CHAPTER 6
GENERAL HEALTH ASSESSMENT

INTRODUCTION

Background

Most of the published reports on the effects of herbicides on human health have been
based on studies of Vietnam veterans and on civilian populations exposed to trichlorophenols
by occupation or as a consequence of industrial accidents. Though potentially lethal effects of
extreme phenoxyherbicide intoxication recently have been reported (1, 2), the long-term
health effects of low-dose exposure remain uncertain.

In laboratory animals, dioxin toxicity is species- and strain-specific and appears to
correlate with the presence of the “Ah receptor,” a stereospecific protein receptor found in
the cytosol of selected organs capable of binding aromatic hydrocarbons (3-7). Though the
relevance of these observations to dioxin toxicity in humans remains to be proven,
epidemiologic studies nonetheless have focused on biologic endpoints that have been defined
in animal models including immunotoxicity, carcinogenicity, genetic/reproductive outcomes,
hepatotoxicity, and neurotoxicity. Each of these are considered in detail in subsequent
chapters or in other reports from the Air Force Health Study (AFHS).

Prior to the AFHS serum dioxin analysis, the inability to estimate dioxin exposure
accurately has led to criticism and caution in the interpretation of all previous studies on the
effects of herbicides on human health. Techniques have been developed that permit the
accurate detection of minute (in parts per trillion) amounts of dioxin in humans, first in
adipose tissue (8, 9, 10), and more recently, in blood (11, 12). Based on the serum dioxin
level, the current body burden can thus be determined and, employing a half-life of 7.1 years
(13), the extent of past exposure can be estimated objectively.

The importance of the serum dioxin assay to this and other epidemiologic studies cannot
be overemphasized. The Centers for Disease Control (CDC) study of serum dioxin levels in
Vietnam veterans established that previously employed indices of exposure based on military
records were invalid and, secondly, that there was no significant difference between Vietnam

serum dioxin in AFHS participants have been published (15-18). These studies leave no
doubt that, of the close to 3 million members of the armed forces who served in Southeast
Asia (SEA), the 1,300 Ranch Hand personnel were among those most highly exposed to
dioxin and that, within this group, the enlisted groundcrew responsible for handling the
herbicide and maintaining the herbicide Spray equipment were most exposed.

In addition to the first examination report of the current study (19), the results of
several investigations have been reported focusing on the incidence of selected cancers in
veterans (20, 21). From these results, the CDC Selected Cancer Study established a link
between Vietnam experience and an increased risk of non-Hodgkins lymphoma (22) and the



AFHS found an increased risk of basal cell skin cancer among Ranch Hands. None of the
results established a link between herbicide exposure and malignant disease.

As summarized in the comprehensive literature reviews of Clement and Associates (23,
24), two large-scale epidemiologic studies were published in 1988 that are pertinent to the
general health of Vietnam veterans (25-28). The largest of these and the most
methodologically sound was the Vietnam Experience Study (VES), which compared the
psychosocial (29), physical (30), and reproductive (31) health of close to 20,000 veterans,
half of whom served in SEA. Of interest, the Agent Orange component of the VES was
canceled when, based on preliminary serum dioxin data from veterans, it became clear that
previously employed indices of herbicide exposure in ground troops were invalid and that
there was no significant difference between Vietnam and non-Vietnam veterans in the
current body burden of dioxin (14) when military records were used to determine the
likelihood of individual exposure.

The published results of the VES are similar to other studies. Vietnam veterans
perceived themselves to be in worse health than non-Vietnam veterans but data from the
medical examination failed to reveal any significant health detriment apart from combat-
related hearing loss (30). Semen analysis revealed minor differences in the cohorts with no
detectable effect on reproductive outcomes (31). There was a significantly increased
incidence of psychological disorders in the Vietnam veterans including depression, anxiety
disorders, drug/alcohol abuse, and combat-related post-traumatic stress disorder (29).
Consistent with a large-scale, all-cause mortality study of Wisconsin veterans (32), there

was no significant difference in overall mortality detected between the cohorts (33).

The second study, the American Legion Study (26, 27, 28), attempted to compare the
general health and potential effects of herbicide exposure in 6,810 American Legion veterans,
42 percent of whom served in Vietnam. Design limitations in this study are such that few
conclusions can be drawn beyond that, in self-reported questionnaires, Vietnam veterans
perceive themselves to be in worse health than non-Vietnam veterans. Furthermore, given
the evidence cited above (14) that most Vietnam and non-Vietnam veterans do not differ in
the current body burden of dioxin, the exposure indices employed in this study must now be
considered invalid.

More detailed summaries of the pertinent scientific literature for the general health
assessment can be found in the report of the previous analyses of the 1987 examination data
(34).

Summary of Previous Analyses of the 1987 Examination Data

The general health in the Ranch Hand and Comparison groups was assessed by five
measures (self-perception of health, appearance of illness or distress, relative age, percent
body fat, and the erythrocyte sedimentation rate [ESR]). There were no significant group
differences, either unadjusted or adjusted for covariates (age, race, occupation, and, in the
case of self-perception of health and sedimentation rate, personality type), nor any significant
group-by-covariate interactions for self-perception of health, appearance of illness or
distress, relative age, or percent body fat. There was little difference in the geometric mean
values of ESR in the two groups, but the Ranch Hand group had a significantly higher



percentage of individuals with an abnormal sedimentation rate (>20 mm/hr) than the
Comparisons. However, only three participants (two Ranch Hands and one Comparison)
were found to have rates in excess of 100 mm/hr. One participant (a Comparison) proved to
have lung cancer and died in early 1989. For neither of the two Ranch Hands was a diagnosis
established during the course of the 1987 examination. Longitudinal analyses revealed a
similar decline in both groups over time in the percentage of individuals reporting their health
as fair or poor. For sedimentation rate, there was a significant difference between groups in
the change from Baseline to the 1987 followup examination, with a relatively greater number
of Ranch Hands than Comparisons shifting from normal at Baseline to abnormal at the
followup examination. The clinical meaning of this observation is unknown.

Parameters of the General Health Assessment

Dependent Variables

The serum dioxin analysis general health assessment was based on data from the 1987
questionnaire, physical examination, and laboratory examination data. The variables
analyzed were identical to those in the 1982 and 1985 examinations.

Questionnaire Data

During the questionnaire health interview, each study participant was asked,
“Compared to other people your age, would you say your health is excellent, good, fair, or
poor?” This self-reported perception was analyzed as a measure of the general health status
of each participant, though susceptible to varying degrees of conscious and subconscious
bias. This variable was dichotomized as excellent/good and fair/poor for statistical analyses.

No participants were excluded for medical reasons from the analysis of this variable.

Physical Examination Data

Three variables derived from the physical examination were analyzed in the assessment
of general health. The physician at the examination recorded the appearance of illness or
distress (yes/no) of the study participant. The physician also noted the appearance of the
subject as younger than, older than, or the same as his stated age. To the degree that the
examining physicians were kept blind to the participant’s group membership, these
assessments were less subject to bias than the self-perception of health.

Percent body fat, a measure of the relative body mass of an individual and calculated
from height and weight recorded at the physical examination, was also analyzed. Percent
body fat was calculated from a metric body mass index (35); the formula was

Wei k
Percent Body Fat = [H:ilgi:ltt(m)] x 1.264 - 13.305.

This variable was analyzed in both the discrete and continuous forms. For purposes of
discrete analyses, percent body fat was dichotomized as lean/normal (<25 percent) and
obese (>25 percent). Lean participants were analyzed with normal participants due to the



sparse number of people in this study considered lean (<1%). This variable does not reflect
changes in weight since service in SEA.

No participants were excluded for medical reasons from the analyses of these three
variables.

Laboratory Examination Data

The ESR (mm/hr), measured at the laboratory examination, was analyzed. Although
nonspecific, a high sedimentation rate is a generally accepted indicator of an ongoing disease
process. This variable was analyzed in both the discrete and continuous forms. The
logarithmic transformation was used to enhance statistical normality for continuous analyses.

No participants were excluded for medical reasons from the analysis of this variable.

Covariates

The effects of the covariates age, race, and personality type were examined in the
assessment of general health in adjusted statistical analyses. Age and race were used for
analyses with all dependent variables. Age was used in its continuous form for all adjusted
analyses. Personality type was used in the analysis of self-perception of health and
sedimentation rate only. Personality type was determined from the Jenkins Activity Survey
administered during the 1985 followup examination. This variable was derived from a
discriminant-function equation based on questions that best discriminate men judged to be
type A from those judged as type B (36). Positive scores reflect the type A direction and
negative scores the type B direction. Personality type was dichotomized as type A and type
B for all analyses. Because the Jenkins Activity Survey was not administered at the 1987
followup examination, participants at the 1987 followup examination who had not attended
the 1985 followup examination had missing information for personality type.

Relation to Baseline, 1985, and 1987 Studies
As noted above, the same variables were analyzed for the serum dioxin analysis as for
the Baseline, 1985, and 1987 studies.

For longitudinal analyses, sedimentation rate was analyzed as a discrete variable. The
normal range for sedimentation rate for the Baseline examination was less than or equal to 12
mmv/hr; the Scripps Clinic and Research Foundation (SCRF) normal range for sedimentation
rate for the 1987 examination was less than or equal to 20 mm/hr. Self-perception of health
was also analyzed in the longitudinal analyses.

Statistical Methods
Chapter 4, Statistical Methods, describes the basic statistical analysis methods used in
this chapter.

Table 6-1 summarizes the statistical analyses performed for the general health
assessment. The first part of this table describes the dependent variables, the source of the
data used for the analysis, the form(s) of the data (discrete and/or continuous), and cutpoints.



TABLE 6-1.

Statistical Analysis for the General Health Assessment

Dependent Variables

Data Data Candidate Statistical
Variable (Units) Source Form Cutpoints Covariates Analyses
Self-Perception Q-SR D Fair/Poor AGE,RACE, UILR
of Health Excellent/Good A:LR
L1LR
Appearance of PE D Yes AGE,RACE ULR
Illness or No ALR
Distress by
Physician
Relative Age PE D Older AGE,RACE UILR
Same/Younger A:LR
Percent Body Fat PE D/C  Obese: >25% AGE,RACE U:LR,GLM
Lean/Normal: A:LR,GLM
<25%
Sedimentation LAB D/C  Abnormal: >20 AGE,RACE, U:LR,GLM
Rate (mm/hr) Normal: €20 ALR,GLM
LR
Covariates
Data Data
Variable (Abbreviation) Source Form Cutpoints
Age (AGE) MIL D/C Born 21942
Born <1942
Race (RACE) MIL D Black
Non-Black
Personality Type (PERS) PE D A Direction
(1985) B Direction
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TABLE 6-1. (Continued)

Statistical Analysis for the General Health Assessment

Data Source:

Data Form:

Statistical Analyses:

Statistical Methods:

Abbreviations

LAB--1987 SCRF laboratory results

MIL--Air Force military records

PE (1985)--1985 SCRF physical examination
PE--1987 SCRF physical examination
Q-SR--1987 NORC questionnaire (self-reported)

D--Discrete analysis only

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

U--Unadjusted analyses
A--Adjusted analyses
L--Longitudinal analyses

GLM--General linear models analysis
LR--Logistic regression analysis



This table also presents candidate covariates examined in adjusted analyses. To conserve
space, abbreviations are used extensively in the body of the table and are defined in
footnotes.

The second part of this table provides a further description of candidate covariates.
Standard abbreviations for these variables, which will be used subsequently in this chapter,
are presented, as well as data source, data form, and cutpoints.

Table 6-2 provides a list of the number of participants with missing data for the
dependent variables and covariates described in Table 6-1.

Appendix E contains graphic displays of individual dependent variables versus initial
dioxin for the minimal and maximal Ranch Hand cohorts, and individual dependent variables
versus current dioxin for Ranch Hands and Comparisons. Appendix E also presents graphics
for dioxin-by-covariate interactions determined by various statistical models. A guide to
assist in interpreting the graphics is found in Chapter 4.

Three statistical analysis approaches were used to examine the association between a
health status dependent variable and serum dioxin levels. One model related a dependent
variable to each Ranch Hand’s initial dioxin value (extrapolated from current dioxin values
using a first-order pharmacokinetic model). A second model related a dependent variable to
each Ranch Hand’s current serum dioxin value and each Ranch Hand’s time since tour. The
phrase “time since tour” is often referred to as “time” in discussions of these results. Both
of these models were implemented under the minimal and maximal assumptions (i.e., Ranch
Hands with current dioxin above 10 ppt and above 5 ppt, respectively). The third model
compared the dependent variable for Ranch Hands having current dioxin values categorized
as unknown, low, and high with Comparisons having background levels. The contrast of the
entire Ranch Hand group with the complete Comparison group can be found in the previous
report of analyses of the 1987 examination (34). All three models were implemented with
and without covariate adjustment. Chapter 4 provides a more detailed discussion of the
models.

RESULTS

Exposure Analysis

Questionnaire Variable
Self-Perception of Health

Model 1: Ranch Hands - Log, (Initial Dioxin)

An unadjusted analysis revealed no significant association between self-perception of
health and initial dioxin under the minimal assumption (Table 6-3 [a): p=0.471). Under the
maximal assumption, the estimated relative risk was of borderline significance (Table 6-3
[b): p=0.058, Est. RR=1.23). Under the maximal assumption, the associated relative
frequencies for a fair or poor self-perception of health at low, medium, and high initial dioxin
levels were 4.9, 5.9, and 7.0 percent.
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TABLE 6-2.

Number of Participants With Missing Data for the
General Health Assessment

\ . c ized C Dioxi
Variable (Ranch Hands Only) Ranch

Variable Use Minimal Maximal Hand Comparison
Self-Perception

of Health DEP 0 0 0 1
Appearance of Illness

or Distress by '

Physician DEP 0 0 0 \ 1
Personality Type

(1985) cov 15 25 27 35

DEP--Dependent variable (missing data).
COV--Covariate (missing data).
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TABLE 6-3.
Analysis of Self-Perception of Health

Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial Percent Est. Relative
Assumption Dioxin n Fair/Poor Risk (95% C.1.)a p-Value
a) Minimal Low 130 54 1.10 (0.85,1.44) 0.471
(n=521) Medium 260 7.7
High 131 7.6
b) Maximal Low 185 4.9 1.23 (1.00,1.50) 0.058
(n=742) Medium 371 59
High 186 7.0

Ranch Hands - Logy (Initial Dioxin) - Adjusted

Adj. Relative Covariate
Assumption Risk (95% C.1.)a p-Value Remarks
¢) Minimal 1.14 (0.87,1.49)%* 0.360** INIT*AGE (p=0.045)
(n=521)
d) Maximal 1.23 (1.00,1.52)%* 0.056%* INIT*PERS (p=0.046)
(n=717)

*Relative risk for a twofold increase in dioxin.
**Logy (initial dioxin)-by-covariate interaction (0.01<p<0.05); adjusted relative risk, confidence interval, and p-value



TABLE 6-3. (Continued)

Analysis of Self-Perception of Health

Ranch Hands - Logs (Current Dioxin) and Time - Unadjusted
" Percent Fair or Poor/(n)

Time Est. Relative

Assumption  (Yrs.) Low Medium  High Risk (95% C.1.)2 p-Value
e) Minimal 0.056P
(n=521) <18.6 6.9 5.5 3.7 0.64 (0.34,1.20) 0.166°
(72) (128) (54)
>18.6 52 8.3 11.7 1.22 (0.89,1.67) 0.213¢
(58) (132) (77)
f) Maximal 0.314b
(n=742) <18.6 19 6.3 3.6 1.00 (0.68,1.48) 0.996¢
(106) (191) (83)
>18.6 3.8 7.8 9.6 1.27 (0.99,1.63) 0.065¢

(79)  (179)  (104)

Ranch Hands - Logy (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1.)2 p-Value Remarks
g) Minimal «x4+  CURR*TIME*PERS (p=0.007)
(n=506) £18.6 ok ik
=1 8‘6 e ok ke e 2k e
h) Maximal «x+%  CURR*TIME*PERS (p=0.005)
(n=717) <186 ok AAH
=1 8.6 ke e e ik Aok ko

Relative risk for a twofold increase in dioxin.
bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).
CTest of significance for relative risk equal to 1 (current dioxin continuous, time categorized).
*¥#*] 0gy (current dioxin)-by-time-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and
p-value not presented.
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximail--Low: +5.9,01 ppt; Medium: »9.01-33.3 ppt; High: >33.3 ppt.
CURR: Log; (current dioxin).
TIME: Time since tour.
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TABLE 6-3. (Continued)
Analysis of Self-Perception of Health

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Fair/Poor Contrast Risk (95% C.L) p-Value
Background 785 5.0 All Categorics 0.253
Unknown 345 3.8 Unknown vs. Background 0.75 (0.39,1.42) 0.377
Low 196 7.1 Low vs. Background 147 (0.78,2.77 0.231
High 187 7.0 High vs. Background 1.43 (0.75,2.73) 0.281
Total 1,513

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.I.) p-Value Remarks
Background 750 All Categories 0.270 AGE*PERS (p=0.041)
Unknown 328 Unknown vs. Background  0.73 (0.37,1.42) 0.350

Low 192 Low vs. Background 1.46 (0.77,2.75) 0.244

High 181 High vs. Background 1.40 (0.72,2.71) 0.323

Total 1,451

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin L10 ppt. -
Low (Ranch Hands): 15 ppt < Current Dioxin <33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 PPL.
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Based on the minimal assumption, there was a significant interaction between initial
dioxin and age (Table 6-3 [c]: p=0.045) for the adjusted analysis. To investigate this
interaction, the association between self-perception of health and initial dioxin was examined
separately for Ranch Hands born in or after 1942, and for Ranch Hands born before 1942. For
the younger Ranch Hands, there was a significant positive association between self-
perception of health and initial dioxin (T: able E-1: p=0.049, Adj. RR=1.49). For the older
Ranch Hands, a nonsignificant negative association was found between self-perception of
health and initial dioxin (p=0.522). Without the interaction of initial dioxin and age in the
model, the association was nonsignificant (p=0.360).

Under the maximal assumption, there was a significant interaction between initial dioxin
and personality type (Table 6-3 [d]: p=0.046) for the adjusted analysis. To examine this
interaction, the association was investigated for each personality type. For Ranch Hands
classified as type A, there was a significant positive association between self-perception of
health and initial dioxin (Table E-1: p=0.005, Adj. RR=1.57). For the type B Ranch Hands,
a nonsignificant positive association was found (p=0.912). Without the interaction of initial
dioxin and personality type in the model, the adjusted relative risk was of borderline
significance (Table 6-3 [d}: p=0.056, Est. RR=1.23).

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis of the association between self-perception of health with
current dioxin and time since tour, based on the minimal assumption, there was a marginally
significant current dioxin-by-time interaction (Table 6-3 [e]: p=0.056); thus, the
relationships between self-perception of health and current dioxin differed marginally
between time strata (i.e., the estimated relative risks between strata were marginally
different). Neither of the associations was significant within time strata (<18.6 years,
p=0.166; >18.6 years, p=0.213).

Under the maximal assumption, the current dioxin-by-time interaction was not
significant for the unadjusted analysis (Table 6-3 [f]: p=0.314). However, for Ranch Hands
whose time exceeded 18.6 years, the relative frequencies of Ranch Hands with a fair or poor
self-perception of health increased marginally with current dioxin (p=0.065, Est. RR=1.27).
For the low, medium, and high current dioxin categories, the relative frequencies were 3.8,
7.8, and 9.6 percent.

In the adjusted analysis, there was a significant interaction among current dioxin, time,
and personality type under both the minimal and the maximal assumptions (Table 6-3 [g] and
(h]): p=0.007 and p=0.005). To investigate these interactions, associations between self-
perception and current dioxin are presented separately for each time and personality-type
stratum. Under the minimal assumption, Ranch Hands with personality type A had a
significant current dioxin-by-time interaction (Appendix Table E-1: p=0.036). There was a
significant positive association between self-perception of health and current dioxin for Ranch
Hands with personality type A and time greater than 18.6 years (Appendix Table E-1:
p=0.014, Adj. RR=1.83). For Ranch Hands with personality type A and time of 18.6 years or
less, there was a nonsignificant negative association (p=0.106). The interaction of current
dioxin and time was not significant (p=0.747) for Ranch Hands classified as type B. Under
the maximal assumption, Ranch Hands with personality type A also exhibited a significant
interaction for current dioxin and time (Appendix Table E-1: p=0.014). There also was a
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significant positive association with current dioxin for Ranch Hands with personality type A
and time greater than 18.6 years (Appendix Table E-1: p=0.001, Adj. RR=2.11). For Ranch
Hands with personality type A and time of 18.6 years or less, there was a nonsignificant
negative association (p=0.360). The interaction with current dioxin and time was not
significant (p=0.270) for type B Ranch Hands.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In both the unadjusted and the adjusted analyses of the frequencies of Ranch Hands
with unknown, low, and high current dioxin and Comparisons with background current dioxin
reporting a fair or poor self-perception of health, the contrasts of the four current dioxin
categories were not significant (Table 6-3 [i] and [j]: p=0.253 and p=0.270, respectively).

Physical Examination Variables
Appearance of Iliness or Distress by Physician

Model 1: Ranch Hands - Log, (Initial Dioxin)

In the unadjusted analysis of the physician’s assessment as to whether the study
participant displayed iliness or distress at the physical examination, there were
nonsignificant associations with initial dioxin for both the minimal and the maximal
assumptions (Table 6-4 [a] and [b]: p=0.478 and p=0.195). Because none of the candidate
covariates was retained in the adjusted models under either the minimal or the maximal
assumptions, adjusted relative risks and associated p-values were identical to those
presented for the unadjusted analysis.

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

Under both the minimal and maximal assumptions, the unadjusted analysis of the
association between appearance of illness or distress with current dioxin and time since tour
contained no significant current dioxin-by-time interaction (Table 6-4 [e] and [f]: p=0.203
and p=0.396, respectively). Similar to the adjusted analyses for initial dioxin, none of the
candidate covariates was retained in the adjusted models under either the minimal or the
maximal assumption; thus, the adjusted results (Table 6-4 [g] and [h]) were identical to the
unadjusted results.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of the frequencies of Ranch Hands with unknown, low, and
high current dioxin and Comparisons with background current dioxin displaying the
appearance of illness or distress at the physical examination, the contrast of the four current
dioxin categories was not significant (Table 6-4 [i]: p=0.407).

The adjusted analysis of appearance of illness or distress, based on the four dioxin
categories, contained a significant interaction between categorized current dioxin and age
(Table 6-4 [j]: p=0.034). To investigate the interaction, separate adjusted analyses were
performed for Ranch Hands and Comparisons born in or after 1942 and those born prior to
1942 (Appendix Table E-1). For younger participants, no Ranch Hands and only one
Comparison were judged to have had an appearance of illness or distress. For older
participants, the overall contrast was not significant (p=0.236). An adjusted mode! without
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TABLE 6-4.

Analysis of Appearance of Iliness or Distress by Physician

Ranch Hands - Logj (Initial Dioxin) - Unadjusted

Initial Percent Est. Relative
Assumption Dioxin n Yes Risk (95% C.1.)2 p-Value
a8) Minimal Low 130 0.8 1.36 (0.60,3.09) 0.478
(n=521) Medium 260 0.0
High 131 1.5
b) Maximal Low 185 0.0 1.61 (0.81,3.21) 0.195
(n=742) Medium 371 0.3
High 186 1.1

Ranch Hands - Logs (Initial Dioxin) - Adjusted

Adj. Relative Covariate
Assumption Risk (95% C.1.)2 p-Value Remarks
¢) Minimal 1.36 (0.60,3.09) 0.478 --
(n=521)
d) Maximal 1.61 (0.81,3.21) 0.195 - -
(n=742)

AR elative risk for a twofold increase in dioxin.
Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Msaximal--Eow: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
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TABLE 6-4. (Continued)

Analysis of Appearance of Illness or Distress by Physician

Ranch Hands - Log (Current Dioxin) and Time - Unadjusted

Percent Yes/(n)

Time Est. Relative
Assumption  (Yrs.) Low Medium High  Risk (95% C.1)2 p-Value
e) Minimal 0.203b
(n=521) <18.6 0.0 0.8 0.0 0.28 (0.01,10.02) 0.488¢
(72) (128) (54)
>18.6 0.0 0.0 26 1.71 (0.68,4.30} 0.253¢
(58) (132) 77
f) Maximal 0.396b
(n=742) <18.6 0.0 0.5 0.0 0.88 (0.16,4.80) 0.880°
(106) (191) (83)
>18.6 0.0 0.0 1.9 1.88 (0.82,4.30) 0.138¢

(79) (179) (104)

Ranch Hands - Log; (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1.)a p-Value Remarks
g) Minimal 0.203b .-
(n=521) <18.6 0.28 (0.01,10.02) 0.488¢
>18.6 1.71 (0.68,4.30) 0.253¢
h) Maximal 0.396b - -
(n=742) <18.6 0.88 (0.16,4.80) 0.880¢
>18.6 1.88 (0.82,4.30) 0.138¢

#Relative risk for a twofold increase in dioxin.
bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

“Test of significance for relative risk equal to 1 (current dioxin continuous, time categorized).
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppl; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
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TABLE 6-4. (Continued)
Analysis of Appearance of Iliness or Distress by Physician

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Yes Contrast Risk (95% C.L) p-Value
Background 785 0.5 All Categories 0.407
Unknown 345 0.6 Unknown vs. Background 1.14 (0.21,6.25) 0.881
Low 196 0.0 Low vs. Background - --
High 187 1.1 High vs. Background 2.11 (0.38,11.61) 0.390
Total 1,513

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.1.) p-Value Remarks
Background 785 All Categories 0.300** DXCAT*AGE (p=0.034)
Unknown 345 Unknown vs. Background 1.12 (0.20,6.18)**  0.894**

Low 196 Low vs. Background -- --

High 187 High vs. Background 3.12 (0.54,18.12)** 0.204**

Total 1,513

**Categorized current dioxin-by-covariate interaction (0.01<pg0.05); adjusted relative risk, confidence interval, and p-
value derived from a model fitted after deletion of this interaction.
. Relative risk, confidence interval, and p-value not given due to the sparse number of sbnormalities.
Notes: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low {Ranch Hands): 15 ppt < Curtent Dioxin <33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
DXCAT: Categorized current dioxin.
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the interaction of categorized current dioxin and age also exhibited a nonsignificant overali
contrast (Table 6-4 [j]: p=0.300).

Relative Age

Model 1: Ranch Hands - Log, (Initial Dioxin)

In the unadjusted analysis of the physician’s assessment of whether the study
participant appeared older versus younger or the same than his stated age, there was no
significant association with initial dioxin under either the minimal or maximal assurnption
(Table 6-5 {a] and [b): p=0.517 and p=0.512).

Under both the minimal and maximal assumptions, the association between relative age
and initial dioxin also was not significant when adjusted for covariate information (Table 6-5
[c] and [d]: p=0.660 and p=0.697, respectively).

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis of relative age with current dioxin and time since tour under
the minimal assumption, the interaction between current dioxin and time was significant
(Table 6-5 [e]: p=0.039); thus, the relationships between relative age and current dioxin
differed between time strata (i.e., the estimated relative risks between time strata differed
significantly). A significant positive association was found for those Ranch Hands with time
of 18.6 years or less (p=0.027, Est. RR=1.73). The relative frequency of individuals that
appeared older than their stated age increased as current dioxin increased (low, 2.8%;
medium, 4.7%; high, 7.4%). For Ranch Hands with time greater than 18.6 years, there was a
negative association between relative age and current dioxin that was not significant
(p=0.526).

Under the maximal assumption, the unadjusted analysis also exhibited a significant
interaction between current dioxin and time (Table 6-5 [f]: p=0.024). For Ranch Hands with
time of 18.6 years or less, a significant positive association was displayed between relative
age and current dioxin (p=0.028, Est. RR=1.50). For those individuals having times at or
below 18.6 years, the relative frequency of Ranch Hands that appeared older to the physician
was about the same for the low and medium current dioxin levels (2.8% and 2.6%). However,
the frequency for those Ranch Hands at the high current dioxin level was considerably greater
(9.6%). For Ranch Hands with times greater than 18.6 years, there was a nonsignificant
negative association (p=0.349).

In the adjusted analysis performed under the minimal assumption, none of the candidate
covariates was retained in the model; thus, the relative risks and associated p-values for the
adjusted analysis (Table 6-5 [g]) were identical to the unadjusted results (Table 6-5 [e]).

Under the maximal assumption, the interaction between current dioxin and time was
significant (Table 6-5 [h]: p=0.026); thus, the adjusted relative risks differed significantly
between time strata. For Ranch Hands with time of 18.6 years or less, there was a
marginally significant positive association between relative age and current dioxin (p=0.066,
Adj. RR=1.42). For the other time stratum, the negative association was not significant
(p=0.238).
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TABLE 6-5.

Analysis of Relative Age

Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial Percent Est. Relative
Assumption Dioxin n Older Risk (95% C.1.)a p-Value
a) Minimal Low 130 31 1.11 (0.81,1.53) 0.517
(n=521) Medium 260 - 54
High 131 53
b) Maximal Low 185 38 1.08 (0.86,1.37) 0.512
(n=742) Medium 371 54
High 186 4.8
Ranch Hands - Logj (Initial Dioxin) - Adjusted
Adj. Relative Covariate
Assumption Risk (95% C.1.)2 p-Value Remarks
¢) Minimal 1.08 (0.77,1.51) 0.660 AGE*RACE (p=0.048)
(n=521)
d) Maximal 1.05 (0.82,1.34) 0.697 AGE*RACE (p=0.036)
(n=742)

8Relative risk for a twofold increase in dioxin.

Note: Minimal--Low: 52-93 ppi; Medium: >93-292 ppt; High: >292 ppt.

Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
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TABLE 6-5. (Continued)

Analysis of Relative Age

Ranch Hands - Logy (Current Dioxin) and Time - Unadjusted

Percent Older/(n)

Time Est. Relative
Assumption (Yrs.) Low Medium __ High Risk (95% C.I1.)2 p-Yalue
e) Minimal 0.039b
(n=521) <I18.6 2.8 47 7.4 1.73 (1.06,2.81) 0.027¢
(72) (128) (54)
>18.6 52 53 3.9 0.86 (0.53,1.38) 0.526¢
(58) (132) an
f) Maximal 0.024b
(n=742) <18.6 2.8 2.6 9.6 1.50 (1.04,2.15) 0.028¢
(106) (191) (83)
>18.6 5.1 6.7 3.8 0.85 (0.60,1.20) 0.349¢
(79) (179) (104)
Ranch Hands - Logy (Current Dioxin) and Time - Adjusted
Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1.)2 p-Value Remarks
g) Minimal | 0.039b
(n=521) <18.6 1.73 (1.06,2.81) 0.027¢
>18.6 0.86 (0.53,1.38) 0.526¢
h) Maximal 0.026b AGE*RACE (p=0.035)
(n=742) <18.6 1.42 (0.98,2.05) 0.066¢
>18.6 0.81 (0.56,1.15) 0.238¢

ARelative risk for a twofold increase in dioxin,

bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

Test of significance for relative risk
Note: Minimal--Low: >10-14.65 pp

equal to 1 (current dioxin continuous, time categorized).
G Medium: >14.6545.75 ppt; High: >45.75 ppt.
Maximal--Low: >5.9.01 ppt; Medium: >9.01-33.3 ppt: High: >33.3 ppt.
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TABLE 6-5. (Continued)

Analysis of Relative Age

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Older Contrast Risk (95% C.1.) p-Value
Background 786 50 All Categories 0.638

Unknown 345 5.2 Unknown vs. Background 1.05 (0.59,1.87) 0.856

Low 196 36 Low vs. Background 0.71 (0.31,1.61) 0.412

High 187 6.4 High vs. Background 1.31 (0.67,2.56) 0.424

Total 1,514

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.1.) p-Value Remarks
Background 786 All Categories 0.638 --
Unknown 345 Unknown vs. Background  1.05 (0.59,1.07) 0.856

Low 196 Low vs. Background - 0.71 (0.31,1.61) 0412

High 187 High vs. Background 1.31 {0.67,2.56) 0.424

Total 1,514

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Diexin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin <33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of the frequencies of Ranch Hands in the unknown, low, and
high current dioxin categories and Comparisons in the background current dioxin category
appearing older than their stated age, the contrast of the four current dioxin categories was
nonsignificant (Table 6-5 [i]: p=0.638). For the adjusted analysis, none of the covariates
was retained in the model; therefore, the adjusted and unadjusted analysis results were the

same.

Percent Body Fat (Continuous)

Model 1: Ranch Hands - Log, (Initial Dioxin)

Percent body fat displayed a significant positive association with initial dioxin under
both the unadjusted minimal and the unadjusted maximal assumptions (Table 6-6 [a] and
[bl: p=0.001 and p<0.001). The unadjusted means for the minimal analysis within the
defined low, medium, and high initial dioxin levels were 22.34, 22.15, and 24.01 percent.
Under the maximal assumption, the corresponding means were 20.72, 22.13, and 23.40
percent.

The adjusted analysis also displayed a significant association between percent body fat
and initial dioxin (Table 6-6 [c] and [d]: p=0.001 and p<0.001). The adjusted means for the
low, medium, and high initial dioxin levels were 22.38, 22.07, and 24.05 percent under the
minimal assumption, and 20.70, 22.07, and 23.55 percent under the maximal assumption.

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis based on current dioxin and time since tour, neither the
minimal nor the maximal analysis had a significant current dioxin-by-time interaction (Table
6-6 [¢] and [f]): p=0.817 and p=0.438, respectively); thus, the positive relationships between
percent body fat and current dioxin between the time strata were not statistically different
(i.e., the estimated slopes of the two time strata did not differ significantly).

Under the minimal assumption, a marginally significant positive association between
percent body fat and current dioxin was found for time of 18.6 years or less (p=0.086) and a
significant positive association (Table 6-6 [e]: p=0.014) was found between percent body fat
and current dioxin for time greater than 18.6 years. However, the interaction of current dioxin
and time was not significant (p=0.817). Within the time of 18.6 years or less stratum, the
percent body fat means for low, medium, and high current dioxin were 22.21, 22.12, and 23.64
percent. For the time greater than 18.6 years stratum, the means also increased with current
dioxin (low, 22.11 percent; medium, 22.43 percent; and high, 24.12 percent).

Under the maximal assumption, each time stratum displayed a significant positive
association between percent body fat and current dioxin (Table 6-6 [f]: <18.6 years:
p<0.001; >18.6 years: p<0.001). For time of 18.6 years or less, the percent body fat means
increased with current dioxin (low, 20.19 percent; medium, 22.03 percent; and high, 23.11
percent). For time greater than 18.6 years, the percent body fat means also increased with
current dioxin (low, 21.39 percent; medium, 22,09 percent; and high, 23.90 percent). Similar to
the minimal analysis, the interaction of current dioxin and time was not significant (p=0.438).
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TABLE 6-6.

Analysis of Percent Body Fat
(Continuous)

Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial Slope
Assumption Dioxin n Mean (Std. Error) p-Value
a) Minimal Low 130 22.34 0.627 (0.195) 0.001
(n=521) Medium 260 22.15
(R2=0,019) High 131 24.01
b) Maximal Low 185 20.72 0.792 (0.136)  <0.001
(n=742) Medium 371 22.13
(R2=0.044) High 186 23.40

Ranch Hands - Log3 (Initial Dioxin) - Adjusted

Initial
Assumption Dioxin

n

Adj.
Mean

Adj. Slope

Covariate

(Std. Error) p-Value Remarks

¢) Minimal  Low
(n=521)  Medium
(R2=0.037) High

d) Maximal Low
(n=742)  Medium
(R2=0.051) High

130
260

131

185
371
186

2238 0.648 (0.202)

22.07
24.05

20.70
22,07

23.55

0.859 (0.138)

0001 AGE*RACE
(p=0.024)

<0.001 AGE (p=0.016)

Note: Minimal--Low: 52-93 ppt; Medium: »93-292 ppt; High: >292 ppt.

Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
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TABLE 6-6. (Continued)

Analysis of Percent Body Fat
(Continuous)

Ranch Hands - Logy (Current Dioxin) and Time - Unadjusted

Mcanl(tg) )
Time Stope

Assumption {Yrs.) Low Medium High (Std. Error) p-Value
e} Minimal 0.8172
(n=521) <186 22.21 22.12 23.64 0.549 (0.319) 0.086b

(R2=0.018) (72) (128) (54)
>18.6 22.11 2243 24.12 0.644 (0.261) 0.014b

(58) (132) 7
f) Maximal 04388
(n=742) <186 20.19 22.03 23.11 0.893 (0.211) <0.001b

(R2=0.045) (106) (191) (83)
>18.6 21.39 22.09 23.90 0.674 (0.187)  <0.001

79 (179) (104)

Ranch Hands - Logj (Current Dioxin) and Time - Adjusted

Adj. Mean/(n)
Time Adj. Slope Covariate
Assumption (Yrs.) Low  Medium High (Std. Error) p-Value Remarks
g) Minimal 07752 AGE*RACE (p=0.024)
(n=521) <186 2,19 2217 23.73 0.596 (0.330)  0.071b
(R2=0.037) (712)  (128)  (54)

>18.6 2203 2225  24.11 0.713 (0.268)  0.008b
(58) (132) (77

h) Maximal 04312 AGE (p=0.011)
(n=742) <186 20,19 2205 23.39 0.999 (0.214) <0.001b
(R2=0,053) (106)  (191)  (83)

>18.6 2120 2195 24.M 0.777 (0.190)  <0.001P
(79 Q79 (104

8Test of significance for homogeneity of slopes (current dioxin continuous, time categorized).

bTest of significance for slope equal to 0 (current dioxin continuous, lime categorized).
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
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TABLE 6-6. (Continued)

Analysis of Percent Body Fat
(Continuous)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current
Dioxin Difference of
Category n Mean Conirast Means (95% C.1.) p-Value
Backgroundd 786 2191 All Categories <0.001
Unknown 345 20.03 Unknown vs. Background -1.88 (-2.51,-1.24) <0,001
Low 196 22.15 Low vs. Background 0.24 (-0.54,1.02) 0.549
High 187 23.55 High vs. Background 1.64 (0.84,2.44) <0.001
Total 1,514 (R2=0.042)

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted
Current
Dioxin Adj. Difference of Adj. Covariate
Category n Mean Contrast Means (95% C.l) p-Value Remarks
Background 786 2190  All Categories <(.001 AGE (p=0.145)
Unknown W5 20.01  Unknown vs. Background -1.89 (-2.53,-1.26)<0.001
Low 196 22.15 Low vs. Background 0.24 (-0.54,1.03) 0.541
High 187 2363  High vs. Background 1.73 (0.92,2.54) <0.001
Total 1,514 (R2=0.044)

Note: Background (Comparisons): Current Dioxin 10 ppt.
Unknown (Ranch Hands): Current Dioxin 510 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin <33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.



In the adjusted analysis of percent body fat using current dioxin and time, neither the
minimal nor maximal cohort exhibited a significant current dioxin-by-time interaction (Table
6-6 [g] and [h): p=0.775 and p=0.431, respectively); therefore, the positive associations
between percent body fat and current dioxin of each time stratum were not significantly
different from one another. Under the minimal assumption, percent body fat for Ranch Hands
with 18.6 years or less since tour exhibited a marginally significant positive association
(p=0.071). For those Ranch Hands with time greater than 18.6 years, percent body fat
displayed a significant positive association (p=0.008). Under the maximal assumption of the
adjusted analysis, each time stratum displayed a significant positive association (p<0.001 for
both time strata).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of percent body fat, the contrast of the four current dioxin
categories was significant (Table 6-6 [i): p<0.001). The unadjusted percent body fat means
for the background, unknown, low, and high current dioxin categories were 21.91, 20.03, 22.15,
and 23.55 percent. The contrasts of unknown versus background current dioxin category and
high versus background current dioxin category were also significant (for both contrasts,
p<0.001). Relative to the background mean for Comparisons, Ranch Hands in the unknown
current dioxin category had a lower mean percent body fat and Ranch Hands in the high
current dioxin category had a higher mean percent body fat. An adjusted model containing the
covariate age produced similar results.

Percent Body Fat (Discrete)

A small number of participants, two Ranch Hands and three Comparisons, were
classified as lean (<10 percent body fat). The current serum dioxin levels for the Ranch
Hands were 1.33 ppt and 18.10 ppt, and the current dioxin levels for the Comparisons ranged
from 0.00 ppt to 2.45 ppt. Due to the sparse number of lean participants, statistical analyses
were performed with the lean and normal participants combined.

Model 1: Ranch Hands - Log, (Initial Dioxin)

Unadjusted and adjusted analyses of percent body fat as a discrete variable (obese
versus lean/normal) indicated that there was a significant positive association with initial
dioxin.

Under the minimal assumption, the estimated relative risk in the unadjusted analysis
was 1.23 (Table 6-7 [a]: p=0.012) and the corresponding relative frequencies of obese Ranch
Hands within the low, medium, and high initial dioxin categories were 20.8, 23.8, and 32.8
percent. Under the maximal assumption, the estimated relative risk was 1.32 (Table 6-7 [b]:
p<0.001) with increasing percentages of obese Ranch Hands for the low, medium, and high
initial dioxin categories (12.4%, 23.2%, and 29.0%).

Incorporating covariate information into the models, the adjusted relative risk was 1.25
(Table 6-7 [c]: p=0.010) and 1.37 (Table 6-7 [d): p<0.001) under the minimal and maximal
assumptions.
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TABLE 6-7.

Analysis of Percent Body Fat
(Discrete)

Ranch Hands - Log (Initial Dioxin) - Unadjusted

Initial Percent Est. Relative
Assumption Dioxin n Obese Risk (95% C.1.)2 p-Value
a) Minimal Low 130 20.8 1.23 (1.05,1.44) 0.012
(n=521) Medium 260 23.8
High 131 328
b) Maximal Low 185 12.4 1.32 (1.17,1.49) <0.001
(n=742) Medium 371 23.2
High 186 29.0
Ranch Hands - Log; (Initial Dioxin) - Adjusted
Adj. Relative Covariate
Assumption Risk (95% C.1.)2 p-Value Remarks
¢) Minimal 1.25 (1.05,1.47) 0.010 AGE*RACE (p=0.022)
(n=521)
d) Maximal 1.37 (1.20,1.55) <0.001 AGE (p=0.026)
(n=742)

8Relative risk for & twofold increase in dioxin.
Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
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TABLE 6-7. (Continued)

Analysis of Percent Body Fat
(Discrete)

Ranch Hands - Logs (Current Dioxin) gnd Time - Unadjusted
Percent Obese/(n)

Time Est. Relative

Assumption  (Yrs.) Low  Medium High Risk (95% C.1.)3 p-Value

e) Minimal 0.776b

(n=521) <18.6 23.6 22.7 29.6 1.18 (0.91,1.54) 0.217¢
(72) (128) (54)

>18.6 17.2 25.8 33.8 1.24 (1.01,1.53) 0.045¢

(58) (132) an _

f) Maximal 0.320b

(n=742) <18.6 8.5 23.0 26.5 1.40 (1.15,1.70) 0.001¢
(106) (191) (83)

>18.6 19.0 21.8 32.7 1.23 (1.04,1.45) 0.013¢

(79) (179) (104)

Ranch Hands - Logj (Current Dioxin) and Time - Adjusted

Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1.)2 p-Value Remarks
g) Minimal 0.755b AGE*RACE (p=0.022)
(n=521) <18.6 1.21 (0.92,1.59) 0.176¢
>18.6 1.28 (1.02,1.59) 0.029¢
h) Maximal 0.299b AGE (p=0.022)
(n=742) <18.6 1.48 (1.20,1.81) <0.001¢
>18.6 1.29 (1.09,1.52) 0.003¢

8Relative risk for a twofold increase in dioxin.
bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

®Test of significance for relative risk equal to 1 (current dioxin continuous, time categorized).
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt,
Maximal--Low: >5.9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
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TABLE 6-7. (Continued)

Analysis of Percent Body Fat
(Discrete)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Obese Contrast Risk (95% C.1) p-Value
Background 786 23.7 All Categories <0.001
Unknown 345 11.9 Unknown vs. Background 0.44 (0.30,0.63) <0.001
Low 196 23.5 Low vs. Background 0.99 (0.68,1.43) 0.954
High 187 30.0 High vs. Background 1.38 (0.97,1.96) 0.075
Total 1,514

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.1.) p-Value Remarks
Background 786 All Categories <0.001 .-
Unknown 345 Unknown vs. Background  0.44 (0.30,0.63) <0.001

Low 196 - Low vs, Background 0.99 (0.68,1.43) 0.954

High 187 High vs. Background 1.38 (0.97,1.96) 0.075

Total 1,514

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis of percent body fat, under both the minimal and maximal
assumptions, the interactions between current dioxin and time since tour were not significant
(Table 6-7 [e] and {f]: p=0.776 and p=0.320, respectively); thus, the estimated relative risks
of the two time strata did not differ significantly. Under the minimal assumption, a significant
association between obesity and current dioxin was found for Ranch Hands with more than
18.6 years since tour (p=0.045, Est. RR=1.24). For these Ranch Hands, the relative
frequencies of obese participants for low, medium, and high current dioxin were 17.2, 25.8, and
33.8 percent.

Under the maximal assumption, an unadjusted analysis revealed significant positive
associations between obesity and current dioxin for both time strata (Table 6-7 [f]: p=0.001,
Est. RR=1.40 for time<18.6 years and p=0.013, Est. RR=1.23 for time>18.6 years). For
Ranch Hands with 18.6 years or less since tour, the relative frequencies of obese participants
increased with current dioxin (low, 8.5%; medium, 23.0%; and high, 26.5%). For the other
time stratum, the corresponding relative frequencies were 19.0, 21.8, and 32.7 percent.

In the adjusted analysis based on the minimal assumption, the interaction of current
dioxin and time was not significant (Table 6-7 [g]l: p=0.755); therefore, the adjusted relative
risks of the two time strata did not differ significantly. For time greater than 18.6 years since
tour, the adjusted relative risk of 1.28 was significant (p=0.029).

In the adjusted analysis under the maximal assumption, the interaction between current
dioxin and time was not significant (Table 6-7 [h]): p=0.299); thus, the adjusted relative risks
of the two time strata were not significantly different. Within each time strata, there was a
significant association between percent body fat and current dioxin (p<0.001, Adj. RR=1.48
for time<18.6 years and p=0.003, Adj. RR=1.29 for time>18.6 years).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of percent body fat, the contrast of the four current dioxin
categories was significant (Table 6-7 [i]: p<0.001). The relative frequencies of obese
participants for the background, unknown, low, and high current dioxin categories were 23.7,
11.9, 23.5, and 30.0 percent. The unknown versus background current dioxin category
contrast produced a significant relative risk less than 1 (p<0.001, Est. RR=0.44, 95% C.I.;
[0.30,0.63]) and the high versus background category contrast resulted in an estimated
relative risk greater than one that was marginally significant (p=0.075, Est. RR=1.38, 95%
C.I: [0.97,1.96]). For the adjusted model, no covariates were retained in the model from the
stepping procedure; therefore, the adjusted and unadjusted results were the same.

Laboratory Examination Variable
Sedimentation Rate (Continuous)

Model 1: Ranch Hands - Log, (Initial Dioxin)

In the unadjusted analysis of sedimentation rate in its continuous form, there was a
positive association with initial dioxin that was marginally significant under the minimal
assumption and significant under the maximal assumption (Table 6-8 [a] and [b]: p=0.092
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TABLE 6-8.

" Analysis of Sedimentation Rate (mm/hr)
(Continuous)

Ranch Hands - Logy (Initial Dioxin) - Unadjusted

Initial Slope
Assumption Dioxin n Mean8 (Std. Error)? p-Value
a) Minimal Low 130 498 0.053 (0.031) 0.092
(n=521) Medium 260 594
(R2=0.006) High 131 6.01
b) Maximal Low 185 4.50 0.078 (0.023) <0.001
(n=742) Medium n 5.64
(R2=0.016) High 186 5.78

Ranch Hands - Logs (Initial Dioxin) - Adjusted

Initial Adj.  Adj. Slope Covariate
Assumption Dioxin n Mean? (Std. Error)® p-Value Remarks

c) Minimal  Low 130 4.68 0099 (0.031) 0002 AGE (p<0.001)
(n=521)  Medium 260  5.89
(R2=0.074) High 131  6.50

d) Maximal Low 185 445 0.108 (0.022) <0.001 AGE (p<0.001)
(n=742) Medium 371 5.46

(R2=0.072) High 186 6.4

8Transformed from natural logarithm scale.

bSlope and standard error based on natural logarithm sedimentation rate versus logy dioxin.

Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
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TABLE 6-8. (Continued)

Analysis of Sedimentation Rate (mm/hr)
(Continuous)

Ranch Hands - Logz (Current Dioxin) and Time - Unadjusted

Mean®/(n)
Time Slope

Assumption {Yrs.) Low Medium High {Std. Errm')b p-Value
¢} Minimal 0.500¢
{(n=521) <186 5.63 4,96 5.05 -0.007(0.051) 0.892d

(R2=0.014) (72) (128) (54)
>18.6 5.86 6.36 6.43 0.037(0.042) 0.368d

(58) (132) an
f) Maximal 0.311€
(n=742) <186 4,51 5.21 5.05 0.032(0.035) 0.367d

(R2=0.018) (106) (191) (83)
>18.6 446 6.27 6.24 0.079(0.031) 0.011d

(79) (179) (104)

Ranch Hands - Logy (Current Dioxin) and Time - Adjusted

Adj. Mean®(n)

Time Adj. Slope Covariate
Assumption (Yrs.) Low  Medium High {S1d. Ernor)b p-Value Remarks
g) Minimal 0.634¢ AGE (p<0.001)
(n=521) <18.6 5.39 5.13 5.83 0.062 (0.051) 0.221d
(R2=0.110) (72)  (128)  (54)

>18.6 5.20 614  6.66 0.093 (0.042)  0.026d
(58) (132) (@77

h) Maximal 0.300¢ AGE (p<0.001)
(n=742) <186 452 527 570 0.075 (0.035)  0.031d
(R2=0.083) (106)  (191)  (83)

>18.6 4.10 5.90 6.58 0.122 (0.031) <0.001d
(79) (179)  (104)

Transformed from naturel logarithm scale.
bSlo]:u: and standard error based on natural logarithm sedimentation rate versus log; dioxin.
CTest of significance for homogeneity of slopes (current dioxin continuous, time categorized).

Test of significance for slope equal to 0 (current dioxin continuous, time categorized),
Note: Minimal--Low: >10-14.65 ppt; Medivm: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5.9.01 ppt; Medium: >9.01-33.3 ppy; High: >33.3 ppt.
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TABLE 6-8. (Continued)

Analysis of Sedimentation Rate (mm/hr)
(Continuous)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Difference of

Category n Mean? Contrast Means (95% C.1)° p-Valuef

Background 786 5.09 All Categories 0.002

Unknown 345 4.52 Unknown vs, Background -0.57 -- 0.025

Low 196 5.77 Low vs. Background 0.68 -- 0.053

High 187 5.68 High vs. Background 0.59 -- 0.099

Total 1,514 (R2=0.010)

j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Difference of Adj. Covariate

Category n Mean? Contrast Means (95% C.1.)° p-Valuef Remarks

Background 751 5.19%* All Categaries <0.001** DXCAT*AGE
(p=0.035)

Unknown 328 4.50*%  Unknown vs. Background  -0.69 --** 0.007*+* AGE*PERS

Low 192 5.88**  Low,vs. Background 0.69 --** 0.054** (p<0.001)

High 181 6.31%* High vs. Background 1,12 % 0.004»*

Total 1,452 (R2=0.074)

8Transformed from natural logarithm scale.
eDifference of means after transformation to original scale; confidence interval on difference of means not given
because analysis was performed on natural logarithm scale.
fp_value is based on difference of means on natural logarithm scale.
++Categorized current dioxin-by-covariate interaction (0.01<p50.05); adjusted mean and p-value derived from a model
fitted afier deletion of this interaction.
Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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and p<0.001, respectively). Under the minimal assumption, the average sedimentation rates
for the low, medium, and high initial dioxin levels were 4.98, 5.94, and 6.01 mmyhr. Similarly,
the average sedimentation rates for the low, medium, and high levels under the maximal -
assumption were 4.50, 5.64, and 5.78 mm/hr,

Under both the minimal and the maximal assumptions, the adjusted analyses exhibited
significant positive associations between sedimentation rate and initial dioxin (Table 6-8 [c]
and [d}: p=0.002 and p<0.001, respectively). Under the minimal assumption, the adjusted
mean sedimentation rates for low, medium, and high initial dioxin were 4.68, 5.89, and 6.50
mm/hr. Under the maximal assumption, the corresponding adjusted means were 4.45, 5.46,
and 6.24 mm/hr.

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

Under the minimal assumption, the unadjusted analysis of sedimentation rate contained
a nonsignificant interaction between current dioxin and time since tour (Table 6-8 [e]:
p=0.500); thus, the relationships of the two time strata were not significantly different. Under
the maximal assumption, the unadjusted analysis also contained a nonsignificant interaction
between current dioxin and time (Table 6-8 [f]: p=0.311). However, Ranch Hands whose
time since tour exceeded 18.6 years exhibited a significant positive association with current
dioxin (p=0.011). For this time stratum, the sedimentation rate means for low, medium, and
high current dioxin were 4.46, 6.27, and 6.24 mm/hr.

In the adjusted analysis under the minimal assumption, which adjusted for age, the
current dioxin-by-time interaction was not significant (Table 6-8 [g): p=0.634); thus, the
adjusted slopes did not differ significantly between time strata. However, for time greater
than 18.6 years, a positive association between sedimentation rate and current dioxin was
significant (p=0.026) with adjusted means of 5.20, 6.14, and 6,66 mm/hr for low, medium, and
high current dioxin.

Under the maximal assumption, the adjusted analysis which adjusted for age contained
a nonsignificant current dioxin-by-time interaction (Table 6-8 [h]: p=0.309); thus, the
estimated slopes were not significantly different between the two time strata. Within each
time stratum, the association between sedimentation rate and current dioxin was significant
(518.6 years, p=0.031, >18.6 years, p<0.001). For the 18.6 years or less time stratum, the
adjusted sedimentation rate means were 4.52, 5.27, and 5.70 mm/hr for low, medium, and high
current dioxin. For the more than 18.6 years time stratum, the adjusted sedimentation rate
means were 4.10, 5.90, and 6.58 mm/hr.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

The unadjusted analysis of sedimentation rate for the four current dioxin categories was
significant (Table 6-8 [i]: p=0.002). The unadjusted sedimentation rate means for the
background, unknown, low, and high current dioxin categories were 5.09, 4.52, 5.77, and
5.68 mm/hr. The contrast for Ranch Hands in the unknown category versus Comparisons in
the background category was significant (p=0.025) with the mean sedimentation rate for the
Comparisons being higher. The low and high category contrasts versus background category
were both marginally significant (p=0.053 and p=0.099, respectively) with the Ranch Hands
having the higher sedimentation rate means.
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The adjusted analysis of sedimentation rate contained a significant interaction between
categorized current dioxin and age (Table 6-8 [jl: p=0.035). To explore the interaction,
adjusted analyses were performed for Ranch Hands and Comparisons born in or after 1942
and those born prior to 1942. For the younger participants, the simultaneous contrast of the
four current dioxin categories was significant (Appendix Table E-1: p=0.009). The adjusted
means for the background, unknown, low, and high categories were 4.36, 3.72, 5.52, and 4.72
mm/hr. The unknown versus background category contrast was marginally significant
(p=0.080) with the mean rate for the Comparisons being higher. The contrast for low versus
background category was significant (p=0.021) with the Ranch Hands having the higher mean
sedimentation rate. The contrast for the high category was not significant (p=0.368). For the
older study participants, the overall contrast for the four current dioxin categories was also
significant (p<0.001). The adjusted means for background, unknown, low, and high
categories were 5.77, 5.01, 6.05, and 7.94 mm/hr. The unknown versus background category
contrast was significant (p=0.037) with the mean sedimentation rate for Comparisons being
higher. For the older participants, the contrast of high versus background was significant
(p=0.003) with the adjusted mean sedimentation rate being higher for Ranch Hands than
Comparisons. The contrast for the low category was not significant (p=0.576).

An adjusted analysis without the interaction of categorized current dioxin and age was
also performed. For this secondary model, the overall contrast of the four current dioxin
categories was significant (Table 6-8 [jl: p<0.001). The adjusted mean sedimentation rates
were 5.19, 4.50, 5.88, and 6.31 mm/hr. The contrast of unknown versus background category
was significant (p=0.007) with the background category (Comparisons) having the higher
adjusted mean. The contrast for low versus background category was marginally significant
(p=0.054) and the contrast for high versus background category was significant (p=0.004).
For both of these contrasts, the adjusted mean sedimentation rate was higher for Ranch
Hands than Comparisons.

Sedimentation Rate (Discrete)

Model 1: Ranch Hands - Log, (Initial Dioxin)

The unadjusted analysis of sedimentation rate in discrete form (abnormal versus
normal) exhibited a nonsignificant association with initial dioxin under the minimal
assumption (Table 6-9 [a]: p=0.509). Under the maximal assumption, the unadjusted
analysis displayed a marginally significant positive association between sedimentation rate
and initial dioxin (Table 6-9 [b]: p=0.064, Est. RR=1.20). The relative frequency of Ranch
Hands with abnormal sedimentation rates had a positive association with initial dioxin (low,
4.9%; medium, 7.3%; high, 8.1%).

In the adjusted analysis, the association between sedimentation rate and initial dioxin
was not significant under the minimal assumption (Table 6-9 [c]: p=0.134), but significant
under the maximal assumption (Table 6-9 [d]: p=0.008; Est. RR=1.33). Age was the only
covariate retained in these analyses.

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

For the unadjusted analysis of percent abnormal sedimentation rate, the interaction of
current dioxin and time since tour was not significant for the minimal assumption (Table 6-9
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TABLE 6-9,

Analysis of Sedimentation Rate

(Discrete)

Ranch Hands - Log; (Initial Dioxin) - Unadjusted

Initial Percent Est. Relative
Assumption Dioxin n Abnormal Risk (95% C.1.)2 p-Value
a2) Minimal Low 130 6.2 1.09 (0.85,1.40) 0.509
(n=521) Medium 260 9.2
High 131 8.4
b) Maximal Low 185 4.9 1.20 (0.99,1.46) 0.064
(n=742) Medium 371 7.3
High 186 8.1
Ranch Hands - Log; (Initial Dioxin) - Adjusted
Adj. Relative Covariate
Assumption Risk (95% C.I.)2 p-Value Remarks
c) Minimal 1.22 (0.95,1.58) 0.134 AGE (p<0.001)
(n=521)
d) Maximal 1.33 (1.08,1.63) 0.008 AGE (p<0.001)
(n=742)

8Relative risk for a twofold increase in dioxin.
Note: Minimal--Low: 5293 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt: High: >218 ppt.
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TABLE 6-9. (Continued)

Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Logz (Current Dioxin) and Time - Unadjusted

Percent Abnqrmal/(n)

— CurrentDjoxin
Time Est. Relative
Assumption (Yrs.) Low__ Medium High Risk (95% C.1.)2 p-Value
¢) Minimal 0.262b
(n=521) <18.6 9.7 6.3 1.9 0.78 (0.46,1.33) 0.360¢
(72) (128) (54)
>18.6 8.6 10.6 10.4 1.10 (0.81,1.49) 0.548¢
(58) (132) (77)
f) Maximal 0.228b
(n=742) <18.6 3.8 6.3 6.0 0.96 (0.67,1.39) 0.845¢
(106) (191) (83)
>18.6 3.8 8.4 11.5 1.26 (0.99,1.60) 0.065¢
(79 (179) (104)
Ranch Hands - Logp (Current Dioxin) and Time - Adjusted
Time Adj. Relative Covariate
Assumption (Yrs.) Risk (95% C.1)3 p-Value Remarks
g) Minimal 0.3370 AGE (p=0.001)
(n=521) <18.6 0.93 (0.54,1.61) 0.808¢
>18.6 1.25 (0.92,1.71) 0.154¢
h) Maximal 0.263P AGE (p<0.001)
(n=742) <18.6 1.10 (0.75,1.62) 0.619¢
' >18.6 1.42 (1.10,1.83) 0.007¢

8Relative risk for & twofold increase in dioxin.

bTest of significance for homogeneity of rel

©Test of significance for relative risk
Note: Minimal--Low: >10-14.65 ppt;

equal to 1 (current dio

Mazimal--Low: >5-9.01 ppt; Medium: »9.01-33.3 ppt; High: >33.3 ppt.
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TABLE 6-9. (Continued)

Analysis of Sedimentation Rate
(Discrete)

i) Ranch Hands and Comparisons by Current Dioxin Category - Unadjusted

Current

Dioxin Percent Est. Relative

Category n Abnormal Contrast Risk (95% C.L) p-Value
Background 786 33 All Categories 0.003
Unknown s 3.5 Unknown vs. Background 1.05 (0.53,2.11) 0.884
Low 196 7.1 Low vs. Background 2.25 (1.154.39) 0.018
High 187 g.1 High vs. Background 292 (1.55,5.51) 0.001
Total 1,514

Jj) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current

Dioxin Adj. Relative Covariate
Category n Contrast Risk (95% C.1) p-Value Remarks
Background 786 All Categories <0.001 AGE (p<0.001)
Unknown 345 Unknown vs. Background  1.03 (0.51,2.07) 0.937

Low 196 Low vs, Background 2.32 (1.18,4.56) 0.015

High 187 High vs. Background 3.86 (2.00,7.45) <0.001

Total 1,514

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin <33.3 PPL
High (Ranch Hands): Current Dioxin >33.3 ppt.
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[e]: p=0.262) as well as the maximal assumption (Table 6-9 [f]: p=0.228). Therefore, for
each assumption, the estimated relative risks of the two time strata were not significantly
different from one another. Under the maximal assumption, the association between percent
abnormal sedimentation rate and current dioxin was marginally significant (p=0.065, Est.
RR=1.26) within the time greater than 18.6 years stratum. The relative frequencies for
abnormal sedimentation rate within that time stratum were 3.8, 8.4, and 11.5 percent for low,
medium, and high current dioxin. The other results were not statistically significant.

After adjusting for age in the analysis of percent abnormal sedimentation rate, the
interaction of current dioxin and time was not significant under the minimal assumption (Table
6-9 [g): p=0.337) or the maximal assumption (Table 6-9 [h): p=0.263). Therefore, the
adjusted relative tisks of the two time strata were not significantly different from one another.
Under the maximal assumption, the adjusted relative risk for time greater than 18.6 years
since tour was significant (p=0.007, Adj. RR=1.42). The other adjusted analyses were not
significant.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of the relative frequencies of participants with abnormal
sedimentation rates, the simultaneous contrast of the four current dioxin categorics was
significant (Table 6-9 [i}: p=0.003). The relative frequencies of participants with abnormal
sedimentation rates for the background, unknown, low, and high current dioxin categories
were 3.3, 3.5, 7.1, and 9.1 percent. The estimated relative risks for low versus background
(Est. RR=2.25, 95% C.L: [1.15,4.39]) and high versus background (Est. RR=2.92, 95% C.1.:
[1.55,5.51]) were significant (p=0.018 and p<0.001, respectively).

In the adjusted analysis of sedimentation rate as a discrete variable, the overall
contrast of the four current dioxin categories was significant (Table 6-9 [j]: p<0.001). The
adjusted relative risks for low versus background (Adj. RR=2.32, 95% C.L: [1.18,4.56]) and
high versus background (Adj. RR=3.86, 95% C.I.: [2.00,7.45]) were significant (p=0.015 and
'p<0.001, respectively).

Longitudinal Analysis
Questionnaire Variable

Self-Perception of Health

Longitudinal analyses of the percentage of participants who perceived their health as
poor/fair at the 1987 examination were conducted to detect associations with initial dioxin in
Ranch Hands, current dioxin and time since tour in Ranch Hands, and categorized current
dioxin in Ranch Hands and Comparisons. Only participants who reported their health as good
or excellent at the 1982 Baseline examination were included in these analyses. Table 6-10
presents the resuits of the longitudinal analyses. For a specific longitudinal analysis (e.g.,
minimal assumption, initial dioxin analysis), the upper part of each subpanel of a table
provides the percents of participants with fair or poor self-perception of health at each
examination. The lower part of each subpanel presents sample sizes, percents, relative
risks, and associated 95 percent confidence intervals subject to the requirement that
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TABLE 6-10.
Longitudinal Analysis of Self-Perception of Health

Ranch Hands - Log) (Initial Dioxin)

Percent Fair or Poor/(n)

Examination
Initial
Assumption Dioxin 1982 1985 1987
a) Minimal Low 15.5 74 57
(123) (121 (123)
Medium 23.2 12.5 7.9
(254) (249) (254)
High 18.4 12.9 8.0
(125) (124) (125)
Excellent or Good in 1982
Percent
Initiat nin Fair or Poor Est. Relative
Dioxin 1987 in 1987 Risk (95% C.1.)2 p-Value
Low 104 1.0 1.53 (1.02,2.30) 0.047
Medium 195 3.1
High 102 59

1Relative risk for a twofold increase in dioxin,

Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.

Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see Chapter

4, Statistical Methods).
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TABLE 6-10. (Continued)

Longitudinal Analysis of Self-Perception of Health

Ranch Hands - Logj (Initial Dioxin)

Percent Fair or Poor/(n)

Examination .
Initial
Assumption Dioxin 1982 1985 1987
b) Maximal Low 18.2 4.2 4.7
(170) . (167) (170)
Medium 20.7 10.0 6.2
(357 (350) (357)
High 179 12.4 7.3
(179) 77 (179)
Excellent or Good in 1982
Percent
Initial nin Fair or Poor Est. Relative
Dioxin 1987 in 1987 Risk (95% C.I.)2 p-Value
Low 139 0.7 1.78 (1.25,2.54) 0.002
Medium 283 2.1
High 147 4.1

SRelative risk for a twofold increase in dioxin.
Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.

Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.
Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see Chapter

4, Suatistical Methods).
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TABLE 6-10. (Continued)
Longitudinal Analysis of Self-Perception of Health

Ranch Hands - Logj (Current Dioxin) and Time

Percent Fair or Pgor/(n)

— Cumrent Dioxin
Time

Assumption (Yrs.) Examination Low Medium High
¢) Minimal <18.6 1982 15.9 25.0 15.4
(69) (124) (52)

1985 7.4 9.1 59

(68) (121) (51)

1987 7.3 5.7 39

(69) (124) (52)

>18.6 1982 14.8 20.8 21.9

(54) (130) (73)

1985 9.4 14.1 19.2

(83) (128) (73)

1987 5.6 8.5 12.3

(54) (130) (73)

Excellent or Good in 1982;
Percent Fair or Poor/(n) in 1987

—urrentDioxin
Time Est. Relative
(Yrs.) Low Medium High Risk (95% C.1.)3 p-Value
0.189b
<18.6 1.7 2.2 0.0 0.76 (0.23,2.48) 0.648¢
(58) (93) (44)
>18.6 2.2 29 10.5 1.65 (1.03,2.62) 0.036°
(46) (103) (37

ARelative risk for a twofold increase in dioxin. *

PTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

“Test of significance for relative risk equal to 1 (current dioxin continuous, time categorized).

Note: Minimal--Low: >10-14.55 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
-Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference 1o a contrast of 1982 and 1987 results.

Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see Chapter

4, Statistical Methods).
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TABLE 6-10. (Continued)
Longitudinal Analysis of Self-Perception of Health

Ranch Hands - Log2 (Current Dioxin) and Time

Percent Fair or Poor/(n)
C Dioxi
Time

Assumption (Yrs.) Examination Low Medium _High
d) Maximal <18.6 1982 18.1 21.7 17.5
(94) (184) (80)

1985 0.0 8.3 6.3

91) (180) (79)

1987 1.1 6.5 38

(94) (184) (80)

>18.6 1982 13.2 21.5 19.0
(76) (172) (100)

1985 9.3 11.8 17.2

(75) (170) (99)

1987 4.0 8.1 10.0

(76) (172) (100)

Excellent or Good in 1982:
Percent Fair or Poor/(n) in 1987

o CurrentDioxin
Time Est. Relative
(Yrs.) Low Medium High Risk (95% C.1.)3 p-Value
\ 0.324b
<18.6 0.0 1.4 1.5 1.18 (0.51,2.73) 0.692¢
N (144) (66)
>18.6 0.0 3.0 7.4 1.87 (1.23,2.83) 0.003¢
(66) (135) (81)

3Relative risk for a twofold increase in dioxin.

DTest of significance for homogeneif} of relative risks (current dioxin continuous, time categorized).

Test of significance for relative risk equal to 1 (current dioxin continuous, time categorized).

Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
Surnmary statistics for 1985 are provided for reference purposes for participants who atiended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results,
Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see
Chapter 4, Statistical Methods).
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TABLE 6-10. (Continued)

Longitudinal Analysis of Self-Perception of Health

¢) Ranch Hands and Comparisons by Current Dioxin Category

Percent Fair or Poor/(n)

Examination
Current
Dioxin
Category 1982 1985 1987
Background 14.5 5.1 5.0
(685) (681) (685)
Unknown 16.8 4.8 3.8
(316) (310) (316)
Low 24.1 12.2 7.3
(191) (188) (191)
High 18.3 12.4 7.2
(180) (178) (180)
X n in
Current Percent
Dioxin nin  Fair or Poor Est. Relative
Category 1987 in 1987 Contrast Risk (95% C.I.)  p-Value
Background 586 21 All Categories 0.022
Unknown 263 0.4 Unknown vs. Background  0.19 (0.02,1.44) 0.108
Low 145 2.8 Low vs. Background 1.38 (0.44,4.36) 0.579
High 147 4.8 High vs. Background 2.40 (0.93,6.22) 0.070

Note; Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin g10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin 33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.
Statistical analyses are based only on participants who were classified as excellent or good in 1982 (see
Chapter 4, Statistical Methods).
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participants were compliant at both the 1982 and 1987 examinations and the participants had
a good or excellent self-perception of health at the 1982 examination.

Model 1: Ranch Hands - Log (Initial Dioxin)

Under both the minimal and the maximal assumptions, there was a significant positive
association between initial dioxin and the percentage of Ranch Hands who reported fair or
poor health at the 1987 examination (Table 6-10 [a] and [b]: p=0.047, Est. RR=1.53 and
p=0.002, Est. RR=1.78, respectively). Under the minimal assumption, of the Ranch Hands
with a good or excellent self-perception of health at the 1982 examination, the percentages
with a poor or fair opinion of their health at the 1987 examination were 1.0, 3.1, and 5.9
percent for the low, medium, and high inittal dioxin categories. The corresponding
percentages under the maximal assumption were 0.7, 2.1, and 4.1 percent.

Model 2: Ranch Hands - Logy (Current Dioxin) and Time

Under the minimal assumption, the longitudinal analysis of the self-perception of health
of Ranch Hands did not detect a significant interaction between current dioxin and time since
tour (Table 6-10 [c]: p=0.189). However, for Ranch Hands with more than 18.6 years since
their tour, there was a significant positive association between current dioxin and the
percentage who reported fair or poor health at the 1987 examination (p=0.036, Est. RR=1.65).
Of the Ranch Hands who reported good or excellent health in 1982, the percentages reporting
fair or poor health in 1987 were 2.2, 2.9, and 10.5 percent for low, medium, and high current
dioxin.

Under the maximal assumption, the longitudinal analysis did not detect a significant
interaction between current dioxin and time since tour (Table 6-10 [d]: p=0.324). Similar to
the minimal analysis, there was a significant positive association between current dioxin and
the percentage of Ranch Hands who reported fair or poor health in 1987 within the greater
than 18.6 years time stratum (p=0.003, Est. RR=1.87), Of those Ranch Hands who reported
excellent or good health at the 1982 Baseline examination, the percentage who reported fair
or poor health at the 1987 examination increased with increasing current dioxin for this time
stratum (low, 0.0%; medium, 3.0%; high, 7.4%).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

For the longitudinal analysis, there was a significant difference among the percentage of
participants who reported fair or poor health at the 1987 examination for the four current
dioxin categories (Table 6-10 [e]: p=0.022). Of the participants who reported excellent or
good health in 1982, the percentages who reported fair or poor health in 1987 for the
background, unknown, low, and high current dioxin categories were 2.1, 0.4, 2.8, and 4.8
percent. Specifically, the contrast of the percentage of Ranch Hands in the high current dioxin
category who reported fair or poor health in 1987 versus the percentage of Comparisons in the
background category was of borderline significance (p=0.070, Est. RR=2.40, 95% C.1.;
[0.93,6.22]).
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Laboratory Examination Variable

Sedimentation Rate (Discrete)

For the longitudinal analyses, the percentages of participants with abnormal
sedimentation rates at the 1987 examination were examined for associations with initial
dioxin for Ranch Hands, current dioxin and time since tour for Ranch Hands, and categorized
current dioxin for Ranch Hands and Comparisons. Only those participants with normal
sedimentation rates at the 1982 Baseline examination were included in these analyses.
Table 6-11 presents the results of the longitudinal analyses.

For a specific longitudinal analysis (¢.g., minimal assumption, initial dioxin analysis),
the upper part of each subpanel of a table provides the percents of participants with an
abnormal sedimentation rate at each examination. The lower part of each subpanel presents
sample sizes, percents, relative risks, and associated 95 percent confidence intervals subject
to the requirement that participants were compliant at both the 1982 and 1987 examinations
and the participants had a normal sedimentation rate at the 1982 examination.

Due to laboratory differences, the cutpoint for sedimentation rate for the 1932 Baseline
examination differed from the cutpoint for the 1985 and 1987 examinations. The normal range
for sedimentation rate for the 1982 Baseline examination was less than or equal to 12 mm/hr,
and the normal range for the 1985 and 1987 examinations was less than or equal to 20 mm/hr.

Model 1: Ranch Hands - Logy (Initial Dioxin)

Under both the minimal and the maximal assumptions, the longitudinal analysis of the
sedimentation rate detected a nonsignificant positive association between initial dioxin and
the percentage of Ranch Hands with an abnormal sedimentation rate at the 1987 examination
(Table 6-11 [a] and [b}: p=0.361 and p=0.102, respectively).

Model 2: Ranch Hands - Log (Current Dioxin) and Time

The longitudinal analysis of sedimentation rate did not detect a significant interaction
between current dioxin and time since tour under either the minimal or the maximal
assumnption (Table 6-11 [c] and [d]: p=0.823 and p=0.922, respectively). The association
between current dioxin and the percentage of Ranch Hands with an abnormal sedimentation
rate in 1987 was also nonsignificant in the time strata under both assumptions (p>0.30 for all
analyses).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

For the longitudinal analysis there was a significant difference among the percentage of
participants with abnormal sedimentation rates for the four current dioxin categories (Table
6-11 {e]: p=0.010). Of the participants with normal sedimentation rates at the 1982
Baseline examination, the proportions with abnormal sedimentation rates at the 1987
followup examination for the background, unknown, low, and high current dioxin categories
were 2.3, 2.9, 5.4, and 7.4 percent. The percentage of Comparisons in the background
category with abnormal sedimentation rates in 1987 was significantly lower than the
percentage of Ranch Hands with abnormal sedimentation rates in 1987 in both the low
(p=0.033, Est. RR=2.43, 95% C.I.: [1.07,5.51]) and high (p=0.002, Est. RR=3.42,95% C.I.:
[1.59,7.33]) categories.
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TABLE 6-11.

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Log) (Initial Dioxin)

Percent ApnopnaU(n)

~— Examination
Initial
Assumption Dioxin : 1982 1985 1987
a) Minimal Low 4.0 8.2 6.5
(124) (122) (124)
Medium 3.1 7.2 9.0
(255) (250) (255)
High 24 4.0 8.0
(125) (124) (125)
— Normalin 1982
Percent
Initial nin Abnormal Est. Relative
Dioxin 1987 in 1987 Risk (95% C.I1.)a p-Value
Low 119 2.5 1.15 (0.85,1.56) 0.361
Medium 247 6.9
High 122 6.6

3Relative risk for a twofold increase in dioxin.

Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.
Statistical analyses are based only on participants who were normal in 1982 (see Chapter 4, Statistical

Methods).
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TABLE 6-11. (Continued)

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Log) (Initial Dioxin)

Percent Abnormal/(n)

—  Examination
Initial
Assumption Dioxin 1982 1985 1987
b) Maximal Low 29 4.8 4.7
(171) (168) (171)
Medium 2.8 7.1 7.2
(359) (352) (359)
High 2.8 4.0 7.8
(179) (177 (179)
—Normalin 1982
Percent
Initial nin Abnormal Est. Relative
Dioxin 1987 in 1987 Risk (95% C.1.)2 p-Value
Low 166 3.6 1.22 (0.97,1.55) 0.102
Medivm 349 52
High 174 5.8

ARelative risk for a twofold increase in dioxin.

Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt.
Maximal--Low: 25-56.9 ppt; Medium: >56.9-218 ppt; High: >218 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-.values given are in reference 0 a contrast of 1982 and 1987 results.

Statistical analyses are based only on participants who were normal in 1982 (see Chapter 4, Statistical
Methods).
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TABLE 6-11. (Continued)

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Logy (Current Dioxin) and Time

Percent Abnqrmall(n)

— CurrentDioxin
Time
Assumption (Yrs.) Examination Low Medium High
¢) Minimal <18.6 1982 7.3 1.6 0.0
(69) (125) (52)
1985 11.8 4.9 2.0
(68) (122) (51)
1987 10.1 6.4 1.9
{(69) (125) (52)
>18.6 1982 3.6 31 4.1
(55) (130) (73)
1985 9.3 7.8 4.1
(54) (128) (73)
1987 9.1 10.0 9.6
(55) (130) (73)
Normal in 1982:
Percent Abnormal/(n) in 1987
. Dioxi
Time Est. Relative
(Yrs.) Low Medium High Risk (95% C.1.)2 p-Value
0.823b
<18.6 3.1 6.5 19 1.14 (0.66,1.97) 0.649¢
(64) (123) (52)
>18.6 57 7.1 71 1.05 (0.71,1.55) 0.798¢
(53) (126) (70)

ARelative risk for a twofold increase in dioxin,

bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

©Test of significance for relative risk equal to 1 (current dioxin continuous, time categorized).

Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results.
Statistical analyses are based only on participants who were normal in 1982 (see Chapter 4, Statistical
Methods).
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TABLE 6-11. (Continued)

Longitudinal Analysis of Sedimentation Rate
(Discrete)

Ranch Hands - Log) (Current Dioxin) and Time

Percent Abnormal/(n)

Xin
Time
Assumption (Yrs.) Examination Low Medium High
d) Maximal <18.6 1982 42 3.8 0.0
(95) (185) (80)
1985 33 6.1 6.3
(92) (181) (79)
1987 3.2 6.5 6.3
95 (185) (80)
>18.6 1982 0.0 29 4.0
(76) (173) (100)
1985 4.0 7.6 5.1
(75) (171) (99)
1987 4.0 8.1 11.0

(76) (173)  (100)

Normal in 1982:
Percent Abnormal/(n) in 1987

Current Dioxin
Time Est. Relative
(Yrs.) Low Medium High Risk (95% C.1.)2 p-Value
0.922b
<18.6 2.2 39 6.3 1.20 (0.80,1.80) 0.390¢
(91) (178) (80"
>18.6 4.0 5.4 8.3 1.17 (0.86,1.57) 0.314¢
(76) (168) (96)

8Relative risk for a twofold increase in dioxin,

bTest of significance for homogeneity of relative risks (current dioxin continuous, time categorized).

CTest of significance for relative risk equal to 1 (current dioxin continuous, time categorized).

Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt.
Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations, P-values given are in reference to a contrast of 1982 and 1987 results.
Statistical analyses are based only on participants who were normal in 1982 (see Chapter 4, Statistical
Methods).
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TABLE 6-11. (Continued)

Longitudinal Analysis of Sedimentation Rate
(Discrete)

e) Ranch Hands and Comparisons by Current Dioxin Category

Percent Abnormal/(n)

Current Examination
Dioxin
Category 1982 1985 1987
Background 47 3.1 3.5
(686) (682) (686)
Unknown 22 3.5 3.5
(317) (311) (317)
Low 2.6 4.8 6.8
(192) (189) (192)
High 22 5.6 8.9
(180) (178) (180)
Normal in 1982
Current Percent
Dioxin nin Abnormal Est. Relative
Category 1987 in 1987 Contrast Risk (95% C.I) p-Value
Background 654 2.3 All Categories 0.010
Unknown 310 29 Unknown vs. Background  1.29 (0.56,2.99) 0.550
Low 187 5.4 Low vs. Background 2.43 (1.07,5.51) 0.033
High 176 7.4 High vs. Background 3.42 (1.59,7.33) 0.002

Note: Background (Comparisons): Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin £33.3 ppt.
High (Ranch Hands): Cumrent Dioxin »33.3 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1982 and 1987 results,
Statistical analyses are based only on participants who were normal in 1982 (see Chapter 4, Statistical
Methods).
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DISCUSSION :

In clinical medicine, the assessment of an individual’s general state of health is based
on subjective and objective indices derived from the history, physical examination, and '
laboratory testing. The variables analyzed in the current assessment were selected to be
sensitive to the overall state of health rather than specific to any organ system. Of the five
clinical variables analyzed in the current assessment, only the percent body fat and
sedimentation rate consistently showed strongly positive associations with the current and
extrapolated initial serum levels of dioxin.

The percent body fat easily is derived as an objective parameter related to good health.
Whereas obesity is a risk factor for cardiovascular disease and can contribute to hypertension
and diabetes mellitus, it is often the patient with unexplained weight loss who is clinically of
concern, Among the disorders considered in the current study that can induce unintentional
weight loss are metabolic diseases, such as diabetes mellitus and hyperthyroidism; occult
malignancy, most often lung or colon; drug abuse, for example alcoholism or cocaine addiction;
and emotional illness, such as anxiety or depression. To the extent that it can reflect
significant weight gain or loss, the percent body fat can serve as a valuable clinical clue to the
presence of occult disease.

A significant association between percent body fat and initial dioxin was evident in this
study. The relationship between dioxin and body fat was consistent whether dioxin was
measured on a lipid-adjusted basis or on a whole-weight basis. In the maximal cohort,

29.0 percent of those participants with high initial levels of dioxin met criteria for obesity by
discrete analysis in contrast to a 12.4 percent incidence of obesity in those with low initial
levels. Clinically, it would be difficult to explain the finding of higher levels of dioxin in
relatively obese participants on the basis of any health detriment. While several studies
have documented that a mobile equilibrium exists between serum and adipose tissue levels
(11, 37), the pharmacokinetics of dioxin in obese versus lean individuals have not been
studied prospectively over time.

The sedimentation rate can be a sensitive, if nonspecific, index of general health.
Pertinent to the longitudinal design of the current study is the effect of age: A rate as high as
40 millimeters per hour is considered within the range of normal at age 65. Extreme
elevations in the sedimentation rate consistently are associated with serious underlying
disease, usually malignancy.

In groups of close to identical size, 4.9 percent of participants with low serum dioxin
levels (25 ppt to 56.9 ppt) were found to have elevated sedimentation rates while those with
the highest levels (more than 218 ppt) had an 8.1 percent incidence of abnormal elevations.
Furthermore, consistent with results described in the 1985 and 1987 reports, a significantly
higher incidence of abnormally elevated sedimentation rates was noted in the Ranch Hand
versus the Comparison cohort in a pattern strongly suggestive of a dose-response effect.
Finally, the possibility of a temporal effect is raised by the significantly higher incidence of
sedimentation rate elevations in Ranch Hands who are now more removed from service in
SEA (>18.6 years). Though of uncertain cause, these results raise the possibility that some
clinically occult disease process may be present in the Ranch Hand cohort and highlight the
need for continued evaluation of ESR in subsequent examination cycles.
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The longitudinal analyses of sedimentation rate reveal positive but nonsignificant
associations for Ranch Hand-only analyses using initial dioxin, as well as current dioxin and
time since tour. The longitudinal analysis of categorized current dioxin did reveal a dose-
response pattern when considering Ranch Hands and Comparisons.

SUMMARY

For the general health assessment, the following five variables were evaluated for an
association with serum dioxin levels: self-perception of health, appearance of illness or
distress at physical examination, relative age, percent body fat, and sedimentation rate. All
five variables were analyzed in discrete form. Percent body fat and sedimentation rate were
also analyzed as continuous variables. Tables 6-12, 6-13, and 6-14 provide the results of
analyses based on initial dioxin, current dioxin and time since tour, and categorized current
dioxin.

Model 1: Ranch Hands - Logz (Initial Dioxin)

For the unadjusted analysis of self-perception of health, there was a marginally
significant positive association with initial dioxin under the maximal assumption. For the
unadjusted analysis of percent body fat expressed in the continuous form, significant positive
associations with initial dioxin were found under both the minimal and maximal assumptions
(Table 6-12: p=0.001 and p<0.001). Significant positive associations were also found for
percent body fat expressed as a discrete variable (p=0.012 and p<0.001). In the unadjusted
analyses of sedimentation rate in continuous form, a marginally significant positive
association with initial dioxin was found under the minimal assumption and a significant
positive association (p<0.001) was found under the maximal assumption. For the discrete
form of sedimentation rate, there was a positive association with initial dioxin that was of
borderline significance under the maximal assumption. The other two dependent variables
displayed nonsignificant, albeit positive associations with initial dioxin for the unadjusted
analyses.

Regardless of its form, percent body fat again displayed significant positive associations
with initial dioxin under both the minimal and maximal assumptions for the adjusted analyses.
For sedimentation rate evaluated in continuous form, the adjusted analyses displayed
positive significant associations with initial dioxin (p=0.002 and p<0.001) for the minimal and
maximal assumptions. For sedimentation rate expressed in discrete form, there was a
significant positive association for the maximal assumption (p=0.008).

For the adjusted analysis of self-perception of health, there was a significant interaction
between initial dioxin and age for the minimal analysis, and an interaction of initial dioxin and
personality type for the maximal analysis. For the interaction of initial dioxin with age, Ranch
Hands born in or after 1942 had a significant positive association with initial dioxin, and those
born prior to 1942 had 2 nonsignificant negative association. For the interaction of initial
dioxin with personality type, Ranch Hands classified as type A had a significant positive
association with initial dioxin and those classified as type B had a nonsignificant positive
association. After excluding these interactions, there was a nonsignificant positive
association with initial dioxin for the minimal analysis, and a marginally significant positive
association with initial dioxin for the maximal analysis. The adjusted analyses of appearance
of iliness or distress and relative age were nonsignificant under both assumptions.
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TABLE 6-12.

Summary of Initial Dioxin Analyses for General Health Variables
Based on Minimal and Maximal Assumptions

(Ranch Hands Only)
Unadjusted Adjusted

Variable Minimal Maximal Minimal Maximal
Questionnaire
Self-Perception

of Health (D) NS NS* ** (NS) ** (NS¥)
Physical Examination
Appearance of Illness or

Distress by Physician (D) NS NS NS NS
Relative Age (D) NS NS NS NS
Percent Body Fat (C) +0.001 +<0.001 +0.001 +<0.001
Percent Body Fat (D) +0.012 +<0.001 +0.010 +<0.001
Laboratory
Sedimentation Rate (C) NS* +<0.001 +0.002 +<0.001
Sedimentation Rate (D) NS NS* NS +0.008

8Negative slope considered adverse for this variable.
C: Continuous analysis.
D: Disctete analysis.
+ Relative risk 1.00 or greater for discrete analysis; slope nonnegative for continuous analysis.
NS: Not significant (p>0.10).
NS*: Marginally significant (0.05<p<0.10).
** (NS): Logj (initial dioxin)-by-covariate interaction (0.01<p<0.05); not significant when interaction is deleted;
refer 10 Appendix Table E-1 for a detailed description of this interaction.
** (NS*): Log, (initial dioxin)-by-covariate interaction (0.01<p<0.05); marginally significant when interaction is
deleted; refer 1o Appendix Table E-1 for a detailed description of this interaction.
Note: P-value given if pg0.05.
A capital “NS” denotes relative risk 1.00 or greater for discrete analysis or nonnegative for continuous analysis.
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TABLE 6-13.

Summary of Current Dioxin and Time Analyses for General Health

Variables Based on Minimal and Maximal Assumptions

(Ranch Hands Only)
Unadjusted
Minimal Maximal

Variable C*T <18.6 >18.6 C*T <18.6 >18.6
Questionnaire
Self-Perception

of Health (D) NS* ns NS NS NS NS*
Physical Examination
Appearance of Illness or

Distress by Physician (D) NS ns NS NS ns NS
Relative Age (D) -0.039  +0.027 ns -0.024  +0.028 ns
Percent Body Fatd (C) NS NS§* +0.014 ns +<0.001 +<0.001
Percent Body Fat (D) NS NS +0.045 ns +0.001  +0.013
Laboratory
Sedimentation Rate (C) NS ns NS NS NS +0.011
Sedimentation Rate (D) NS ns NS NS ns NS*

8Negative siope considered adverse for this variable.
C: Continuous analysis.
D: Discrete analysis.

+1 <18.6 and >18.6: Relative risk 1.00 or greater for discrete analysis; slope nonnegative for continuous analysis.
-1 C*T: Relative risk/slope for <18.6 category greater than relative risk/slope for >18.6 category.

NS/ms: Not significant (p>0.10).
NS5*: Marginally significant (0.05<p<0.10).
Notes: P-value given if p<0.05.

C*T: Logy (current dioxin)-by-time interaction hypothesis test.
<18.6: Logy (current dioxin) hypothesis test for Ranch Hands with time since end of tour of 18.6 years or

less.

>18.6: Log, (current dioxin) hypothesis test for Ranch Hands with time since end of tour greater than 18.6

years,

A capital “NS” denotes relative risk/slope for $18.6 category less than relative risk/slope for >18.6 category,
relative risk 1.00 or greater for discrete analysis, or slope nonnegative for continuous analysis; a lowercase
“ns” denotes relative risk/slope for <18.6 category greater than relative risk/slope for >18.6 category,
relative risk less than 1,00 for discrete analysis, or slope negative for continuous analysis.
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TABLE 6-13. (Continued)

Summary of Current Dioxin and Time Analyses for General Health
Variables Based on Minimal and Maximal Assumptions

(Ranch Hands Only)
Adjusted
Minimal Maximal

Variable C*T <18.6 >18.6 C*T <18.6 >18.6
Questionnaire
Self-Perception

Of Heah_h (D) Erkk L b ] ] ek eskesek HRWN ek
Physical Examination
Appearance of Illness or

Distress by Physician (D) NS ns NS NS ns NS
Relative Age (D) -0.039 +0.027 ns -0.026 NS* ns
Percent Body Fat? (C) NS NS* +0.008 ns +<0.001 +<0.001
Percent Body Fat (D) NS NS +0.029 ns +<0.001 +0.003
Laboratory
Sedimentation Rate (C) NS NS +0.026 NS +0.031 +<0.001
Sedimentation Rate (D) NS ns NS NS NS +0.007

2Negative slope considered adverse for this variable,
C: Continuous analysis.
D: Discrete analysis.
+: <18.6 and >18.6: Relative risk 1.00 or greater for discrete analysis; slope nonnegative for continuous analysis.
-~ C*T: Relative risk/slope for <18.6 category greater than relative risk/slope for >18.6 category.
NS/ns: Not significant (p>0.10).
NS*: Marginally significant (0.05<p<0.10).
*+%*; Logy (current dioxin)-by-time-by-covariate interaction (p<0.01); refer to Appendix Table E-t for a detailed
description of this interaction.
Notes: P-value given if p<0.05.
C*T: Logy (current dioxin)-by-time interaction hypothesis test.
<18.6: Logy (current dioxin) hypothesis test for Ranch Hands with time since end of tour of 18.6 years or
less.
>18.6: Logg (current dioxin) hypothesis test for Ranch Hands with time since end of tour greater than 18.6
years,
A capital “N5” denotes relative risk/slope for $18.6 category less than relative risk/slope for >18.6 category,
relative risk 1.00 or greater for discrete analysis, or slope nonnegative for continuous analysis; a lowercase
“ns” denotes relative risk/slope for $18.6 category greater than relative risk/slope for >18.6 category, relative
risk less than 1.00 for discrete analysis, or slope negative for continuous analysis.
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TABLE 6-14.

Summary of Categorized Current Dioxin Analyses for
General Health Variables
(Ranch Hands and Comparisons)

Unadjusted
Unknown Low High
‘ versus versus versus
Variable All Background  Background Background
Questionnaire
Self-Perception
of Health (D) NS ns NS NS
Physical Examination
Appearance of Illness or
Distress by Physician (D) NS NS - - NS
Relative Age (D) NS NS ns NS
Percent Body Fat? (C) <0.001 -<0.001 NS +<0.001
Percent Body Fat (D) <0.001 -<0.001 ns NS*
Laboratory
Sedimentation Rate (C) 0.002 -0.025 NS* NS*
Sedimentation Rate (D) 0.003 NS +0.018 +0.001

aNegative difference considered adverse for this variable.

C: Continuous analysis. '

D: Discrete analysis.

+: Relative risk 1.00 or greater for discrete analysis; difference in means nonnegative for continuous analysis.

.. Relative risk less than 1.00 for discrete analysis; difference in means negative for continuous analysis.

. Analysis not performed due to category with no abnormalities.

NS/ns: Not significant (p>0.10}.

NS*: Marginally significant (0.05<p<0.10).

Note: P-value given if p<0.05.
A capital “NS” denotes relative risk 1.00 or greater for discrete analysis or difference in means nonnegative for
continvous analysis; a lowercase “ns” denotes relative risk less than 1.00 for discrete analysis; a capital “NS"
in the first column does not imply directionality.
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TABLE 6-14. (Continued)

Summary of Categorized Current Dioxin Analyses for
General Health Variables
(Ranch Hands and Comparisons)

Adjusted
Unknown Low High
versus Versus versus

Variable ' All Background  Background Background
Questionnaire
Self-Perception

of Health (D) NS ns NS NS
Physical Examination
Appearance of Illness or

Distress by Physician (D) ** (NS) ** (NS) - - ** (NS)
Relative Age (D) NS NS ns NS
Percent Body Fat2 (C) <0.001 -<0.001 NS +<0.001
Percent Body Fat (D) <0.001 -<0.001 ns NS*
Laboratory
Sedimentation Rate (C) ** (<0.001) ** (-0.007)  ** (NS*)  ** (+0.004)
Sedimentation Rate (D) <0.001 NS +0.015 +<0.001

SNegative difference considered adverse for this variable.
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk 1.00 or greater for discrete analysis; difference in means nonnegative for continuous analysis.
- Relative risk less than 1.00 for discrete analysis; difference in means negative for continuous analysis.
--t  Analysis not performed due to category with no abnormalities.
NS/ns: Not significant (p>0.10).
NS*: Marginally significant (0.05<p<0.10).
#% (NS): Categorized cumrent dioxin-by-covariate interaction (0.01<p<0.05); not significant when interaction is
deleted; refer 1o Appendix Table E-1 for a detailed description of this interaction.
#» (NS*): Categorized current dioxin-by-covariate interaction (0.01<p<0.05); marginally significant when interaction
is deleted; refer to Appendix Table E-1 for a detailed description of this interaction.
*+ (): Categorized current dioxin-by-covariate interaction (0.01<p<0.05); significant when interaction is deleted, and
p-value is given in parentheses; refer to Appendix Table E-1 for a detailed description of this interaction.
Note: P.value given if pg0.05.
A capital “NS” denotes relative risk 1.00 or greater for discrete analysis or difference in means nonnegative for
continuous snalysis; a lowercase “ns” denotes relative risk less than 1.00 for discrete analysis; a capital “NS*"
in the first column does not imply directionality,
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Under both the minimal and maximal assumptions of the longitudinal analyses of self-
perception of health, a significant positive association was found between initial dioxin and
the percentage of Ranch Hands having an abnormal self-perception of health in 1987 (p=0.047
and p=0.002, respectively). That is, the prevalence of a fair or poor self-perception of health
in 1987, conditioned on excellent or good health in 1982, increased with an increase in initial
dioxin for both cohorts. However, the percentage of participants who reported their health as
fair or poor in 1987 decreased by over 50 percent since 1982. No significant associations with
initial dioxin were observed in the longitudinal analyses of sedimentation rate.

Model 2: Ranch Hands - Logy (Current Dioxin) and Time

For the unadjusted analysis of relative age, there was a significant interaction between
current dioxin and time since tour under the minimal assumption and the maximal assumption
(Table 6-13: p=0.039 and p=0.024, respectively). Under both assumptions, the estimated
relative risks were significant and exceeded 1 for men with 18.6 years or less since tour
(minimal, p=0.027; maximal, p=0.028). For those with more than 18.6 years since tour, the
associations with current dioxin were negative but nonsignificant under both assumptions.

In the unadjusted analysis under the minimal assumption of self-perception of health,
the interaction of current dioxin and time was marginally significant. For those men with 18.6
years or less, there was a nonsignificant negative association between self-perception of
health and current dioxin and for those with more than 18.6 years there was a nonsignificant
positive association with current dioxin. Under the maximal assumption, the unadjusted
analysis of self-perception of health displayed a nonsignificant current dioxin-by-time
interaction with a marginally significant positive association with current dioxin for those men
with greater than 18.6 years since tour.

For both continuous and discrete measures of percent body fat, the unadjusted analyses
contained nonsignificant current dioxin-by-time interactions under both assumptions.
However, for these analyses both time strata exhibited positive associations with current
dioxin that generally were significant.

For appearance of illness or distress at the physical examination, and also for both
measures of sedimentation rate, the unadjusted analyses exhibited nonsignificant current
dioxin-by-time interactions under both assumptions.

For continuous and discrete sedimentation rate, the unadjusted analyses under the
maximal assumption contained positive associations with current dioxin that were at least
marginally significant for those men with greater than 18.6 years since tour.

In the adjusted analysis of relative age, the current dioxin-by-time interaction was
significant under both assumptions (minimal, p=0.039; maximal, p=0.026). The minimal
analysis exhibited a significant positive association with current dioxin (p=0.027) and the
maximal analysis exhibited a marginally significant positive association among those more
recently exposed (<18.6 years). Under both assumptions, the association for those men
exposed more than 18.6 years was negative but nonsignificant.
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. For self-perception of health, the adjusted analyses under both assumptions exhibited
significant current dioxin-by-time-by-personality type interactions (minimal, p=0.007;
maximal, p=0.005). Exploration of the interactions showed that under both assumptions, the
current dioxin-by-time interactions were significant for Ranch Hands classified as type A,
and for these same individuals there was a nonsignificant negative association with current
dioxin for the more recently exposed men (<18.6 years) and a significant positive association
with current dioxin for those with earlier tours (>18.6 years). Analyses for Ranch Hands
classified as type B exhibited nonsignificant results.

In the adjusted analyses of both measures of percent body fat, the interactions of current
dioxin and time were not significant under both assumptions. However, under the minimal
assumption, there were significant positive associations with current dioxin for time since
tour more than 18.6 years (continuous, p=0.008; discrete, p=0.029), and for the maximal
assumption both time strata displayed significant positive associations with current dioxin
(continuous, p<0.001 and p<0.001; discrete, p<0.001 and p=0.003, for time<18.6 years and
time>18.6 years).

For both forms of sedimentation rate, the adjusted analyses exhibited nonsignificant
current dioxin-by-time interactions. For continuous sedimentation rate, the association with
current dioxin was positive and significant (p=0.026) under the minimal assumption for men
exposed more than 18.6 years. For continuous sedimentation rate, the association with
current dioxin was positive and significant under the maximal assumption for men with 18.6
years or less since tour (p=0.031) and for men with more than 18.6 years since tour
(p<0.001). For the discrete version of sedimentation rate, there was a significant positive
association with current dioxin for more than 18.6 years (p=0.007) under the maximal
assumption.

In the adjusted analysis of illness or distress at the physical examination, no covariates
had a significant effect, hence the unadjusted nonsignificant interactions between current
dioxin and time under both assumptions were the same as in the adjusted analysis.

In the longitudinal analyses of self-perception of health, the current dioxin-by-time
interactions were nonsignificant. However, significant positive associations between current
dioxin and the percentage of Ranch Hands having an abnormal self-perception of health in
1987 were present for both the minimal and maximal assumptions (p=0.036 and p=0.003).
No significant results were detected in the longitudinal analyses of sedimentation rate.

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

In the unadjusted analysis of percent body fat using the four current dioxin categories,
the overall contrasts were significant (Table 6-14, continuous and discrete, p<0.001). For
percent body fat, the unknown versus background contrast was significant with background
being higher than unknown (p<0.001). In addition, the high category exceeded background
significantly for continuous percent body fat (p<0.001) and marginally for discrete percent
body fat.

For both continuous and discrete sedimentation rate, the overall unadjusted contrast
was significant (p=0.002 and p=0.003, respectively). For the contrasts using continuous
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sedimentation rate, the unknown versus background contrast was significant (p=0.025) with
the background category exceeding the unknown category. Both the low versus background
contrast and the high versus background contrast were marginally significant with the high-
and low categories having higher mean sedimentation rates than background. For the
discrete form of sedimentation rate, the low versus background and high versus background
contrasts were significant (p=0.018 and p=0.001, respectively) with both contrasts having
estimated relative risks above 2.

The unadjusted analyses of self-perception of health, appearance of illness or distress
at the physical examination, and relative age exhibited nonsignificant differences among the
four current dioxin categories.

In the adjusted analysis of percent body fat, the overall contrast of the four current
dioxin categories was significant (p<0.001) for both the continuous and the discrete measure.
The contrast for Ranch Hands of the unknown current dioxin category versus Comparisons of
the background current dioxin category was significant with the Comparisons being higher
(p<0.001 for both continuous and discrete). In the analysis of percent body fat as a
continuous variable, Ranch Hands in the high category significantly exceeded the background
category of Comparisons (p<0.001). The corresponding adjusted relative risk for discrete
percent body fat was positive and marginally significant.

For sedimentation rate in continuous form, the adjusted analysis contained a significant
interaction between categorized current dioxin and age. The interaction was investigated for
study participants born in or after 1942 and those born prior to 1942. The younger and older
groups displayed significant overall contrasts (p=0.009 and p<0.001, respectively). For the
younger participants, the unknown versus background contrast was marginally significant
with the background category having the higher adjusted mean sedimentation rate, and the
low versus background contrast was significant with the Ranch Hands in the low category
having the higher adjusted mean sedimentation rate. For the older participants, the unknown
versus background contrast was significant with background having the higher adjusted mean
sedimentation rate, and the high versus background contrast was also significant with the
Ranch Hands in the high category having the higher adjusted mean. A followup adjusted
analysis of sedimentation rate without the interaction was performed. The analysis displayed
a significant overall contrast (p<0.001), a significant unknown versus background contrast
(p=0.007), a marginally significant low versus background contrast, and a significant high
versus background contrast (p=0.004). For the last two contrasts, the adjusted
sedimentation rate means of the Ranch Hands exceeded the background Comparison group.
For the unknown versus background contrast, Ranch Hands in the unknown category had a
lower adjusted mean sedimentation rate. For the adjusted analysis of sedimentation rate as
a discrete variable, the overall contrast of the four current dioxin categories was significant
(p<0.001), as was the low versus background contrast (p=0.015), and the high versus
background contrast (p<0.001). These contrasts had adjusted relative risks above 2 and 3,
respectively.

For relative age and self-perception of health, the adjusted analyses were not
significant. For the appearance of illness or distress at the physical examination, there was a
significant interaction between categorized current dioxin and age. Investigation of the
interaction for younger and older study participants failed to display a significant overall
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contrast. A followup adjusted model without the interaction with age exhibited no significant
differences.

In the longitudinal analysis of self-perception of health, the percentages of participants
who reported fair or poor health in 1987 differed significantly among the current dioxin
categories (p=0.022), specifically between the high and background categories (p=0.070).
The longitudinal analysis of sedimentation rate also demonstrated a significant difference in
the percentages of abnormal rates in 1987 among the current dioxin categories (p=0.010).
The low and high current dioxin categories had higher percentages than the background
category (p=0.033 and p=0.002, respectively).

CONCLUSION

In general, percent body fat and sedimentation rate exhibited significant positive
associations with initial dioxin. The other variables exhibited positive but nonsignificant
associations with initial dioxin. The unadjusted and adjusted analyses of relative age
exhibited significant interactions between current dioxin and time since tour. For Ranch
Hands with 18.6 years or less since tour, the associations between relative age and current
dioxin were positive and at least marginally significant for each analysis type and
assumption. For the other variables, the current dioxin-by-time analyses generally
displayed nonsignificant but positive associations with current dioxin. In general, the
unadjusted and adjusted analyses for the four current dioxin categories exhibited overall
significant contrasts for percent body fat and sedimentation rate and the high versus
background contrast and the low versus background contrast were significant with the Ranch
Hands exceeding Comparisons. The percent body fat results for the four current dioxin
categories appear to display an increasing association with dioxin within the Ranch Hands
(i.e., unknown, low, and high categories); however, the background category for Comparisons
exceeds the unknown category for Ranch Hands.

The longitudinal analyses of self-perception of health demonstrated significant positive
associations with initial dioxin and current dioxin. However, the percentage of participants
who reported fair or poor health decreased by more than 50 percent from 1982 to 1987. In the
longitudinal analyses of sedimentation rate, the percentages of abnormalities in 1987 differed
significantly among the current dioxin categories.

In summary, with the exception of the sedimentation rate, the data analyzed in the
current section failed to reveal any health detriment consequent to herbicide exposure or to
the current body burden of dioxin.
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