantly different from the Comparison group (Table
13-42(e,f): p>0.16 for all contrasts). The final model contained age and current alcohol
use. '

The unadjusted analyses for Models 4 through 6 did not detect a significant association
between prealbumin and current dioxin (Table 13-42(g): p>0.14 for all analyses). Current
dioxin-by-occupation was a significant interaction in the adjusted analyses of Models 4 and 5
(Table 13-42(h): p=0.002 for both models). Current dioxin-by-age was a significant
interaction in the adjusted Model 6 analysis (Table 13-42(h): p=0.006). Appendix Table
1-2-29 displays adjusted results stratified by occupation for Models 4 and 5 and also includes
adjusted results stratified by age for Model 6. After removing the current dioxin-by-
covariate interaction from each of the final models, none of the adjusted analyses for Models
4 through 6 uncovered a significant association between prealbumin and current dioxin (Table
13-42¢h): p>0.10 for all analyses).

Albumin (Continuous)
The unadjusted Model 1 analysis did not reveal a significant difference between the
Ranch Hands and Comparisons in the mean levels of albumin (Table 13-43: p>0.21 for all

contrasts). Group-by-lifetime alcohol history and group-by-age were significant covariates in
the adjusted Model 1 analysis (Table 13-43(b): p=0.036 and p=0.039 respectively).
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Table 13-42.
Analysis of Prealbumin
(Discrete)

All Ranch Hand 939 1.3 1.00 (0.47,2.13) 0.999

Comparison 1,253 1.3

Officer Ranch Hand 361 1.1 0.54 (0.17,1.75) 0.444
Comparison 495 2.0

Enlisted Flyer Ranch Hand 162 1.2 1.21 (0.17,8.70) 0.999
Comparison 196 1.0

Enlisted Groundcrew Ranch Hand 416 1.4 2.04 (0.57,7.28) 0.423
Comparison 562 0.7

All 0.97 (0.44,2.13)  0.938 AGE (p<0.001)
Officer 0.51 (0.16,1.66) 0.265 ALC (p=0.002)
Enlisted Flyer 1.55 (0.21,11.58) 0.670
Enlisted Groundcrew 2.07 (0.52,8.20) 0.301

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-42. (Continued)
Analysis of Prealbumin
(Discrete)

¢) MODEL 2:- RANCH E

y Summary Sta

Low 173 0.0 ' 1.38 (0.77,2.49) 0.282
Medium 170 1.2
High 172 1.7

515 1.38 (0.77,2.49) 0.282

a 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 13-42. (Continued)
Analysis of Prealbumin
(Discrete)

Ahoxin Catego!

Comparison 1,043 1.3

Background RH 369 1.6 1.39 (0.52,3.69) 0.510
Low RH 257 0.8 0.49 (0.11,2.19) 0.352
High RH 258 1.2 0.70 (0.19,2.55) 0.590
Low plus High RH 515 1.0 0.60 (0.21,1.70) 0.335

Dioxin Category

Comparison 1,027 AGE (p=0.017)
ALC (p=0.057)

Background RH 367 1.35 (0.50,3.62) 0.555

Low RH 254 0.23 (0.03,1.84) 0.168

High RH 254 0.90 (0.24,3.34) 0.879

Low plus High RH 508 0.52 (0.17,1.65) 0.268

a 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 13-42. (Continued)
Analysis of Prealbumin
_ (Discrete)

4 1.4 10 14 0.87 (0.57,1.33) 0.514
(290) (298) 296)
5 1.4 1.0 1.4 0.78 (0.56,1.08) 0.147
| (294) (297) (293) '
6° 1.0 1.0 1.4 ©0.97 (0.65,1.44) 0.882
(293) (297) 293)

4 884 0.83 (0.52,1.31)** 0.417%* CURR*OCC (p=0.002)
5 884 0.75 (0.54,1.04)** 0.104** CURR*0OCC (p=0.002)
64 883 1.00 (0.66,1.52y** 0.984%* 7 CURR*AGE (p=0.006)

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.

d 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 1-2-29 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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Table 13-43.
Analysis of Albumin (mg/dl)
(Continuous)

All Ranch Hand 939  3,938.63 -15.40 (-41.48,10.68) 0.247

Comparison 1,253  3,954.03

Officer Ranch Hand 361 3,929.45 -25.79 (-66.52,14.95) 0.215
Comparison 495  3,955.23

Enlisted Flyer Ranch Hand 162  3,926.56 -12.15 (-74.19,49.89) 0.701
Comparison 196 3,937.70 -

Enlisted Groundcrew Ranch Hand 416 3,951.68 -6.98 (-47.42,33.45) 0.735
Comparison 562 3,958.67

All Ranch Hand 917 3,910.13%* -12.15 (-38.06,13.77) 0.358** GROUP*DRKYR

Comparison 1,232  3,922.27** (p=0.036)
ROUP*AGE (p=0.039
Officer Ranch Hand 357  3,919.44%*¢ -23.11 (-64.59,18.37) 0.275%* G RAI;Jé\g)=gTOOO4) )
Comparison 487  3,942.55%* DC (p=0.042)

Enlisted Flyer Ranch Hand 156 3,916.15%* -2.98 (-66.92,60.95) 0.927** AGE*IC (p=0.002)
Comparison 195  3,919.14%*

Enlisted Ranch Hand 404  3,904.03**% 545 (-44.42,33.53) 0.784**
Groundcrew  Comparison 550  3,909.48%*

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 mc.an, difference of adjusted means, confidence

interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table I-2-30 for further analysis of this interaction.
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Table 13-43. (Continued)
Analysis of Albumin (mg/dl)
(Continuous)

"/ MODEL 2: RAN

Low 173 3,933.12 3,926.85 0.043 15.9199 (10.1567) 0.118
Medium 170 3,918.12 3,913.79
High 172 3,971.22 3,081.81

Low 173 3,878.39%¢ || 0.071 8.1440 (10.6839)** 0.446%* INIT*IC (p=0.013)

. AGE (p=0.104)
Medium 170 3,852.43%* , RACE (p=0.014)
High 172 3,909.67++

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 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 I-2-30 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-43. (Continued)
Analysis of Albumin (mg/dl)
(Continuous)

Comparison 1,043 3,949 3,949.03

Background RH 369 3,938 3,921.21 -27.83 (-63.85,8.20) 0.130
Low RH 257 3,913 3,922.34  -26.70 (-67.83,14.44) 0.203
High RH : 258 3,968 3,982.08 33.04 (-8.13,74.20) 0.116
Low plus High RH 515 3,941 3,852.21 3.17 (-28.71,35.05) 0.846

-Dioxin Cat n. - Mean’ Lova
Comparison 1,027 3,936.55%* DXCAT*IC (p=0.020)
, ALC (p=0.108)
Background RH 367 3,916.86** -19.68 (-56.12,16.75)%*  0.200%* ggg:ig Ep=g-823
p=0.

Low RH 254 3,921.28%% -15.27 (:56.22,25.69)*  0.465** | GCCHRACE (p=0.048)
High RH 254 3,962.35%*  25.80 (-16.50,68.11)%*  0.232%*

Low plus High RH 508 3,941.82%* 527 (26.79,37.33)%*  0.747%*

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 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 1-2-30 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 13-43. (Continued)
Analysis of Albumin (mg/dl)
(Continuous)

e ledium g (St

4 3,956.28 3,901.34 3,962.43 <0.001 2.7200 0.698
(290) (298) (296) (6.9959)

5 3,950.34 3,909.97 3,959.52 0.001 4.4671 0.457
(294) 297) (293) (6.0070)

6° 3,958.44 3,910.73 3,950.89 0.004 0.4077 0.950
293) (297) (293) (6.4688)

W MODELS 4,5, AND . |

gh Remarks

4 3,920.48%* 3 ,880.46%* 3,923.76** || 0.047 -3.4551 0.667** CURR*ALC (p=0.006)
(289) (295) (291) (8.0212)** CURR*DC (p=0.011)

RACE (p=0.034)
AGE*IC (p=0.020)
ALC*OCC (p=0.010)

5 3,924.57+*% 3,888.18%* 3,920.81** || 0.047 0.3387 0.960%* CURR*ALC (p=0.008)
(292) (295) (288) (6.7815)** CURR*DC (p=0.016)
RACE (p=0.043)
AGE*IC (p=0.023)
ALC*0OCC (p=0.012)

6 |3,937.34% 3,892.30%% 3,912.69%* || 0.051  -4.8440  0.508** CURR*ALC (p=0.009)
(291) (295) (288) (7.3150)y%* CURR*DC (p=0.016)
RACE (p=0.057)
AGE*IC (p=0.027)
ALC*OCC (p=0.012)

a 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 Adjusted for log, total lipids.

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

** 1 0g, (current dioxin + 1)-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 1-2-30 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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Appendix Table I-2-30 presents adjusted results stratified s¢parately by age and lifetime
alcohol history. The final adjusted model also included race, degreasing chemical exposure,
and the age-by-industrial chemical exposure interaction. After the two group-by-covariate
interactions were removed from the final model, the adjusted Model 1 analysis did not detect
any significant group contrasts (Table 13-43(b): p>0.27 for each contrast).

The unadjusted Mode! 2 results did not show a significant association between albumin
and initial dioxin (Table 13-43(c): p==0.118). The adjusted Model 2 analysis contained a
significant interaction between initial dioxin and industrial chemical exposure (Table
13-43(d): p=0.013). Appendix Table I-2-30 presents adjusted results stratified by industrial
chemical exposure. In addition to the initial dioxin-by-industrial chemical exposure
interaction, the final adjusted model also included age and race. The adjusted Model 2
analysis did not reveal a significant association between albumin and initial dioxin when the
initial dioxin-by-industrial chemical exposure interaction was removed from the final model
(Table 13-43(d): p=0.446).

~ The unadjusted Model 3 analysis did not reveal a significant difference between any of
the Ranch Hand categories and the Comparison group in the mean levels of albumin (Table
13-43(e): p>0.11 for all contrasts). Categorized dioxin-by-industrial chemical exposure was
a significant interaction in the adjusted Model 3 analysis (Table 13-43(f): p=0.020).
Appendix Table 1-2-30 displays adjusted results stratified by industrial chemical exposure. In
addition to this interaction, the adjusted analysis also contained current alcohol use and three
significant covariate-by-covariate interactions: age-by-industrial chemical exposure,
occupation-by-industrial chemical exposure, and occupation-by-race. The adjusted Model 3.
analysis did not show any of the Ranch Hand categories to be significantly different from the
Comparison group when categorized dioxin-by-industrial chemical exposure was removed
from the final model (Table 13-43(f): p>0.23 for all contrasts).

~ The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between albumin and current dioxin (Table 13-43(g): p>0.45 for all analyses). Current
dioxin-by-current alcohol and current dioxin-by-degreasing chemical exposure were
significant covariates in each of the adjusted analyses of Models 4 through 6 (Table 13-43(h):
p=0.006 and p=0.011; p=0.008 and p=0.016; p=0.009 and p=0.016 respectively).
Appendix Table I-2-30 displays adjusted results stratified separately by current alcohol use
and degreasing chemical exposure for Models 4 through 6. Each of the adjusted analyses
also included race and two significant covariate-by-covariate interactions: age-by-industrial
chemical exposure and current alcohol use-by-occupation. After removing the current
dioxin-by-covariate interactions from each of the final models, none of the adjusted analyses
for Models 4 through 6 showed albumin to be significantly associated with current dioxin
(Table 13-43(h): p>0.50). :

Albumin (Discrete)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
percentage of individuals with low albumin levels (Table 13-44(a): p>0.50 for all contrasts).
The interaction between group and industrial chemical exposure was significant in the
adjusted Model 1 analysis. Appendix Table 1-2-31 presents adjusted results stratified by
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Table 13-44.
Analysis of Albumin
(Discrete)

All Ranch Hand 939 2.4 1,10 (0.63,1.92)

Comparison 1,253 2.2

Officer Ranch Hand 361 2.2 1.58 (0.57,4.40) 0.536
Comparison 495 1.4

Enlisted Flyer Ranch Hand 162 1.9 0.51 (0.13,2.00) 0.509
Comparison 196 3.6

Enlisted Groundcrew Ranch Hand 416 2.9 1.16 {0.53,2.54) 0.859
Comparison 562 2.5

All 1.08 (0.61,1.89)** 0.794%* GROUP*IC (p=0.029)
A OCC (p=0.104)

Officer 1.61 (0.57,4.50)** 0.366%* AGE*IC (p=0.018)

Enlisted Flyer 0.50 (0.13,1.95)** 0.316%*

Enlisted Groundcrew 1.13 (0.51,2.49)%* 0.756%*

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 I-2-31 for further analysis
of this interaction.
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Table 13-44. (Continued)
Analysis of Albumin
(Discrete)

Low 173 1.7 1.11 {0.76,1.62) 0.599

Medium 170 2.9
High 172 2.9

515 1.11 (0.76,1.62) 0.599

& 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 13-44. (Continued)
Analysis of Albumin
(Discrete)

Comparison 1,043 2.3

Background RH 369 24 1.26 (0.58,2.77) 0.559
Low RH 257 2.7 1.05 (0.44,2.48) 0.917
High RH 258 2.3 0.86 (0.34,2.15) 0.743
Low plus High RH 515 25 0.95 (0.47,1.90) 0.887

Comparison 1,043

Background RH 369 1.26 (0.58,2.77) 0.559
Low RH 257 1.05 (0.44,2.48) 0.917
High RH 258 0.86 (0.34,2.15) 0.743
Low plus High RH 515 0.95 (0.47,1.90) 0.887

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percém 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: 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 13-44. (Continued)
Analysis of Albumin
(Discrete)

4 1.7 3.0 2.7 1.13 (0.86,1.50) 0.387

(290) (298) (296)

5 1.7 2.7 3.1 1.08 (0.84,1.39) 0.529
(294) 297) (293) ‘

6° 1.7 2.7 3.1 1.09 (0.84,1.43) 0.516
(293) (297) (293)

4 | ss4 1.13 (0.86,1.49) 0.393 RACE (p=0.116)
5 884 1.08 (0.84,1.38) 0.541 RACE (p=0.116)
64 883 1.09 (0.84,1.42) 0.510 RACE (p=0.113)

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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industrial chemical exposure. Occupation and the age-by-industrial chemical exposure
interaction also were significant in the final model. After the group-by-industrial chemical
exposure interaction was removed from the final model, the adjusted Model 1 analysis did
not show any significant group contrasts (Table 13-44(b): p>0.31).

The unadjusted Model 2 analysis did not reveal a significant association between
albumin and initial dioxin (Table 13-44(c): p=0.599). The unadjusted and adjusted results
were identical because no covariates were retained in the adjusted Model 2 analysis. Model
3 analysis results did not show any of the Ranch Hand categories to be significantly different
from the Comparison group in the percentage of participants with low albumin levels (Table
13-44(e): p>0.55 for all contrasts). The adjusted results were identical to the unad_]usted
findings because no covariates were retained in the final model.

The unadjusted and adjusted analyses for Models 4 through 6 did not detect a significant
association between albumin and current dioxin (Table 13-44(g,h): p>0.38 for all analyses).
Race was the only covariate in each of the adjusted analyses.

a-1 Acid Glycoprotein (Continuous)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the mean levels of -1 acid glycoprotein (Table 13-45(a): p>0.25 for all
contrasts). The adjusted Model 1 analysis contained race, occupation, and two interactions:
lifetime alcohol history-by-current alcohol use and age-by-current alcohol use.

The unadjusted Model 2 analysis did not reveal a significant association between o-1
acid glycoprotein and initial dioxin (Table 13-45(c): p=0.745). Initial dioxin-by-lifetime
alcohol history and initial dioxin-by-occupation were significant interactions in the adjusted
Model 2 analysis (Table 13-45(d): p=0.007 and p=0.022 respectively). Appendix Table I-
2-32 presents adjusted results stratified separately by occupation and lifetime alcohol history.
In addition to the two initial dioxin-by-covariate interactions, race and the occupation-by-
industrial chemical exposure interaction also were significant in the final model. In contrast
to the unadjusted results, the adjusted Model 2 analysis revealed a marginally significant
inverse association between -1 acid glycoprotein and initial dioxin when the two initial
dioxin-by-covariate interactions were removed from the final model (Table 13-45(d):
p=0.097, Adj. Slope=-0.0134).

Removing occupation from the final Model 2 analysis changed the adjusted results.
Without occupation and the initial dioxin-by-lifetime alcohol history interaction, the adjusted
Model 2 analysis did not find a significant association between a-1 acid glycoprotein and
initial dioxin (Appendix Table 1-3-32(a): p=0.898).

The unadjusted Model 3 analysis revealed a marginally significant difference between
the background Ranch Hands and Comparisons in the mean levels of «-1 acid glycoprotein
(Table 13-45(e): p=0.097). The mean level of -1 acid glycoprotein, adjusted for percent
body fat at the 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, was lower for the background Ranch
Hands than for Comparisons (Table 13-45(e): 55.14 mg/dl vs. 56.38 mg/dl).
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Table 13-45.
Analysis of a-1 Acid Glycoprotein (mg/dl)
(Continuous)

“Occupational

‘Category - o Gro 3 )3 :

All Ranch Hand 939 56.58 0.18 -- 0.740
Comparison 1,253 56.40

Officer Ranch Hand 361 54.08 -0.65 - 0.438
Comparison 495 54.73

Enlisted Flyer Ranch Hand 162 57.81 0.04 -- 0.975
Comparison 196 57.77 :

Enlisted Groundcrew Ranch Hand 416 58.34 0.92 -- 0.250
Comparison 562 57.42 '

Category up. :
All Ranch Hand 917  55.35 0.04 -- 0.933 RACE (p=0.016)
Comparison 1,232 55.30 OCC (p<0.001)
' DRKYR* <0.
Officer Ranch Hand 357 52.38 -0.77 -- 0.338 AGEEAQE(EP(EO (())_,?50)1)
Comparison 487  53.15 )
Enlisted Flyer Ranch Hand 156 56.26 0.06 -- 0.967
Comparison 195 56.20
Enlisted Ranch Hand 404 57.49 0.82 - 0.316
Groundcrew  Comparison 550 56.67

2 Transformed from natural logarithm scale.

b 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 13-45. (Continued)
Analysis of a-1 Acid Glycoprotein (mg/dl)

(Continuous)

- Initial Dioxi c alysis Restlts for Log, (initial Dioxin®

0.010 ~ 0.0023 (0.0070)

0.745

& MODEL 2 RANCH HANDS — INITIAL DIOXIN — ADJUSTED . _

' Initial Dioxin Category Summary  Analysis Results for Log, (Initial Dioxin)® .~

S A . AdjSlope

Initial Dioxin ©  n  Mean® . |l - R*..:  (Std. Error)® p-Value  Covariate Remarks

Low 170 54.38%* || 0.098 -0.0134 (0.0081)** 0.097** INIT*DRKYR (p=0.007)
. INIT+OCC (p=0.022)

Medium 165 55.25%% RACE (p=0.005)

High 167 53.30%% OCCHIC (p=0.020)

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 e-1 acid glycoprotein 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 interactions (p<90.05); adjusted mean, adjusted slope, standard error, and
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table [-2-32 for
further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-45. (Continued)
Analysis of a-1 Acid Glycoprotein (mg/dl)
(Continuous)

X ategs
Comparison 1,043 - 56.38 56.38
Background RH 369 55.22 55.14 -1.24 - 0.097
Low RH 257 57.13 57.20 0.82 - 0.344
High RH 258 57.69 57.73 1.35 - 0.122
Low plus High RH 515 57.41 57.46 1.08 -- 0.108

Dioxin Category- . " n . Mean™ P
Comparison 1,025 54.41%* DXCAT*DRKYR (p=0.017)

' : RACE (p=0.004)
Background RH 362 53.95%* -0.46 —** 0.535%* AG%EE L(E <(§_-_0810)50)
Low RH 251 55.19%* 0.78 -+ 0.350%** | AT C*DRKYR (p=0.012)
High RH 251 54.55%* 0.15 -+ 0.864%* IC*DC (p=0.025)

Low plus High RH 502 54.87%* 0.46 --*+ 0.477%* :

 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_yalue 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,
and p-value derived from a modet fitted after deletion of this interaction; refer to Appendix Table 1-2-32 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 13-45.. (Continued)
Analysis of «-1 Acid Glycoprotein (mg/dl)
(Continuous)

~*g) MODELS 4, 5, AND 6:: RANCH

0.0093
(0.0049)

5 0.0103 0.015
(0.0042)
69 0.0055 0.221

fe Remarks

odel” | “Low . Medium  High td ) _
4 [54.19% 54.12%+ 53.14%* [0.078  -0.0095 0.092+*  CURR*DRKYR (p=0.042)
(287)  (290) (287) (0.0057)** RACE (p=0.004)

ALC (p=0.016)
AGE*OCC (p=0.022)
OCCHIC (p=0.020)

5 54.19 53.60 5407 [0.072  -0.0040 0.398 RACE (p=0.005)

(290)  (290)  (284) (0.0048) ALC (p=0.023)
DRKYR (p=0.085)

AGE*OCC (p=0.021)
OCC*IC (p=0.001)

6 54.95  53.81 53.44 10.087  -0.0105 0.040 RACE (p=0.009)

(289)  (290) (284) (0.0051) ALC (p=0.043)
DRKYR (p=0.093)

AGE*OCC (p=0.010)
OCCHIC (p=0.001)

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 acid glycoprotein versus log, (current dioxin + 1).
4 Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates spec_:iﬁed 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 I-2-
32 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 between categorized dioxin and lifetime alcohol history was significant
in the adjusted Model 3 analysis (Table 13-45(f): p=0.017). The final model also contained
race, occupation, and three significant covariate-by-covariate interactions: age-by-current
alcohol use, current alcohol use-by-lifetime alcohol history, and industrial chemical exposure-
by-degreasing chemical exposure. Appendix Table I-2-32 presents adjusted results stratified
by lifetime alcohol history. After removing the categorized dioxin-by-lifetime alcohol history
-interaction from the adjusted analysis, the contrast between the background Ranch Hands and
Comparisons became nonsignificant (p=0.535). All other contrasts involving the
Comparisons remained nonsignificant (Table 13-45(f): p=0.35 for all contrasts).

The unadjusted association between current dioxin and «-1 acid glycoprotein was
marginally significant in Model 4, significant in Model 5, and not significant in Model 6
(Table 13-45(g): p=0.060, Est. Slope=0.0093; p=0.015, Est. Slope=0.0103; and p=0.221
respectively).

Current dioxin-by-lifetime alcohol history was a significant interaction in the adjusted
Model 4 analysis (Table 13-45(h): p=0.042). The adjusted Model 4 analysis also contained
race, current alcohol use, and two significant covariate-by-covariate interactions: age-by-
occupation and occupation-by-industrial chemical exposure. Appendix Table 1-2-32 presents
adjusted results stratified by lifetime alcohol history for Model 4. For Models 5 and 6, each
of the adjusted analyses contained race, current alcohol use, lifetime alcohol history, and two
interactions: age-by-occupation and occupation-by-industrial chemical exposure. The
association between «-1 acid glycoprotein and current dioxin remained marginally significant
in the adjusted Model 4 analysis when the current dioxin-by-lifetime alcohol history
interaction was removed from the final model (Table 13-45(h): p=0.092, Adj. Slope=
-0.0095). However, the direction of the association differed between the unadjusted and
adjusted results (increasing in the unadjusted analysis, decreasing in the adjusted analysis).
The adjusted Model 5 analysis did not show a significant association between a-1 acid
glycoprotein and current dioxin (Table 13-45(h): p=0.398), but the adjusted Model 6
analysis found a significant decreasing association (Table 13-45(h): p=0.040, Adj. Slope=
-0.0105).

Removing occupation from the analyses of Models 4 through 6 changed the statistical
significance of adjusted results for these models. With occupation and the current dioxin-by-
lifetime alcohol history interaction, the adjusted Model 4 analysis did not reveal a significant
association between o-1 acid glycoprotein and current dioxin (Appendix Table 1-3-32(c):
p=0.245). However, the adjusted Model 5 analysis found a marginally significant
association between a-1 acid glycoprotein and current dioxin after occupation was removed
from the final model (Appendix Table I-3-32(c): p=0.078, Adj. Slope=0.0077). When
occupation was removed from Model 6, the adjusted analysis did not show «-1 acid
glycoprotein to be significantly associated with current dioxin (Appendix Table I-3-32(c):
p=0.572).

a-1 Acid Glycoprotein (Discrete)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
percentage of individuals with high levels of a-1 acid glycoprotein (Table 13-46(a): p>0.31

13-230



Table 13-46.
Analysis of a-1 Acid Glycoprotein
(Discrete) '

All Ranch Hand T 939 2.2 0.82 (0.47,1.42) 0.570
Comparison 1,253 2.7

Officer Ranch Hand 361 1.4 0.52 (0.18,1.47) 0.313
Comparison 495 2.6

Enlisted Flyer ~ Ranch Hand 162 3.7 1.04 (0.34,3.15) 0.999
Comparison - 196 3.6

Enlisted Groundcrew Ranch Hand 416 2.4 0.96 (0.42,2.19) 0.999
Comparison 562 2.5

Occupational Y 95% marks’
All 0.80 (0.46,1.40)** 0.439%% GROUP*AGE (p=0.018)
Officer 0.51 (0.18,1.43)** 0.199% DRKYR (p=0.014) -
Enlisted Flyer 1.06 (0.35,3.22)** 0.923%*
Enlisted Groundcrew 0.95 (0.41,2.18y** 0.899%*

a 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 1-2-33 for further
analysis of this interaction. :
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Table 13-46. (Continued)
Analysis of a-1 Acid Glycoprotein
(Discrete)

Low 173 2.3 1.17 (0.74,1.853) 0.507
Medium 170 2.4
High 172 ‘ 2.3

515 1.08 (0.64,1.84y*x | 0.772%% INIT*OCC (p=0.008)
INIT*DC (p=0.029)
AGE (p=0.131)

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.

** Log, (initial 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 1-2-33 for
further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-46. (Continued)
Analysis of -1 Acid Glycoprotein
(Discrete)

Comparison 1,043 26

Background RH 369 1.6 0.57 (0.23,1.40) 0.223
Low RH 257 2.3 0.91 (0.37,2.24) ' 0.837
High RH 258 2.3 0.96 (0.39,2.37) 0.936
Low plus High RH 515 2.3 0.94 (0.47,1.87) 0.852

| ¢ €5

Comparison 1,025 DXCAT*AGE (p <0.001)
: _ DRKYR (p=0.018)

Background RH 362 0.53 (0.22,1.33)%* 0.177**

Low RH 251 0.88 (0.36,2.17)%* 0.782%*

High RH 251 1.04 (0.42,2.58)%% 0.941%*

Low plus High RH 502 0.95 (0.47,1.91)** 0.887**

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” column.

*k Categorizéd 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 Table 1-2-33 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 13-46. (Continued)
Analysis of a-1 Acid Glycoprotein
(Discrete)

%) MODELS 4, 5, AND 6: RANCH HA
— Curreént Dioxin Catego

Medium

4 1.7 2.0 2.4 1.12 (0.82.1.52) 0.494
(290) (298) (296) '

5 17 2.0 2.4 1.09 (0.83,1.43) 0.555
(294) (297) (293) |

6° 1.7 2.0 2.4 1.12 (0.84,1.51) 0.441
(293) (297) (293)

% C.L)°

41 864 0.99 (0.69,1.43)

CURR*OCC (p=0.022)
DRKYR (p=0.120)
OCC*AGE (p=0.001)

0.973%

5 864 0.99 (0.73,1.34)%* 0.960%* CURR*OCC (p=0.025)
DRKYR (p=0.125)
OCC*AGE (p=0.001)

6 863 1.01 (0.72,1.40)** 0.971%* CURR*QCC (p=0.021)
DRKYR (p=0.110)
OCC*AGE (p=0.002)

 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 1-2-33 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 ppg; High = >128 ppq.
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for all contrasts). Group-by-age was a significant interaction in the adjusted Model 1
analysis (Table 13-46(b): p=0.018). In addition to this interaction, lifetime alcohol history
was retained in the final model. Appendix Table I-2-33 presents adjusted results stratified by
age. After removing the group-by-lifetime alcohol history interaction from the final model,
the adjusted Model 1 analysis did not reveal a significant group contrast (Table 13-46(b):
p>0.19 for all contrasts).

The unadjusted Model 2 results did not reveal a significant association between «-1 acid
glycoprotein and initial dioxin (Table 13-46(c): p=0.507). Initial dioxin-by-occupation and
initial dioxin-by-degreasing chemical exposure were significant interactions in the adjusted
Model 2 analysis (Tabie 13-46(d): p=0.008 and p=0.029 respectively). Appendix Table
1-2-33 presents adjusted results stratified separately by occupation and degreasing chemical
exposure. Age also was retained in the final adjusted model. The adjusted Model 2 analysis
did not reveal a significant association between -1 acid glycoprotein and initial dioxin when
the two initial dioxin-by-covariate interactions were removed from the final model (Table 13-
46(d): p=0.772).

The unadjusted Model 3 analysis did not detect a significant difference between any of
the Ranch Hand categories and the Comparison group in the percentage of participants with
high o-1 acid glycoprotein levels (Table 13-46(e): p>0.22 for ali contrasts). The interaction
between categorized dioxin and age was significant in the adjusted Model 3 analysis (Table
13-46(f): p<0.001). The final model also contained lifetime alcohol history. Appendix
Table I-2-33 displays adjusted results stratified by age. Without the categorized dioxin-by-
age interaction, the adjusted Model 3 analysis did not show any of the Ranch Hand
categories to differ significantly from the Comparisons (Table 13-46(f): p>0.17 for all
contrasts).

The unadjusted analyses for Models 4 through 6 did not detect a significant association
between «-1 acid glycoprotein and current dioxin (Table 13-46(g): p>0.44 for all analyses).
Each of the adjusted analyses for Models 4 through 6 contained a significant interaction
between current dioxin and occupation (Table 13-46(h): p=0.022, p=0.025, and p=0.021
for Models 4, 5, and 6 respectively). In addition to this interaction, each of the final models
contained lifetime alcohol history and the interaction between occupation and age. Appendix
Table 1-2-33 displays adjusted results stratified by occupation for Models 4 through 6. The
adjusted analyses for Models 4, 5, and 6 did not show a significant association between o-1
acid glycoprotein and current dioxin when the current dioxin-by-occupation interaction was
removed from each of the analyses (Table 13-46(h): p>0.96 for all analyses).

. a-1 Antitrypsin (Continuous)

The unadjusted Model 1 analysis detected a marginally significant overall group
difference in the mean levels of o-1 antitrypsin (Table 13-47(2): p=0.077). The mean level
of o1 antitrypsin was higher for the Ranch Hands than for the Comparisons (151.59 mg/dl
vs. 149.48 mg/dl). The stratified occupation analysis did not reveal a significant group
contrast (Table 13-47(a): p>0.18 for any of the stratified contrasts).
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Table 13-47.
Analysis of «-1 Antitrypsin (mg/dl)
(Continuous)

All Ranch Hand 939 151.59 2.12 (-0.23,4.46) 0.077

Comparison 1,253 149.48

Officer Ranch Hand 361 146.98 1.08 (-2.60,4.77) 0.564
Comparison 495 145.89

Enlisted Flyer Ranch Hand 162 156.91 3.19 (-2.76,9.13) 0.294
Comparison 196 153.72

Enlisted Groundcrew Ranch Hand 416 153.53 2.38 (-1.10,5.86) 0.181
Comparison 562 151.15

All Ranch Hand 917 14879  2.16 (-0.12,4.44) 0.063 AGE (p<0.00D)

Comparison 1,232 146.63 RACE (p=0.011)
OCC (p<0.001

Officer Ranch Hand 357 142.60 1.40 (-2.26,5.05) 0.454 DRKYR(p(p < 30 00)1)
Comparison 487 141.20 WINE (p<0.001)

Enlisted Flyer Ranch Hand 156 152.05  3.49(2.13,9.12) 0.223 DC (p=0.037)
Comparison 195 148.56

Enlisted Ranch Hand 404 152.18 2.34 (-1.08,5.77) 0.180

Groundcrew  Comparison 550 149.83

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-47. (Continued)
Analysis of a-1 Antitrypsin (mg/dl)

(Continuous)

" ) MODEL 2: RANCHE

173 148.46 148.13 0.020 0.9889 (0.8901) 0.267
Medium 170 153.74 153.80
High 172 151.65 151.93

Low 170
Medium 165
High 167

142.66%*
145.54%*

143.42%*

0.116  0.1019 (1.0141)** 0.920%+  INIT*IC (p=0.016)
INIT*DC (p=0.027)
AGE (p=0.007)
RACE (p=0.016)
DRKYR (p=0.008)
OCC*WINE (p=0.008)
IC*WINE (p=0.016)

a 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.

#* Log, (initial dioxin)-by-covariate interactions (0.01 <p <0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of these interactions; refer to Appendix
Table 1-2-34 for further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-47. (Continued)
Analysis of «-1 Antitrypsin (mg/dl)
(Continuous)

Diox eg €a

Comparison 1,043 149.64 149.67

Background RH 369 151.60 151.35 1.68 (-1.60,4.96) 0.315
Low RH 257 151.44 151.17 1.50 (-2.25,5.25) 0.433
High RH 258 151.10 151.60 1.93 (-1.82,5.67) 0.314
Low plus High RH 515 151.27 151.39 1.71 (-1.19,4.62) 0.248

Dioxin Category

L -
Comparison AGE (p<0.001)
RACE (p=0.013)
Background RH 362 150.72 4.30 (1.03,7.56) 0.010 Dgggk@(g 2-8%10)1)
Low RH 251 147.32 10.90 (-2.77,4.56) 0.632 WINE (p<0.001)
High RH 251 146.25 -0.17 (-3.96,3.62) 0.929 DC (p=0.016)
Low plus High RH 502 146.78 0.36 (-2.50,3.23) 0.804

a 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: 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 13-47. (Continued)
Analysis of -1 Antitrypsin (mg/dI)
(Continuous)

............ Medium - g

4 152.72 150.29 151.25
(290) (298) (296) (0.6371)

5 153.39 148.52 152.35 0.001 -0.6233 0.255
(294) (297) (293) ‘ (0.5469)

6° 152.79 148.49 152.70 0.001 -0.2962 - 0.614
(293) (297) (293) (0.5870)

-'h) MODELS 4, 5, AND 6: ;]
5 Dioxin Cates

. Low . Medium - High R Remarks
150.45** 145.06* 0.097 CURR*OCC (p=0.034)
(287) (250) (287) . (0.7054)** CURR*DC (p=0.013)
AGE (p<0.001)

RACE (p=0.015)
DRKYR (p=0.004)
OCC*WINE (p=0.027)
IC*WINE (p=0.033)

5 | 150.87+* 143.59%* 144.05** || 0.102  -2.1148  <0.001** CURR*OCC (p=0.032)
(290)  (290) (284) (0.5949)*+ CURR*DC (p=0.007)
AGE (p<0.001)
RACE (p=0.013)
DRKYR (p=0.003)
OCC*WINE (p=0.030)
IC*WINE (p=0.028)

6¢ | 150.01%% 143.42%% 144.52%% || 0.099  -1.7231 0.007** CURR*OCC (p=0.028)
(289) (290) (284) (0.6417)%* CURR*DC (p=0.012)
- AGE (p<0.001)

RACE (p=0.013) -
DRKYR (p=0.003)
OCC*WINE (p=0.036)
IC*WINE (p=0.026)

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

** L og, (current dioxin + 1)-by-covariate interactions (p=<0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of these interactions; refer to Appendix
Table I-2-34 for further analysis of these interactions.

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 adjusted Model 1 results were similar to the unadjusted results. The adjusted
analysis revealed a marginally significant overall group contrast (Table 13-47: p=0.063) but
did not show any significant contrasts within any of the occupation strata (Table 13-47(b):
p>0.18 for all stratified group contrasts). The final model contained age, race, occupation,
lifetime alcohol history, current wine use, and degreasing chemical exposure.

The unadjusted Model 2 results did not reveal a significant association between a-1
antitrypsin and initial dioxin (Table 13-47(c): p=0.267). Initial dioxin-by-industrial chemical
exposure and initial dioxin-by-degreasing chemical exposure were significant interactions in
the adjusted Model 2 analysis (Table 13-47(d): p=0.016 and p=0.027 respectively).
Appendix Table I-2-34 presents adjusted results stratified separately by industrial chemical
exposure and degreasing chemical exposure. The final model also contained age, race,
lifetime alcohol history, and two significant covariate-by-covariate interactions: occupation-
by-current wine use and industrial chemical exposure-by-current wine use. The adjusted
Model 2 analysis did not show a significant association between «-1 antitrypsin and current
dioxin when the two initial dioxin-by-current dioxin interactions were removed from the final
model (Table 13-47(d): p=0.920).

The unadjusted Model 3 analysis did not show a significant difference between any of
the Ranch Hand categories and the Comparison group in the mean levels of -1 antitrypsin
(Table 13-47(e): p>0.24 for all contrasts). After adjusting for age, race, occupation,
lifetime alcohol history, current wine use, and degreasing chemical exposure, the mean for
the background Ranch Hands became significantly larger than the mean for the Comparison
group (Table 13-47(f): '150.72 mg/d] vs. 146.42 mg/di, p=0.010). All other contrasts with
the Comparisons remained nonsignificant.

When occupation was removed from the Model 3 analysis, the adjusted results
corresponded to the unadjusted results. The adjusted Model 3 analysis without occupation
did not show the Comparisons to be significantly different from any of the Ranch Hand
categories (Appendix Table I-3-34(b): p>0.10 for all contrasts).

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between o-1 antitrypsin and current dioxin (Table 13-47(g): p>0.23 for all analyses).
Current dioxin-by-occupation and current dioxin-by-degreasing chemical exposure were
significant covariates in each of the adjusted analyses of Models 4 through 6 (Table 13-47(h):
p=0.034, p=0.013; p=0.032, p=0.007; and p=0.028, p=0.012 for Models 4, 5, and 6
respectively). Appendix Table I-2-34 presents adjusted results stratified separately by
occupation and degreasing chemical exposure for Models 4 through 6. In addition to the two
current dioxin-by-covariate interactions, each of the adjusted analyses for Models 4 through 6
also contained age, race, lifetime alcohol history, and two significant covariate-by-covariate
interactions: occupation-by-current wine use and industrial chemical exposure-by-current
wine use.

After removing the two current dioxin-by-covariate interactions from the final models,

each of the adjusted analyses for Models 4 through 6 uncovered a significant inverse
association between -1 antitrypsin and current dioxin (Table 13-47(h): p=0.004, Adj.
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Slope=-2.0421; p<0.001, Adj. Slope=-2.1148; and p=0.007, Adj. Slope=-1.7231 for
Models 4, 5, and 6 respectively).

In the followup models excluding occupation, the adjusted results for Models 4 and 6
became nonsignificant (Appendix Table I-3-34(c): p>0.25 for both analyses), while the
adjusted result for Model 5 became marginally significant (Appendix Table I-3-34(c):
p=0.060, Adj. Slope=-1.0583).

a-1 Antitfypsin (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in either the percentage of participants with low «-1 antitrypsin levels or the
percentage of participants with high o-1 antitrypsin levels (Table 13-48(a,b): p>0.22 for all
contrasts). The final adjusted model contained age, race, occupation, and current wine use.

Examination of the unadjusted Model 2 results did not reveal a significant association
between the percentage of individuals with low o1 antitrypsin levels and initial dioxin or
between the percentage of individuals with high o-1 antitrypsin levels and current dioxin
(Table 13-48(c): p>0.40 for both associations). The unadjusted and adjusted results were
identical because no covariates were retained in the final model.

The unadjusted and adjusted Model 3 analyses did not reveal a significant difference
between any of the Ranch Hand categories and the Comparison group in the percentage of
individuals with low «-1 antitrypsin levels or in the percentage of participants with «-1 high
antitrypsin levels (Table 13-48(¢): p>0.13 for all contrasts). The adjusted analysis for
Model 3 contained age, race, and occupation. '

The unadjusted analyses of Models 4 through 6 did not reveal a significant association
between the percentage of individuals with low a-1 antitrypsin levels and current dioxin
(Table 13-48(g): p>0.23 for Models 4 through 6). However, the unadjusted analyses for
Models 4 and 5 detected a marginally significant association between the percentage of
participants with high «-1 antitrypsin levels and current dioxin (Table 13-48(g): p=0.082,
Est. RR=0.70, 95% C.1.=[0.47, 1.05] and p=0.056, Est. RR=0.76, 95% C.1.=[0.57,
1.01]). The unadjusted Model 6 analysis did not reveal a significant association between the
percentage of participants with high c-1 antitrypsin levels and current dioxin (Table 13-48(g):
p=0.390). - '

The adjusted analyses of Models 4 through 6 generally supported the findings of the
unadjusted analyses. After adjusting for degreasing chemicals in Models 4 and 5, the
association between current dioxin and low ¢-1 antitrypsin levels remained nonsignificant,
while the association with high «-1 antitrypsin remained marginally significant in Model 4
(Table 13-48(h): p=0.054, Adj. RR=0.67, 95% C.1.=[0.45, 1.01]) but became significant
in Model 5 (p=0.035, Adj. RR=0.74, 95% C.1.={0.55, 0.98]). The adjusted analysis for
Model 6 paralleled the unadjusted analysis because no covariates were retained in the final
model.
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Table 13-48.
Analysis of o-1 Antitrypsin
(Discrete)

5 aliie 5k (95% C.X)  p-Value
All Ranch Hand 939 2.2 96.0 1.8 1.35(0.73,2.49) 0.419 1.43 (0.72,2.85) 0.393

Comparison 1,253 1.7 97.1 13

Officer Ranch Hand 361 3.6 94.5 1.9 1.40 (0.64,3.06) 0.520 1.96 (0.62,6.22) 0.387
Comparison 495 2.6 96.4 1.0 ‘

Enlisted Flyer Ranch Hand 162 1.2 96.9 1.9 2.45 (0.22,27.22) 0.866 1.22 {0.24,6.14) 0.999
Comparison 196 0.5 98.0 1.5

Enlisted Ranch Hand 416 14 96.9 1.7 1.16 (0.39,3.49) 0.599 1.19 (0.43,3.30) 0.947

Groundcrew Comparison 562 1.3 97.3 1.4

All 1.34 (0.73,2.49) 0.347 1.35 (0.66,2.73) 0.409 AGE (p<0.001)
RACE (p=0.031)
Officer 1.37 (0.62,3.00 0.434 2.06 (0.64,6.61 0.224
i ( ) ( ) 0CC (p=0.048)
Enlisted Flyer 2.50 (0.23,27.60) 0.456 1.19 (0.24,6.05) 0.831 WINE (p=0.039)
Enlisted 1.13 (0.38,3.41) 0.824 0.98 (0.33,2.90) 0.975
Groundcrew ‘

a Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-48. (Continued)
Analysis of a-1 Antitrypsin
‘(Discrete)

. p-Value

0.75 (0.38,1.47) 0.404

0.90 (0.51,1.57) 0.703

Low 173 1.7

Medium 170 1.2
High 172 1.7

515 0.90 (0.51,1.57) 0.703 - 0.75(0.38,1.47) 0.404

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.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-48. (Continued)
Analysis of o-1 Antitrypsin
(Discrete)

Comparison 1,043 1.9 96.7 1.3

Background RH 369 3.0 94.9 2.2 ' 1.51 (0.71,3.22)  0.283 1.72 (0.70,4.22)  0.234
Low RH 257 1.6 96.5 2.0 0.83 (0.28,2.45) 0.736 1.24 (0.43,3.53)  0.692
High RH 258 1.6 98.1 0.4 0.83 (0.28,2.45) 0.735 0.20 (0.02,1.67) 0.138
Low plus High RH 515 i.6 97.3 12 0.83 (0.36,1.90)  0.658 0.71 (0.26,1.92)  0.498

Comparison 1,043 AGE (p=0.007)
. RACE (p=0.056)

Background RH 369 1.24 (0.57,2.66) 0.586 1.81 (0.71,4.57) 0.211 OCC (p=0.040)

Low RH 257 0.92 (0.31,2.75) 0.881 1.16 0.40,3.38)  0.791

High RH 258 119 (0.37,3.81) 0.765 0.23 (0.03,1.80)  0.160

Low plus High RH 515 1.03 (0.44,2.42) 0.945 . 070(0.26,1.93)  0.493

2 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.

Note: RH = Raach 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 13-48. (Continued)
Analysis of a-1 Antitrypsin
(Discrete)

4 Low 290 3.1 9.1 2.8 0.82 (0.59,1.14) 0.70 (0.47,1.05) 0.082
Medium 298 1.7 97.0 1.3
High 296 1.7 97.6 0.7

5 Low 294 31 94.2 2.7 0.88 (0.67,1.14) 0.335 0.76 (0.57,1.01) 0.056
Medium 297 1.4 97.3 - 1.4
High 293 2.1 97.3 0.7

6° Low - 293 3.1 94.5 2.4 0.88 (0.67,1.15) 0.344 0.86 (0.62,1.20) 0.390
Medium 297 1.4 97.3 14
High 293 2.1 97.3 0.7

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, totat 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 13-48. (Continued)
Analysis of -1 Antitrypsin
(Discrete)

4 884 0.88 (0.62,1.24) 0.449 0.67 (0.45,1.01) DC (p=0.147)
5 884 0.93 (0.70,1.23) 0.604 0.74 (0.55,0.98) 0.035 DC (p=0.134)
6° 883 0.88 (0.67,1.15) 0.344 0.86 (0.62,1.20) 0.390

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 in addition to covariates specified under "Covariate Remarks" column,



a-2 Macroglobulin (Continuous)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the mean levels of a-2 macroglobulin (Table 13-49(a,b): p>0.21 for all
contrasts). The final model contained age, race, occupation, lifetime alcohol history, and
current alcohol use.

Examination of the unadjusted Model 2 results did not show a significant association
between «-2 macroglobulin and initial dioxin (Table 13-49(c): p=0.784). The adjusted
Model 2 analysis contained a significant interaction between initial dioxin and age (Table 13-
49(d): p=0.033). Race, lifetime alcohol history, and current alcohol use also were
significant covariates in the final model. Appendix Table 1-2-35 presents adjusted results
stratified by age. When the initial dioxin-by-age interaction was removed from the final
model, the adjusted Model 2 analysis did not reveal 2 significant association between -2
macroglobulin and initial dioxin (Table 13-49(d): p=0.165).

The unadjusted Model 3 results did not reveal a significant difference between any of
the Ranch Hand categories and the Comparison group in the mean levels of o-2
macroglobulin (Table 13-49(e): p>0.17 for all analyses).

After covariate adjustment, the mean c-2 macroglobulin became marginally lower in the
low plus high Ranch Hand category relative to the Comparison group (Table 13-49(f):
p=0.078, 127.32 mg/dl vs. 129.92 mg/dl). All other contrasts involving Comparisons
remained nonsignificant. The final model contained age, race, occupation, lifetime alcohol
history, and current alcohol use. '

Without occupation in the final model, the adjusted results for Model 3 changed
slightly. After removing occupation, the adjusted Model 3 analysis did not show any of the
Ranch Hand categories to be significantly different from the Comparison group (Appendix
Table I-3-36(a): p>0.12 for all contrasts).

Fach of the unadjusted analyses for Models 4 through 6 uncovered a significant inverse
association between ¢-2 macroglobulin and current dioxin (Table 13-49(g): p=0.029, Est.
Slope=-0.0111; p=0.046, Est. Slope=-0.0087; and p=0.018, Est. Slope=-0.0111 for
Models 4, 5, and 6 respectively).

After covariate adjustment, the adjusted results supported the unadjusted findings. Each
of the adjusted analyses detected a significant inverse association between -2 macroglobulin
and current dioxin (Table 13-49(h): p=0.006, Adj. Slope=-0.0155; p=0.008, Adj. Slope=
-0.0126; and p=0.007, Adj. Slope=-0.0139 for Models 4, 5, and 6 respectively). All of the
adjusted analyses for Models 4 through 6 contained age, race, occupation, lifetime aicohol
history, and current alcohol use. ' '

Removing occupation from the analyses of Models 4 through 6 produced markedly
different adjusted results for these three models. Without occupation, the association
between macroglobulin and current dioxin became nonsignificant for each model (Appendix
Table I-3-36(b): p>0.47 for each analysis).
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Table 13-49,
Analysis of a-2 Macroglobulin (mg/dl)
(Continuous)

All Ranch Hand 939 133.35 -0.65 - 0.607

Comparison 1,253 134.00

Officer Ranch Hand 361 132.08 -1.02 -- 0.609
Comparison 495 133.10

Enlisted Flyer Ranch Hand 162 135.74 -3.32 -- 0.276
Comparison 196 139.06

Enlisted Groundcrew Ranch Hand 416 133.53 0.47 -- 0.803
Comparison 562 133.06

. roup
All Ranch Hand 917 128.91 -0.84 - 0.476 AGE (p<0.001)
Comparison 1,232 129.75 RACE (p<0.001)
Officer Ranch Hand 357 123.85 -1.17 - 0.518 DOREgéP(: 2'3%15)4)
Comparison 487  125.02 ALC (p=0.020)
Enlisted Flyer Ranch Hand 156  129.05 -3.63 -- 0.216
Comparison 195  132.68
Enlisted Ranch Hand 404  133.00 0.53 -- 0.770

Groundcrew  Comparison 550 132.47

2 Transformed from natural logarithm scale.

b 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 13-49. (Continued)
Analysis of «-2 Macroglobulin (mg/dl)
(Continuous)

Low 173 131.43 130.79 0.051 -0.0020 (0.0073) 0.784
Medium 170 133.23 133.30
High 172 131.43 132.01

Low 170 122.50%* 0.150  0.0105 (0.0075)** 0.165** INIT*AGE (p=0.033)
) RACE (p=0.003)

Medium 165 126.72%#* DRKYR (p=0.031)

High 167 129.34%+% ‘ ALC (p=0.018)

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 &-2 macroglobulin 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.

*ok 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 1-2-35 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-49. (Continued)
Analysis of a-2 Macroglobulin (mg/dl)
{Continuous)

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

~ Difference of Adj.
Adj Mean vs. Comparisons

Dioxin C.ategn'ry- | n  Mean® ~ Mean®™  {95% C.L) p-Value?

Comparison 1,043 134,23 134.27

Background RH -369 134.46 134.15 -0.12 - 0.%44
Low RH 257 132.86 132.47 -1.80 -- 0.368
High RH 258 131.19 131.85 -2.42 -- 0.226
Low plus High RH 515 132.02 132.16 -2.11 -- 0.173

f) MODEL 3: RANCH HAN'DS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
. Diﬂemnce -of Adj.
' ' - Adj. “Mean'vs. Comparisons
Dioxin Category . n  Mean®™ - . (95%C.L) - p—VaIue" _ Covariate Remarks

Comparison 1,025 129.92 AGE (p<0.001)

: RACE (p<0.001)
Background RH 362 130.31 0.39 -- 0.819 Dgf{g ép(ggg%l_’_)s)
High RH 251 127.67 -2.25 - 0.249
Low plus High RH 502 127.32 -2.60 -- 0.078

# 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.

¢ 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 13-49. (Continued)
Analysis of a-2 Macroglobulin (mg/dl)

(Continuous)

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

~ Current Dioxin Category Analysis Results for Log,
Mean“l(n) ' (Current Dioxin + 1)
: - _ RTINS R - Slope ' _
Model® | -~ Low Medium _High RO (e, Error)‘ _p-Value
4 134.97 133.02 131.18 0.005 -0.0111 0.029
(290) (298) (296) (0.0051)
5 135.18 131.91 132.04 0.005 -0.0087 0.046
{294) (297} (293) (0.0043)
64 135.74 131.99 131.22 0.008 -0.0111 0.018
(293) (297) (293) (0.0047)
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 N -
Model’ | Low  Medium High || R* (Std. Emor)°  p-Value . Covariate Remarks
4 131.92 127.16 125.82 0.115 -0.0155 0.006 AGE (p<0.001)
(287) (290) (287) (0.0056) RACE (p=0.006)
OCC (p<0.001)
DRKYR (p=0.016)
ALC (p=0.039)
5 132.13 126.31 126.83 0.114 -0.0126 0.008 AGE (p<0.00D)
(290) (290} (284) (0.0047) RACE (p=0.006)
OCC (p <0.001)
DRKYR (p=0.017)
ALC (p=0.043)
6° 132.51 126.48 126.43 0.114 -0.0139 0.007 AGE (p<0.001)
(289) (290) (284) (0.0051) RACE (p=0.008)
0CC (p<0.001)
DRKYR (p=0.017)
ALC (p=0.033)

? 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 «-2 macroglobulin versus log, (current diexin + 1).

4 Adjusted for log, total lipids.

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

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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o-2 Macroglobulin (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of participants with high -2 macroglobulin levels (Table 13-
50(a,b): p>0.42 for all contrasts). Age, occupation, and degreasing chemical exposure were
significant covariates in the adjusted Model 1 analysis.

The unadjusted Model 2 results did not reveal a significant association between o-2
macroglobulin and current dioxin (Table 13-50(c): p=0.508). The unadjusted and adjusted
results were identical because no covariates were retained in the final model.

The unadjusted and adjusted Model 3 analyses did not show a significant group
difference between any of the Ranch Hand categories and the Comparison group in the
percentage of individuals with high a-2 macroglobulin levels (Table 13-50(e,f): p>0.46 for
all contrasts). The adjusted Model 3 analysis retained age, occupation, degreasing chemical
exposure, and current alcohol use in the final model.

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
association between o-2 macroglobulin and current dioxin (Table 13-50(g,h): p>0.62 for
all analyses). No covariates were retained in any of the adjusted analyses for Models 4
through 6.

Apolipoprotein B (Continuous)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the mean levels of apolipoprotein B (Table 13-51(a,b): p=0.12 for all
contrasts). The adjusted Model 1 analysis contained current alcohol use and two interactions:
age-by-lifetime alcohol history and race-by-occupation.

Examination of the unadjusted Model 2 results did not show a significant association
between apolipoprotein B and initial dioxin (Table 13-51(c): p=0.112). Initial dioxin-by-age
was a significant interaction in the adjusted analysis of Model 2 (Table 13-51(d): p=0.038).
Appendix Table 1-2-36 presents adjusted results stratified by age. In contrast to the
unadjusted analysis, the adjusted Model 2 analysis detected a significant positive association
between apolipoprotein B and initial dioxin when the initial dioxin-by-age interaction was
removed from the final model (Table 13-51(d): p=0.018, Adj. Slope=0.0202).

The unadjusted and adjusted Model 3 analyses did not reveal a significant difference
between any of the Ranch Hand categories and the Comparison group in the mean levels of
apolipoprotein B (Table 13-51(e,f): p>0.11 for all contrasts). The adjusted Model 3
analysis contained current alcohol use, degreasing chemical exposure, and two interactions:
race-by-occupation and age-by-lifetime alcohol history.

The unadjusted analyses for Models 4 and 5 revealed a significant positive association

between apolipoprotein B and current dioxin (Table 13-51(g): p=0.016, Est. Slope=0.0138
and p<0.001, Est. Slope=0.0244 for Models 4 and 5 respectively). The unadjusted Model

13-252



Table 13-50.
Analysis of «-2 Macroglobulin
(Discrete)

a) MODEL 1: RANCH. I'IANDS VS ‘COMPARISONS — UNADJUSTED

" Percent Est. Re!atlve Risk

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

All Ranch Hand 939 0.4 0.89 (0.25,3.16) 0.999
Comparison 1,253 0.5

Officer Ranch Hand 361 0.0 -- --
Comparison 495 0.4

Enlisted Flyer Ranch Hand 162 0.6 0.60 (0.05,6.71) 0.999
Comparison 196 1.0

Enlisted Groundcrew Ranch Hand 416 0.7 2.03 (0.34,12.2%) 0.735
Comparison 562 0.4

b) MODEL 1: RANCH HANDS VS, coma;msons 2 ADJUSTED -

| Adj. Relative Risk SR
Occupational Category ¥95% C.1) o -p—'Va_lpe ST Co_va’r_la_te Remarks®

All 0.96 (0.26,3.55) 0.952 AGE (p<0.001)
OCC (p=0.011)

Officer -- - DC (p=0.013)

Enlisted Flyer 0.86 (0.07,10.63) 0.906

Enlisted Groundcrew 2.18 (0.32,14.70) 0.424

# 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
abnonnahtles
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Table 13-50. (Continued)
Analysis of «-2 Macroglobulin
(Discrete)

¢) MODEL 2: RANCH HANDS — INITIAL DIOXIN UNADJUST‘ED

Analysis Results for Logz (Imt!al Dioxin)a

Initial Dioxin Category Summary Statistis ||

_ . Percent _....‘_:-'-.---Emmtednaaﬁvemsk R _
Initial Dioxin n _High Lo 05% G f'_g '_;p-Value
Low 173 0.0 1.38 (0.53,3.59) 0.508

Medium 170 0.6

High ‘ 172 0.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysm R&sults for Log, (lnltial Dioxin)
n Adj. Relative Risk (95% C.1)" ;jﬁ CpValue :___Coyax_'lgt_c Remarks
515 1.38 (0.53,3.59) 0.508

# 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 13-50. (Continued)
Analysis of «-2 Macroglobulin
(Discrete)

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

Percent . Est. Relative Risk ~
Dioxin Category n - High C95% CIyY p-Value
Comparison 1,043 0.6
Background RH 369 0.3 0.51 (0.06,4.36) 0.542
Low RH 257 0.0 - -
High RH 258 0.8 1.11 (0.21,5.88) 0.905
Low plus High RH 515 0.4 0.55 (0.11,2.86) 0.479

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

. Adj. Relative Risk ' Co
Dioxin Category n (95% C1)* - p-Value . Covariate Remarks

Comparison 1,027 AGE (p=0.006)
OCC (p=0.133)

Background RH 367 0.50 (0.05,4.72)  0.546 DC (p=0.022)

Low RH 254 - ~ ALC (p=0.108)

High RH 254 1.13 (0.20,6.35)  0.890

Low plus High RH 508  0.53(0.10,2.85)  0.462

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 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 13-50. (Continued)
Analysis of «-2 Macroglobulin

(Discrete)
g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED
Current Dioxin Category ] Analysis Results for Log,
Percent High/(n) N “.{Current Dioxin + 1)
: ' o Est.Relative Risk
Model? Low Medium High ' 95%CI) . p-Vahe
4 0.3 0.0 0.7 1.18 (0.56,2.46) 0.668
(290) (298) {296)
5 0.3 0.0 0.7 1.18 (0.61,2.28) 0.623
(294) (297) (293)
6° 0.3 0.0 0.7 1.11 (0.55,2.27) 0.771
(293) (297) (293)

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

- Analysis Results for Log; (Current Dioxin + l)
" Adj. Relative Risk : :
Model® n ¥s%CLY . -p.Value . Covariate Remarks
4 884 1.18 (0.56,2.46) 0.668
5 884 1.18 (0.61,2.28) 0.623
6° 883 1.11 (0.55,2.27) 0.771

® 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 13-51.
Analysis of Apolipoprotein B (mg/dl)
(Continuous)

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

Occupationhl _ - N Difference of Means _

Category - Group m . Mean®* - 95% CI) p-Value®

All Ranch Hand 939 147.55 «0.22 - 0.888
Comparison 1,253 147.77

Officer Ranch Hand 361 144.35 0.02 - 0.993
Comparison 495 144.37

Enlisted Flyer Ranch Hand 162 151.04 -5.50 -- 0.137
Comparison 196 156.55

Enlisted Groundcrew Ranch Hand 416 149.02 1.20 -- 0.621
Comparison 562 147.82

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

Occupational L _".-Adj.-: ‘Differerice of Adj. - :

Category - Group n_ Mean®  Means (95% C.L)° - p-Value*  Covariate Remarks®

All Ranch Hand 917 151.01 .65 -- 0.685 ALC (p=0.143)
Comparison 1,232 151.66 AGE*DRKYR (p=0.044)

RACE*OC =0.027

Officer Ranch Hand 357  154.09 0.22 - 0.934 CE*OCC (p=0.027)
Comparison 487 15431

Enlisted Flyer Ranch Hand 156  149.06 6.17 - 0.120
Comparison 195 155.23

Enlisted Ranch Hand 404 147,92 0.97 -- 0.678

Groundcrew  Comparison 350  146.95

* Transformed from 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 Jogarithm scale.

4 Covariates and associated p-values correspond to final model based on ail participants with available data.
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Table 13-51. (Continued)
Analysis of Apolipoprotein B (mg/dl)
(Continuous)

©) MODEL 2: RANCH HANDS — INTTIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Stalistics | : _-Apélysis_ke&uits for Log, (Initial Dioxin)®
S e T e
Initial Dioxin n Mean" . Mean® | ~ R? = (Std. Error) = p-Value
Low 173 147.71 147.70 0.005 0.0130 (0.0082) 0.112
Medium 170 147.44 147 .44
High 172 151.73 151.75

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

Initial Dioxin Category Summary Analysis Results for Log, -(inltial Dioxin)?
Statistics. . - _ S :
Adi. | Adj.Slope R
Initial Dioxin - n - - Mean* R {Std. Error)° -~ ‘p-Value - Covariate Remarks
Low 173 146.25%* 0.028  0.0202 (0.0085)** 0.018** INIT*AGE (p=0.038)
Medium 170 147.10%*
High 172 153.62**

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 apolipoprotein B 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.

** 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 I-2-36 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-51. (Continued)
Analysis of Apolipoprotein B (mg/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% CL) p-Value!
Comparison 1,043 147.58 147.56

Background RH 369 144 .89 145.06 -2.50 -- 0.246
Low RH 257 146.14 146.21 -1.35 -- 0.585
High RH 258 151.81 151.54 3.97 -- 0.115
Low plus High RH 515 148.95 148.85 1.29 -- 0.505

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
' Difference of Adj. R
_ : Adj. ~ Mean vs. Comparisons -~ . L
Dioxin Category ~ 0 Mean™ " (95% C.L)* ' pValue® " ‘Covariate Remarks

Comparison 1,025 152.03 ALC (p=0.041)

DC (p=0.117)
Background RH 362 150.68 -1.34 - 0.556 RACE*OCC (p=0.023)
Low RH 251 149.75 227 - 0.373 AGE*DRKYR (p=0.049)
High RH 251  154.41 2.38 - 0.374
Low plus High RH 502 152.06 0.04 -- 0.986

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 13-51. (Continued)
Analysis of Apolipoprotein B (mg/dl)

{Continuous)
B MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN - UNADJUSTED
Current Dioxin Category B - Analysis Results for Log,
Mean®/(n) S . (Current Dioxin + 1)
§ o Slepet
Model® Low Medium - High. = R} . (Std. Error)* = p-Value
4 144 .54 146.30 150.92 0.007 0.0138 0.016
(290) (298) (296) (0.0057)
5 140.51 148.04 153.47 0.028 0.0244 <0.001
(294) (297) (293) (0.0048)
6¢ 148.04 148.80 144 .84 0.271 -0.0022 0.624
(293) (297) {293) (0.0045)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN - ADJUSTED
Current Dioxin Category || ~Analysis Results for Log,

Adjusted Mean®/(n) . (Current Dioxin + 1)

_ ) . L Z Adi.Sk)pe EREAETE .

Model’ | Low Medium  High [| R® (Std. Error)*  p-Value Covariate Remarks
4 14427 14481 14992 (0.019  0.0132 0.026 AGE (p=0.018)
(290)  (298)  (296) (0.0059) DC (p=0.011)

5 [140.13%* 146.83** 152.78** [ 0.046  0.0246 <0.001**  CURR*AGE (p=0.017)

2%) @ (29) (0.0050)** DC (p=0.059)
6° 147.53  148.09  143.76 0.280  -0.0026 0.581 AGE (p=0.117)

(289 (2900  (284) (0.0048) DRKYR (p=0.077)
DC (p=0.059)

# Transformed from naturai 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 apoliprotein B 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 1-2-36 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 ppq.
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6 analysis did not show a significant association (Table 13-51(g): p=0.624). The
nonsignificant association in Model 6 resulted from the high correlation between log lipids
and apolipoprotein B, which can be inferred from the difference between the R-squares in
Models 5 and 6. The R-square jumped from 0.028 in Model 5 to 0.271 in Model 6, the only
difference in the two models being the inclusion of log lipids as a forced adjusting covariate
in Model 6.

The adjusted results for Models 4 through 6 paralleled the unadjusted results. After
adjusting for age and degreasing chemical exposure, the Model 4 analysis found a significant
positive association between apolipoprotein B and current dioxin (Table 13-51(h): p=0.026,
Adj. Slope=0.0132). Current dioxin by age was a significant interaction in the adjusted
Model 5 analysis (Table 13-51(h): p<0.017). Degreasing chemical exposure also was
significant in the Model 5 analysis. Appendix Table I-2-36 presents adjusted results stratified
by age for Model 5. When the current dioxin-by-age interaction was removed from Model
5, the adjusted analysis found a significant positive association between apolipoprotein B and
current dioxin (Table 13-51(h): p<0.001, Adj. Slope=0.0246). After adjusting for age,
lifetime alcohol history, and degreasing chemical exposure, the adjusted Model 6 analysis did
not disclose a significant association between apolipoprotein B and current dioxin (Table
13-51(h): p=0.581).

Apolipoprotein B (Discrete)

The unadjusted and adjusted Model 1 analyses did not find a significant group
difference in the percentage of individuals having high apolipoprotein B levels (Table
13-52(a,b): p>0.26 for all contrasts). The adjusted Model 1 analysis contained two
interactions: age-by-lifetime alcohol history and occupation-by-race.

The unadjusted Model 2 results did not show a significant association between
apolipoprotein B and initial dioxin (Table 13-52(c): p=0.310). Initial dioxin-by-age was a
significant interaction in the adjusted Model 2 analysis (Table 13-52(d): p=0.024).
Appendix Table 1-2-37 presents adjusted results stratified by age. In addition to the initial
dioxin-by-age interaction, the final model also included occupation and degreasing chemical
exposure. The adjusted Model 2 analysis did not detect a significant association between
apolipoprotein B and initial dioxin when the initial dioxin-by-age interaction was removed
from the final model (Table 13-52(d): p=0.605).

Examination of the unadjusted Model 3 results revealed a marginally significant
difference between the high Ranch Hands and the Comparison group in the percentage of
individuals with high apolipoprotein B levels (Table 13-52(e): p=0.058, Est. RR=1.37, 95%
C.1.=[0.99, 1.90]). The percentage of apolipoprotein B abnormalities was higher for the
high Ranch Hands than for the Comparisons (77.9% vs. 71.8%). All other contrasts
involving the Comparisons were nonsignificant.

After adjusting for covariates in the Mode! 3 analysis, the contrast between the high

Ranch Hands and Comparisons became nonsignificant (Table 13-52(f): p=0.141). All other
contrasts involving the Comparisons remained nonsignificant in the adjusted analysis. The
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Analysis of Apolipoprotein B

Table 13-52.

(Discrete)

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

Percent Est, Relative Risk

Occupational Category Group n High - {95% C.1.) ~ p-Value

Al Ranch Hand 939 73.9 1.09 (0.90,1.32) 0.384
Comparison 1,253 72.1

Officer Ranch Hand 361 70.4 1.06 (0.79,1.43) 0.746
Comparison 495 69.1

Enlisted Flyer Ranch Hand 162 79.6 0.85 (0.50,1.44) 0.640
Comparison 196 82.1

Entisted Groundcrew Ranch Hand 416 74.8 1.19 (0.89,1.58) 0.266
Comparison 562 71.4

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

: : - Adj. Relative Risk
Occupational Category - 95% C.1.) -

. Covarlate Remarks®

: 3p—Vﬂue
All 1.05 (0.87,1.28) 0.597 AGE*DRKYR (p=0.010)
Officer 1.04 (0.77,1.40) 0.789 OCC*RACE (p=0.034)
Enlisted Flyer 0.79 (0.46,1.34) 0.376
Enlisted Groundcrew 1.16 (0.87,1.55) 0.311

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-52. (Continued)
Analysis of Apolipoprotein B
(Discrete)

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

Initial Dioxin Category Summary Statistics _ - .thlysis Results:for LOg, .(I_nitlal Dioxin)*

: - Percent  Estimated Relative Risk - '
Initial Dioxin n High L 98%CLY . p-Value
Low 173 74.6 1.08 (0.93,1.26) 0.310
Medium 170 75.3
High 172 76.2

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

Analysis Results for Log2 (lnitial Dioxin)‘

n Adj. Relative Risk (95%.C. LY __;,p-Value e Covarlate Remarks
515 1.05 (0.87,1.26)** 0.605%* INIT*AGE (p=0.024)
OCC (p=0.108)
DC (p=0.098)

* 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.

** 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 1-2-37 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-52. (Continued)
Analysis of Apolipoprotein B
(Discrete)

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

Percent Est. Relative Risk =
Dioxin Category n High (95% C.Ly» p-Value
Comparison 1,043 71.8
Background RH 369 71.3 0.98 (0.75,1.28) 0.890
Low RH 257 72.8 1.06 (0.78,1.44) 0.719
High RH 258 77.9 1.37 (0.99,1.90) 0.058
Low plus High RH 515 75.3 1.20 (0.94,1.53) 0.146

f) MODEL 3: RANCH HANDS AND COMPARISONS BY:
. Adj. Relative Risk :

Dioxin Category n

DIOXIN CATEGORY — ADJUSTED

i _3:_.C6v:aﬁ§tej Remarks

~ (95% CL)*  p-Value
Comparison 1,025 ALC (p=0.058)
OCC*RACE (p=0.035)
Background RH 362 1.02 (0.77,1.34)  0.915 AGE*DRKYR (p=0.029)
Low RH 251 0.99 (0.72,1.35)  0.950
High RH 251 1.29 0.92,1.82)  0.141
Low plus High RH 502 1.12 (0.87,1.44)  0.376

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of du

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

ty in SEA and change in percent body fat from the time of duty

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 13-52. (Continued)
Analysis of Apolipoprotein B
(Discrete)

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

Current Dioxin Category g B Anhlysis Results for Log,
Percent High/(n) - - - | =~ {(Current: Dioxin + 1)
RS ER | E Est Relaﬁvenisk S
Model® Low Medium ‘High =~ || 95% C I.) o p-Vilue
4 71.0 72.5 77.4 1.09 (0.98,1.21) 0.100
(290) (298) (296)
5 67.7 75.4 77.8 1.16 (1.06,1.27) 0.001
(294) (297) (293)
6° 67.6 75.4 77.8 0.98 (0.89,1.09) 0.719
(293) (297) (293)

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

- Analysis Resnlts _fqr 82 (Current Dioxin +1)
o _ ~* Adj. Relative Risk : _ -
Model* | n (95% C.1)* p-Value 3 Covaria_te Remarks
4 884 1.09 (0.98,1.21) 0.100
5 884 1.17 (1.07,1.28)%* <0.001%* CURR*AGE (p=0.019)
6 883 0.98 (0.89,1.09) 0.719

# 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.

** 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 1-2-37 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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adjusted Model 3 analysis contained current alcohol use and two interactions: occupation-by-
race and age-by-lifetime alcohol history.

Removing occupation from the adjusted analysis produced a change in the adjusted
results. The adjusted Model 3 analysis showed the high Ranch Hands to be significantly
different from the Comparisons when occupation was removed from the final model
(Appendix Table I-3-39(b): p=0.038, Adj. RR=1.42, 95% C.1.=[1.02, 1.98)]).

The unadjusted Model 4 analysis detected a marginally significant association between
apolipoprotein B and current dioxin (Table 13-52(g): p=0.100, Est. RR=1.09, 95%
C.I.=[0.98, 1.21]). The unadjusted and adjusted Model 4 results were identical because no
covariates were retained in the adjusted Model 4 analysis.

The unadjusted Model 5 results revealed a significant association between apolipoprotein
B and current dioxin (Table 13-52(g): p=0.001, Est. RR=1.16, 95% C.1.=[1.06, 1.27)).
Current dioxin-by-age was a significant interaction in the adjusted Model 5 analysis (Table
13-52(h): p=0.019). Appendix Table 1-2-37(b) presents adjusted results stratified by age.
When the current dioxin-by-age interaction was removed from the adjusted Model 5 analysis,
the association between apolipoprotein B and current dioxin remained significant in the
adjusted analysis (Table 13-52(h): p<0.001, Adj. RR=1.17, 95% C.I.=[1.07, 1.28]).

The unadjusted and adjusted Model 6 analyses did not reveal a significant association
between apolipoprotein B and current dioxin (Table 13-52(g,h): p=0.719 for both analyses).
No covariates were retained in the adjusted Model 6 analysis.

C, Complement (Continuous)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the mean levels of C, complement (Table 13-53(a,b): p>0.15 for all analyses).
Age, race, occupation, current alcoho! use, and degreasing chemical exposure were
significant covariates in the adjusted Model 1 analysis.

The unadjusted Model 2 results revealed a significant positive association between C,
complement and initial dioxin (Table 13-53(c): p=0.041, Est. Slope=0.0099). The adjusted
Model 2 analysis also detected a significant positive association between C, complement and
initial dioxin (Table 13-53(d): p=0.031, Adj. Slope=0.0105). The final model contained the
covariates race and current alcohol use.

The unadjusted Model 3 analysis showed that the background Ranch Hand category had
a significantly lower mean C, complement than the Comparison group (Table 13-53(e):
p=0.004), while the high Ranch Hand category and the low plus high Ranch Hand category
had marginally higher means than the Comparison group (Table 13-53(e): p=0.068 and
p=0.051). The means, adjusted for percent body fat at the time of duty in SEA and the
change in percent body fat from the time of duty in SEA to the date of the blood draw for
dioxin, were 114.40 mg/dl, 111.53 mg/dl, 115.79 mg/dl, 116.53 mg/dl, and 116.16 mg/dl
for the Comparison group, the background Ranch Hand category, the low Ranch Hand
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Table 13-53,

Analysis of C; Complement (mg/dl)

(Continuous)

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

Occupational S : - Difference of Means
Category 'Group - Mean® (95% C.LY ‘p-Value®
All Ranch Hand 939 114.14 -0.22 -- 0.773
Comparison 1,253 114.36
Officer Ranch Hand 361 111.52 0.45 -- 0.690
Comparison 495 111.07
Enlisted Flyer Ranch Hand 162 114.35 -2.05 -- 0.298
Comparison 196 116.40
Enlisted Groundcrew Ranch Hand 416 116.39 -0.23 -- 0.840
Comparison 562 116.62
" b) MODEL l RANCH HANDS V8. COMPARISONS — ADJUSTED
Occupational . Adj. Diﬂu'\ence of Adj. L e S
Category Group n Mea_n Means (95% C.I.)> p_-";V;a_lue‘?, * Covariate Remarks?
All Ranch Hand 929  116.09 0,43 -- 0.566 AGE (p<0.001)
Comparison 1,235 116.52 RACE (p=0.001)
001
Officer Ranch Hand 361 113.58 0.64 -- 0.588 ﬁgg g:g 822))
Comparison 488 112,94 DC (p=0.035)
Enlisted Flyer Ranch Hand 159  115.38 -2.65 -- 0.157
Comparison 196 118.03
Enlisted Ranch Hand 409 118.63 -0.59 -- 0.612
Groundcrew  Comparison 351 119.22

* Transformed from 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 13-53. (Continued)
Analysis of C; Complement (mg/dl)
(Continuous)

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

Initial Dioxin Category Summary Statistics L ':Apalyéis-kgsﬁlts'_for_bpg,:(lniﬁal' Dioxin)®
S - | Cooam T sepe
Tnitial Dioxin n Mean'. " Mean® | - R* - (Std. Emor® - p-Value
Low 173 114.89 115.40 0.074 0.0099 (0.0048) 0.041
Medium 170 116.69 116.81
High 172 119.80 119.15

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

Initial Dioxin Category Sumniﬁry [ o Anal_ysls' Results for Log,(lnitml Dioxin)?
Statisties [ e o |
Ag. | CAdiSlope :
Initial Dioxin n . Mean® R (Std. Error)®  p-Value - Covariate Remarks
Low 171 118.56 0.090 0.0105 (0.0049) 0.031 RACE (p=0.012)
=(0.

Medium 167 120.23 ALC @ 129)
High 170 122.63

* 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 bloed draw for dioxin.

¢ Slope and standard error based on natural logarithm of C, complement 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 13-53. (Continued)
Analysis of C; Complement (mg/dl)
(Continuous)

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

 Difference of Adj.
Adj Mean vs. Comparisons -

Dioxin Category n Mean® Mean® (95% C.1)° : p-Value!
Comparison 1,043 114.46 114.40

Background RH 369 110.12  111.53 2.87 -- 0.004
Low RH 257 116.22  115.79 1.39 -- 0.233
High RH 258 118.00  116.53 2.13 - 0.068
Low plus High RH 515 117.11  116.16 1.76 - 0.051

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 1,043 116.25 AGE (p<0.001)
RACE (p=0.007)

Background RH 369 114.16 2.09 - 0.043 0OCC (p<0.001)

Low RH 257 117.32 1.07 - 0.361 BC (p=0.089)

High RH 258 117.42 1,17 - 0.335

Low plus High RH 515 117.37 1.12 - 0.223

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 bedy 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 13-53, (Continued)
Analysis of C, Complement (mg/dl)
(Continuous) -

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

Current Dioxin Category - Analysis Results for Log,
Mean®/(n) _ __(Cm'-.ren_t-g_nioxin'j-i- l) .
o AT DRI KRNI Slope .
Model® Low Medium High - __R* . (Std. Error)* . p-Value
4 109.86 114.47 118.15 0.051 0.0232 <0.001
(290) (298) (296) (0.0034)
5 109.35 114.27 119.02 0.073 0.0240 <0.001
(294) 97 (293) (0.0029)
64 111.14 114.43 117.05 0.119 0.0160 <0.001
(293) (297) (293) (0.0030)
h) MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN — ADJUSTED
Current Dioxin Category || _ - Analysts Results for Log,
Adjusted Mean®/(n) - - {Current Dioxin + 1)
. .-Adj. Slope IR R
Model’ | Low  Medium High ' R* (Std. Error)*.  p-Value Covariate Remarks
4 111.84 11571 119.83 [[0.077  0.0233 <0.001 AGE (p=0.018)
(287) (290) (287 (0.0039) RACE (p=0.028)
OCC*IC (p=0.030)
DRKYR*IC (p=0.042)
5 111.67**%  116.15%* 121.34** [ 0.102  0.0245 <0.001** CURR*OCC (p=0.031)
(294) (297) (293) (0.0032)** AGE (p=0.069)
RACE (p=0.009)
OCC*IC (p=0.037)
6° 113.86 11637 11927 [0.149  0.0154 <0.001 AGE (p=0.076)
(289) (290) (284) (0.0034) RACE (p=0.005)
OCC*IC (p=0.013)
DRKYR*IC (p=0.029)

* 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 naturat logarithm of C; complement 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, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table 1-2-38 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 ppg.
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category, the high Ranch Hand category, and the low plus high Ranch hand category
respectively.

After adjusting for the covariates age, race, occupation, and degreasing chemical
exposure, the background Ranch Hand mean C, complement remained significantly lower
than the Comparison group mean (Table 13-53(f): p=0.043, 114.16 mg/dl versus 116.25
mg/dl), but the high versus Comparison group contrast and the low plus high versus
Comparison group contrast became nonsignificant (p>0.22 for both contrasts). The change
in significance for the high versus Comparison contrast and the low plus high versus
Comparison contrast was due to adjusting for occupation. After excluding occupation from
the final model, the adjusted results paralleled the unadjusted findings, showing marginally
significant mean differences for both these contrasts (Appendix Table 1-3-40(a): p=0.069 for
the high versus Comparison contrast and p=0.077 for the low plus high versus Comparison
contrast).

The unadjusted analyses for Models 4, 5, and 6 revealed a significant positive
association between C, complement and current dioxin (Table 13-53(g): p <0.001, Est.
Slope=0.0232; p<0.001, Est. Slope=0.0240; and p <0.001, Est. Slope=0.0160
respectively). For Models 4 and 6, each of the adjusted analyses also detected a significant
positive association between C, complement and current dioxin (Table 13-53(h): p<0.001,
Adj. Slope=0.0233 and p<0.001, Adj. Slope=0.0154 respectively). Each of the adjusted
analyses for Models 4 and 6 contained age, race, and two interactions: occupation-by-
industrial chemical exposure and lifetime alcohol history-by-industrial chemical exposure.

Current dioxin-by-occupation was a significant interaction in the adjusted Model 5
analysis (Table 13-53(h): p=0.031). Appendix Table I-2-38(a) presents adjusted results
stratified by occupation for Model 5. In addition to the current dioxin-by-occupation
interaction, the adjusted Model 5 analysis contained age, race, and the occupation-by-
industrial chemical exposure interaction. After removing the current dioxin-by-occupation
interaction from the final model, the association between C, complement and current dioxin
remained significant in the adjusted Model 5 analysis (Table 13-53(h): p<0.001, Adj.
Slope =0.0245).

C; Complement (Discrete)

The unadjusted Model 1 analysis did not show a significant group difference in the
percentage of participants having low levels of C; complement (Table 13-54(a): p>0.26 for
all contrasts). The interaction between group and race was significant in the adjusted Model
1 analysis (Table 13-54(b): p=0.021). Appendix Table I-2-39 presents adjusted results
stratified by race. The final model also contained two other interactions: occupation-by-
lifetime alcohol history and current alcohol use-by-industrial chemical exposure. The
adjusted analysis did not show a significant group contrast when the group-by-race interaction
was removed from the final model (Table 13-54(b): p>0.13 for all contrasts).

The unadjusted and adjusted Model 2 analyses did not reveal a significant association
between C, complement and initial dioxin (Table 13-54(c,d): p>0.33 for both analyses). The
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Table 13-54.
Analysis of C, Complement
(Discrete)

) MODEL 1: RANCH HANDS VS, COMPARISONS — UNADJUSTED

: . Percent | Est. Relative Risk |
Occupational Category Group ... m Low . :{95% C.L) p-Value

All Ranch Hand 939 2.6 1.07 (0.62,1.84) 0.918
Comparison 1,253 2.4

Officer Ranch Hand 361 2.8 0.85 (0.38,1.90) 0.851
Comparison 495 3.2

Enlisted Flyer Ranch Hand 162 2.5 0.68 (0.20,2.38) 0.769
Comparison 196 3.6

Enlisted Groundcrew Ranch Hand 416 24 1.95 (0.74,5.17) 0.261
Comparison 562 1.2

__b)MODEL i: RANCH HANDS VS. COMPARISONS — ADJUSTED

L _ Adj. Relative Risk - T
Occupational Category - Os%CI) - pValse. - Covariate Remarks®
All 1.10 (0.64,1.90)** 0.734%* GROUP*RACE (p=0.021)

OCC*DRKYR (p=0.039)
Officer 0.86 (0.38,1.91)** 0.704** ALCHIC (p=0.016)
Enlisted Flyer 0.71 (0.20,2.49)** 0.594+*
Enlisted Groundcrew 2.14 (0.79,5.84)%* 0.137%+

# 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 1-2-39 for further
analysis of this interaction.
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Table 13-54. (Continued)
Analysis of C, Complement
(Discrete)

“¢©) MODEL 2:- RANCH HAN'DS INITIAL DIOXIN - UNADJUSTED

Initlal Dioxin Category Summary Statlstics : Analysis Results for. Log; (Initial Dioxin)' g
- ‘Percent | Estimated Relative Risk -~

ini_tial_ Dioxin =~ n Low - (95% C.1)* " p-Valye

Low 173 1.2 0.83 (0.47,1.46) 0.504

Medium 170 2.4

High 172 1.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis Results for Log, (Initial Dioxln)° '

n Adj. Relative Risk 9% C.1)% ~ pValue = Covariate Remarks
508 0.74 (0.39,1.41) 0.337 RACE (p=0.103)
IC (p=0.039)
DC (p=0.061)
ALC (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 13-54. (Continued)
Analysis of C; Complement
(Discrete)

¢) MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED

Percent  Fst. Relative Risk
Dioxin Category n  Low O (95% C.Ly® p-Value
Comparison 1,043 27
Background RH 369 38 1.23 (0.63,2.38) 0.549
Low RH 257 1.9 0.72 (0.27,1.90) 0.504
High RH 258 1.2 0.46 (0.13,1.55) 0.210
Low plus High RH 515 1.6 0.59 (0.26,1.33) 0.207

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

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

Comparison 1,027 DXCAT*RACE (p=0.028)
DXCAT*IC (p=0.003)

Background RH 367 1.25 (0.63,2.46)** 0.520%* Ig‘ﬁ‘é% =<060§(:;)

Low RH 254 0.74 (0.28,1.97)%* 0.544%%

High RH 254 0.40 (0.12,1.37)%* 0.144%*

Low plus High RH 508 0.56 (0.25,1.28)** 0.169**

® 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.

** Categorized 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 Table 1-2-39 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 13-54. (Continued)
Analysis of C, Complement
(Discrete)

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

* Current Dioxin Category -} - Analysis Results for Log,
Percent Low/(n) SRS O (Current Dioxin + 1)
_ : R " Est. Relative Risk _
Model® Low Medium High |+ @s%CL)® . p-Value
4 34 23 1.7 0.68 (0.49,0.94) ¢.014
(290) (298) (296)
5 4.4 2.0 1.0 0.70 (0.56,0.87) 0.003
(294) 297) (293)
6° 4.1 2.0 1.0 0.86 (0.65,1.13) 0.282
(293) (297) (293)

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

_ Analysls Rmults l’or Logz (Current Dioxln + 1)
Adj. Relative Risk g R '
Model® n (95% C.L) . p-Valu_e Covariate Remarks

4 875 0.68 (0.47,0.97)** 0.032% CURR*ALC (p=0.011)
DC (p=0.075)

OCC*AGE (p=0.037)

5 875 0.66 (0.51,0.85) 0.003 DC (p=0.052)
OCC*AGE (p=0.022)
IC*ALC (p=0.032)

64 874 0.85 (0.62,1.17) 0.330 DC (p=0.051)
OCC*AGE (p=0.011)
IC*ALC (p=0.032)

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 I-2-39 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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adjusted Model 2 analysis included race, industrial chemical exposure, degreasing chemicai
exposure, and current alcohol use.

Examination of the unadjusted Model 3 results did not show a significant contrast
between any of the Ranch Hand categories and the Comparison group (Table 13-54(e):
p>0.20 for all contrasts). Categorized dioxin-by-race and categorized dioxin-by-industrial
chemical exposure were significant interactions in the adjusted Model 3 analysis. Appendix
Table 1-2-39(b,c) presents adjusted results stratified separately by race and industrial
chemical exposure. The final model also included two covariate-by-covariate interactions:
industrial chemical exposure-by-degreasing chemical exposure and industrial chemical
exposure-by-current alcohol use. The adjusted Model 3 analysis did not detect a significant
difference between any of the Ranch Hand categories and the Comparison group when the
two categorized dioxin-by-covariate interactions were removed from the final model (Table
13-54(f): p>0.14 for all contrasts).

The unadjusted analyses for Models 4 and 5 detected a significant inverse association
between low levels of C, complement and current dioxin (Table 13-54(g): p=0.014, Est.
RR=0.68, 95% C.I1.=[0.49, 0.94] and p=0.003, Est. RR=0.70, 95% C.I.=[0.56, 0.87]
for Models 4 and 5 respectively). By contrast, the unadjusted Model 6 analysis did not show
a significant association (Table 13-54(g): p=0.282).

Current dioxin-by-current alcohol use was a significant interaction in the adjusted Model
4 analysis. Appendix Table I-2-39 presents adjusted results stratified by current alcohol use
for Model 4. The adjusted Model 4 analysis also included degreasing chemical exposure and
the occupation-by-age interaction. After removing the current dioxin-by-current alcohol use
interaction from the final model, the association between C; complement and current dioxin
remained significant (Table 13-54(h): p=0.032, Adj. RR=0.68, 95% C.1.=[0.47, 0.97)).

The adjusted results for Models 5 and 6 corresponded to the unadjusted results for these
models. The adjusted Model 5 analysis found a significant inverse association between C,
complement and current dioxin (Table 13-54(h): p=0.003, Adj. RR=0.66, 95% C.1.=[0.51,
0.85]), but the Model 6 adjusted analysis did not find a significant association (Table
13-54(h): p=0.330).

These seemingly discrepant results for C, complement (in continuous analyses,
significantly increasing abnormally low levels as dioxin increases and, in discrete analyses,
significantly decreasing abnormally low levels as dioxin increases) are consistent because low
levels of C, are considered abnormal in the discrete analyses results.

C, Complement (Continuous)
The unadjusted and adjusted Model 1 analyses did not show a significant group
difference in the mean levels of C, complement (Table 13-55(a,b): p>0.51 for all contrasts).

The adjusted analysis contained age, race, occupation, lifetime alcohol history, and industrial
chemical exposure.
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Table 13-55.
Analysis of C, Complement (mg/dl)
{Continuous)

) MODEL 1: RANCH HANDS VS COMPARISONS — UNADJUSTED

Occupational _ ' ‘ v Difference of Means

Category : Group - m.  Mean* " (95%C.L)® p-Value®

All Ranch Hand 939 21.73 -0.07 -- 0.763
Comparison 1,253 21.80

Officer Ranch Hand 361 21.15 0.13 -- 0.711
Comparison 495 21.28

Enlisted Flyer Ranch Hand 162 22.21 0.36 -- 0.565
Comparison 196 21.85

Enlisted Groundcrew Ranch Hand 416 22.07 -0.19 -- 0.573
Comparison 562 22.25

b) MODEL 1: RANCH HANDS VS. COWARISONS ADJUSTED

Occupational : _ Ad[ Dlﬂenmce ol’A(li D - _
Category ‘Group n  Mean® Means (95% C.IL )" p'—‘;Yglue‘ " Covariate Remarks®
All Ranch Hand 917  23.17 -0.12 -- 0.617 AGE (p=0.027)
Comparison 1,232 23.29 RACE (p<0.001)
Officer Ranch Hand 357 22.66 0.19 -- 0.619 Dgﬁ%";g‘gﬂ?ﬁ)
Comparison 487 22.84 , IC (p=0.131)
Enlisted Flyer Ranch Hand 156 23.49 0.36 -- 0.548
Comparison 195 23.13
Enlisted Ranch Hand 404 23.56 -0.24 - 0.515
Groundcrew  Comparison 550 23.80

2 Transformed from 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 13-55. (Continued)
Analysis of C; Complement (mg/dl)
(Continuous)

¢) MODEL 2: RANCH HANDS - mx'm-mom UNADJUSTED
Initial Dioxin Category Summm Statlst!cs 1 Analysis Results i‘or Log, (Initlal Dioxin)”

Adj R R T Slope : o
Initial Dioxin n - Mean® M-n R (Std Error) p-Value
Low 173 21.40 21.45 0.008 0.0020 (0.0083) 0.814
Medium 170 22.15 22.16
High 172 22.17 22.11

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

Initial Dioxin Category Summary - Analysls Resnlts lor Log, (Initial Dlmcin)d
Statistics S s i
_ Adj. || : Acli Slope s S
Initial Dioxin n Mean® R? - (Std. Error)® - p-Value - Covariate Remarks
Low 171 22.40** 0.088  0.0020 (0.0097)** 0.834** INIT*OCC (p=0.002)
INIT*AGE (p=0.027)

Medium 167 23.35%* RACE (p=0.014)

. OCC*ALC (p=0.014)
High 170 23.24%* OCC*IC (p=0.007)

# 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 biood draw for dioxin.

¢ Slope and standard error based on natural logarithm of C, complement 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 (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 I-2-40 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-55. (Continued)
Analysis of C, Complement (mg/dl)
(Continuous)

€ MODEL 3: RANCH HANDS AND COWARISONS BY DIOXIN CATEGORY - UNADJUSTED
‘Différence of Adj. o
S Ce] Adi _M_e;an‘_vs Comparisons - = =
Dioxin Category . m Mean® Mean‘b U Ues% CL) - p-Valued

Comparison 1,043 21.76 21.76

Background RH 369 21.32 21.46 -0.30 -- 0.347
Low RH 257 21.97 21.94 0.18 -- 0.619
High RH 258 21.83 21.69 -0.07 -- 0.857
Low plus High RH 515 21.90 21.82 0.06 -- 0.838

f) MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED
- Difference of Adj. - .. S
_ - -Adj._ . Mean vs. Comparisons : _
Dioxin Category . n  Mean® = (95%C.L) p-anne'd' '~ Covariate Remarks

Comparison 1,025 23.06 AGE (p=0.053)
RACE (p<0.001)

Background RH 362 22.85 0.20 - 0.554 Dgg%l’(;g-glo%)

Low RH 251 23.17 0.11 - 0.772 '

High RH 251 22.78 -0.28 -- 0.487

Low plus High RH 502  22.98 -0.08 -- 0.785

# 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 Jogarithm 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 13-55. (Continued)
Analysis of C, Complement (mg/dl)
(Continuous)

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

~ . Current Dioxin Category - ‘Analysis Results for Log, -
- Mean®/@m) - - (Current Dioxin + 1) -
N R ool T Glepe
Model’ | Low - Medium  High f m* (Std. Extor)® :  p-Value
4 21.16 21.82 22.00 0.004 0.0102 0.068
(290) (298) (296) (0.0056)
5 21.03 21.69 2227 0.009 0.0138 0.004
(294) (297) (293) (0.0048)
64 21.44 21.73 21.83 0.041 0.0038 0.452
(293) (297 (293) (0.0051)
h) MODELS 4, 5, AND 6: - RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Current Dioxin Category L Analysis Results for Log,
Adjusted Mea‘nf‘!_(n) R -_3':5":(Cum-m0$in'+ 1)
: . ':. ERNEE _.--.::.:.;Aﬁ’j‘slope- Eolee
Model’ | Low  Medium High [ R® (Std. Ervor)° -~ p-Value ~~  Covariate Remarks
4 2231 22.84 22.78  |[0.046 0.0071 0.267 RACE (p=0.002)
(287)  (290) (287) (0.0064) OCC*ALC (p=0.035)

OCCHIC (p=0.009)
ALC*DRKYR (p=0.041)

5 |22.9* 22.66** 2327+ [l0.058  0.0129 0.018**  CURR*OCC (p=0.031)
(290)  (290) (284) (0.0054)** RACE (p=0.002)
OCC*ALC (p=0.030)
OCC*IC (p=0.009)
ALC*DRKYR (p=0.041)

6° 2282 2280  22.8 [ 0.078  0.0006 0.920 RACE (p <0.001)
(289)  (290) (284) (0.0058) OCCH*IC (p=0.004)
ALC*DRKYR (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 C, complement 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 1-2-40 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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Examination of the unadjusted Model 2 results did not reveal a significant association
between C, complement and initial dioxin (Table 13-55(c): p=0.814). Initial dioxin-by-
occupation and initial dioxin-by-age were significant interactions in the adjusted analysis of
Model 2 (Table 13-55(d): p=0.002 and p=0.027 respectively). Appendix Table I-2-40(a,b)
presents adjusted results stratified separately by age and occupation. The final model also
included race and two covariate-by-covariate interactions: occupation-by-current alcohol use
and occupation-by-industrial chemical exposure. When the two initial dioxin-by-covariate
interactions were removed from the final model, the association between C, complement and
initial dioxin remained nonsignificant (Table 13-55(d): p=0.834).

The unadjusted and adjusted Model 3 analyses did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-55(e,f): p>0.34
for all contrasts). Age, race, occupation, and lifetime alcohol history were significant
covariates in the adjusted analysis.

The unadjusted analyses for Models 4 and 5 detected a marginally significant and
significant positive association between C, complement and current dioxin (Table 13-55(g):
p=0.068, Est. Slope=0.0102 and p=0.004, Est. Slope=0.0138 respectively). The Model 6
analysis did not show a significant association (Table 13-55(g): p=0.452).

After covariate adjustment, the association between C, complement and current dioxin
became nonsignificant in the Model 4 analysis (Table 13-55¢h): p=0.267). The adjusted
Model 4 analysis contained race and three covariate-by-covariate interactions: occupation-by-
current alcohol use, occupation-by-industrial chemical exposure, and current alcohol use-by-
lifetime alcohol history).

The adjusted Model 4 results corresponded to the unadjusted results when occupation
was removed from the final model. This adjusted analysis detected a marginally significant
association between C, complement and current dioxin (Appendix Table 1-3-42(c): p=0.080,
Adj. Slope=0.0100).

Current dioxin-by-occupation was a significant interaction in the adjusted analysis of
Model 5 (Table 13-55(h): p=0.031). Appendix Table I-2-40 presents adjusted results
stratified by occupation. In addition to this interaction, the final model also included race
and three covariate-by-covariate interactions: occupation-by-current alcohol use, occupation-
by-industrial chemical exposure, and current alcohol use-by-lifetime alcohol history. The
association between C, complement and current dioxin remained significant after the current
dioxin-by-occupation interaction was removed from the adjusted Model 5 analysis (Table
13-55(h): p=0.018, Adj. Slope=0.0129).

The adjusted Model 6 analysis did not reveal a significant association between C,
complement and current dioxin (Table 13-55(h): p=0.920). The final model contained race
and two covariate-by-covariate interactions: occupation-by-industrial chemical exposure and
current alcoho! use-by-lifetime alcohol history.
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C, Complement (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of participants having low C, complement levels (Table
13-56(a,b): p>0.17 for all contrasts). The final adjusted model contained occupation and
current alcohol use.

The unadjusted and adjusted Model 2 results did not show a significant association
between C, complement and initial dioxin (Table 13-56(c,d): p>0.64 for both analyses).
Lifetime alcohol history was the only covariate in the final model.

Examination of the unadjusted and adjusted Model 3 results did not reveal a significant
difference between any of the Ranch Hand categories and the Comparison group (Table
13-56(e,f): p>0.53 for all contrasts). The final model contained occupation and current
alcohol.

The unadjusted and adjusted analyses for Models 4 through 6 did not show a significant
association between C, complement and current dioxin (Table 13-56(g,h): p>0.42 for all
analyses). Lifetime alcohol history was the only covariate in each of the adjusted analyses.

Haptoglobin (Continuous)

The unadjusted Mode! 1 analysis revealed a significant overall group difference in the
mean levels of haptoglobin (Table 13-57(a): p=0.004). The mean level of haptoglobin was
higher for the Ranch Hands than for Comparisons (114.81 mg/dl vs. 109.17 mg/dl).
Stratifying the unadjusted analysis by occupation uncovered a significant group difference
within the enlisted groundcrew stratum (p=0.015). For the enlisted groundcrew, the mean
level of haptoglobin was higher for the Ranch Hands than for the Comparisons (119.29
mg/dl vs. 112.20 mg/dl).

After covariate adjustment, the overall group contrast remained significant (Table
13-57(b): p=0.016). Similarly, the enlisted groundcrew group contrast remained significant
when the adjusted Model 1 analysis was stratified by occupation (p=0.034). The final model
contained race, occupation, and four covariate-by-covariate interactions: age-by-lifetime
alcohol history, lifetime alcoho! history-by-current alcohol use, current alcohol use-by-
industrial chemical exposure, and current alcohol use-by-degreasing chemical exposure.

The unadjusted Model 2 results did not reveal a significant association between
haptoglobin and initial dioxin (Table 13-57(c): p=0.326). Initial dioxin-by-age and initial
dioxin-by-lifetime alcohol history were significant interactions in the adjusted Model 2
analysis (Table 13-57(d): p=0.016 and p=0.023 respectively). Appendix Table I-2-41
presents adjusted results stratified separately by age and lifetime alcohol history. The final
model also included race and the age-by-occupation interaction. The adjusted analysis did
not show a significant association between haptoglobin and initial dioxin when the two initial
dioxin-by-covariate interactions were removed from the final model (Table 13-57(d):
p=0.452).
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Table 13-56.
Analysis of C; Complement
(Discrete)

' oo Percent Est. Relative Rlsk
Occupational Cat_egory Group ..~ mn - Lew - {95%CIL)

p-Yalue
All Ranch Hand 939 0.6 0.89 (0.32,2.51) 0.999
Comparison 1,253 0.7
Officer Ranch Hand 361 0.8 1.37 (0.28,6.85) 0.999
Comparison 495 0.6
Enlisted Flyer Ranch Hand 162 0.6 0.24 (0.03,2.05) 0.315
Comparison 196 2.6
Enlisted Groundcrew Ranch Hand 416 0.5 2.71 (0.24,29.99) 0.793
Comparison 562 0.2
b) MODEL 1: RANCH mns Vs comamsbﬂs L Amvsmn
- CAdiReltiveRisk o
Occupational Category | 5% Cl)y . CpValue __'-;Cer\m'rlat.e.l?«e_nulrksa
All 0.86 (0.30,2.44) 0.775 OCC (p=0.037)
Officer 1.41 (0.28,7.02) 0.677 ALC (p=0.11D)
Enlisted Flyer 0.23 (0.03,1.95) 0.177
Enlisted Groundcrew 2.73 (0.24,30,55) 0.415

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-56. (Continued)
Analysis of C, Complement
(Discrete)

¢) MODEL 2: RANCH HANDS — IN'ITIAL DIOX]N -~ UNADJUSTED

Tnitiat Dioxin Category Summary Statistlcs 1 . Amalysls. Results tor Logz (nitis! Dioxin)a -
_ Percent | Esﬂmuted Relative Risk SR |
Witial Dicin 1 | Low | - @smCip -p-:vgme
Low 173 0.0 1.20 (0.56,2.58) 0.644
Medium 170 12
High 172 0.6

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysls Results for I.aogz (Initial Dioxin)"' i o
n  Adj. Relative Risk (95% C.L )b pValue 0 Covariate Remarks
502 1.18 (0.52,2.65) 0.695 DRKYR (p=0.118)

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 13-56. (Continued)
Analysis of C, Complement
(Discrete)

“€) MODEL 31 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

_ ~ Percent . Est. Relative Risk
Dioxin Category n Lew . (95%C.Ay® . p-Value
Comparison 1,043 0.8
Background RH 369 0.8 1.00 (0.26,3.85) 0.997
Low RH 257 0.8 (.98 (0.20,4.66) 0.977
High RH 258 04 0.51 (0.06,4.17) 0.530
Low plus High RH 515 0.6 0.75 (0.20,2.88) 0.676

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJ'USTED

: Adj. Relative Risk
Dioxin Category = n - (95% C.L)*  p-Velue Covariatekemarks

Comparison 1,027 OCC (p=0.117)
ALC (p=0.120)

Background RH 367 0.96 (0.24,3.78) 0.954

Low RH 254 0.85(0.17.,4.11) 0.838

High RH 254 0.55 (0.06,4.75) 0.585

Low plus High RH 508 0.72 (0.18,2.87) 0.644

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" 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 13-56. (Continued)
Analysis of C, Complement
{Discrete)

£ MODELS 4, 5, AND 6: RANCH HANDS - CURRENT DIOXIN - UNADJUSTED

Current Dioxin Category . s Analysis ‘Resutlts for Log,
- Percent Low/(w) - = .~ | (Current Dioxin +.1)
3 R R | _"Eﬁt’ Relative Risk _
Model® -~ Low ‘Medium . High ol . (95% CL)® p-Value
4 1.0 0.3 0.7 0.86 (0.48,1.54) 0.608
{290) (298) (296)
5 1.0 0.7 0.3 0.83 (0.53,1.31) 0.430
(294) (297) (293)
6° 1.0 0.7 03 0.94 (0.56,1.56) 0.808
{(293) 297) (293)

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

Analysis Results for Logz (Current Dioxin +1)
: : : Adj. Relative Risk . . K
Model® n 95% C.L )»® _ p-Value S . Covarlate Remarks
4 864 0.86 (0.48,1.53) 0.595 DRKYR (p=0.099)
5 864 0.82 (0.51,1.32) 0.421 DRKYR (p=0.098)
64 863 0.91 (0.54,1.54) 0.732 DRKYR (p=0.129)

? 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 ppg; High = > 128 ppq.
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Table 13-57,
Analysis of Haptoglobin (mg/dl)
(Continuous)

a) MODEL 1: RANCH HANDS VS COM]’ARISONS UNADJUSTED

‘Occupational

_ ST : Dil’ference ofMeans :

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

All Ranch Hand 939 114.81 5.64 (1.77,9.51) 0.004
Comparison 1,253 109.17

Officer Ranch Hand 361 105.72 3.75 (-2.19,9.69) 0.216
Comparison 495 101.97

Enlisted Flyer Ranch Hand 162 123.56 4.89 (-5.38,15.16) 0.351
Comparison 196 118.67

Enlisted Groundcrew Ranch Hand 416 119.29 7.09 (1.37,12.80) 0.015
Comparison 562 112.20

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

Oecupational : T Adi Diﬂmnce ol‘ Adj o

Category .. _Gro'up_'- 0 ‘Mean . Means 95% C. I_) p-Vatue _Cévariate,Remarksa

All Ranch Hand 917 110.05 4.69 (0.88,8.50) 0.016 RACE (p=0.011)
Comparison 1,232  105.36 OCC (p <0.001)

* YR (p=0.01

Officer Ranch Hand 357 97.01 3.45 (-2.65,9.55) 0.267 Q(RSIEYII){EI;LC 8:=ggo?;
Comparison 487 93.56 ALC*IC (p=0.039)

Enlisted Flyer Ranch Hand 156  115.13  3.56 (-5.84,12.97)  0.458 ALC*DC (p=0.032)
Comparison 195  111.57

Enlisted Ranch Hand 404  117.54 6.20 (0.47,11.93) 0.034

Groundcrew  Comparison 550 111.35

? Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 13-57. (Continued)
Analysis of Haptoglobin (mg/dl)
(Continuous)

) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics . | Analysis Results for Log; (initial Dioxin)*
‘Initial Dioxin n ~Mean ~ Mean® J R .. (Std.Error)  p-Value
Low 173 109.58  109.89 0.006  1.4844 (1.5109)  0.326
Medium 170 11871  118.80
High 172 11934 118.94

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

Initial Dioxin Category Sn'l'l._l!'lla._l"'y.:': o Analysis Reamlts fol' Log,(lnitiai Dioxin)®
Statisties. . b T e T
Initial Dioxin n_ Mean® (| R* . (Std. Error) . p-Value "' Covariate Remarks
Low 170 100.74%=* 0.087  -1.3155 (1.7467)** (.452%* INIT*AGE (p=0.016)
, INIT*DRKYR (p=0.023)
Medium 165 105.94%* RACE (p=0.025)
High 167 102.60%* AGE*OCC (p=0.003)

* 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.

** 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 I-2-41 for further analysis of this interaction.

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

13-288



Table 13-57. (Continued)
Analysis of Haptoglobin (mg/dl)
(Continuous)

!)ifference of Adj
: e Adj Mean ¥S. Comparlsons o
Dioxin Category . n - Mean Mean ' - (95% C.L) .. 7 ‘p-Value

Comparison 1,043 109.08 109.08

Background RH 369 110.88 111.26 2.18 (-3.20,7.56) 0.427
Low RH 257 113.07 112,73 3.65 (-2.49,9.79) 0.244
High RH 258 118.63 118.43 9.35 (3.21,15.50) 0.003
Low plus High RH 515 115.85 115.58 6.50 (1.74,11.26) 0.007

i MODEL 3: RANCH HANDS AND COMPARISONS BY DIOX]N CATEGORY ADJUSTED

. Difference of Ad).
Adj Mean VS, Compariso : o

Dioxin Category = . n M@a_n"_:_ 8% CLy p-Value Covadate Remarks

Comparison 1,025 103.77 RACE (p=0.006)
OCC (p<0.001)

Background RH 362 109.06 5.29 (-0.12,10.71) 0.056 ﬁfg:ggg ((g:g-géil’;

Low RH 251 105.79 2.02 (-4.05,8.10) 0.514 ALCHC (p=0.021)

High RH 251 109.06 5.29 (-0.99,11.57) 0.099 ALC*DC (p=0.012)

Low plus High RH 502 107.42 3.66 (-1.10,8.41) 0.132

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 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 13-57. (Continued)
Analysis of Haptoglobin (mg/dl)

{Continuous)
) MODELS 4, 5, AND 6:- RANCH HANDS CURRENT DIOXIN — UNADJUSTED
' - Current Dioxin Cutegory i I . Analysis Results for Log;
Mennl(n) e 1 e (Current Dnoxin + 1)
S ok Elepe
Model* {* . Low. Medium High | R '-i:(Std.-Error).' ;:j p-Value
4 110.66 113.40 117.21 0.002 1.3757 0.178
(290) (298) (296) (1.0196)
5 111.37 110.68 119.32 0.003 1.3748 0.117
(294) 297 {293) (0.8754)
6° 112.56 110.81 117.83 0.010 0.7333 0.436
(293) 297 {293) (0.9404)

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

Model® |

Adjusted Mean/(n)

Low Medium

Current Dioxin Category :

_High | ® '-':f‘(_Stds;Er'rdr)'  pValue

Analysis Results for Log,
(Current Dioxin + l)

¥ Coi'nr_ié.te Remarks

6C

108.80
(287)

106.90

(290) (287)

109.52
(290)

104.40
(290)

108.29
(284)

111.11
(289)

104,98
(290}

107.14
(284)

105.11

0.062 -1.3884

(1.1494)

0.227 AGE (p<0.001)
RACE (p=0.016)
OCC (p<0.001)

DRKYR (p=0.036)

IC (p=0.042)
DC (p=0.042)
0.061  -0.9036
(0.9707)

0.352 AGE (p<0.001)
RACE (p=0.017)
0CC (p<0.001)
DRKYR (p=0.037)
IC (p=0.042)

DC (p=0.041)

0.066 -1.5966

(1.0468)

0.128 AGE (p=0.001)
RACE (p=0.024)
OCC (p<0.001)
DRKYR (p=0.046)
IC (p=0.044)
DC (p=0.053)

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 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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The unadjusted Model 3 analysis revealed the high Ranch Hands and the low plus high
Ranch Hands to be significantly different from the Comparisons (Table 13-57(e): p=0.003
and p=0.007 respectively). The mean levels of haptoglobin, adjusted for percent body fat at
the time of duty in SEA and the change in percent body fat from the time of duty in SEA to
the date of the blood draw for dioxin, for the Comparisons, high Ranch Hands, and low plus
high Ranch Hands were 109.08 mg/dl, 118.63 mg/dl, and 115.85 mg/d! respectively.

After adjusting for race, occupation, age-by lifetime alcohol history, current alcohol
use-by lifetime alcohol history, current alcohol use-by-industrial chemical exposure, and
current alcohol use-by-degreasing chemical exposure, both the background Ranch Hand
category mean haptoglobin and the high Ranch Hand category mean haptoglobin were
marginally higher than the Comparison group mean (Table 13-57(f): p=0.056 and p=0.099
respectively). The adjusted means were 103.77 mg/dl, 109.06 mg/dl, and 109.06 mg/dl for
the Comparison group, the background Ranch Hands and the high Ranch Hands respectively.
The low plus high versus Comparison group contrast became nonsignificant after covariate
adjustment (p=0.132).

The change in results between the unadjusted and adjusted analyses was primarily due to
adjustment for occupation. Removing occupation from the adjusted model led to results
consistent with the unadjusted analysis. The high Ranch Hand category versus the
Comparison group contrast and the low plus high Ranch Hand category versus the
Comparison group contrast were both significant (Appendix Table 1-3-44: p=0.003 and
p=0.017 respectively), while neither the background Ranch Hand category nor the low
Ranch Hand category versus Comparison group contrasts were significant (p>>0.37 for both
contrasts).

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
association between haptoglobin and current dioxin (Table 13-57(g,h): p>0.11 for all
analyses). Each of the adjusted analyses contained age, race, occupation, lifetime alcohol
history, industrial chemical exposure, and degreasing chemical exposure.

Haptoglobin (Discrete)

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of participants having high haptoglobin levels (Table 13-58(a,b):
p=0.11 for all contrasts). The adjusted Model 1 analysis contained age, degreasing
chemical exposure, lifetime alcohol history, and the occupation-by-industrial chemical
exposure interaction.

Examination of the unadjusted Model 2 results did not reveal a significant association
between haptoglobin and initial dioxin (Table 13-58(c): p=0.617). Initial dioxin-by
occupation and initial dioxin-by-lifetime alcohol history were significant interactions in the
adjusted Model 2 analysis (Table 13-58(d): p=0.024 and p=0.032 respectively). Appendix
Table 1-2-42 presents adjusted results stratified separately by occupation and lifetime alcohol
history. The final model also included race. The adjusted analysis did not show a
significant association between haptoglobin and initial dioxin when the two initial dioxin-by-
covariate interactions were removed from the final model (p=0.918).
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Table 13-58.
Analysis of Haptoglobin
(Discrete)

a) MODEL 1: RANCH HANDS VS COWARISDNS UNABJUSTED

SPRREIRNET R  Percent *.Est. Relative Risk
Oc'cupatinna!f.(:aiegot_y' Group m o High o (95%CL) -

p-Value
All Ranch Hand 939 13.5 1.24 (0.96,1.61) 0.110
Comparison 1,253 11.2
Officer Ranch Hand 361 9.7 1.07 (0.67,1.71) 0.856
Comparison 495 9.1
Enlisted Flyer Ranch Hand 162 18.5 1.21 (0.70,2.10) 0.592
Comparison 196 15.8
Enlisted Groundcrew Ranch Hand 416 14.9 1.36 (0.94,1.98) 0.127
Comparison 562 11.4
b) MODEL 1' 'RANCH HANDS vs Commmsons ADJUSTED'
Occupational Category : _(9_5% C I.)‘ [ Cop-Value o C'o.variate Remarks®
All 1.20 (0.92,1.56) 0.181 AGE (p<0.001)
DC (p=0.080)
Officer 1.10 (0.68,1.77) 0.690 DRKYR (p=0.021)
Enlisted Flyer 1.10 (0.62,1.94) 0.755 OCC*IC (p=0.006)
Enlisted Groundcrew 1.32 (0.90,1.93) 0.157

3 Covariates and associated p-values correspond to final model based on all participants with availabie data.
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Table 13-58. (Continued)
Analysis of Haptoglobin
(Discrete)

E c) MODEL 2: RANCH HANDS - NTIAL DIOXIN UNADJUSTED

Initial Dioxin Cntegory Summary Statistics - Analysis Results for Log, (Inltial Dioxin)“
Percent | Estimoted Relative Risk |

‘In'ltial Dioxin- ~ n S "High - : Mo esmoayy p-'Valu'e

Low 173 9.2 1.05 (0.87,1.27) 0.617

Medium 170 15.9

High 172 15.7

d) MODEL 2: RANCI-I HANDS - INITIAL DIOXIN — ADJUSTED
Analys:s Results for Log, (nitial Dioxin)° N
'n Adj. Relative Risk (95% C.1)" '3*“*3*i'-‘r-pévsmie;‘ " ‘Covariate Remarks

502 1.01 (0.81,1.27)** 0.918%* INIT*OCC (p=0.024)
INIT*DRKYR (p=0.032)
RACE (p=0.121)

3 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 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 1-2-42
for further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-58. (Continued)
Analysis of Haptoglobin
(Discrete)

e) MODEL 3: RANCH HANI)S AND COMPARISONS BY DIOXIN CATEGORY UNADJUSTED

. - Percent. - Est Relative Risk
DioxinCategory om0 Bigho Ses%RCL "vaal.ue
Comparison 1,043 11.2
Background RH 369 12.2 1.08 (0.74,1.56) 0.696
Low RH 257 12.1 1.08 (0.71,1.64) ' 0.730
High RH 258 15.1 1.44 (0.97,2.14) 0.068
Low plus High RH 515 13.6 1.25 (0.91,1.73) 0.164

l) MODEL 3: ‘RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUS’I'ED

e Acli Relatlve Risk ST
Dioxin Category e _n.' - 95% C.L)® -y#Yglyg el Covariate Remarks

Comparison 1,025 AGE (p<0.001)

DC (p=0.116)
Background RH 362 1.17 (0.80,1.73)  0.417 R Lgfg;‘}g Yg*(gfg& 2
Low RH 251 0.93 (0.59,1.45)  0.735 '
High RH 251 1.32 (0.87,2.00)  0.196

Low plus High RH 502 1.11 (0.80,1.55) 0.536

® 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 13-58. (Continued)
Analysis of Haptoglobin
(Discrete)

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

Current Dioxin Category 1T Analysis Results for Log,
Percent High/(n) SRR .+ i{Corrént Dioxin + 1)
- : ' Est. Relative Risk
Model® Low Medium ~_‘High . _ 95% C.1.)° . p-Value

4 13.8 11.1 14.2 0.98 (0.86,1.12) 0.800
(290) (298) (296)

5 13.9 9.4 15.7 1.00 (0.89,1.12) 0.999
(294) (297) (293) .

6° 14.0 9.4 15.7 0.95 (0.84,1.08) 0.440
(293) 297} (293)

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

Analysis Resu!ts I’or L032 (Current Dioxin + 1)
_ Adj. Relative Risk : :
Model? | n 95% C.LY° _ ..p-Value. o Covarinte Remarks

4 864 0.88 (0.76,1.03) 0.110 AGE (p=0.021)
OCC (p=0.002)
DRKYR (p=0.009)

5 864 0.93 (0.82,1.06) 0.288 AGE (p=0.011)
OCC (p=0.002)
ALC*DRKYR (p=0.033)

6¢ 863 0.87 (0.76,1.00) 0.044 AGE (p=0.027)
OCC (p=0.002)
DRKYR (p=0.011)

# 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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The unadjusted Model 3 analysis detected a marginally significant difference between
the high Ranch Hands and the Comparison group (Table 13-58(e): p=0.068, Est. RR=1.44,
95% C.1.=[0.97, 2.14]). The percentages of individuals with high haptoglobin levels was
higher for the high Ranch Hands than for the Comparisons (15.1% vs. 11.2%).

After covariate adjustment, the Model 3 analysis did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-58(f): p>0.19
for all contrasts). The adjusted Model 3 analysis contained age, degreasing chemical
exposure, and two covariate-by-covariate interactions: occupation-by-industrial chemical
exposure and current alcohol use-by-lifetime alcohol history.

When occupation was removed from the final model, the adjusted results matched the
unadjusted results. The adjusted analysis found a marginally significant difference between
the high Ranch Hand category and the Comparison group after occupation was removed from
Model 3 (Appendix Table 1-3-45(b): p=0.065, Adj. RR=1.47, 95% C.1.={0.98, 2.22]).

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between haptoglobin and current dioxin (Table 13-58(g): p>0.44 for all analyses). For
Models 4 and 5, the association between haptoglobin and current dioxin remained
nonsignificant in the adjusted analyses (Table 13-58(h): p>0.11 for both analyses).
However, the Model 6 adjusted analysis revealed a significant association between
haptoglobin and current dioxin (Table 13-58(h): p=0.044, Adj. RR=0.87, 95% C.I.=[0.76,
1.00]). Models 4 and 6 were adjusted for age, occupation, and lifetime alcohol history.
Model 5 was adjusted for age, occupation, and the current aicohol use-by-lifetime alcohol
history interaction.

For Model 6, removing occupation changed the adjusted results. Without occupation,
the adjusted Model 6 analysis did not show a significant association between haptoglobin and
current dioxin (Appendix Table I-3-45(c): p=0.517).

Transferrin (Continuous)

The unadjusted Model 1 analysis showed that Ranch Hands had a significantly higher
mean level of transferrin than Comparisons (Table 13-59(a): p=0.042, 295.29 mg/dl vs.
291.65 mg/dl). Stratifying the unadjusted analysis by occupation revealed a significant group
difference within the enlisted groundcrew stratum (Table 13-59(a): p=0.016). For the
enlisted groundcrew, the mean level of transferrin was higher for Ranch Hands than for
Comparisons (Table 13-59(a): 298.92 mg/dl vs. 292.43 mg/dl).

The overall group contrast remained significant in the adjusted Model 1 analysis (Table
13-59(b): p=0.040). Similarly, the group contrast for the enlisted groundcrew remained
significant in the stratified adjusted analysis (Table 13-59(b): p=0.031). The final model
contained race, current alcohol use, and three covariate-by-covariate interactions: age-by-
occupation, age-by-degreasing chemical exposure, and lifetime alcohol history-by-degreasing
chemical exposure.
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Table 13-59.
Analysis of Transferrin (mg/dl)
(Continuous)

a) MODEL 1: RANCH KANDS VS. COMPARISONS UNADJUSTED

Occupational : ' S : lel’erence of Means

Category .G'mup e n ' Mean® -(95% C.L)° p-Value®

All Ranch Hand 939 295.29 3.64 - 0.042
Comparison 1,253 291.65

Officer Ranch Hand 361 292.34 3.35 - 0.231
Comparison 495 289.00

Enlisted Flyer Ranch Hand 162 292.64 -3.53 -- 0.443
Comparison 196 295.18

Enlisted Groundcrew Ranch Hand 416 298.92 6.49 -- 0.016
Comparison 562 292.43

) b) MODEL 1 RANCH HANDS VS COWARISONS ADJUSTED
Occupational = o Ade o

Diﬂerence of qu ...... S :
Category  ‘Group  'n Mean “Means (95% C.1. )" p—Value“ : -Cowaﬂate-Ru‘narksd
All Ranch Hand 917 288.88 3.60 -- 0.040 RACE (p=0.001)
Comparison 1,232 285.27 ALC (p=0.077)
* =
Officer Ranch Hand 357 287.22 4.20 -- 0.132 AGE*OCC (p=0.033)

AGE*DC (p=0.003)

Enlisted Flyer Ranch Hand 156  285.86
Comparison 195  289.37

Ranch Hand 404  290.98 5.71 -- 0.031
Comparison 550  285.27

-3.52 -- 0.417

Enlisted
Groundcrew

? Transformed from 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 13-59. (Continued)
Analysis of Transferrin (mg/dl)
(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 173 296.56 296,63 0.003 0.0047 (0.0045) 0.297
Medium 170 297.61 297.55
High 172 301.84 301.83

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 171 295.51%* 0.035  0.0032 (0.0052y** 0.532**  INIT*OCC (p=0.049)

. INIT*IC (p=0.049)
Medium 167 294 59k:* ALC (p=0.054)
High 170 208.77+* DC (p=0.136)

 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 transferrin 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 means, adjusted slope, standard
error, and p-value derived from a model fitted afier deletion of this interaction; refer to Appendix
Table 1-2-43 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 13-59. (Continued)
Analysis of Transferrin (mg/dl)
(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% CLY p-Value!
Comparison 1,043 291.28 291.27

Background RH 369 29113 290.82 0.45 -- 0.859
Low RH 257 29672 297.13 5.86 -- 0.044
High RH 258 300.61  300.68 9.40 -- 0.001
Low plus High RH 515  298.66  298.90 7.63 -- 0.001

f') MOBDEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED
.+ Difference of Adj.
' _ ‘Adj.  Mean vs. Comparisons - -
Dioxin Category ~ n  Mean® = (95% CL) p-Value! Covariate Remarks

Comparison 1,025 286.52 RACE (p=0.023)
ALC (p=0.036)
Background RH 362 287.12 0.60 -- 0.812 AGE*DC (p=0.004)
ackgroutt DRKYR*DC (p=0.005)
Low RH 251  292.58 6.06 — 0.035
High RH 251 295.17 8.65 - 0.003
Low plus High RH 502 293.87 7.35 -- 0.001

 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.

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 13-59. (Continued)
Analysis of Transferrin (mg/dl)

(Continuous)

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

Current Dioxin Category - Analysis Results for Logz
Mean®/(n) ~ (Current Dioxin + 1)
.. Slope- .
Model® Low Medium High R? (Std. Error)° . p-Value
4 291.95 294 .49 300.03 0.007 0.0101 0.001
(290) {298) (296) (0.0031)
5 290.61 294 .43 301.58 0.018 0.0108 <0.001
(294) (297) (293) (0.0027)
6 292.66 294.62 299.36 0.030 0.0074 0.009
(293) (297) (293) {0.0028)
h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Current Dioxin Category ' Analysis Results for Log,
Adjusted Mean®/(n) " (Current Dioxin + 1)
S . - Adj]. Slope . - e
Model® | Low  Medium  High R  (Std, Error)° p-Value " Covariate Remarks
4 | 28885 29057 294.58 [0.042  0.009 0.012 RACE*ALC (p=0.014)
(287) (290  (287) (0.0036) OCC*DC (p=0.021)
DRKYR*DC (p=0.038)
5 287.59  290.65 296.72 || 0.047 0.0102 0.001 RACE*ALC (p=0.015)
(290) (290) (284) (0.0030) OCC*DC (p=0.020)
DRKYR*DC (p=0.032)
6° 290.35 291.45 294 80 | 0.057 0.0066 0.040 RACE*ALC (p=0.024)
(289) (250) (284) (0.0032) OCC*DC (p=0.013)
DRKYR*DC (p=0.031)

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 transferrin 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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The unadjusted Model 2 results did not reveal a significant association between
transferrin and initial dioxin (Table 13-59(c): p=0.297). Initial dioxin-by-occupation and
initial dioxin-by-industrial chemical exposure were significant interactions in the adjusted
analysis of Model 2 (Table 13-59(d): p=0.049 for both interactions). Appendix Table I-2-43
displays adjusted results stratified separately by occupation and industrial chemical exposure.
In addition to the two initial dioxin-by-covariate interactions, the final model also included
current alcohol use and degreasing chemical exposure. The adjusted Model 2 analysis did
not show a significant association between transferrin and current dioxin after the two initial
dioxin-by-covariate interactions were removed from the final model (Table 13-59(d):
p=0.532).

The unadjusted Model 3 analysis showed the low Ranch Hands, high Ranch Hands, and
low plus high Ranch Hands to be significantly different from the Comparison group (Table
13-59(e): p=0.044, p=0.001, and p=0.001 respectively). The mean levels of transferrin,
adjusted for percent body fat at the time of duty in SEA and the change in percent body fat
from the time of duty in SEA to the date of the blood draw for dioxin, for the Comparisons,
low Ranch Hands, high Ranch Hands, and low plus high Ranch Hands were 291.27 mg/dl,
297.13 mg/dl, 300.68 mg/dl, and 298.90 mg/dl respectively.

The adjusted Model 3 result corresponded to the unadjusted results. The adjusted
results revealed significant contrasts for the low Ranch Hands, high Ranch Hands, and low
plus high Ranch Hands (Table 13-59(f): p=0.035, p=0.003, and p=0.001 respectively).
The final model contained race, current alcohol use, and two covariate-by-covariate
interactions: age-by-degreasing chemical exposure and lifetime alcohol history-by-degreasing
chemical exposure.

Examination of the unadjusted results for Models 4 through 6 revealed a significant
association between transferrin and current dioxin for all three models (Table 13-59(g):
p=0.001, Est. Slope=0.0101; p<0.001, Est. Slope=0.0108; and p=0.009, Est.
Slope=0.0074 for Models 4, 5, and 6 respectively).

The association between transferrin and current dioxin remained significant in each of
the adjusted analyses for Models 4 through 6 (Table 13-59%(h): p=0.012, Adj.
Slope=0.0090; p=0.001, Adj. Slope=0.0102; and p=0.040, Adj. Slope=0.0066 for
Models 4, 5, and 6 respectively). All of the adjusted analyses contained three covariate-by-
covariate interactions: race-by-current alcohol use, occupation-by-degreasing chemical
exposure, and lifetime alcohol history-by-degreasing chemical exposure.

Transferrin (Discrete)

The unadjusted Model 1 analysis did not reveal a significant group difference in the
percentage of individuals with low transferrin levels (Table 13-60(a): p>0.11 for all
contrasts). The interaction between group and lifetime alcohol history was significant in the
adjusted Model 1 analysis (Table 13-60(a): p=0.007). Appendix Table 1-2-44 displays
adjusted results stratified by lifetime alcohol history. In addition to the group-by-lifetime
alcohol history interaction, the final model also included race, current alcohol use, and two
covariate-by-covariate interactions: age-by-degreasing chemical exposure and degreasing
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Table 13-60.
Analysis of Transferrin
(Discrete)

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

‘Percent ~Est. Relative Risk

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

All Ranch Hand 939 1.9 0.82 (0.64,1.06) 0.149
Comparison 1,253 14.1

Officer Ranch Hand 361 12.2 0.78 (0.52,1.16) 0.255
Comparison 495 15.2

Enlisted Flyer Ranch Hand 162 16,7 1.25 (0.70,2.23) 0.540
Comparison 196 13.8

Enlisted Groundcrew Ranch Hand 416 9.9 0.71 (0.47,1.06) 0.117
Comparison 562 13.3

" 5) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

- - Adj.Relatlve Risk .~ o oo 0
Occupational Category 0 95%CX) . p-Value: - Covariate Remarks®
All 0.81 (0.63,1.06)** 0.120%* GROUP*DRKYR (p=0.007)

RACE (p=0.003)
Officer 0.74 (0.49,1.11)** 0.144%* ALC (f)p=0-001)
Enlisted Flyer 1.21 (0.67,2.20)** 0.524%* AGE*DC (p=0.010)
DC*DRKYR (p=0.004)
Enlisted Groundcrew 0.74 (0.49,1.12)** 0.153%*

8 Covarjates 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 I-2-44 for further analysis of
this interaction.
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Table 13-60. (Continued)
Analysis of Transferrin
(Discrete)

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

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

' Percent || * Estimated Relative Risk S _
Initial Dioxin n Low o ff 0 95%CLy p-Value
Low 173 104 0.91 (0.72,1.14) 0.403
Medium 170 10.6

High 172 8.1

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
| Analysis Results for Log,-(lni.tial Dioxin)® ' _
n Adj. Relative Risk 95% C.1)* p-Value - Covariate Remarks

508 0.94 (0.72,1.22) 0.630 OCC*DC (p=0.021)
OCC*ALC (p=0.025)

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.

13-303



Table 13-60. (Continued)
Analysis of Transferrin
(Discrete)

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

. Percent " _Fst. Relative Risk
Dioxin Category . n - Low o (95%CI¥*® p-Value
Comparison 1,043 14.7
Background RH 369 14.1 0.97 (0.69,1.37) 0.863
Low RH 257 10.5 0.67 (0.43,1.03) 0.071
High RH 258 8.9 0.56 (0.36,0.90) 0.015
Low plus High RH 515 9.7 0.62 (0.44,0.87) 0.005

_ ... Adj. Relative Risk S
DioxinCategory =~ n - (98% Cd)*  p-Value . .  Covariate Remarks

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

Comparison 1,025 DXCAT*DRKYR (p=0.033)
RACE (p=0.024)
Background RH 362 0.94 (0.66,1.34)** 0.730%* o &TG%’ ?0-‘305())8)
p=0.
Low RH 251 0.64 (0.41,1.00)** 0.052%* DC*DRKYR (p=0.010)
High RH 251  0.61 (0.38,0.98)*% 0.042%*
Low plus High RH 502 0.63 (0.44,0.89)** 0.009+*

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™ 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 1-2-44 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 13-60. (Continued)
Analysis of Transferrin
(Discrete)

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

Current Dioxin Category ' ' Analysis Results for Log,
Percent Low/(n) “ - {Carrent Dioxin + 1)
' _ ‘Est. Relative Risk
Model® Low Medium = High . (98% C.L)® - © p-Value
4 12.4 12.4 9.8 0.86 (0.75,1.00) 0.049
(290) {298) (296)
5 12.9 12.1 9.6 0.89 (0.79,1.00) 0.053
(294) 297) (293)
6°¢ 13.0 12.1 9.6 0.88 (0.77,1.00) 0.048
(293) 297 (293)

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

Analysis Results for Logz (Current Dioxln tD

: - o Adj Relative Risk : _
Model* | n (95% C.L)° p-Value Covariate Remarks

4 864 0.84 (0.71,0.99) 0.043 OCC*DC (p=0.031)
IC*DRKYR (p=0.020)
AGE*DC (p=0.019)
DC*DRKYR (p<0.001)

5 864 0.86 (0.75,0.99) 0.041 OCC*DC (p=0.030)
IC*DRKYR (p=0.019)
AGE*DC (p=0.020)
DC*DRKYR (p <0.001)

6° 863 0.85 (0.73.,0.99) 0.039 OCC*DC (p=0.032)

IC*DRKYR (p=0.019)
AGE*DC (p=0.020)

DC*DRKYR (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 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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chemical exposure-by-lifetime alcoho! history. The adjusted Model 1 analysis did not reveal
a significant group contrast when the group-by-lifetime alcohol history interaction was
removed from the final model (Table 13-60(b): p=0.12 for all contrasts).

The unadjusted Model 2 results did not show a significant association between
transferrin and initial dioxin (Table 13-60(c,d): p> 0.40 for both analyses). The adjusted
Model 2 analysis contained two covariate-by-covariate interactions: occupation-by-
degreasing chemical exposure and occupation-by-current alcohol use.

The unadjusted Model 3 analysis showed that the high Ranch hands and low plus high
Ranch Hands had significantly fewer low abnormalities than the Comparisons (Table
13-60(e): p=0.015, Est. RR=0.56, 95% C.I.=[0.36, 0.90]; p=0.005, Est. RR=0.62, 95%
C.1.=[0.44, 0.87]) and that the low Ranch Hands had marginally fewer abnormalities than
the Comparisons (Table 13-60(f): p=0.071, Est. RR=0.67, 95% C.I1.=[0.43, 1.03]).

Categorized dioxin-by-lifetime alcohol history was a significant interaction in the
adjusted analysis of Model 3 (Table 13-60(f): p=0.033). Appendix Table 1-2-44 presents
adjusted results stratified by lifetime alcohol history. The final model also included race,
current alcohol use, and two covariate-by-covariate interactions: degreasing chemical
exposure-by-age and degreasing chemical exposure-by-lifetime alcohol history. When the
categorized dioxin-by-lifetime alcohol history interaction was removed from the final model,
the adjusted Model 3 results paralleled the unadjusted results. The adjusted analysis revealed
significant contrasts for the high Ranch Hands and the low plus high Ranch Hands (Table
13-60(f): p=0.042, Adj. RR=0.61, 95% C.1.=[0.38, 0.98]; p=0.009, Adj. RR=0.63, 95%
C.1.=[0.44, 0.89]).

The mean levels of transferrin from the continuous analysis were generally higher for
the Ranch Hands than for the Comparisons, while the relative risks from the Model 3
discrete analysis of transferrin were less than 1.00. These results are consistent because low
levels of transferrin are considered abnormal.

The unadjusted analyses for Models 4 and 6 detected a significant inverse association
between transferrin and current dioxin (Table 13-60(g): p=0.049, Est. RR=0.86, 95%
C.I.=[0.75, 1.00] and p=0.048, Adj. RR=0.88, 95% C.I.=[0.77, 1.00]). For Model 5,
the unadjusted analysis revealed a marginally significant inverse association between
transferrin and current dioxin (Table 13-60(g): p=0.053, Est. RR=0.89, 95% C.1.=[0.79,
1.00]).

Each of the adjusted analyses for Models 4 through 6 revealed a significant inverse
association between transferrin and current dioxin (Table 13-60(h): p=0.043, Adj.
RR=0.84, 95% C.1.=[0.71, 0.99]); p=0.041, Adj. RR=0.86, 95% C.I.=[0.75, 0.99]; and
p=0.039, Adj. RR=0.85, 95% C.1.=[0.73, 0.99] for Models 4, 5, and 6 respectively). All
of the adjusted analyses contained four covariate-by-covariate interactions: occupation-by-
degreasing chemical exposure, industrial chemical exposure-by-lifetime alcohol history, age-
by-degreasing chemical exposure, and degreasing chemical exposure-by-lifetime alcohol
history.
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Removing occupation from the analyses of Models 4 through 6 caused the association
between transferrin and current dioxin to become nonsignificant in Models 4 and 5
(Appendix Table I-3-47(b): p>0.10 for both analyses) and to become marginally significant
in Model 6 (Appendix Table 1-3-47(b): p=0.098, Adj. RR=0.89, 95% C.1.=[0.77, 1.02]).

The analyses of Models 4 through 6 for transferrin in its continuous form found a
significant positive association with current dioxin. By contrast, the analyses of Models 4
through 6 for transferrin in its discrete form with occupation uncovered a significant inverse
association with current dioxin. The results are consistent because low levels of transferrin
are considered abnormal.

Longitudinal Analysis

Longitudinal analyses were conducted on seven variables (AST, ALT, GGT,
cholesterol, HDL cholesterol, cholesterol-HDL ratio, and triglycerides) in both their discrete
and continuous forms to examine whether changes over 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 the longitudinal analyses because current dioxin is the
measure of exposure in these models, changes over time, and is not available for all
participants for 1982, 1985, or 1992. For all seven variables, the longitudinal analyses
investigated the differences between the 1982 examination and the 1992 examination. The
measurement procedure used in 1992 (Paramax") differed from the measurement procedure
used in the previous three examinations (ACA). The effect of this change in methods was
minimal and is discussed further in Chapter 7, Statistical Methods.

The continuous longitudinal analyses examined the paired differences between the
measurements from 1982 and 1992. These paired differences measured the change in the
seven variables over time. Each of the three models used in the longitudinal analysis
adjusted for age and the 1982 measurement of the variable being analyzed. The analyses of
Models 2 and 3 also were adjusted for percent body fat at the 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. '

The discrete longitudinal analyses examined relative risks at the 1992 examination for
participants who were classified as normal at the 1982 examination. Participants considered
abnorma!l 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
the change in the percent body fat from the time of duty in SEA to the data of the blood
draw for dioxin.
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Laboratory Examination Variables
AST (Continuous)

In the Model 1 analysis, examination of the paired differences between 1982 and 1992
for AST did not reveal a significant group difference (Table 13-61(a): p>0.12 for all
contrasts). The Model 2 analysis did not show a significant association between the paired
differences and initial dioxin (Table 13-61(b): p=0.486). For Model 3, the longitudinal
analysis did not show any of the Ranch Hand categories to be significantly different from the
Comparison group (Table 13-61(c): p>0.13 for all contrasts).

AST (Discrete)

The analysis for Model 1 did not reveal a significant group difference in the percentage
of individuals with high AST levels for participants who had normal AST levels in 1982
(Table 13-62(a): p>0.45 for all contrasts). Examination of the Model 2 longitudinal results
did not reveal a significant association between initial dioxin and the percentage of
individuals having high AST levels (Table 13-62(b): p=0.637). Similarly, the Model 3
analysis did not detect a significant difference between any of the Ranch Hand categories and
the Comparison group (Table 13-62(c): p>0.20 for all contrasts).

In both the Ranch Hand and Comparison cohorts, the percentage of participants with
high AST levels showed a marked decrease between 1982 and 1992. This decrease between
1982 and 1992 may partially be attributed to the change in definition of an abnormal high
AST level between the 1982 and 1992 examinations. AST abnormalities for the 1982, 1985,
1987, and 1992 examinations were defined as greater than 41 U/L, 47 U/L, 47 U/L, and 50
U/L respectively. Regardless of how the definition of abnormality varied over time, the
change in AST over time was similar in both Ranch Hands and Comparisons in Models 1
and 3 and was not associated with dioxin levels in Model 2.

ALT (Continuous)

The longitudinal analysis of Model 1 did not show a significant group difference in the
mean paired differences (Table 13-63(a): p>0.12 for all contrasts). The Model 2 results did
not reveal a significant association between initial dioxin and the paired differences (Table
13-63(b): p=0.995). The Model 3 analysis did not show a significant difference between
any of the Ranch Hand categories and the Comparison group (Table 13-63(c): p>0.15 for all
contrasts).

ALT (Discrete)

The longitudinal analysis of Model 1 did not reveal a significant overall group
difference in the percentage of individuals with high levels of ALT for participants who had
normal ALT levels in 1982 (Table 13-64(a): p=0.299). However, the stratified occupation
analysis detected a marginally significant adjusted relative risk less than 1.00 for the enlisted
groundcrew (p=0.052, Adj. RR=0.53, 95% C.I.=[0.28, 1.00]). Of the enlisted
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Table 13-61.
Longitudinal Analysis of AST (U/L)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS.

Mean*/(n) R S
Examination ' ‘Exam. - Difference
Qccupational : _ : - - ~ Mean - of Exam. .
Category Group 1982 1985 1987 1992 Change”  Mean Change p-Value
All Ranch Hand 32.47 33.36 2547 23.09 -9.38 -0.27 0.231
(884) (862) (855) (884)
Comparison 32.76 33.49 2549  23.66 -9.10
(1,038) (1,014) (1,008) (I1,038)
Officer Ranch Hand 3249 3400 2599 23.72 -8.76 0.19 0.661
(332) (326) (327) (332)
Comparison  33.29 33.63 2598 2433 -8.96
(398) (390) (384) (398)
Enlisted Flyer Ranch Hand 31.81 32.33 24.32  21.31 -10.49 -0.80 0.122
(158) (156) (153) (158)
Comparison  32.66 33.54 2490 2296 -9.69
(169)  (166) (167) (169)
Entisted Ranch Hand 32.73 33.23  25.50 23.31 -9.41 -0.40 0.723
Groundcrew (394) (380) (375) (394)
Comparison 32,37 3335  25.29 23.36 -9.01

{471y  (458)  (457) (471)

2 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 AST; results adjusted for natural logarithm of AST 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 13-61. (Continued)
Longitudinal Analysis of AST (U/L)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary Statistics .~ || Analysis Results for Log,
_ B AT UL P (Initial Dioxin)
Meant/() . = SO E e e
Inttial — e adusiope
Dioxin T 1982 . 1985 1987 o 1992 || - (Std. Error) ~ p-Value
Low 33.18 34.29 25.34 22.48 0.009 (0.013) 0.486
(166) (162) (165) (166)
Medium 33.43 34.00 25.92 23.39
(166) (161) (162) (166)
High 33.37 33.33 26.12 23.76
(166) (163) (160) (166)

4 Transformed from natural logarithm scale.

~ ® Results based on difference between natural logarithm of AST in 1992 and natural logarithm of AST in 1982
versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in SEA, the change in

percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural logarithm of 1982
AST, 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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Longitudinal Analysis of AST (U/L)

Table 13-61. (Continued)

(Continuous)

c) MODEL 3: RANCH HANDS AND COM'PARISONS BY DIOKIN CATEGORY .

Meanal(n) R
Examlnation o '-Differnce of
Dioxin Category - 1982 1985 . 1987 1992 Mean Change Mean_ ZC_h_a’n_ge p-Value®
Comparison 32.73 3345 2554 23.59 -9.13
(896) (884) (883)  (BY6)
Background RH 31.39 3261 2506 22.87 -8.52 0.61 0.899
(335) (332) (330) (335)
Low RH 33.09 3442 25.67 2325 -9.84 -0.71 0.384
(247) (241) (245) (247)
High RH 33.56 3334 2590 23.16 -10.40 -1.27 0.140
(251) (245) (242) (251)
Low plus High RH  33.33 33.87 25.79 23.21 -10.12 -0.99 0.132
(498) (486) (487)  (498)

2 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 AST; results adjusted for percent body fat at the time of
duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the blood draw for
dioxin, natural logarithm of AST 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, 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 13-62.
Longitudinal Analysis of AST
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

““Percent ‘High/(n)
Occupational Examination — —
Category Group 1982 1985 ‘1987 ' 1992
All Ranch Hand 11.8 6.5 4.0 2.8
(884) (862) (855) (884)
Comparison 13.1 7.4 3.5 3.7
(1,038) (1,014) {1,008) (1,038)
Officer Ranch Hand 10.5 8.0 49 3.9
(332) (326) (327) (332)
Comparison 14.6 6.4 4.4 4.3
(398) (390) (384) (398)
Enlisted Flyer Ranch Hand 11.4 5.1 2.6 1.3
(158) (156) (153) (158)
Comparison 13.0 84 3.6 3.6
(169) (166) (167) (169)
Enlisted Ranch Hand 12.9 5.8 3.7 25
Groundcrew (394) (380) (375) (394)
Comparison 11.9 7.9 2.6 3.2
471) (458) (457) (471)
Normal in 1982 R
Occupatiopal - .~ ~ o Percent High - Adj. Relative Risk
Category  ~  Growp min1992 - in1992 - - (95%C.L) p-Value
All Ranch Hand 780 1.8 0.73 (0.37,1.44) 0.360
Comparison 202 2.4
Officer Ranch Hand 297 1.7 0.63 (0.21,1.89) 0.408
Comparison 340 2.7
Enlisted Flyer Ranch Hand 140 1.4 0.70 (0.11,4.25) 0.696
Comparison 147 2.0
Enlisted Ranch Hand 343 2.0 0.85 (0.32,2.26) 0.744
Groundcrew Compatison 413 24

# 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 AST level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-62. (Continued)
Longitudinal Analysis of AST
(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN -
. Percent High/(n)

‘ 7 “Examination § L .

Initial T _

Dioxin 1982 . . 1988 - 1987 . . 1992

Low 12.1 7.4 4.2 2.4
(166) (162) (165) (166)

Medium 19.3 6.2 2.5 3.0
(166) (161) (162) (166)

High 13.9 8.6 5.0 3.0
(166) (163) (160) (166)

Initial Dioxin Category Summary Statistics Analysis Results for Log (Initial Dioxin)®
Normal in 1982 .\~ ST

Initial Percent High || ' Adj. Relative Risk

‘Dioxin nin 1992 - in1992 . f . (95%C.LY ' p-Value

Low 146 1.4 1.13 (0.68,1.90) 0.637

Medium 134 2.2

High 143 2.1

@ Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 AST level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-62. (Continued)
Longitudinal Analysis of AST
(Discrete)

¢) MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY
Percent Highl(n) '

_ Examimuion
Dioxin Category 1982 _--,193'5; EERER (v 1992
Comparison 13.0 7.0 34 3.2
(896) (884) (883) (896)
Background RH 6.9 5.1 4.2 2.4
(335) (332) (330) (335)
Low RH 12.6 7.5 4.1 3.6
(247) (241) (245) (247)
High RH 17.5 7.4 3.7 2.0
251) (245) (242) (251)
Low plus High RH 15.1 7.4 39 2.8
(498) (486) (487) (498)
Normal in 1982 .
L Percent High _A_dj Relative Risk :
Dioxin Category nin1992 - - in1992° - (95% C.L)® p-Value®
Comparison 780 2.3
Background RH 312 1.0 0.45 (0.13,1.55) 0.203
Low RH 216 2.3 0.98 (0.36,2.70) 0.975
High RH 207 1.5 0.61 (0.18,2.12) 0.438
Low plus High RH 423 1.9 0.80 (0.34,1.87) 0.609

4 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 AST level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-63.
Longitudinal Analysis of ALT (U/L)
{Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

. Mean¥(@) I
- Examination  Exam. . . Difference
Occupational : T = Mean ~-of Exam.
Category Group 1982 1985 1987 = 1992 - Change® . Mean Change - p-Value®
All Ranch Hand 19.85 21.58 20.51 26.90 7.05 -0.31 6.263
(884) (862) (855) {884)
Comparison  20.37 22.43 20.59 27.74 7.37
(1,038 (1,014) (1,008) (1,038)
Officer Ranch Hand 19.72 22,10 20.81 26.86 7.13 0.24 0.996
(332)  (326) (327) (332)
Comparison 2040 2202 2042  27.30 6.89
(398) (390) (384) (398)
Enlisted Flyer Ranch Hand 18.80 20.76 19.69  24.87 6.07 -0.94 0.128
(158)  (156) (153) (158)
Comparison  20.57 22,15  20.21 27.59 7.02
' (169)  (166) (167) (169)
Enlisted Ranch Hand 2038 2148 2060 27.79 7.41 -0.49 0.482
Groundcrew 394y  (380) (375) (394)
Comparison  20.27 22.89 20.88  28.17 7.90

@71) (458) (457) (471)

® 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 ALT; results adjusted for natural logarithm of ALT 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 13-63. (Continued)
Longitudinal Analysis of ALT (U/L)
(Continuous)

b) MODEL 2: RANCH HANDS - INITIAL DIOXIN

Initial Dioxin Category Sumniary Statistics =~ |~ Analysis Results for Log, -
_ . - (Initial Dioxin)®
Mean®/(n) - :
xamination - . R
Initial - - Examination =1 Adj.Slope. .
Dioxin 1982 1985 - 1987, . 1992 . “(Std, Error)  p-Value
Low 20.76 22.12 19.68 26.16 0.00001 (0.015) 0.995
(166) (162) (165) (166)
Medium 21.89 23.57 22.00 28.45
{166) (161) (162) (166)
High 22.84 23.65 23.35 1 29.50
(166} (163) (160) (166)

# Transformed from natural logarithm scale.

b Results based on difference between natural logarithm of ALT in 1992 and natural logarithm of ALT in 1982
versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in SEA, the change in
percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural logarithm of 1982
ALT, 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 13-63. (Continued)
Longitudinal Analysis of ALT (U/L)

(Continuous)

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

‘Mean®@) o
Examination o e - -Difference of
- —— - 'Exam. Exam.
Dioxin Category 1982 1985 = 1987 1992 - Mean Change’®  Mean Change = p-Value®
Comparison 2043 2258 2073 27.64 7.22
(896) (884) (883) (896)
Background RH 17.34 19.64 19.09 25.24 7.91 0.69 0.773
(335) (332) (330) (335)
Low RH 2090 2294 2049 27.47 6.56 -0.65 0.890
247y (241) (245 (247)
High RH 2275 23.27 2279 28.54 5.79 -1.43 0.152
251y (245) (242) (251
Low plus High RH 21.82 23.10 21.60 28.00 6.19 -1.03 0.314
(498) (486) (487 (498)

? 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 ALT; results adjusted for percent body fat at the time of
duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the blood draw for
dioxin, natural logarithm of ALT 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, 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 13-64.
Longitudinal Analysis of ALT
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Percent High/(n)
Occupational : . S Examination )
Category Group 1982 _ © 1985 1987 1992
All Ranch Hand 7.0 13.7 11.9 57
(884) (862) (855) (884)
Comparison 7.4 14.4 10.7 6.8
(1,038) (1,014) {1,008) (1,038)
Officer Ranch Hand 6.6 16.6 13.1 6.3
(332) (326) (327) (332)
Comparison 7.0 12.8 11.2 53
(398) (390) (384) (398)
Enlisted Flyer =~ Ranch Hand 7.0 10.3 9.2 4.4
(158) (156) (153) (158)
Comparison 8.9 139 8.4 6.5
(169) (166) (167) (16%)
Enlisted Ranch Hand 7.4 12.6 12.0 5.6
Groundcrew (394) (380) (375) (394)
Comparison 7.2 15.9 11.2 83
471) (458) (457) {471
Normal in 1982
Occupational : o o _:P_e_m_ent-ﬂigh 'Adj. Relative Risk
Category Group nin 1992 - in 1992 o (98% C.1L)* p-Value®
All Ranch Hand 8§22 4.3 0.79 (0.51,1.23) 0.299
Comparison 961 5.3
Officer Ranch Hand 310 52 1.41 (0.68,2.94) 0.359
Comparison 370 3.8
Enlisted Flyer Ranch Hand 147 2.7 0.82 (0.22,3.13) 0.774
Comparison 154 33
Enlisted Ranch Hand 365 4.1 0.53 (0.28,1.00) 0.052
Groundcrew Comparison 437 7.3

3 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 whe 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 ALT level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-64. (Continued)
Longitudinal Analysis of ALT
(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
' Percent High/tn) =

Examination
Initial _ — ——— :
Dioxin _ 1982 1988 oo 1987 1992
Low 7.8 13.6 7.3 2.4
(166) (162) (165) (166)
Medium 7.2 14.9 14.2 8.4
(166} (161) (162) (166)
High 12.1 17.2 16.3 7.8
(166) (163) (160) (166)
Initial Dioxin Category Summary Statistics =E Analysis Results'_l'b_r Log, {Initial Dioxin)®
' Normal in 1982 o -
Initial - Percent High . || Adj. Relative Risk
Dioxin nin 1992 i 1992 (98% CL)Y _ p-Value
Low 153 2.6 0.94 (0.65,1.36) 0.739
Medium 154 6.5
High 146 3.4

* Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 ALT level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-64. (Continued)
Longitudinal Analysis of ALT
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY
‘Percent High/(n)

_ - Examinafion- _ :
Dioxin Category 1982 1988 . 1981 1992
Comparison 7.5 14.6 11.2 6.8
(896) (884) (883) (896)
Background RH 4.2 11.5 10.9 4.2
(335) (332) (330) (335)
Low RH 7.3 14.1 10.2 5.3
(247) (241) (245) (247)
High RH 10.8 16.3 14.9 7.2
(251) (245) (242) (251)
Low plus High RH 9.0 15.2 12.5 6.2
(498) (486) (487) (498)
Normalin1982 -~ .
o T bevmiHghn AdRelatveRik
Dioxin Category " nin 1992 e | e L (95% C.L)® "~ p-Value®
Comparison 829 5.3
Background RH 321 34 0.79 (0.40,1.56) 0.494
Low RH 229 4.4 0.87 (0.43,1.77) 0.699
High RH 224 4.0 0.60 (0.28,1.25) 0.172
Low plus High RH 453 4.2 0.72 (0.41,1.25) 0.239

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 ALT level in 1982 (see Chapter 7, Statistical
Methods).
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groundcrew who did not have high ALT levels in 1982, Ranch Hands were less likely than
Comparisons to have high levels of ALT at the 1992 examination 4.1% vs. 1.3%).

Examination of the Model 2 results did not show a significant association between
initial dioxin and the percentage of participants having high ALT levels (Table 13-64(b):
p=0.739). The longitudinal analysis of Model 3 did not reveal any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 13-64(c): p>0.17
for all contrasts).

In both the Ranch Hand and Comparison cohorts, the percentage of participants with
high ALT levels showed a marked increase between 1982 and 1985 and a marked decrease
between 1987 and 1992. These changes may be partly attributable to the change in abnormal
cutpoints across examinations. The abnormal cutpoints for ALT were 45 U/L, 36 U/L, 36
U/L, and 55 U/L for the 1982, 1985, 1987, and 1992 laboratory examinations respectively.
Thus the increase in abnormalities seen between 1982 and 1985 may be partially explained
by the lower cutpoint in 1985, while the decrease between 1987 and 1992 may be partly due
to the higher cutpoint in 1992. Differences between the 1992 results and other examinations
may also be partly due to the change in measurement procedure between examinations (ACA
in 1982, 1985 and 1987 vs. Paramax” in 1992).

GGT (Continuous)

Examination of the mean paired differences for GGT in Model 1 did not show the
Ranch Hands to differ significantly from the Comparisons (Table 13-65(a): p>0.14 for all
contrasts). The longitudinal analysis of Model 2 did not show a significant association
between initial dioxin and the paired differences (Table 13-65(b): p=0.944). For Model 3,
the longitudinal analysis did not detect a significant difference between any of the Ranch
Hand categories and the Comparison group (Table 13-65(c): p>0.20 for all contrasts).

GGT (Discrete)

The longitudinal analysis of Model 1 did not reveal a significant group difference in
the percentage of individuals with high GGT levels for participants who had normal GGT
levels in 1982 (Table 13-66(a): p>0.12 for all contrasts). The resuits from the Mode] 2
longitudinal analysis did not reveal a significant association between initial dioxin and GGT
(Table 13-66(b): p=0.628). For Model 3, the longitudinal analysis did not show any of the
Ranch Hand categories to be significantly different from the Comparison group (Table
13-66(c): p>0.31 for all contrasts).

In both the Ranch Hand and Comparison cohorts, the percentage of participants having
high GGT levels showed a noticeable increase between 1987 and 1992. This may partiaily
be attributed to the change in the definition of a high GGT level between the 1987 and 1992
examinations and the change in the measurement procedure between the two examinations
(ACA in 1987 versus Paramax in 1992). In 1987, a high GGT level was defined as at least
86 U/L, whereas in 1992, a high GGT level was defined as greater than 51 U/L.
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Table 13-65.
Longitudinal Analysis of GGT (U/L)
{Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

- . Mean®(n) . : .
: - Exaninsgtion Exam. Difference
Occupational — - Mean of Exam.
Category Group 1982 1985 . 1987 1992 Change®  Mean Change p-Value®
All Ranch Hand 38.21 31,71 3227 32.98 -5.23 0.92 0.200
(884) (862) (855)  (884)
Comparison 38.26 31.86 32.00 32.11 «6.15
(I, 038) (1,014) (1,008) (1,038)
Officer Ranch Hand 36.9t 3148 32.36 32.51 -4.40 0.96 0.373
(332) (326) (327) (332)
Comparison 36.97 30.86 3135 31.61 -5.36
(398)  (390) (384) (398)
Entisted Flyer Ranch Hand 38.58 31.58 31.55 31.40 -7.18 0.45 0.580
(158) (156) (153) (158)
Comparison 42.06 34.43 33.56 34.43 -1.63
(169) (166} (167) (169)
Enlisted Ranch Hand 39.19 31.96 32.49 34.04 -5.15 1.19 0.146
Groundcrew (394) (380) (375) (394)
Comparison 38.07 31.82 3200 31.73 -6.34
471) (458) 457 471)

2 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 GGT; results adjusted for natural logarithm of GGT 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 13-65. (Continued)
Longitudinal Analysis of GGT (U/L)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary Stntisties IR '.'A;nalysis Results for Log,
o SIS S | . (Initial Dioxin)® -
_ Mean%/(n) I |

Initial — Expminaion - " Adj. Slope -
Dioxin 1982 1985 1987 1992 " (Std. Error) ‘p-Value
Low 41.86 34.28 32.38 33.12 -0.001 (0.018) 0.944

(166) (162) (165) (166)
Medium 42.44 35.59 36.37 36.72

(166) (161) (162) (166)
High 42.30 33.95 35.76 36.54

(166) (163) (160) (166)

? Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of GGT in 1992 and natural logarithm of GGT in 1982
versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in SEA, the change in

percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural logarithm of 1982
GGT, 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 13-65. (Continued)
Longitudinal Analysis of GGT (U/L)
(Continuous)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY bI_O_X;!N CATEGORY .

Examination T . -Difference of

Dioxin Category 1982 1985 1987 1992 ' -Mean Change® = Mean Change . p-Value®

Comparison 3791 31.68 31.89 3170 -6.21
(896) (884) (8B3) (896)

Background RH 33.01 27.85 2887 29.35 -3.66 2.55 0.207
(335) (332) (330) (335

Low RH 41.69 34.50 3347 34.81 -6.88 -0.67 0.346
247y (241) (245) (247

High RH 4270 34.69 36.15 36.03 -6.67 -0.46 0.536
251 (245 (242 (251)

Low plus High RH  42.20 34.60 3477 3542 -6.78 -0.56 0.315

(498) (486) (487)  (498)

* 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 GGT; resuits adjusted for percent body fat at the time of
duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the blood draw for
dioxin, naturat logarithm of GGT 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, 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 13-66.
Longitudinal Analysis of GGT
(Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Occupational R _ . Examination .
Category Group 1982 1985 . 1987 1992
All Ranch Hand 8.6 7.5 7.4 20.5
(884) (862) (855) (884)
Comparison 2.3 8.3 7.2 18.7
(1,038) (1,014) {1,008) (1,038)
Officer Ranch Hand 2.0 7.4 8.6 19.9
(332) (326) 327 (332)
Comparison 9.1 8.0 7.3 18.3
(398) (390) (384) (398)
Enlisted Flyer ~Ranch Hand 10.1 7.7 7.8 18.4
(158) (156) (153) (158)
Comparison 11.8 10.8 10.2 20.7
(169) (166) (167) (169)
Enlisted Ranch Hand 1.6 7.6 6.1 21.8
Groundcrew (394) (380) (375) (394)
Comparison 85 7.6 6.1 18.3
(471) (458) 457) 471)
Occopational g cent High ~ Ad). Relative Risk
Category ~~  -Group. n1992 (5% CL)Y ' pValue
All Ranch Hand 808 15.8 1.23 (0.94,1.61) 0.127
Comparison 942 13.3
Officer Ranch Hand 302 15.6 1.34 (0.86,2.09) 0.195
Comparison 362 12.2
Enlisted Flyer Ranch Hand 142 11.3 0.77 (0.39,1.55) 0.466
Comparison 149 14.1
Enlisted Ranch Hand 364 17.9 1.34 (0.91,1.96) 0.135
Groundcrew Comparison 431 13.9

* 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 GGT level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-66. (Continued)
Longitudinal Analysis of GGT

(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Percent High/(n)

. Examination
Initial S — -
Dioxin - 1982 1985 1987 1992
Low 12.1 8.6 6.7 16.9
(166) (162) (165) (166)
Medium 10.8 R.7 9.3 26.5
(166) (161) (162) (166)
High 11.5 9.2 94 22.9
(166) (163) (160} (166)

Initial Dioxin Category Smnmary Statistics

* Normal in 1982

" Adj. Relative Risk

Analysis Results for Log, (Initia} Dioxin)*

Tnitia) | Percent High [ Adj. Relative Ris

Dioxin nin1992  om1992 o (95% CL) . p-Value
Low 146 12.3 0.95 (0.77,1.17) 0.628
Medium 148 19.6

High 147 15.7

2 Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 GGT level in 1982 (see Chapter 7, Statistical Methods}.
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Table 13-66. (Continued)
Longitudinal Analysis of GGT
(Discrete)

c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY
Percmt I*Iigh/(n)

_ Exammation _ Co
Dioxin Category 1982 : 1985 1987 L 1992
Comparison 8.8 8.5 6.9 18.1
(896) (884) (883) (896)
Background RH 4.5 5.1 5.8 17.0
(335) (332) (330) (335)
Low RH 11.7 83 7.4 21.1
(247 241 (245) (247)
High RH 11.2 9.4 9.5 23.1
(251) (245) (242) (251)
Low plus High RH 11.5 8.9 8.4 22.1
(498) (486) (487) (498)
Normal in 1982 L .
Dioxin Category - nin '1992 o in 1992 (95% C.1. )*" - p-Value®
Comparison 817 13.2
Background RH 320 14.4 1.20 (0.82,1.75) 0.349
Low RH 218 15.6 1.23 (0.81,1.88) 0.328
High RH 223 16.1 1.14 {0.75,1.73) 0.535
Low plus High RH 441 15.9 1.19 (0.85,1.65) 0.311

? Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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.
RHigh (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 GGT level in 1982 (see Chapter 7, Statistical
Methods).
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Cholesterol (Continuous)

The longitudinal analysis of Model 1 revealed a marginally significant overall group
difference for the mean paired differences (Table 13-67(a): p=0.074). The mean paired
difference was greater for the Ranch Hands than the Comparisons (Table 13-67(a):

3.84 mg/dl vs. 0.47 mg/dl). For Model 2, the longitudinal analysis did not detect a
significant association between initial dioxin and the paired differences for cholestero! (Table
13-67(b): p=0.052).

The longitudinal analysis for Model 3 revealed a marginally significant difference for
the background Ranch Hands (Table 13-67(c): p=0.096). The mean paired differences were
higher for the background Ranch Hands than for the Comparisons (Table 13-67(c):

5.53 mg/dl and -0.18 mg/dl respectively).

Cholesterol (Discrete)

For Model 1, the longitudinal analysis detected a significant overall group difference
in the percentage of individuals with high cholesterol for participants who had normal
cholesterol in 1982 (Table 13-68(a): p=0.037, Adj. RR=1.46, 95% C.I=[1.02, 2.10]). Of
the participants with normal cholesterol levels in 1982, the Ranch Hands were more likely to
have high cholesterol at the 1992 examination than the Comparisons (Table 13-68(a): 9.6%
vs. 6.8%). In addition, the stratified occupation analysis revealed a marginally significant
group difference in the enlisted flyer stratum (p=0.081, Adj. RR=2.20,

95% C.I.=[0.91, 5.34]). Of the enlisted flyers who had normal cholesterol in 1982, Ranch
Hands were more than twice as likely as Comparisons to have high cholesterol at the 1992
examination (12.3% vs. 6.0%).

The longitudinal analysis for Model 2 did not show a significant association between
initial dioxin and cholesterol (Table 13-68(b): p=0.717). Examination of the Model 3 results
for the longitudinal analysis revealed a significant adjusted relative risk for the high Ranch
Hands and a marginally significant relative risk for the low plus high Ranch Hands (Table
13-68(c): p=0.043, Adj. RR=1.76, 95% C.I.=[1.02, 3.03] and p=0.051, Adj. RR=1.55,
95% C.1.=[1.00, 2.40] respectively). Only 6.6 percent of the Comparisons with normal
cholesterol in 1982 had high cholesterol at the 1992 examination, whereas 10.6 percent of the
high Ranch Hands and 9.7 percent of the low plus high Ranch Hands with normal cholesterol
in 1982 had high cholesterol at the 1992 examination.

HDL Cholesterol (Continuous)

Examination of the paired differences in the longitudinal analysis of Model 1 did not
show a significant difference between the Ranch Hands and Comparisons (Table 13-69(a):
p>0.61 for all contrasts). The longitudinal analysis for Model 2 did not reveal a significant
association between initial dioxin and the paired differences for HDL cholesterol (Table
13-69(b): p=0.796). The Model 3 longitudinal analysis did not show a significant difference
between any of the Ranch Hand categories and the Comparison group (Table 13-69(c):
p>0.18).
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Table 13-67.
Longitudinal Analysis of Cholesterol (mg/dl)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Mean®/(n) Lo s
Examination _ ~Exam. Difference
Occupational e _ Mean _of Exam,
Category ‘Group 1982 1985 . 1987 - 1992 Change” ‘Mean Change p-Value®
All Ranch Hand 211.16 214.00 214.08 2I5.00 3.84 3.37 0.074
(884) (862} {(855) (884)
Comparison 213.93 215.61 214.22 214.40 0.47
(1,038; (1,014) (1,008) (1,038)
Officer Ranch Hand 211.99 214.78 214.14 213.51 1.52 3.06 0.177
(332) (326) (327) (332)
Comparison 212.72 214.64 213.14 211.18 -1.54
(398) (390 (384) (398)
Enlisted Flyer Ranch Hand 215.26 218.43 216.04 218.50 3.24 5.14 0.458
(158) (156) (153) (158)
Comparison 222.73 22090 220.73 220.83 -1.90
(169) (166) (167 (169)
Enlisted Ranch Hand 208.85 211.55 213.23 214.86 6.01 3.02 0.352
Groundcrew (394 (380) (37% (394)
Comparison 211.88 2i4.54 212.79 214.87 2.99

471)  (458) (457) (471)

* 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 cholesterol; results adjusted for natural logarithm of
cholesterol 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 13-67. (Continued)
Longitudinal Analysis of Cholesterol (mg/dl)
(Continuous)

b) MODEL 2: RANCH HANDS - INITIAL DIOXIN

Initial Dioxin Category Summary Stahstics P Analysis Results for Lug,
T ' ' (Initln! Dioxin)"
_Mean‘f(n) e _ . : _
Initial it SRR " Adj. Stope
Dioxin 1982 1985 1987 . 1992 .. (Std. Error) p-Value
Low 212.22 216.27 215.45 215.45 0.002 (0.005) 0.652
(166) {162) (165) (166)
Medium 211.95 215.07 214.16 214.06
(166) (161) (162) (166)
High 214.85 216.38 217.67 218.11
(166) (163) {160} (166)

2 Transformed from natural logarithm scale.

P Results based on difference between natural logarithm of cholesterol in 1992 and natural logarithm of
cholesterol in 1982 versus log, (initial dioxin}; results adjusted for percent body fat at the time of duty in SEA,
the change in percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural
logarithm of 1982 cholesterol, 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 13-67. (Continued)
Longitudinal Analysis of Cholesterol (mg/dl)
(Continuous)

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

Mean®/(n) _ . L
Examination - ' : ' Difference of
Dioxin Category 1982 1985 1987 . 1992  Mean Change’® - Mean Change p-Value®
Comparison 214,68 216.19 21494 214.49 -0.18
(896) (884) (883) (896)
Background RH 207.62 210.99 211.88 213.21 5.59 5.78 0.096
(335) (332) (330) (335)
Low RH 211.83 21496 213.68 213.90 2.07 2.25 0.304
(247) (241) (245) 247)
High RH 214.16 216.84 217.85 217.81 3.65 3.83 0.137
(251) (245) (242) (251)
Low plus High RH 213.00 21591 21575 215.86 2.86 3.04 0.106

(498) (486) (487)  (498)

? 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 cholesterol; results adjusted for percent body fat at the
time of duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the blood draw
for dioxin, natural logarithm of cholesterol 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, 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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Longitudin

Table 13-68.
al Analysis of Cholesterol

(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS

Percent High/(n)
Occupational - Examination _
Category Group 1982 1985 1987 1992
All Ranch Hand 14.9 15.9 16.3 14.7
(884) {862) (855) (8584)
Comparison 15.8 18.4 14.2 12.8
(1,038) (1,014) {1,008) {1,038)
Officer Ranch Hand 11.5 16.9 15.3 12.1
(332) (326) (327 (332)
Comparison 11.3 15.4 11.7 10.8
(398) (390) (384) (398)
Enlisted Flyer Ranch Hand 17.7 17.3 19.0 19.0
(158) (156) (153) (158)
Comparison 21.3 241 18.6 13.0
(169) (166) (167) (169)
Enlisted Ranch Hand 16.8 14.5 16.0 15.2
Groundcrew (394) (380) (375 (394)
Comparison 17.6 19.0 14.7 14.4
471) (458) (457) 471)
E "Normal in 1982
Occupational . e Percent High: = - Adj. Relative Risk
Category . Growp  nin1992 -~ - in1992 - (5% C.I) p-Value®
All Ranch Hand 752 9.6 1.46 (1.02,2.10) 0.037
Comparison 874 6.8
Officer Ranch Hand 294 B.2 1.40 (0.76,2.57) 0.277
Comparison 353 6.0
Enlisted Flyer Ranch Hand 130 12.3 2.20 (0.91,5.34) 0.081
Comparison 133 6.0
Enlisted Ranch Hand 328 9.8 1.29 (0.77,2.18) 0.334
Groundcrew Comparison 388 7.9

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 had a normal cholesterol level in 1982 (see Chapter 7, Statisticai Methods).
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Table 13-68. (Continued)
Longitudinal Analysis of Cholesterol

(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

~+_ Percent High/(n)

Initial _ . — | Examinat on. .

Dioxin ' 1982 - 1988 1987 : 1992

Low 12.7 17.9 15.8 15.1
(166) (162) (165) (166)

Medium 16.3 15.5 16.1 14.5
(166) (161) {162) (166)

High 22.9 16.6 14.4 16.9
(166) (163) (160) (166)

Initial Dioxin Category Summary Statistics |
“Normal in 1982

Analysis Resnlts for Log, (Initial Dioxin)*

I - Adj. Relative Risk

Initial Percent High : _ :

Dioxin - n in 1992 in 1992 L (95% CL)Y p-Value
Low 145 9.7 1.05 (0.81,1.36) 0.717
Medium 139 7.9

High 128 11.7

? Adjusted for percent body fat at the time of duty in SEA, th
in SEA to the date of blood draw for dioxin, and age in 1992

b Relative risk for a twofold increase in initial dioxin.

e change in percent body fat from the time of duty

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 puUrposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had a normal cholesterol level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-68. (Continued)
Longitudinal Analysis of Cholesterol
(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY
: Percent High/(n)

: - Examination
Dioxin Category 1982 N 1‘_9_85 o 1981 1992
Comparison 15.7 18.7 14.6 12.4
(856) (884) (883) (896)
Background RH 11.0 14.8 17.3 12.8
(335) (332) (330) (335)
Low RH 13.4 17.0 14.7 14.2
(247) (241) (245) (247)
High RH 21.1 16.3 16.1 16.7
(251) (245) (242) (251)
Low plus High RH 17.3 16.7 15.4 15.5
(498) (486) (487) (498)

Normal in 1982

S S Percent I-Iighin -f?iAdj Relativekisk
Dioxin Category ~ nin 1.99_2 1992 L (98% CLY® p-Value®

Comparison 755 6.6

Background RH 298 9.4 1.43 (0.88,2.33) 0.152
Low RH 214 8.9 1.37 (0.79,2.38) 0.267
High RH 198 10.6 1.76 (1.02,3.03) 0.043
Low plus High RH 412 9.7 1.55 (1.00,2.40) 0.051

# Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 Diexin > 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 cholesterol level in 1982 (see Chapter 7, Statistical
Methods).
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Table 13-69.
Longitudinal Analysis of HDL Cholesterol (mg/dl)
{Continuous)

- a) MODEL 1: RANCH HANDS VS. COMPAR_I_SONS

- ‘Mean®/@) .. = - o
s ___ Examination ~  ~~ Exam. . Difference
QOccupational ‘ —— ——  Mean -of Exam.
Category .Group 1982 1985 1987 1992 _Change® Mean Change - p-Value
All Ranch Hand 44.18 44.44 4529  40.58 -3.60 0.34 0.619
(867)  (845) (839) (867)
Comparison 44.75 44.85 45.54 40.81 -3.94
(1,029) (1,005) (999) (1,029)
Officer Ranch Hand 45.77 45.97  46.80 42.20 -3.57 0.16 0.841
(323) (317 (318 (323)
Comparison 45.82 46.44 47.09 42.09 -3.73
(395) (387 (381) (395)
Enlisted Flyer Ranch Hand 42.96 43.40 44.54 40.26 -2.70 0.20 0.849
(154) (152) (149) (154)
Comparison 43,11 4323 4434 40.21 -2.90
(167)  (164) (165) (167)
Enlisted Ranch Hand 43.3¢ 4360 44.34 39.42 -3.97 0.52 0.679
Groundcrew (390) (376) (372) (390)
Comparison 44.45 44.11 44.71 39.96 -4.49

467) (454)  (453) (467)

* Transformed from natural logarithm scale.
P Difference between 1992 and 1982 examination means after transformation to original scale.

¢ P-value is based on analysis of natural logarithm of HDL cholesterol; results adjusted for natural logarithm of
HDL cholesterol 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 13-69. (Continued)
Longitudinal Analysis of HDL Cholesterol (mg/dl)
(Continuous)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dwxm Category Summary Statistlcs _ 3._ _ Analysis Results l'or l..og2
. ' : (Initial Dioxin)" '
Mean‘!(n) _ N TR
Initial  Examination . 1 Ad_; Stope”
Dioxin 1982 1985 198_7 oo 1992 (Std. Error) - - p-Value
Low 44.32 44.56 45.40 41.07 -0.002 (0.006) 0.796
(165) (161) (164) (165)
Medium 42.32 42.19 42.84 38.87
(160) (155) (156) (160)
High 42.28 42.34 43.51 38.94
(161) (158) (156) (161)

® Transformed from natural logarithm scale.

b Results based on difference between natural logarithm of HDL cholesterol in 1992 and natural logarithm of
HDL cholesterol in 1982 versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in
SEA, the change in percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural
logarithm of 1982 HDL cholesterol, 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 13-69. (Continued)
Longitudinal Analysis of HDL Cholesterol (mg/dl)
(Continuous)

- ¢} MODEL 3: RANCH HANDS AND COWARISONS BY DIOXIN CATEGORY
Mean®/(n) . ' EE o
Examination : _ Difference of
.-Exam. - - Exam.

Dioxin Category 1982 1985 1987 1992 “Mean Change® Mean Change p-Valoe®

Comparison 44.64 44.59 4527 40.61 -4.04

(888) (876) (875) (888)

Background RH 45.80 46.36 47.46 42.38 -3.42 0.61 0.185

(331) (328) (3260 (331

Low RH 4420 4418 4492 40.69 -3.51 0.53 0.624

(243)  237) (24]) (243)

High RH 41.79 4191 4293 3859 -3.20 0.84 0.502

(243)  (237) (235) (243)

Low plus High RH  42.98 43.03 43.93 13963 -3.35 0.69 0.455

(486) (474) (476)  (486)

* 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 HDL cholesterol; results adjusted for percent body fat at
the time of duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the blood
draw for dioxin, natural logarithm of HDL cholesterol 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, 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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HDL Cholesterol (Discrete)

The longitudinai analysis for Model 1 did not reveal a significant group difference in
the percentage of individuals with low HDL cholesterol for participants who had normal
HDL cholesterol in 1982 (Table 13-70(a): p>0.16 for all contrasts). For Model 2, the
longitudinal analysis did not show a significant association between initial dioxin and HDL
cholesterol (Table 13-70(b): p=0.950). Examination of the Model 3 results did not reveal
any of the Ranch Hand categories to be significantly different from the Comparison group
(Table 13-70(c): p>0.11 for all contrasts).

In both the Ranch Hand and Comparison cohorts, the percentage of participants with
low HDL cholesterol displayed a noticeable increase between 1987 and 1992. This increase
may partially be attributed to a change in measurement procedure between the 1987 and 1992
examinations (ACA in 1987 versus Paramax® in 1992).

Cholesterol-HDL Ratio (Continuous)

The longitudinal analysis of Model 1 did not find a significant group difference in the
means of the paired differences (Table 13-71(a): p>0.37 for all contrasts). Examination of
the Model 2 results did not reveal a significant association between initial dioxin and the
paired differences for cholesterol-HDL ratio (Table 13-71(b): p=0.579). For Model 3, the
longitudinal analysis did not detect a significant difference between any of the Ranch Hand
categories and Comparison group (Table 13-71(c): p>0.45 for all contrasts).

Cholesterol-HDL Ratio (Discrete)

The longitudinal analysis for Model 1 did not detect a significant group difference in
the percentage of individuals with a high cholesterol-HDL ratio for participants who had a
normal cholesterol-HDL ratio in 1982 (Table 13-72(a): p>>0.24 for all contrasts). The
Model 2 analysis did not reveal a significant association between initial dioxin and
cholesterol-HDL ratio (Table 13-72(b): p=0.879). For Model 3, the longitudinal analysis
did not show any of the Ranch Hand categories to be significantly different from the
Comparison group (Table 13-72(c): p>0.36 for all contrasts).

In both the Ranch Hand and Comparison cohorts, the percentage of participants with a
high cholesterol-HDL ratio showed a marked increase between 1987 and 1992. The change
in measurement procedures between 1987 and 1992 (ACA in 1987 versus Paramax” in 1992)
may have contributed to this increase. The 1987 and 1992 examinations used the same
definition for a high cholesterol-HDL ratio.

Triglycerides (Continuous)

Examination of the paired differences in the longitudinal analysis of Model 1 did not
show a significant group difference (Table 13-73(a): p>0.13 for all contrasts). The results
for Model 2 did not reveal a significant association between initial dioxin and the paired
differences for triglycerides (Table 13-73(b): p=0.256). The longitudinal analysis for Model
3 detected a marginally significant difference between the high Ranch Hands and the
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Table 13-70.
Longitudinal Analysis of HDL Cholesterol
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS
~ Percent Low/(n) -

Occupational : . Examination - _
Category - Group 1982 _ 1985 1987 1992
All Ranch Hand 3.1 4.1 2,9 11.0
(867) (845) (839) (867)
Comparison 1.9 4.0 2.3 8.5
(1,029) (1,005) (999) (1,029)
Officer Ranch Hand 34 4.7 35 11.2
(323) (317) (318) (323)
Comparison 2.5 3.9 13 7.9
(395) (387) (381) (393)
Enlisted Flyer Ranch Hand 33 53 4.0 9.1
(154) (152) (149) {154)
Comparison 1.8 5.5 3.6 9.6
(167) (164) (165) (167)
Enlisted Ranch Hand 28 3.2 1.9 11.5
Groundcrew (390) (376) (372) (390)
Comparison 1.3 35 2.7 B.6
(467) (454) (453) (467)
: Normal in 1982 S
Occupational _ - Percent. Low}_‘-:- VSA& Relative Risk
Category = . Growp nin1992__. i 1992 8% CI) T p-Value®
All Ranch Hand 840 9.6 1.26 (0.91,1.74) 0.167
: Comparison 1,010 7.8
Oificer Ranch Hand 312 9.6 1.47 (0.85,2.54) 0.170
Comparison 385 6.8
Enlisted Flyer Ranch Hand 149 8.1 0.87 (0.39,1.93) 0.731
Comparison l64 9.2
Enlisted Ranch Hand 379 10.3 1.28 (0.80,2.05) 0.305
Groundcrew Comparison 461 8.2

% 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 had a normal HDL cholesterol level in 1982 (see Chapter 7, Statistical
Methods).
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Table 13-70. (Continued)
Longitudinal Analysis of HDL Cholesterol
(Discrete)

b MODEL 2: RANCH HANDS — INTTIAL DIOXIN

Percent Lowl(n)
: . ~1 1 Examination _
Initial — e - _
Dioxin o 1982 . 1988 1987 : C1992
Low 3.0 3.7 1.2 7.9
(165) (161) (164) (165)
Medium 3.8 5.8 2.6 12.5
(160) (155) {156) (160)
High 1.9 4.4 2.6 11.2
(161) (158) (156) (161)

- Initial Dioxin Category Summary Statistics o “ Annlysis Results for Log, (Initial Dioxin)*

 Normslini98z o |
“nithal e B PercentLﬂW h 3‘Adj'Relative'R_isk o

Dioxin Cnin1992 o in1992 0 OS%CILY . p-Value
Low 160 7.5 0.99 (0.77,1.27) 0.950
Medium 154 10.4

High 158 9.5

2 Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 HDL cholesterol level in 1982 (see Chapter 7, Statistical
Methods).
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Table 13-70. (Continued)
Longitudinal Analysis of HDL Cholesterol
(Discrete)

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

‘Percent Low/(n)
- Examination o .
Dioxin Category 1982 1985 o7 1992 -
Comparison 1.7 4.2 2.4 8.3
(888) (876) (B75) (888)
Background RH 33 34 37 10.3
(331) (328) (326) (331
Low RH 3.7 5.1 1.7 9.1
(243) (237 (241) (243)
High RH 2.1 4.2 2.6 11.9
(243) (237) (235) (243)
Low plus High RH 29 4.6 2.1 10.5
(486) (474) (476) (486)

_ ‘Normal in_lbsz_ : . L :
- . Percent Lawin - Adj. Relative Risk -

Dioxin Category - nin1992 1992 OS%CI)® - pValue

Comparison 873 7.7

Background RH 320 9.1 1.46 (0.91,2.32) 0.115
Low RH 234 8.1 1.03 (0.60,1.77) 0.914
High RH 238 10.1 1.16 (0.70,1.92) 0.567
Low plus High RH 472 9.1 1.10 (0.73,1.65) 0.657

® Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 HDL cholesterol level in 1982 (see Chapter 7,
Statistical Methods).
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Table 13-71.
Longitudinal Analysis of Cholesterol-HDL Ratio
(Continuous)

a) MODEL 1: RANCH HANDS VS, COMPARISONS

Meant/(@) i
_ - Exaniination - :_Eﬂ_m_ ~‘Difference
Occupational r—————— " "Mean_ - ‘of Exam.
Category - - Group 1982 1985 = 1987 . 1992 . Change" - Mean Change p-Value’
All Ranch Hand 4.77  4.81 4.72 5.28 0.52 0.05 0.375
(867) (845) (839)  (867)
Comparison 4.78  4.81 4.70 5.25 0.47
(1,029} (1,005) (999) (1,029)
Officer Ranch Hand 4.62  4.67 4.57 5.05 0.42 0.06 0.456
323y (317  (318)  (323)
Comparison 4.64  4.62 4.53 5.01 0.37
(395) (387) (381)  (395)
Enlisted Flyer Ranch Hand 4.99  5.01 4.82 5.38 0.39 0.07 0.839
(154) (152) (149) (154)
Comparison  5.17 5.10 4,98 5.48 0.32
(167y (164) (165)  (167)
Enlisted Ranch Hand 4.80  4.85 4.81 5.45 0.65 0.04 0.608
Groundcrew (390) (376) (372  (390)
Comparison  4.77 4.86 4.75 5.37 0.61

467y  (454)  (453) (467)

2 Transformed from naturat 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 cholesterol-HDL ratio; results adjusted for natural
logarithm of cholesterol-HDL ratio 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 13-71. (Continued)
Longitudinal Analysis of Cholesterol-HDL Ratio
(Continuous)

b) MODEL 2: RANCH HANDS INITIAL ﬁIOXlN

Initial Dioxin Category Summary Stntisucs ' :!I :Analysis Resuits for Log,
_ L B - (Initial Dloxi_l_l_)

Initial xamination . M AdjSlope
Dioxin 1982 1985 . 1987 1992 . (Std. Error) p-Value
Low 4.79 4.85 4.74 5.25 0.004 (0.007) 0.579

(165) (161) (164) (165)
Medium 4.97 5.09 4.99 5.49

(160) (155) (156) (160)
High 5.06 5.09 4.99 5.56

(161) (158) (156) (161)

2 Transformed from natural logarithm scale.

b Results based on difference between natural logarithm of cholesterol-HDL ratio in 1992 and natural logarithm
of cholesterol-HDL ratio in 1982 versus log, (initial dioxin); results adjusted for percent body fat at the time of
duty in SEA, the change in percent body fat from the time of duty in SEA to the date of blood draw for dioxin,
natural logarithm of 1982 cholesterol-HDL ratio, 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 13-71. (Continued)
Longitudinal Analysis of Cholesterol-HDL Ratio
(Continuous)

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

Mean¥/(@) o N
Examination .. U ‘Difference of
| : e i - XA . - Exam.
Dioxin Category = 1982 1985 . 1987 = 1992 'Mean Change®.  Mean Change  p-Value®
Comparison 4.81 4.85 4.75 5.28 0.47
(888) (876) (875) (B88)
Background RH 4.54 4.55 4.46 5.03 0.49 0.02 0.902
(331) (328) (320) (331)
Low RH 4,78 4.86 4.75 5.25 0.47 0.00 0.707
243y (237) (241 (243)
High RH 5.09 5.17 5.07 5.62 0.53 0.06 0.452
(243) (237) (235 (243)
Low plus High RH 4.93 5.01 4.91 5.43 0.50 0.03 0.469

(486) (474) (476) (486)

# 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 cholesterol-HDL ratio; results adjusted for percent body
fat at the time of duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the
blood draw for dioxin, natural logarithm of cholesterol-HDL ratio 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, 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 13-72,
Longitudinal Analysis of Cholesterol-HDL Ratio
{Discrete)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

_ o ““Percent High/(n)
Occupational — . Examination —
Category Group 1982 c 1988 1987 1992
All Ranch Hand 45.8 45.8 43.4 58.6
(867) (845) (839) (867)
Comparison 44.4 44.4 42.8 57.1
(1,029) (1,005} {999) (1,029)
Officer Ranch Hand 396 442 40.9 50.5
(323) 317 (318) (323)
Comparison 41.5 38.5 36.8 49.1
(395) (387 (381) (395)
Enlisted Flyer Ranch Hand 51.3 47.4 423 64.3
(154) (152) (149) (154)
Comparison 56.3 51.2 53.9 63.5
(167) {164) (165) (167)
Enlisted Ranch Hand 48.7 46.5 46.0 63.1
Groundcrew (390) (376) (372) (390)
Comparison 43.0 46.9 43.9 61.5
(467) (454) (453) 467)
. . : Normal in 1982 .
‘Occupational =~ ool oo Percent High - Adj. Relative Risk
Category =~~~ .. Group = ninl1992: - in1992 - (98% C.LP p-Value*
All Ranch Hand 470 345 0.93 (0.72,1.20) 0.570
Comparison 570 36.1
Officer Ranch Hand 195 29.2 0.99 (0.65,1.51) 0.969
Comparison 231 29.4
Enlisted Flyer Ranch Hand 75 42.7 1.26 (0.65,2.43) 0.497
Comparison 73 37.0
Enlisted Ranch Hand 200 36.5 0.80 (0.55,1.17) 0.246
Groundcrew Comparison 266 41.7

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 had a normal cholesterol-HDL ratio level in 1982 (see Chapter 7, Statistical
Methods).
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Table 13-72. (Continued)
Longitudinal Analysis of Cholesterol-HDL Ratio
(Discrete)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
Percent High/(n)

oo - Examination _
Initial —— e ——
Dioxin 1982 1985 o 1987 . 19m
Low 44.2 46.6 43.9 56.4
(165) (161) (164) (165)
Medium 50.0 50.3 50.0 68.1
(160) (155) (156) (160)
High 54.7 53.8 50.0 63.4
(161) (158) (156) (161)
Initial Dioxin Category Sumimary Sta_ti_st_it_:_s S -‘--‘hﬁlysis Results for Log, (ntial Dioxin)
Normalin 1982~ | i
Tnitial o Percent High || Adj. Relaive Risk -
Dioxin nin1992 1992 - {95% C.L)" p-Value
Low 92 29.4 1.02 (0.82,1.26) 0.879
Medium 80 45.0
High 73 34.3

3 Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 cholesterol-HDL ratio level in 1982 (see Chapter 7, Statistical
Methods).
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Table 13-72. (Continued)
Longitudinal Analysis of Cholesterol-HDL Ratio
(Discrete)

Percent nghl(n)

: e R it Examinatiun L
Dioxin Category 1982 _1‘985 ) 'j 1987 ' 1992
Comparison 44.4 4.9 43.7 57.9
(888) (876) (875) (888)
Background RH 39.3 39.6 356 52.0
(331) (328) (326) (331)
Low RH 43.6 44.7 43.6 58.4
(243) (237) (241) (243)
High RH 55.6 55.7 52.3 66.7
(243) (237) (235) (243)
Low plus High RH 49.6 50.2 47.9 62.6
(486) 474) (476) (486}
Normalinlm LR
Dioxin Category ~n n‘i i lesy Mosa ciy p-Value®
Comparison 494 37.3
Background RH 201 32.8 0.88 (0.61,1.25) 0.463
Low RH 137 33.6 0.83 (0.55,1.24) 0.361
High RH 108 38.9 0.97 (0.63,1.50) 0.894
Low plus High RH 245 35.9 0.89 (0.64,1.23) 0.477

? Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the date of bloed 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 cholesterol-HDL ratio level in 1982 (see Chapter 7,
Statistical Methods).

13-347



Table 13-73.
Longitudinal Analysis of Triglycerides (mg/dl)
(Continuous)

a) MODEL 1: RANCH HANDS VS. COMPARISONS

. . Mean/(n). Sl
' . . Examipation =~ - ‘Exam. = Dilference
Occupational ———————————————  Mean_of Exam. |
Category ~ Group . 1982 " 1985 1987 1992 Chmgé* - Mean 'Change: p-Value®
All Ranch Hand 121.48 118.37 120.17 147.67 26.19 2.31 0.426

(334) (862) (855)  (884)
Comparison 121.28 118.82 119.34 145.15 23.88
(1,038) (1,014) (1,008) (1,038)
Officer Ranch Hand 121.44 118.30 117.57 145.03 23.58 3.65 0.196
(332) (326) (327) (332
Comparison 116.23 111.38 111.19 136.17 19.93
(398) (390) (384)  (398)
Enlisted Flyer Ranch Hand 130.14 122.02 123.02 145.21 15.07 -8.83 0.136
(158) (156) (153)  (158)
Comparison 134.76 131.86 131.51 158.66 23.90
(169) (166) (167}  (169)
Enlisted Ranch Hand 118.21 116.95 121.33 150.95 32.74 5.40 0.358
Groundcrew (394) (380) (375) (394

Comparison 121.04 120.89 122.23 148.39 27.35
(471) (@458 (@57 (471)

 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 triglycerides; results adjusted for natural logarithm of
trigtycerides 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 13-73. (Continued)
Longitudinal Analysis of Triglycerides (mg/dl)
(Continuous)

b) MODEL 2: RANCH HANDS - INITIAL DIOXIN -

Initial Dioxin Category SummaryStnhstws ‘ : .- Analysis Results for Log,
' _ - : " (Initial Dioxin) _
Mean*/(n). I
Initial e L N Adj. Slope
Dioxin 1982 1985 . 1987. 1992 " :(Std. Error) p-Value
Low 126.17 121.03 119.56 144.39 0.018 (0.015) 0.256
(166) (162) (165) (166)
Medium 130.57 130.43 142.55 164.49
(166) (161) (162) (166)
High 134.61 135.79 136.50 164.77
(166) (163) (160) (166)

# Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of triglycerides in 1992 and natural logarithm of
triglycerides in 1982 versus log, (initial dioxin); results adjusted for percent body fat at the time of duty in SEA,
the change in percent body fat from the time of duty in SEA to the date of blood draw for dioxin, natural
logarithm of 1982 triglycerides, 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 13-73. (Continued)
Longitudinal Analysis of Triglycerides (mg/dl)
(Continuous)

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

Mean?(n) .
. ‘Examination L Difference of
- —————————————— . Exam.  Exam.
Dioxin Category . ~ 1982 1985 1987 ' 1992 - Mean Change®- . Mean Change p-Value®
Comparison 122.65 119.82 121.62 146.71 24.07
(896) (884) (883)  (896)
Background RH 109.10 104.81 104.41 132.74 23.64 -0.43 0.462
(335) (332) (330) (335)
Low RH 125.29 122.98 123.36 147.77 22.48 -1.58 0.956
(247) (241) (245) (24D
High RH 135.65 135.11 142.23 167.88 32.24 8.17 0.056
(251) (245) (242) (251)
Low plus High RH  130.41 128.95 132.40 157.59 27.18 3.11 0.207
(498) (486) (487)  (498)

2 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 triglycerides; results adjusted for percent body fat at the
time of duty in SEA, the change in percent body fat from the time of duty in SEA to the date of the blood draw
for dioxin, natural logarithm of triglycerides 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, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations.

13-350



Comparison group (Table 13-73(c): p=0.056). The mean paired difference was greater for
the high Ranch Hands than the Comparison group (32.24 mg/dl vs. 24.07 mg/dl).

Triglycerides (Discrete)

The longitudinal analysis for Model 1 did not reveal a significant group difference in
the percentage of individuals with high levels of triglycerides for participants who had
normal levels of triglycerides at the 1982 examination (Table 13-74(a): p>0.36 for all
contrasts). For Model 2, the longitudinal analysis did not detect a significant association
between initial dioxin and triglycerides (Table 13-74(b): p=0.587). Examination of the
Model 3 results did not show any of the Ranch Hand categories to be significantly different
from the Comparison group (Table 13-74(c): p>0.43 for all contrasts).

In both the Ranch Hand and Comparison cohorts, the percentage of participants with
high measurements of triglycerides showed a marked decrease between 1982 and 1985 and a
noticeable increase between 1987 and 1992. The decrease between 1982 and 1985 may
partly be attributed to a change in the definition of a high triglyceride level between 1982
and 1985. For example, for participants less than 40 years of age in 1982, a high
triglyceride level was greater than 150 mg/dl, whereas the 1985 examination defined a high
triglyceride level as greater than 320 mg/dl. The increase between 1987 and 1992 may have
been caused by a change in the measurement technique (ACA in 1987 versus Paramax® in
1992).

DISCUSSION

Signs and symptoms associated with the gastrointestinal system are encountered
frequently in ambulatory medicine. The historical, physical examination, and laboratory
parameters included in the gastrointestinal assessment are well established in clinical practice
as screening tools in the outpatient investigation of digestive disorders.

It is important to recognize the limitations of relying on data from the patient history
and physical examination when diagnosing digestive disorders. Rather than pointing to a
particular diagnosis, digestive symptoms frequently are nonspecific and intermittent. In this
setting, even the best designed medical history questionnaire can be subject to error.
“Ulcer” and “colitis” are diagnoses that are commonly reported but often not accurately
established. As a common target organ for situational stress, the bowel frequently gives rise
to symptoms that can be severe but that are functional in nature and resolve over time.
These caveats highlight the importance of the type of medical record verification conducted
in the current study and, in the case of hepatitis, the need for serologic confirmation.

The physical examination of the gastrointestinal system is often of limited value and
can be misleading in the differential diagnosis. For example, detecting hepatomegaly in the
obese patient is unreliable. In obstructive airway disease, with hyperinflation of the lungs
and flattening of the diaphragms, the liver edge may descend abnormally befow the right
costal margin in the absence of hepatomegaly. Even in the best circumstance, the span of
the liver by palpation or percussion is often an unreliable index of liver size.
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Table 13-74.
Longitudinal Analysis of Triglycerides
(Discrete)

a) MODEL 1: RANCH HANDS VS, COMPARISONS
Percent High/(m)

Occopationst ..~ Exemination . '
Category - - Group = 1982 - 1985 1987 1992
All Ranch Hand L7 7.3 7.3 11.4
(884) (862) (855) (8584)
Comparison 32.6 6.3 6.6 2.5
(1,038) (1,014) {1,008) (1,038)
Officer Ranch Hand 28.6 10.1 7.6 12.1
(332) (326) (327) (332)
Comparison 29.7 5.9 6.8 8.3
(398) (390) (384) (398)
Enlisted Flyer Ranch Hand 37.3 9.0 7.2 13.3
(158) (156) (153) (158)
Comparison 31.3 6.6 6.6 11.2
(169) (166) (167) (169)
Enlisted Ranch Hand 32.0 4.2 6.9 10.2
Groundcrew (394) {380} (375) (394)
Comparison 33.3 6.6 6.4 10.0
471 {458) (457) @71
-:Oecupational___- n o
Category GI‘OIIP in1992 . oom1992. i . :p-Value®
All Ranch Hand 604 2.8 L 12 (0 57 2. 19) 0.749
Comparison 700 2.6
Officer Ranch Hand 237 3.0 1,72 (0.54,5.50) 0.361
Comparison 280 1.8
Enlisted Fiyer Ranch Hand 99 1.0 0.36 (0.04,3.52) 0.377
Comparison 106 2.8
Enlisted Ranch Hand 268 34 1.10 (0.44,2.75) 0.838
Groundcrew Comparison 314 32

* 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 triglycerides level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-74. (Continued)
Longitudinal Analysis of Triglycerides

(Discrete)
'b) MODEL 2: RANCH HANDS —  INTTIAL DIOX!N
' Pement Highin)
. T Exnmlnntion R

Initial - — : -
Dioxin 1982 ‘:19_85;_-_-__ -.193_7_ 1992 -
Low 33.7 8.6 5.5 9.6

(166) (162) (165) {166)
Medium 36.1 9.9 99 16.9

(166) (161) (162) (166)
High 39.2 8.0 12.5 13.3

(166) (163) (160} (166)

Initial Dioxin Category Summnry Stntistics

f'Anﬁl_ySiS-Results‘ l’c}i Log, {Initial Dioxin)*

- ‘Normal in 1982 e
-Iliit_ia'l. R TR Percent High 4 Adj. Relative Risk-
“Dioxin .~ n in 1992 n1992 8% LY p-Value
Low 110 27 1.13 (0.73,1.74) 0.587
Medium 106 6.6
High 101 2.0

# Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty

in SEA to the 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 triglycerides level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-74. (Continued)

Longitudinal Analysis of Triglycerides

(Discrete)

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOX]N CATEGORY

Ptrcent High/(n) - -

- ____Examination "
Dioxin Category _ 1982 1985 - 1987 1992
Comparison 334 6.6 7.1 9.7
(896) (384) (883) (896)
Background RH 24.2 4.5 4.6 8.7
(335) (332) (330) (335)
Low RH 34.8 8.5 7.4 11.3
(247) (241) (245) (247)
High RH 379 8.2 11.2 15.1
(251) (245) (242) (251)
Low plus High RH 36.4 8.9 9.2 13.3
(498) (486) (487) (498)
Dioxin Category  pValue
Comparison
Background RH 254 2.0 0.72 (0.26,1.99) 0.529
Low RH 161 3.1 0.91 (0.33,2.51) 0.850
High RH 156 4.5 1.44 (0.58,3.61) 0.432
Low plus High RH 317 3.8 1.15 (0.54,2.46) 0.709

2 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA, the change in percent body fat from the time of duty
in SEA to the 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 triglycerides level in 1982 (see Chapter 7, Statistical

Methods).
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Although there are limitations to the history and physical examination, data collected
in the laboratory can provide early insight into the presence of occult liver disease. The four
hepatic enzymes analyzed as dependent variables (AST, ALT, GGT, and LDH}) are
commonly ordered in the outpatient setting. Present in high intracellular concentration, these
enzymes, of which GGT is the most sensitive, are released in virtually all toxic,
inflammatory and neoplastic diseases with hepatic involvement.

The hepatic enzymes are used in the detection and followup of parenchymal liver
disease. The serum alkaline phosphatase and bilirubin are reflective of hepatobiliary function
and are elevated in “cholestatic” or “obstructive” diseases. Although present in virtually all
organ systems, the serum alkaline phosphatase in the adult population under study is of dual
origin and close to a 50-50 mixture of liver- and bone-derived fractions. An elevated
alkaline phosphatase is by no means diagnostic of liver disease. An elevated alkaline
phosphatase level may occur in a broad range of unrelated clinical conditions including drug-
induced cholestasis, Paget’s disease (3% of males over age 40), neoplasia with metastases to
bone, and congestive heart failure.

Similarly, the bilirubin measurements are subject to numerous hereditary and acquired
disorders unrelated to intrinsic hepatic disease. The benign hyperbilirubinemia of Gilbert’s
syndrome will occur in 5 percent of the population under study. Many medications,
including over-the-counter preparations, have been implicated in the overproduction of
bilirubin in the hemolytic reactions associated with glucose-6-phosphate dehydrogenase
deficiency, which may occur in up to 15 percent of Black American males.

In the current assessment, analysis of the historical and clinical examination variables
revealed no evidence of any overt hepatic disease related to the current body burden of
dioxin. Most of the statistically significant associations that occurred in relation to the
extrapolated initial level of serum dioxin were limited to the laboratory indices. With the
exceptions noted below, these associations were found in the continuous, rather than the
more clinically relevant discrete, analysis. While the observed dose-response findings are
not accompanied by clinical disease, they may still represent subclinical effects.

With a few exceptions, the history of digestive diseases documented by medical record
review was similar in the Ranch Hand and Comparison cohorts. Ranch Hands were less
likely than Comparisons to have a history of jaundice (1.8% vs. 3.0%), a finding that is
consistent with the highly significant (p <0.001) inverse dose-response effect found in all
models relating this covariate to current serum dioxin. In contrast, a positive dose-response
was noted in Ranch Hands who were more likely than Comparisons to have a history of .
“other liver disorders” (30.1% vs. 27.9%), a combination of ICD categories that included 4
participants with unspecified liver disorders and 637 participants with nonspecific laboratory
test elevations at earlier AFHS physical examinations.

The laboratory data examined can be divided broadly into parenchymal (serum
enzymes), hepatobillar (serum bilirubin and alkaline phosphatase), lipid/carbohydrate indices,
and a 10-element protein profile including prealbumin, albumin, «-1-acid glycoprotein, a-1
antitrypsin, «-2 macrogiobulin, apoliprotein B, C; complement, C, complement haptoglobin,
and transferrin. The components of the protein profile were selected to provide a
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comprehensive, if nonspecific, reflection of multiple organ systems involved in homeostasis
and to rule out a subclinical inflammatory process that might be associated with prior TCDD
exposure or the current body burden of dioxin. Produced in the liver, the proteins measured
are most sensitive to hepatic function but also provide a reliable assessment of nutritional
status. Selected proteins (-1 acid glycoprotein, -1 antitrypsin, and haptoglobin) are
nonspecifically elevated in association with inflammation, whereas reductions in the C, and
C, complement indices are associated with immune system responses.

Few of the laboratory analyses revealed any significant differences between Ranch
Hand and Comparison cohorts. Ranch Hands had a slightly higher mean alkaline
phosphatase than Comparisons but the difference in the means (70.73 U/L vs. 68.55 U/L)
cannot be considered biologically significant, and both were within the range of normal. In
the clinically more relevant analyses in discrete form, and in contrast to the 1985 and 1987
examinations, no significant group differences were defined in the current assessment. The
TCDD-associated elevations in C; complement seen in these analyses are consistent with
elevations in C, complement seen in diabetics, a condition also associated with TCDD
exposure (see Chapter 18).

Several of the analyses yielded results that have been documented in prior
examinations. In continuous, but not in discrete form, two of the four liver enzymes studied,
ALT and GGT, revealed highly significant positive associations with current serum dioxin
levels in statistical models using current TCDD levels. Similar results were noted with
serum triglycerides and, in one of the models, serum cholesterol as well. The negative
association of HDL cholesterol with current serum dioxin contributed to the highly significant
cholesterol/HDL ratio results. Though these findings are similar to those reported in the
1992 serum dioxin analysis and consistent with a dose-response effect, a causal relationship
remains to be established.

Dependent variable-covariate associations yielded results similar to those documented
during the 1987 examinations and well established in clinical practice. Highly significant
{p<0.001) positive correlations were noted relating lifetime alcohol consumption and a host
of variables including the incidence over time of chronic liver disease, cirrhosis, and
hepatomegaly and in the laboratory, elevations in HDL cholesterol and the hepatic enzymes
AST and GGT. The mean creatine kinase level in Blacks was almost twice than in non-
Blacks (233.07 U/L vs. 124.27 U/L), a finding that was noted in 1987 and that appears to be
race- and gender-specific.

Over a decade of observation, the longitudinal analyses yielded significant results in
several of the laboratory indices. Though no significant group differences were defined, a
consistent, gradual reduction in serum AST occurred in Comparisons and Ranch Hands
across all occupational and exposure categories. In the analyses of ALT in discrete form,
Ranch Hands with a normal result in 1982 are now less likely than Comparisons to have an
elevated ALT level and the reduction in risk was most apparent in the enlisted groundcrew
stratum (4.1% vs. 7.3%). Relative to Comparisons, the increase in mean serum triglyceride
levels over time was most pronounced in Ranch Hands in the highest serum dioxin category
(32.34 mg/dl vs. 24.27 mg/dl). Finally, by discrete analyses, Ranch Hands were more likely
than Comparisons to develop higher cholesterol over time (9.5% vs. 6.7%). Although these
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results are consistent with a subtle effect of herbicide exposure on lipid metabolism, the
adjusted relative risk was more pronounced in the enlisted flyer category than in the more
highly exposed enlisted groundcrew category.

In summary, data analyzed in the current section confirm observations that would be
anticipated in a clinical practice and reflect no apparent increase in organ-specific morbidity
in Ranch Hands relative to Comparisons. Although a subclinical dioxin effect on lipid
metabolism cannot be excluded, some of the results may be related in part to body habitus
and percent body fat.

SUMMARY

Tables 13-75 through 13-78 summarize the results of the group contrast analyses
(Table 13-75), the initial dioxin analyses (Table 13-76), the categorized dioxin analyses
(Table 13-77) and the current dioxin analyses (Table 13-78). Table 13-79 lists the numerous
group-by covariate and dioxin-by covariate interactions that were encountered in the adjusted
analyses of the variables.

Analyses of data collected at the 1987 followup study indicated that dioxin was
associated with military occupation. Adjustment for military occupation may improperly
mask an actual dioxin effect, but occupation can also be a surrogate for important
socioeconomic effects. 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 an estimate of exposure, the dioxin effect was evaluated in the
context of two models. Analyses were performed both with and without occupation in the
models to investigate whether conclusions differ regarding the association between the health
endpoint and dioxin. Examination of these contrasts revealed that for several variables, the
serum dioxin analyses showed contradictory results depending on whether or not the
occupation covariate was included in the final adjusted model. In most of these instances the
results were nonsignificant when occupation was included in the final adjusted model, and
became significant after excluding occupation. These differences most probably reflect the
confounding effects of occupation, which was highly associated both with serum dioxin levels
and many of the dependent variables.

An alternative explanation is that the results with occupation in the model were not
significant because of collinearity between serum dioxin levels and occupation. Collinearity
would cause the standard error of the estimates to increase, thus leading to a less significant
result. However, this interpretation is less likely, because examination of the corresponding
pairs of results shows that significance changes were primarily associated with changes in the
relative risk and slope estimates (an expected effect of confounding), and only minimally
associated with increases in the standard error of the estimates.
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Table 13-75.
Summary of Group Analyses (Model 1) for Gastrointestinal Variables
{(Ranch Hands vs. Comparisons)

_ __UNADJUSTED | s
Variable Al Officer Enlisted Flyer - Enlisted Groundcrew
Medical Records
Hepatitis (Non-A, Non-B, NS NS NS ns
and Non-C) (D)
Jaundice (D) ns ns NS ns*
Chrenic Liver Disease and Cirrhosis NS NS ns ns
(Alcohol-Related) (D)
Chronic Liver Disease and Cirrhosis NS NS NS NS
(Nonalcohol-Related) (D)
Other Liver Disorders (D) NS NS ns NS
Hepatomegaly (D) ns ns NS ns*
Physical Examination
Current Hepatomegaly (D} ns ns -- ns
Laboratory
AST (O ns ns -0.022 ns
AST (D) ns ns ns ns
ALT (O) -0.047 ns -0.010 ns
ALT (D) ns ns ns ns
GGT (C) NS NS ns NS
GGT (D) NS NS ns NS
Alkaline Phosphatase (C) +0.005 NS ns +0.001
Alkaline Phosphatase (D) +0.039 NS ns +0.007
Total Bilirubin (C) ns NS ns ns
Total Bilirubin (D) NS NS ns NS
Direct Bilirubin (D) ns NS ns -0.022
LDH (C) NS ns ns NS
LDH (D) NS ns ns NS
Cholestero] (C) NS NS ns NS
Cholesterol (D) NS NS NS NS
HDL Cholesterol (C)* ns ns NS ns
HDL Cholesterol (D) NS* NS* ns NS
Cholesterol-HDL Ratio (C) NS NS ns NS
Cholesterol-HDL Ratio (D) NS NS ns NS
Triglycerides (C) NS NS* ns* NS
Triglycerides (D) NS NS* NS ns
Creatine Kinase (C) ns NS ns ns
Creatine Kinase (D) NS NS ns NS
Serum Amylase (C) ns ns NS NS
Serum Amylase (D) ns ns NS NS
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Table 13-75. (Continued)
Summary of Group Analyses (Model 1) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

' i UNADJUSTED .
Variable ' Al - Officer  Enlisted Flyer Enlisted Groundcrew
Antibodies for Hepatitis A (D) ns NS NS ns
Serological Evidence of Prior -0.001 -0.030 ns* ns*
Hepatitis B Infection (D)

Antibodies for Hepatitis C (D) ns* s -- ns

Stool Hemoccult (D) NS NS -- NS
Prealbumin (C)? ns NS ns ns
Prealbumin (D) NS ns NS NS
Albumin (C)* ns ns ns ns
Albumin (D) NS NS ns NS
a-1 Acid Glycoprotein (C) NS ns NS NS
a-1 Acid Glycoprotein (D) ns ns NS ns
a-1 Antitrypsin (C) NS* NS NS NS
a-1 Antitrypsin (D): Low vs. NS NS NS NS
Normal
-1 Antitrypsin (C): High vs. NS NS NS NS
Normal
a-2 Macroglobulin (C) ns ns ns NS
a-2 Macroglobulin (D) ns -- ns NS
Apolipoprotein B (C) ns ns ns NS
Apolipoprotein B (D) NS NS ns NS
C, Complement (C)* ns NS ns ns
C, Complement (D) NS ns ns NS
C, Complement (C)* ns ns NS ns
C, Complement (D) s NS ns NS
Haptoglobin (C) +0.004 NS NS +0.015
Haptoglobin (D) NS NS NS NS
Transferrin (C)? +0.042 NS ns +0.016
Transferrin (D) ns ns NS ns

* Negative difference considered adverse for this variable.

Continuous analysis.
Discrete analysis.
: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.
Relative risk << 1.00 for discrete analysis or difference of means pegative for continuous analysis.
--:  Analyses 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.

L O
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Table 13-75. (Continued)
Summary of Group Analyses (Model 1) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

Variable All -Officer - - Enlisted Flyer Enlisted Groundcrew
Medical Records

Hepatitis (Non-A, Non-B, NS NS NS ns
and Non-C) (D)

Jaundice (D) **(ns*) **(ns) **(NS) **(ns*)
Chronic Liver Disease and Cirrhosis ns NS ns ns
(Alcohol-Related) (D)

Chronic Liver Disease and Cirrhosis NS NS NS NS
(Nonalcohol-Related) (D)

Other Liver Disorders (D) NS NS ns NS
Hepatomegaly (D) **(ns*) **(ns) **(NS) **(-0.031)
Physical Examination

Current Hepatomegaly (D) ns ns -- ns
Laboratory

AST (C) ns ns ns* ns
AST (D) **(ns) *¥(ng) **(n5) **(ns)
ALT (C) ns* ns -0.026 ns
ALT (D) *¥(ns) **(NS) *(ng) **(ns*)
GGT (C) NS NS ns NS
GGT (D) NS NS ns NS
Alkaline Phosphatase (C) **(+4+0.005) **(NS) **(ns) **(4+0.001)
Alkaline Phosphatase (D) NS* NS ns +0.011
Total Bilirubin (C) ns NS ns ns
Total Bilirubin (D) NS NS ns NS
Direct Bilirubin (D} ns NS ns -0.026
LDH (C) **(NS) *¥(ns) **(ns) **(NS*)
LDH (D). **(NS) **(NS) **(NS) *¥(NS)
Cholesterol (C) **(NS) **(NS) **(ns5) *(NS)
Cholesterol (D) **(NS) **(NS) **(NS) **(NS)
HDL Cholesterol (C)? **(n§) **(ns) **(NS) **(ns)
HDL Cholesterol (D) +0.048 +0.048 ns NS
Cholesterol-HDL Ratio (C) NS NS ns NS
Cholesterol-HDL Ratio (D) ‘ NS NS ns NS
Triglycerides (C) **(NS) **(+0.039) *(ns*) *(NS)
Triglycerides (D) NS +0.050 NS ns
Creatine Kinase (C) **(ns) **(NS) *#(ns) **(ns)
Creatine Kinase (D) **NS) **(NS) **(ns) *¥(ns)
Serum Amylase (C) ns ns* NS NS
Serum Amylase (D) ns ns NS NS
Antibodies for Hepatitis A (D) ns NS NS ns
Serological Evidence of Prior - <0.001 -0.030 ns* ns*

Hepatitis B Infection (D)
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Table 13-75. (Continued)
Summary of Group Analyses (Model 1) for Gastrointestinal Variables

(Ranch Hands vs. Comparisons)

_ ADJUSTED _
Variable All Officer  Enlisted Flyer Enlisted Groundcrew
Antibodies for Hepatitis C (D) **(.0.048) *¥(ng) -- **(ng)
Stool Hemoccult (D) **(NS) **(NS) -- **(NS)
Prealbumin (C)? **(NS) **(NS) **(NS) **¥(ns)
Prealbumin (D)? ns ns NS NS
Albumin (C) *¥(ns) **(ns) *¥(115) **(ns)
Albumin (D) **(NS) **(NS) *¥(ns) **(NS)
a-1 Acid Glycoprotein (C) NS ns NS NS
a-1 Acid Glycoprotein (D) **(ns) **(ns) **(NS) **(ns)
a-1 Antitrypsin (C) NS#* NS NS NS
a-1 Antitrypsin (D): Low vs. NS NS NS NS
Normal
a-1 Antitrypsin (C): High vs. NS NS NS ns
Normal
o-2 Macrogiobulin (C) ns ns ns NS
«-2 Macroglobuiin (D) ns - ns NS
Apolipoprotein B (C) ns ns ns NS
Apolipoprotein B (D) NS NS ns NS
C, Complement (C)? ns NS ns ns
C,; Complement (D) **(NS) **(ns) **(ns) **(NS)
C, Complement (C)? ns ns NS ns
C, Complement (D) ns NS ns NS
Haptoglobin (C) +0.016 NS NS +0.034
Haptoglobin (D) NS NS NS NS
Transferrin (C)? +0.040 NS ns +0.031
Transferrin (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.
Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

--1  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): Group-by-covariate interaction (p = 0.05); not significant when interaction is deleted; refer

to Appendix I-2 for a detailed description of this interaction.
*¥(NS*) or **(ns*); Group-by-covariate interaction (p<0.05); marginally significant when interaction is
deleted; refer to Appendix I-2 for a detailed description of this interaction.
*%(...): Group-by-covariate interaction (p <0.05); significant when interaction is deléted and p-value is given in
parentheses; refer to Appendix I-2 for a detailed description 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 13-76.

Summary of Initial Dioxin Analyses (Model 2) for Gastrointestinal Variables

(Ranch Hands Only)

Variable ‘Unadjusted ‘Adjusted
Medical Records

Hepatitis (Non-A, Non-B, and Non-C) (D) NS NS
Jaundice (D) NS NS
Chronic Liver Disease and Cirrhosis NS *¥(NS)
(Alcohol-Related) (D)

Chronic Liver Disease and Cirthosis ns ns
(Nonalcohol-Related) (D)

Other Liver Disorders (D) NS **(4+0.046)
Hepatomegaly (D) NS NS
Physical Examination

Current Hepatomegaly (D) ns ns
Laboratory

AST (C) NS **(NS)
AST (D) NS§ **(ns)
ALT (C) NS NS
ALT (D) NS NS
GGT (O) NS **(NS)
GGT (D) NS NS
Alkaline Phosphatase (C) NS **(ns)
Alkaline Phosphatase (D) NS r(ns)
Total Bilirubin (C) ns NS
Total Bilirubin (D) ns **(ng)
Direct Bilirubin (D) ns ns
LDH (C) NS ns
LDH (D) NS NS
Cholesterol (C) NS **(NS*)
Cholesterol (D) NS **(NS)
HDL Cholesterol (C)? -0.035 ns
HDL Cholestercl (D) NS NS
Cholesterol-HDL Ratio (C) +0.012 **(NS)
Cholestercl-HDL Ratio (D) NS* NS
Triglycerides (C) NS* *E(NS*)
Triglycerides (D) NS NS
Creatine Kinase (C) NS NS
Creatine Kinase (D) NS NS
Serum Amylase (C) -0.014 0.027
Serumn Amylase (D) ns **(ng)
Antibodies for Hepatitis A (D) ns NS




Table 13-76. (Continued)
Summary of Initial Dioxin Analyses (Model 2) for Gastrointestinal Variables
(Ranch Hands Only)

Variable ' Unadjusted ~ Adjusted
Serological Evidence of Prior Hepatitis B Infecuon (D) NS* NS
Antibodies for Hepatitis C (D) ns ns
Stool Hemoccult (D) ns ns
Prealbumin (C)? ns **(ns)
Prealbumin (D) NS NS
Albumin {(C» NS **(NS)
Albumin (D) NS NS
a-1 Acid Glycoprotein (C) NS ®r{ns*)
o-1 Acid Glycoprotein (D) NS **(NS)
-1 Antitrypsin (C) NS **(NS)
e-1 Antitrypsin (D): Low vs. Normal ns ns
«-1 Antitrypsin (D): High vs. Normal ns ns
-2 Macrogliobulin (C) ns **(NS)
a-2 Macroglobulin (D) NS NS
Apolipoprotein B (C) NS **(+0.018)
Apolipoprotein B (D) NS **(NS)
C, Complement (C)* +0.041 +0.031
C, Complement (D) ns ns
C, Complement (C)* NS *k(NS)
C, Complement (D) NS NS
Haptoglobin (C) NS *¥(ns)
Haptoglobin (D) NS *¥(NS)
Transferrin (C)? N§ *%(NS)
Transferrin (D) 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.
NS or ns: Not significant (p >0.10).
NS*: Marginally significant (0.05 <p=<0.10).
**+(NS) or **(ns): Log, (initial dioxin)-by-covariate interaction (p <0.05); not significant when interaction is
deleted; refer to Appendix I-2 for a detailed description of this interaction.
**(NS*) or **(ns*): Log, (initial dioxin)-by-covariate interaction (p <0.05); marginally significant when
interaction is deleted; refer to Appendix I-2 for a detailed description of this interaction.
**(_..): Log, (initial dioxin)-by-covariate interaction (p <0.05); significant when interaction is deleted and p-
value is given in parentheses; refer to Appendix I-2 for a detailed description 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.
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Table 13-77.
Summary of Categorized Dioxin Analyses (Model 3) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED
~ Background Ranch  Low Ranch  High Ranch Low plus High
Hands vs. Hands vs. -~ “Hands vs. Ranch Hands vs.
Variable . - Comparisons .~ Comparisons ' Comparisons Compiirisons
Medical Records
Hepatitis (Non-A, Non-B, or ns NS ns ns
Non-C) (D)
Jaundice (D) NS ns* ns* -0.008
Chronic Liver Disease and ns ns ns ns
Cirrhosis (Alcohol-Related)
(D)
Chronic Liver Disease and NS NS ns NS
Cirrhosis {Nonalcohol-
Related) (D)
Other Liver Disorders (D) ns NS NS* NS
Hepatomegaly (D) ns ns* ns ns
Physical Examination
Current Hepatomegaly (D) ns ns NS ns
Laboratory
AST (C) ns ns ns ns
AST (D) ns NS ns ns
ALT (C) -0.011 ns NS ns
ALT (D) ns ns ns ns
GGT (C) ns NS* NS* +0.020
GGT (D) ns NS NS NS
Alkaline Phosphatase (C) NS +0.002 +0.020 +0.001
Alkaline Phosphatase (D) NS* NG* NS NS*
Total Bilirubin (C) NS ns -0.033 ns*
Total Bilirubin (D) NS ns ns ns
Direct Bilirubin (D) ns ns ns* ns*
LDH (C) ns NS ns ns
LDH (D) NS ns ns ns
Cholesterol (C) ns NS NS NS
Cholesterol (D) NS NS NS NS*
HDL Cholesterol (C)? NS NS -0.017 ns
HDL Cholesterol (D) N§* ns NS NS
Cholesterol-HDL Ratio (C) ns ns +0.004 N§*
Cholesterol-HDL Ratio (D) ns NS +0.009 NS§*
Triglycerides (C) ns NS +0.008 NS*
Triglycerides (D) NS NS NS* NS
Creatine Kinase (C) ns ns NS NS
Creatine Kinase (D) NS ns NS NS
Serum Amylase (C) ns N§* ns NS
Serum Amylase (D) ns ns ns ns
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Table 13-77. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

_ ___UNADJUSTED . . _
Background Ranch ~Low Ranch  High Ranch - Low plus High
_ B _ : ‘Handsvs. - Hands vs." - Hands vs. Ranch Hands vs.
Variable . - .~ Comparisons =~ Comparisons Comparisons - = Comparisons
Antibodies for Hepatitis A (D) ns NS NS NS
Serological Evidence of Prior -0.013 -0.030 ns -0.033
Hepatitis B Infection (D)
Antibodies for Hepatitis C (D) ns ns ns ns*
Stool Hemoccult (D) ns +0.031 ns NS
Prealbumin (C)? ns ns NS NS
Prealbumin (D) NS ns ns ns
Albumin (C)? ns ns NS NS
Albumin (D} NS NS ns ns
a-1 Acid Glycoprotein (C) ns* NS NS NS
-1 Acid Glycoprotein (D} ns ns ns ns
a-1 Antitrypsin (C) NS NS NS NS
o-1 Antitrypsin (D): Low vs. NS ns ns ns
Normal
«-1 Antitrypsin (D): High vs. NS NS ns ns
Normal
a-2 Macroglobulin (C) ns ns ns ns
a-2 Macroglobulin (D) ns - NS ns
Apolipoprotein B (C) ns ns NS NS
Apolipoprotein B (D) ns NS N§* NS
C; Complement {C)? -0.004 NS N§* NS*
C, Complement (D) NS ns ns ns
C, Complement (C)? ns NS ns NS
C, Compiement (D) NS ns ns ns
Haptoglobin {C) NS NS +0.003 +0.007
Haptoglobin (D) NS NS NS* NS
Transferrin (C)® ns +0.044 +0.001 +0.001
Transferrin (D) ns ns* -0.015 -0.005

*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 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 13-77. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

ADJUSTED

Background Ranch Low Ranch High Ranch  Low plus High _

L '~ Handsvs. . Handsvs.  Handsvs.. - Ranch Handsvs.
Variable _ Comparisons  *  Comparisons Comparisons . Comparisons -
Medical Records
Hepatitis (Non-A, Non-B, NS NS ns ns
Non-C) (D)

Jaundice (D) NS -0.046 ns 0.011
Chronic Liver Disease and *#*(ns) **(ns) **(ns) **(ns)
Cirrhosis (Alcohol-Related)

(D)

Chronic Liver Disease and NS NS ns ns
Cirrhosis {(Nonalcohol-

Related) (D)

Other Liver Disorders (D) **(ns) **(NS) **(+0.048) *#(NS}
Hepatomegaly (D) ns ns* NS ns
Physical Examination

Current Hepatomegaly (D) ns ns NS ns
Laboratory

AST (C) ns ns ns ns
AST (D) **(ns) **(NS) **(ns) **(ns)
ALT (C) ns* ns ns ns
ALT (D) **(ns} **(ns) **(ns) **(ns)
GGT (C) *¥(ns) *H(NS™) **{+0.031) **(+0.011)
GGT (D) *X(p5) *#(NS) **(NS) *H(NS*)
Alkaline Phosphatase (C) **(+0.043) **(+0.006) **(NS) **(+0.011)
Alkaline Phosphatase (D) +0.030 N§* NS NS
Total Bilirubin (C) NS ns ns ns
Total Bilirubin (D) NS ns ns ns
Direct Bilirubin (D) ns ns ns ns
LDH (C) *¥(NS) **(ns) **(ns) **(ns)
LDH (D) **(NS) **(ns) *x(NS) *%(ng)
Cholesterol (C) **(NS) *h(ns) **(NS) **(NS})
Cholesterol (D) *¥(NS) **(NS) **(NS) **(NS)
HDL Cholesterol (C)? *¥(NS) **(NS) **(ns) **(ns)
HDL Cholesterol (D) **(NS) **(NS) **(NS) **(NS)
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Table 13-77. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

_ ADJUSTED
Background Ranch  Low Ranch  High Ranch Low plus High
Handsvs.. . - Handsvs.  ‘Handsvs.  Ranch Hands vs.
Variable Comparisons - Comparisons Comparisons Comparisons
Cholesterol-HDL Ratio (C) **(ns) **(ns) **¥(NS) **(NS)
Cholesterol-HDL Ratio (D) NS NS NS NS
Triglycerides (C) ns NS +0.031 NS
Triglycerides (D) ns NS +0.036 NS
Creatine Kinase (C) **(ng) **(ns) *E(NS) **(ns)
Creatine Kinase (D) **(NS) **(ns) **(NS) **(NS)
Serum Amylase (C) ns NS ns NS
Serum Amylase (D) **(ns) **(ns) **(ng) *¥(ns)
Antibodies for Hepatitis A (D) NS ns ns ns
Serological Evidence of Prior **(11s) **(-0.020) **(.0.041) *#(.0.004)
Hepatitis B Infection (D)
Antibodies for Hepatitis C (D) ns ns ns -0.048
Stool Hemoccult (D) ns +0.037 NS NS
Prealbumin (C)* *¥(ns) **(NS) *#(NS) **(NS)
Prealbumin (D) NS ns ns ns
Albumin (C)* **(ns) **(ns) **(NS) **(NS)
Albumin (D) NS NS ns ns
a-1 Acid Glycoprotein (C) **(ng) **(NS) **(NS) **(NS)
a-1 Acid Glycoprotein (D) **(ns) i 11} **(NS) *%(ns)
a-1 Antitrypsin (C) ) +0.010 NS ns NS
a-1 Antitrypsin (D): Low vs. NS ns NS NS
Normal
a-1 Antitrypsin (D): High vs. NS NS ns ns
Normal
a-2 Macroglobulin (C) NS ns ns ns*
a-2 Macroglobulin (D) ns -- NS ns
Apolipoprotein B (C) ns ns NS NS
Apolipoprotein B (D) NS ns NS NS
C, Complement (C)® -0.043 NS NS NS
C, Complement (D) **(NS) **(ns) **(ns) *¥*(ng)
C, Complement (C)* ns NS ns ns
C, Complement (D) ns ns ns ns
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Table 13-77. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons)

Background Ranch Low Ranch  High Ranch Low plus High

~ Hands vs. Hands vs. Hands vs. “Ranch Hands vs.
Variable Comparisons Comparisons - Comparisons Comparisons
Haptoglobin (C) NS§* NS NS* NS
Haptoglobin (D) NS ns NS NS
Transferrin (C)? NS +0.035 +0.003 +0.001
Transferrin (D) **(nsg) *r(ns*) *%(-0.042) **(0),009)

Negative difference considered adverse for this variable.
Continuous analysis.
Discrete analysis.
: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.
-:  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).
**(NS) or **(ns): Categorized dioxin-by-covariate interaction (p<0.05); not significant when interaction is
deleted; refer to Appendix I-2 for a detailed description of this interaction.
**(NS*) or **(ns*): Categorized dioxin-by-covariate interaction (p=0.05); marginally significant when
interaction is deleted; refer to Appendix I-2 for a detailed description of this interaction.
**(_..): Categorized dioxin-by-covariate interaction (p <0.05); significant when interaction is deleted and p-
value is given in parentheses; refer t0 Appendix I-2 for a detailed description 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 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.

+o00 "
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Table 13-78.
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for
Gastrointestinal Variables
(Ranch Hands Only)

' ‘ : S . Model 6:
Model 4: .. -Model 8 Whole-Weight Current
: Lipid-Adjusted . - Whole-Weight - Dioxin Adjusted: for Total
Varigble Cuarrent Dioxin - - Current Dioxin Lipids
Medical Records
Hepatitis (Non-A, Non-B, or NS ns NS
Non-C) (D)
Jaundice (D) -<0.001 -<0.001 -<0.001
Chronic Liver Disease and Cirrhosis NS NS NS
(Alcohol-Retated) (D)
Chronic Liver Disease and Cirrhosis NS NS NS
(Nonalcohol-Related) (D)
Other Liver Disorders (D) +0.007 +0.003 +0.033
Hepatomegaly (D) NS ns ns
Physical Examination
Current Hepatomegaly (D) NS NS NS
Laboratory
AST (C) NS NS* NS
AST (D) NS NS NS
ALT (C) + <0.001 + <0.001 + <0.001
ALT (D) +0.031 +0.017 NS*
GGT (O) + <0.001 + <0.001 +0.002
GGT (D) +0.033 +0.009 NS
Alkatine Phosphatase (C) NS NS NS
Alkaline Phosphatase (D) NS NS ns
Total Bilirubin (C) ns ns ns
Total Bilirubin (D) ns ns ns
Direct Bilirubin (D) ns NS ns*
LDH (C) NS NS NS
LDH (D) NS NS NS
Cholesterol (C) NS + <0.001 ns*
Cholesterol (D) NS +0.003 ns
HDL Cholesterol (C)? -<0.001 -<0.001 -0.001
HDL Cheolesterol (D) NS NS ns
Cholesterol-HDL Ratio (C) + <0.001 + <0.001 +0.035
Cholesterol-HDL Ratio (D) + <0.001 + <0.001 NS
Triglycerides (C) + <0.001 + <0.001 +0.041
Triglycerides (D) +0.013 +<0.001 NS
Creatine Kinase (C) +0.017 +0.011 +0.027
Creatine Kinase (D) NS NS NS
Serum Amylase (C) -0.037 -0.019 ns
Serum Amylase (D) ns ns ns
Antibedies for Hepatitis A (D) NS NS NS
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Table 13-78. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for
Gastrointestinal Variables
(Ranch Hands Only)

' AR h " Model 6:
... Model 4: - Model 5: - Whole-Weight Current
_ ~ Lipid-Adjusted - - Whole-Weight - Dioxin Adjusted for Total

Varisble =~ = —_Current Dioxin -~ Current Dioxin =~~~ Lipids
Serological Evidence of Prior NS* NS NS
Hepatitis B Infection (D)
Antibodies for Hepatitis C (D) ns ns ns
Stool Hemoccuit (D) NS NS NS
Prealbumin (C)? ns N§ ns
Prealbumin (D) ns ns ns
Albumin (C)* NS NS NS
Albumin (D) NS NS NS
a-1 Acid Glycoprotein (C) NS* +0.015 NS
o-1 Acid Glycoprotein (D) NS§ NS NS
-1 Antitrypsin (C) ns ns ns
a-1 Antitrypsin (D) Low vs. Normal ns ns ns
«-1 Antitrypsin (D) High vs. Low ns* ns* ns
a-2 Macroglobulin (C) -0.02¢% -0.046 -0.018
a-2 Macroglobulin (D) NS NS NS
Apolipoprotein B (C) +0.016 + <0.001 ns
Apolipoprotein B (D) NS* +0.001 ns
C, Complement (C)* +<0.001 + <0.001 + <0.001
C, Complement (D) -0.014 -0.003 ns
C, Complement (C)? NS* +0.004 NS
C, Complement (D) ns ns ns
Haptoglobin (C) NS NS NS
Haptoglobin (D) ns NS ns
Transferrin (C)? +0.001 + <0.001 +0.009
Transferrin (D) -0.049 ns* -0.048

#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.

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 iess than 1.00 for discrete analysis or slope
negative for continuous analysis.
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Table 13-78. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for
Gastrointestinal Variables

(Ranch Hands Only)
. ADJUSTED e
e T T Model 6:
- R R - 'Whole-Weight
o “Model 4; . . Model 5 - Current Dioxin
: e o+ Lipid-Adjusted - 'Whole-Weight - ~Adjusted for
Variable S - Currént Dioxin Current Dioxin  Total Lipids
Medical Records
Hepatitis (Non-A, Non-B, or Non-C) (D) ns ns ns
Jaundice (D) -<0.001 -<0.001 -<0.001
Chronic Liver Disease and Cirrhosis (Alcohol-Related) NS NS NS
(D}
Chronic Liver Disease and Cirrhosis (Nonalcohol- NS NS NS
Related) (D)
Other Liver Disorders (D) *k(+0.004) **(+0.001) **(+0.018)
Hepatomegaly (D) ns ns ns
Physical Examination
Current Hepatomegaly (D) NS NS NS
Laboratory
AST (C) **(NS) HR(NS*) *(NS)
AST (D) **(NS) **(NS) **(NS)
ALT (©) + <0.001 + <0.001 + < 0.001
ALT (D) +0.035 +0.024 NS*
GGT (C) **(4+ <0.001) **( 4+ <0.001) wk( +0.002)
GGT (D) *x(+0.040) *%(+0.012) **(NS)
Alkaline Phosphatase (C) *k(ns) *k(ns) **(ng*)

. Alkaline Phosphatase (D) ns ns ns
Total Bilirubin (C) *¥(NS) NS NS
Total Bilirubin (D) **(ns) **(ns) **(ns)
Direct Bilirubin (D) **(NS) *¥(NS) *¥(ns)
LDH (C) NS NS NS
LDH (D) NS NS NS
Cholestero] (C) NS + <0.001 ns
Cholesterol (D) NS **(4-0.002) ns
HDL Cholesterol (C)? *%(.0.001) **(.<0.001) **(.0.022)
HDL Cholestercl (D) **(NS) *H(NS*) **(NS)
Cholesterol-HDL Ratio (C) "4+ <0.001) *(+ <0.001) **(NS*)
Cholesterol-HDL Ratio (D) +0.006 + <0.001 NS
Triglycerides (C) e+ <0.001)  **(+ <0.001) **(+0.007)
Triglycerides (D) +0.002 + <0.001 NS
Creatine Kinase (C) +0.003 +0.002 +0.006
Creatine Kinase (D) NS§* N§* NS*
Serum Amylase (C) -0.010 -0.005 ns*
Serum Amylase (D) ns ns ns
Antibedies for Hepatitis A (D) NS§ NS NS
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Table 13-78. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for
Gastrointestinal Variables

(Ranch Hands Only)
ADJUSTED .
R Model 6:
' ' R LU U Whole-Weight
© - ‘Model 4: - - Model 5: Current Dioxin
| . - Lipid-Adjusted ‘Whole-Weight ~ Adjusted for
‘Yariable Current Dioxin Curreil_t Dioxin - Total Lipids
Serological Evidence of Prior Hepatitis B Infection (D) **(ng) **(ns) *%*(115)
Antibodies for Hepatitis C (D) ns ns ns
Stool Hemoccult (D) NS§ NS NS
Prealbumin (C)? **(ns) *¥(NS) *¥(ng)
Prealbumin (D) **(ng) **(ns) **(NS)
Albumin (C)? **(ns) **(NS) **(ns)
Albumin (D) NS NS NS
a-1 Acid Glycoprotein (C) **(ns*) ns -0.040
a-1 Acid Glycoprotein (D) **(ns) **(ns) **(NS)
-1 Antitrypsin (C) *(.0.004) (. < (.001) **(-0.007)
c-1 Antitrypsin (D): Low vs. Normal ns ns ns
c-1 Antitrypsin (D): High vs. Normal ns* -0.035 ns
«-2 Macroglobulin (C) -0.006 -0.008 0.007
-2 Macroglobulin (D) NS NS NS
Apolipoprotein B (C) +0.026 w4 <0.001) ns
Apolipoprotein B (D) NS* k(4 <0.001) ns
C,; Complement (C)? + <0.001 w4+ <0.001) + <0.001
C; Complement (D) *%(.0.032) -0.003 ns
C, Complement (C)? NS **(+0.018) NS
C, Complement (D) ns ns ns
Haptoglobin (C) ns ns ns
Haptoglobin (D) ns ns -0.044
Transferrin (C)? +0.012 +0.001 +0.040
Transferrin (D) 0.043 -0.041 -0.039
INegative 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.
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 I-2 for a detailed description 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 I-2 for a detailed description of this interaction.
L) 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 1-2 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.



Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted

Table 13-79.

Analyses of Gastrointestinal Variables

Model Variable Covariate
18 Jaundice (D) Race
Hepatomegaly (D) Occupation
AST (D) Current Alcohol Use
ALT (D) Age
Degreasing Chemical Exposure
Alkaline Phosphatase (C) Age
Race

LLDH (C)

LDH (D)
Cholesterol (C)
Cholesterol (D)
HDL Cholesterol (C)

Triglycerides (C)

Creatine Kinase (C)
Creatine Kinase (D)
Antibodies for Hepatitis C

Stool Hemoccult (D)
Prealbumin (C)
Albumin (C)

Albumin (D)

a-1 Acid Glycoprotein (D)
C; Complement (D)
Transferrin (D)

Degreasing Chemical Exposure
Age

Lifetime Alcohol History
Current Alcohol Use

Current Alcohol Use

Current Alcohol Use

Current Alcohol Use
Lifetime Alcohol History
Occupation

Race

Race

Age

Degreasing Chemical Exposure
Lifetime Alcohol History
Current Alcohol Use
Lifetime Alcohol History
Age

Industrial Chemical Exposure
Age

Race

Lifetime Alcohol History
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Table 13-79. (Continued)
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Gastrointestinal Variables

Model Variable Covariate
20 Alcohotic Chronic Liver Disease and Race
Cirrhosis (D)
Other Liver Disorders (D) Occupation

AST (C)

AST (D)

GGT (C)

Alkaline Phosphatase (C)
Alkaline Phosphatase (D)
Total Bilirubin (D)
Cholesterol (C)
Cholesterol (D)

Cholesterol-HDL. Ratio (C)
Triglycerides (C)

Serum Amylase (D)
Prealbumin (C)

Albumin (C)

e-1 Acid Glycoprotein (C)

a-1 Acid Glycoprotein (D)
a-1 Antitrypsin (C)

a-2 Macroglobulin (C)
Apolipoprotein B (C)
Apolipoprotein B (D}

C; Complement (C)
Haptoglobin (C)
Haptoglobin (D)

Transferrin (C)

Current Alcohol Use

Current Alcohol Use
Degreasing Chemical Exposure
Degreasing Chemical Exposure
Industrial Chemical Exposure
Industrial Chemical Exposure
Degreasing Chemical Exposure
Degreasing Chemical Exposure
Lifetime Alcohol History
Current Alcohol Use
Occupation

Age

Industrial Chemical Exposure
Industrial Chemical Exposure
Lifetime Alcohol History
Occupation

Occupation

Depgreasing Chemical Exposure
Industrial Chemical Exposure
Degreasing Chemical Exposure
Age

Age

Age

Occupation

Age

Age

Lifetime Alcohol History
Occupation

Lifetime Alcohol History
Occupation

Industrial Chemical Exposure
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Table 13-79. (Continued)
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Gastrointestinal Variables

Model

‘Variable

o ‘Covariate

3(:

Alcoholic Chronic Liver Disease and
Cirrhosis (D)

Other Liver Disorders (D)

AST (D)

ALT (D)

GGT (C)
GGT (D)
Alkaline Phosphatase (C)
LDH (C)

LDH (D)
Cholesterol (C)
Cholesterol (D)
HDL Cholesterol (C)

HDL. Cholesterol (D)
Cholesterol-HDL Ratio (C)
Creatine Kinase (C)

Creatine Kinase (D)

Setum Amylase (D)

Serological Evidence of Prior Hepatitis B
Infection (D)

Prealbumin (C)

Albumin (C)

a-1 Acid Glycoprotein (C)

-1 Acid Glycoprotein (D)

C, Complement (D)

Transferrin (D)

Race

Degreasing Chemical Exposure
Current Alcohol Use
Degreasing Chemical Exposure
Current Alcohol Use
Degreasing Chemical Exposure
Degreasing Chemical Exposure
Degreasing Chemical Exposure
Age

Race

Lifetime Alcohol History
Lifetime Alcohol History
Lifetime Alcohol History
Current Alcohol Use

Current Alcohol Use

Lifetime Alcohol History
Lifetime Alcohol History
Current Alcohol Use

Race

Lifetime Alcohol History

Race

Lifetime Alcohol History

Race

Occupation

Age

Industrial Chemical Exposure
Industrial Chemical Exposure
Lifetime Alcohol History

Age

Race

Industrial Chemical Exposure
Lifetime Alcohol History
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Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted

Table 13-79. (Continued)

Analyses of Gastrointestinal Variables

Model

. Variable

Covariate

41:1

Other Liver Disorders (D)

AST (C)

AST (D)

GGT (C)

GGT (D)

Alkaline Phosphatase (C)
Total Bilirubin (C)

Total Bilirubin (D)
Direct Bilirubin (D)
HDL Cholesterol (C)

HDL Cholesterol (D)

Cholesterol-HDL Ratio (C)

Triglycerides (C)

Serological Evidence of Prior Hepatitis B
Infection (D)

Prealbumin (C)

Prealbumin (D)
Albumin (C)

a-1 Acid Glycoprotein (C)
o-1 Acid Glycoprotein (D)
a-1 Antitrypsin (C)

C, Complement (D)

Occupation

Degreasing Chemical Exposure
Current Alcohol Use

Current Alcohol Use
Occupation

Degreasing Chemical Exposure
Race

Degreasing Chemical Exposure
Degreasing Chemical Exposure
Lifetime Alcohol History
Lifetime Alcohol History
Current Alcohol Use

Lifetime Alcohol History
Degreasing Chemical Exposure
Occupation

Occupation

Degreasing Chemical Exposure
Industrial Chemical Exposure
Occupation

Current Alcohol Use
Degreasing Chemical Exposure
Lifetime Alcohol History
Occupation

Occupation

Degreasing Chemical Exposure
Current Alcohel Use
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Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted

Table 13-79. (Continued)

Analyses of Gastrointestinal Variabies

Model

Variable

Covariate

SB

Other Liver Disorders (D)

AST (©)

AST (D)

GGT (C)

GGT (D)

Alkaline Phosphatase (C)
Total Bilirubin (D)
Direct Bilirubin (D)
Cholesterol (D)

HDL Chelesterol (C)

HDL Cholesterol (D)
Cholesterol-HDL Ratio (C)
Triglycerides (C)

Serological Evidence of Prior Hepatitis B
Infection (D)
Prealbumin (C)

Prealbumin (D)
Albumin (C)

a-1 Acid Glycoprotein (D)
a-1 Antitrypsin (C)

Apolipoprotein B (C)
Apolipoprotein B (D)
C, Complement (C)
C; Complement (C)

Occupation

Degreasing Chemical Exposure
Current Alcohol Use

Current Alcohol Use
Occupation

Degreasing Chemical Exposure
Race

Degreasing Chemical Exposure
Lifetime Alcohol History
Occupation

Lifetime Alcohol History
Current Alcohol Use

Lifetime Alcohol History

Age

Occupation

Lifetime Alcohol History
Occupation

Degreasing Chemical Exposure
Occupation

Occupation

Current Alcohol Use
Degreasing Chemical Exposure
Occupation

Occupation

Degreasing Chemical Exposure
Age

Age

Occupation

Occupation
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Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted

Table 13-79. (Continued)

Analyses of Gastrointestinal Variables

Model

Yariable

. -Covariate

61'

Other Liver Disorders (D)

AST (O)

AST (D)

GGT (©)

GGT (D)

Alkaline Phosphatase (C)
Total Bilirubin (D)
Direct Bilirubin (D)
HDL Cholesterol (C)

HDL Cholesterol (D)
Cholesterol-HDL Ratio (C)
Triglycerides (C)

Serclogical Evidence of Prior Hepatitis B
Infection (D)
Prealbumin (C)

Prealbumin (D)
Albumin (C)

a-1 Acid Glycoprotein (D)
o-1 Antitrypsin (C)

Occupation

Degreasing Chemical Exposure
Current Alcohol Use

Current Alcohol Use
Occupation

Degreasing Chemical Exposure
Race

Degreasing Chemical Exposure
Lifetime Alcohol History
Lifetime Alcohol History
Current Alcohol Use
Degreasing Chemical Exposure
Lifetime Alcohol History
Degreasing Chemical Exposure
Occupation

Lifetime Alcohol History
Occupation

Degreasing Chemical Exposure
Industrial Chemica! Exposure
Apge

Current Alcohol Use
Degreasing Chemical Exposure
Occupation

Occupation

Degreasing Chemical Exposure

C: Continuous analysis.
D: Discrete analysis.

? Group Analysis (Ranch Hands vs. Comparison).

® Ranch Hands—Log, (Initial Dioxin).

¢ Categorized Dioxin.

¢ 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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Medical Records

Historical information collected at the 1982, 1985, and 1987 examinations was updated
with data collected at the 1992 health interview and grouped by ICD code into eight
categories of liver disorders for analysis: hepatitis (non-A, non-B, and non-C), jaundice,
acute and subacute necrosis of the liver, chronic liver disease and cirrhosis (alcohol-related),
chronic liver disease and cirrhosis (nonalcohol-related), liver abscess and sequelae of chronic
liver disease, other liver disorders, and hepatomegaly. All conditions were verified through
medical records.

Model 1: Group Analysis

The unadjusted overall group contrasts found no significant differences between the
Ranch Hands and the Comparisons for any of the liver disorder variables. After covariate
adjustment, the overall group difference became marginally significant for jaundice (Adj.
RR=0.62, p=0.100) and for hepatomegaly (Adj. RR=0.61, p=0.100) with relatively fewer
Ranch Hands than Comparisons having a history of both of these conditions. The adjusted
analyses for the other historical liver conditions were not significant.

The results of the occupation-stratified analyses were similar to the overall contrast
findings. The unadjusted analyses of jaundice and hepatomegaly found marginally significant
relative risks less than one for Ranch Hands in the enlisted groundcrew stratum. After
covariate adjustment, the relative risk remained marginally less than one for jaundice and
became significantly less than one for hepatomegaly. The unadjusted and adjusted results
within the officer stratum and within the enlisted flyer stratum were not significant for any of
the historical liver disorder variables.

Model 2: Initial Dioxin Analysis

The unadjusted Model 2 analyses did not show a significant association between
estimated initial dioxin exposure and any of the historical liver disorders. After adjusting for
occupation, the analyses of the category of other liver disorders revealed a significant
positive association with initial dioxin. This variable is a composite of elevations from
numerous laboratory tests performed during previous AFHS examinations, does not represent
any specific disease or condition, and is not clinically or epidemiologically relevant. The
adjusted analyses were not significant for any of the other questionnaire variables.

Model 3: Categorized Dioxin Analysis

The unadjusted and adjusted Model 3 categorized dioxin analyses found significant or
marginally significant Ranch Hand dioxin category versus Comparison group contrasts for
jaundice, other liver disorders, and hepatomegaly. No significant resuits were seen for the
other variables.

The adjusted analyses of jaundice found a relative risk significantly less than one for
Ranch Hands in the low dioxin category. The adjusted relative risk was less than one, but
not significant for Ranch Hands in the high dioxin category. Combining the low and high
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dioxin categories together led to a relative risk significantly less than one (Adj. RR=0.21,
95% C.1.=[0.06, 0.70]. p=0.011).

The adjusted analyses of hepatomegaly found that the relative risk was marginally less
than one for low Ranch Hands, but the relative risk was not significant for the other
contrasts. The adjusted relative risk for the composite variable of other liver disorders was
significantly greater than one for Ranch Hands in the high dioxin category (Adj. RR=1.37,
95% C.I1.=[1.00, 1.86], p=0.048).

Models 4 through 6: Current Dioxin Analysis

The unadjusted and adjusted analyses for Models 4, 5, and 6 found highly significant
inverse relationships between current dioxin levels and a history of jaundice (p <0.001 in all
analyses). By contrast, the analyses found strong positive associations between current
dioxin levels and the composite category of other liver disorders (p=0.004, p=0.001, and
p=0.018 in the adjusted Model 4, 5, and 6 analyses). Current dioxin levels were not
significantly associated with any of the other historical conditions.

Physical Examination Variable

There were no significant findings in the Models 1 through 6 analyses of hepatomegaly
diagnosed at the 1992 examination.

Laboratory Variables

The gastrointestinal assessment analyzed 27 laboratory variables including hepatic
enzymes; bilirubin measures, lipid and carbohydrate indices, serological markers for hepatitis
(A, B, and C), stool hemoccult, and 10 protein profile components. Twenty-two variables
were analyzed in both continuous and discrete forms. Five were analyzed as discrete
variables only.

Model 1: Group Analysis

Overall, the Mode! 1 assessment of group contrasts for the laboratory variables did not
reveal a consistent pattern of significant group differences that would indicate that the
gastrointestinal health of the Ranch Hands differs substantially from the Comparisons.
Isolated significant and marginally significant findings are hightighted below.

The adjusted Model 1 analyses of the continuous variables found that the Ranch Hand
group had significantly or marginally significantly higher mean levels of alkaline
phosphatase, a-1 antitrypsin, haptoglobin, and transferrin, and a marginally lower mean
ALT. In the discrete analyses, the relative risk was significantly more than one for abnormal
low HDL levels and marginally more than one for abnormal high alkaline phosphatase levels.
The elevated alkaline phosphatase findings also have been noted at previous examinations.
Ranch Hands also had significantly lower serological evidence of prior hepatitis B infection
and hepatitis C antibodies than Comparisons, possibly related to the longer amount of time
Comparisons generally spent in SEA (see Chapter 8, Covariate Associations with Estimates
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of Dioxin Exposure), with its endemic levels of hepatitis. The only consistent finding among
the three occupational cohorts was a significant or marginally significant decreased
prevalence of serological evidence of prior hepatitis B infection for Ranch Hands. Other
significant findings were that Ranch Hand officers had more abnormal low HDL cholesterol
and abnormal high triglycerides levels, and a marginally lower mean serum amylase than did
Comparison officers. Ranch Hand enlisted flyers had significantly or marginally lower mean
leveis of AST, ALT, and triglycerides than did Comparison enlisted flyers.

The adjusted analyses of the continuous variables found that Ranch Hand group mean
levels of alkaline phosphatase, LDH, haptoglobin, and transferrin were significantly higher
or marginally higher than the corresponding Comparison group means in the enlisted
groundcrew stratum. The adjusted discrete analyses found significantly more abnormal high
alkaline phosphatase levels, significantly fewer abnormal high direct bilirubin levels, and
marginally fewer abnormal high ALT levels in Ranch Hand enlisted groundcrew compared to
Comparison enlisted groundcrew,

Model 2: Initial Dioxin Analysis

The adjusted Model 2 analyses detected several significant or marginally significant
associations between the laboratory variables and estimated initial dioxin levels in Ranch
Hands, but no consistent overall pattern was noted. ‘

The discrete analyses detected no significant associations. In the continuous analyses,
significant or marginally significant increasing associations were found for cholesterol,
triglycerides, apolipoprotein B, and C; complement. A significant decreasing association was
found with serum amylase and a marginally significant decreasing association was found with
a-1 acid glycoprotein. The unadjusted analyses of HDL cholesterol and the cholesterol-HDL
ratio were significant, but the relationship became nonsignificant after adjusting for
occupation.

Model 3: Categorized Dioxin Analysis

The adjusted results of the high Ranch Hand versus Comparison contrast found that
Ranch Hands had significantly higher mean levels of GGT, triglycerides, and transferrin, and
a marginally higher mean level of haptoglobin. The discrete analyses for triglycerides and
transferrin also were significant, with Ranch Hands in the high dioxin category having a
higher prevalence of abnormal high triglyceride levels and a lower prevalence of abnormal
low transferrin levels. In addition, the relative risk of serological evidence of prior hepatitis
B infection was significantly less than one for Ranch Hands in the high initial dioxin
category.

The adjusted results of the low Ranch Hand versus Comparison contrast found that
Ranch Hands had a marginally higher mean GGT, a significantly higher mean level and a
relative risk marginally greater than one for alkaline phosphatase, and a significantly higher
mean level and a relative risk marginally less than one for transferrin. The analyses also
found that Ranch Hands in the low dioxin category had a relative risk significantly greater
than one for the presence of blood in their stools. As with the high versus Comparison
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contrast, the relative risk of serological evidence of prior hepatitis B infection was
significantly less than one for Ranch Hands in the low dioxin category.

The analyses of the low plus high Ranch Hand category versus the Comparison group
found several significant or marginally significant differences. In the adjusted analyses,
Ranch Hands had significantly higher mean levels of GGT and alkaline phosphatase, and
marginally higher prevalence of GGT abnormal levels than did Comparisons. The
unadjusted analyses for the lipid and carbohydrate indices found that Ranch Hands had
marginally more cholesterol abnormalities, a marginally higher mean and more abnormalities
for the cholesterol-HDL ratio, and a marginally higher mean triglycerides level, but these
differences became nonsignificant after the model was adjusted for occupation.

For the serological hepatitis markers, Ranch Hands in the low plus high dioxin
category had significantly lower evidence of present or prior hepatitis B infection and
antibodies for hepatitis C. The adjusted analyses of the protein profile variables found a
marginally lower mean level of a-2 macroglobulin, a significantly higher mean level of
transferrin, and a significantly lower prevalence of abnormal low transferrin levels for Ranch
Hands in the low plus high category relative to the Comparison group.

The adjusted analyses also detected several significant differences for the background
Ranch Hands versus the Comparison group contrast, mostly in the analyses of the continuous
variables. The only statistically significant finding in the discrete analyses was that
background Ranch Hands had more abnormal high alkaline phosphatase levels than the
Comparison group. In the continuous analyses, background Ranch Hands had significantly
or marginally higher mean levels of alkaline phosphatase, «-1 antitrypsin, and haptoglobin,
and significantly or marginally lower mean levels of ALT and C; complement.

Models 4 through 6: Current Dioxin Analysis

The results of the Model 4 through 6 analyses found many highly significant
associations between the laboratory variables and current dioxin levels, both lipid-adjusted
and whole-weight. For the hepatic enzymes ALT and GGT, there was a strong positive
association with lipid-adjusted and whole-weight dioxin in both the continuous and discrete
analyses. The results for AST were not significant except for a marginally significant
increasing association with whole-weight dioxin in the Model 5 continuous analysis.

For the lipid and carbohydrate indices, the adjusted current dioxin analyses detected
highly significant positive associations with cholesterol, the cholesterol-HDL ratio and
triglycerides, as well as highly significant decreasing associations with HDL cholesterol in at
least one of the models. The Model 5 whole-weight dioxin results for cholesterol, HDL
cholesterol, cholesterol-HDL ratio, and triglycerides were nearly all highly significant in both
the discrete and continuous analyses (p<0.01 for all analyses except HDL cholesterol
analyzed in its discrete form, which was marginally significant). The Model 4 lipid-adjusted
dioxin analyses were not significant for cholesterol, but were highly significant for HDL
cholesterol (continuous only), the cholesterol-HDL ratio (continuous and discrete) and
triglycerides (continuous and discrete). The Model 6 results, which used serum lipid levels
as an adjusting covariate, were not significant for cholesterol, but were significant for HDL

13-382



cholesterol (continuous only), marginally significant for the cholesterol-HDL ratio
(continuous), and significant for triglycerides (continuous). The loss of significance in these
lipid variables in Models 4 and 6 is not unexpected because both of these models force
statistical adjustment for serum lipid levels.

The adjusted analyses found significant positive associations for creatine kinase treated
as a continuous variable. The adjusted results were marginally significant for creatine kinase
in its discrete form. The serum amylase results found significant decreasing associations
with lipid-adjusted dioxin and whole-weight dioxin. The result of the Model 6 analysis was
marginally significant.

The adjusted results of the protein profile variables yielded several significant findings,
including highly significant results (p <0.005 in at least one analysis) for o-1 antitrypsin,
apolipoprotein B, C; complement, and transferrin. The Model 4 continuous analyses showed
significant positive associations between lipid-adjusted serum dioxin levels and apolipoprotein
B, C; complement, and transferrin, and also showed significant or marginally significant
decreasing associations with o-1 acid glycoprotein, a-1 antitrypsin, and «-2 macroglobulin.
The discrete analyses showed a marginally significant increasing association with abnormal
high levels of apolipoprotein B, and significant or marginally significant decreasing
associations with abnormal high o-1 antitrypsin, abnormal low C; complement, and abnormal
low transferrin.

The adjusted Model 5 analyses for the protein profile variables showed essentially the
same significant associations with whole-weight dioxin as were found in Model 4 with lipid-
adjusted dioxin, but with stronger relationships (i.e., lower p-values). The only differences
between Models 4 and 5 were that the association between whole-weight dioxin and a-1 acid
glycoprotein was not significant and that the Model 5 associations with abnormal high «-1
antitrypsin and abnormal high apolipoprotein B were significant, rather than only marginally
significant. In addition, there was a highly significant positive association between whole-
weight dioxin and C, complement that was not significant for lipid-adjusted current dioxin.

The adjusted Model 6 analyses revealed fewer significant results than were revealed in
Models 4 and 5 but the direction of the results was consistent among models. Significant
results were reveaied for a-1 acid glycoprotein (continuous), -1 antitrypsin (continuous),
a-2 macroglobulin (continuous), C, complement (continuous), and transferrin (continuous and
discrete). The Model 6 analysis also revealed a significant inverse relationship with
haptoglobin in its discrete form, which was not significant in either Model 4 or Model 5.

Overall

The analyses of the historical variables revealed significant or marginally significant
inverse relationships with jaundice in all models except Modet 2. Ranch Hands were at a
marginally decreased risk of jaundice relative to the Comparison group, and the history of
jaundice decreased significantly with current levels of dioxin. By contrast, the analysis of
the category of other liver disorders revealed significant increasing associations with
estimated initial dioxin exposure and current levels of serum dioxin, but the Ranch Hand
versus Comparison group contrast was not significant. The other liver disorders category is
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comprised mostly of elevated laboratory tests measured at previous AFHS examinations and
does not represent a specific disease or condition.

In the analyses of the laboratory variables, the Model 1 group contrasts revealed
several isolated statistically significant findings, but overall the gastrointestinal health of the
Ranch Hand and Comparison groups did not differ substantially. Similarly, for the serum
dioxin analyses, the adjusted Model 2 analyses detected few significant associations with
estimated initial dioxin, and the adjusted Model 3 analyses revealed few consistent significant
Ranch Hand dioxin category versus Comparison group contrasts.

The Model 4, 5, and 6 serum dioxin analyses detected many significant associations
between the dependent laboratory variables and current dioxin, both lipid-adjusted and whole-
weight. Significant associations were noted for some of the enzymes, the lipid and
carbohydrate indices, and for several of the proteins. Alkaline phosphatase was not
associated significantly with dioxin (Models 2,4, 5, and 6), but the Model 1 and Model 3
analyses detected significant group differences between the Ranch Hands and Comparisons.

CONCLUSION

The gastrointestinal assessment found isolated statistically significant Ranch Hand
versus Comparison group differences, but overall the health of the two groups did not differ
substantially. The serum dioxin analyses indicated that estimated initial dioxin exposure was
generally not associated with historical liver disorders or current laboratory measurements;
however, the analyses revealed that current dioxin levels were often highly associated with
lipid-related health indices such as cholesterol, HDL cholesterol, the cholesterol-HDL ratio,
and triglycerides, as well as with some of the hepatic enzymes (ALT and GGT) and proteins.
These seemingly discordant results may be explained in part because the initial dioxin
analyses adjusted for differential half-life elimination related to percent body fat, while no
adjustment was made in the analyses of current dioxin. However, these significant findings
may be the result of a subclinical dioxin effect on lipid metabolism.
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