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CHAPTER 10
NEOPLASIA ASSESSMENT

INTRODUCTION
Background

Despite conclusive evidence that chlorophenols are potent carcinogens in laboratory
animals, the carcinogenicity of dioxin in humans remains controversial. Traditional
difficulties in extrapolating animal data to humans have limited the appllcablllty and
relevance of much of the experimental work. :

Numerous long-term exposure studies have established the carcinogenicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD, or dioxin) in rats (1,2), mice (3-5), and hamsters (6).
The consensus of most research is that TCDD is only weakly mutagenic and does not
covalently bind to DNA or cause it to initiate repair synthesis, but that it does behave as a
strong tumor promoter at the cellular level (7).

The oncogenic response to TCDD in animals has been shown repeatedly to depend upon
the age, sex, and strain of species as well as the dose and route of administration (8-10). In
varying doses and routes of administration, TCDD has produced malignant neoplasms at
multiple sites in rats (lung, oropharyngeal, thyroid, adrenal, and liver) (2,3), in mice
(thyroid, thymus, connective tissue, and liver) (3), and in hamsters (cutaneous) (6). As
summarized in detail in a recent review article (11), much of the basic research into the
carcinogenicity of TCDD in laboratory animals has focused on the aryl hydrocarbon (Ah)
receptor and the induction of the cytochrome P-450 enzyme system (12-16). Though the Ah
receptor has been isolated from the tissue of several human organs (e.g., liver, colon,
tonsils) (17-22), the relevance of these observations to dioxin toxicity remains to be proven
(23).

Most of the longitudinal epidemiologic studies of TCDD toxicity in humans have
included malignancy as a principal clinical endpoint and have been based on cohorts of
- veterans who served in the Vietnam era (24-28) and of civilian populations exposed to dioxin
.. by occupation (29-37) or as a consequence of industrial accidents (38-42). The literature
|- based on research prior to 1987 has been summarized in earlier reports of the Air Force
Health Study (AFHS) (25,43) and will not be reviewed in detail. Two more recent large-

- scale studies, though not designed to correlate clinical endpoints with exposure to Herbicide
Orange, have focused on the incidence of specific cancers in Vietnam veterans.

The Department of Veterans Affairs is conducting a proportionate mortality study of
Army and Marine Corps veterans of the Vietnam era. The study has now been expanded to
include 62,068 veterans who died between 1965 and 1984. The finding in an earlier report -
(44) of an increased incidence of lung cancer and non-Hodgkin’s lymphoma in Marine
Vietnam veterans was not confirmed in a more recent study of similar design in U.S. Army -
veterans who served in the same region at the same time (45). In another report (46), Army
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veterans were found to have an increased mortality from cancer of the lung and larynx. The
Vietnam Experience Study (VES) and the Selected Cancers Cooperative Study Group
conducted by the Centers for Disease Control (CDC) have defined an increased risk for the
development of non-Hodgkin’s lymphoma associated with military service in Vietnam but no
relationship to potential exposure to Herbicide Orange (47,48). These results conflicted with
the findings from another Veterans’ Administration hospital-based study (49) and other
reports from the VES have found no increase in the incidence of Hodgkin’s disease (50) or
soft-tissue and other sarcomas (51).

The development of assay techniques that permit the accurate determination of the
current body burden of dioxin has placed the current investigation on a much more scientific
footing. As the only study of military veterans incorporating serum dioxin levels into data
analysis, the AFHS is unique among those studies addressing the history of malignancy in
those who served in the Vietnam War (24). Stratification of the Ranch Hand cohort by
occupation revealed significantly higher mean levels of serum dioxin in the enlisted
groundcrew (23.6 parts per trillion [ppt]) and the enhsted flyers (17.2 ppt) than in the
officers (range of 6.7 - 9.3 ppt).

There was no significant difference between the cohorts in the overall history of
malignancy. Though there is no evidence that TCDD exposure causes skin cancer in
humans, the Baseline and subsequent followup examinations found an increased history of
basal cell carcinoma in the Ranch Hand cohort versus the Comparison cohort. Stratified
analysis based on serum dioxin levels, however, did not reveal a dose-response effect. The
greatest number of these skin cancers occurred in those participants (officers) with the lowest
mean serum dioxin levels. In a pattern consistent with a dose-response effect, the history of
benign systemic neoplasms was greater in Ranch Hands than in Comparisons, most of these
neoplasms were lipomas. With reference to those systemic cancers that have been suspect as
related to TCDD exposure, there has been one case of soft tissue sarcoma (STS) in each
cohort (Ranch Hand and Comparisons) and one case of Hodgkin’s disease in a Ranch Hand
participant.

Apart from the AFHS, several published reports have incorporated tissue levels of
TCDD into the analysis of data derived from populations exposed by occupation (14,29,52)
or by industrial accidents (39,40,53). As part of the National Institute of Occupational
Safety and Health’s (NIOSH) Dioxin Registry, one study examined cause-specific mortality

among 5,172 workers exposed to TCDD at 12 chemical production plants (29). Exposure
was documented by job description and by correlation with serum TCDD levels in 253
workers in the surviving cohort. The median serum TCDD level in living members of the
exposed cohort was 233 parts per trillion and 7 ppt in the unexposed cohort.” In exposed
workers, there was a slight but statistically significant increase in mortality from all cancers
combined but not from those malignancies putatively associated with TCDD exposure (non-
Hodgkin’s lymphoma, Hodgkin’s disease, and STS). In a subcohort of 1,520 workers with a
longer period of exposure (more than 1 year; mean serum TCDD of 418 ppt in 119 samples)
and greater latency (more than 20 years since first exposure) there was-a further increase in
mortality from all cancers combined and a significantly increased mortallty from soft-tlssue
sarcoma and for cancers of the respiratory tract.
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Though the authors of the NIOSH study recognized such methodologic limitations as

low statistical power, misclassification of death certificates, and potential confounders, some

of their results were similar to those reported in the most recent study of German chemical
workers exposed to TCDD during and after a chlorophenol reactor accident in 1953 (40).
Within the total study group of 247, a subcohort of 69 was defined. All of these men
developed cthloracne and, for those tested, the median serum TCDD level was 24.5 ppt. In
this most heavily exposed group, there was a statistically significant increase in mortality
from all cancers combined although, as in the NIOSH study, the effect was apparent only in
those with latency greater than 20 years. A similar latency effect was noted in another
mortality study of 1,583 workers employed at the same plant (after the explosion) from 1954
to 1984 (33). Participants were stratified into high and low exposure groups by job
classification and, in 48 individuals, by adipose tissue levels of TCDD (average of 296 ng/kg
and 83 ng/kg respectively). In the highly exposed group, standardized mortality ratios
(SMRs) for all causes of death were elevated relative to two comparison cohorts and the risk
became clearly more pronounced in those with more than 20 years employment (SMRs rising
from 1.24 to 1.87 and 1.39 to 1.82 versus the two comparison cohorts). Potential limitations
of this study were acknowledged and commented upon separately (54).

Finally, the limited amount of tissue level data that has become available from the 1976
industrial explosion at Seveso, Italy reflects the extreme level of exposure that occurred. In
the area closest to the source (Zone A), serum levels of TCDD ranged from 828 ppt to
56,000 ppt, the highest ever recorded in humans (53). Cancer surveillance has been limited

" by the small number of cases observed. In the most recent report that covers the decade up

to 1986 (39), slight increases in the risk of several malignancies have been noted but, with
the exception of the occurrence of biliary cancer in women, were not statistically significant.

Summary of Previous Analyses of the Air Force Health Study

1982 Baseline Study Summary Results

Cancer received major emphasis during the AFHS Baseline examination in 1982. The

~ neoplasia assessment used data from both the in-home questionnaire and the review-of-

systems questionnaire obtained during the physical examination as well as data from the

- examination itself. All subjective data were verified by medical record reviews. In addition,

tabulation of mortality count data from the Baseline Mortality Report was used in conjunction

- with cancer morbidity information. The overall results did not show a significant difference
. in systemic cancer between the two groups but did show s1gmﬁcantly more skin cancer
: (p=0.03) in the Ranch Hand group.

Of 50 reported systemic cancers from the Ranch Hand and Comparison groups, 28 (14
in each group) were verified by medical records and pathology reports. A visual inspection
of anatomic sites showed a slight excess of genitourinary cancer and oropharyngeal cancer
but a relative deficit of digestive system neoplasms in Ranch Hands. A combined morbidity-
mortality assessment derived from the initial 1:1 match (Ranch Hand to the Original
Comparison member) disclosed similar distributions. One case of STS and one case of
Hodgkin’s disease were confirmed, both in the Comparison group. - Exposure analyses for
industrial chemicals and x rays were negative.
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Questionnaire data verified by medical record reviews revealed significantly more skin
cancer in Ranch Hands (odds ratio 2.35). Basal cell carcinoma accounted for 83.9 percent of
the reported skin cancers in both groups and was concentrated anatomically on the face,
head, and neck. The few melanoma and squamous cell cancers were distributed evenly
between the Ranch Hand and Comparison groups. Adjustments for occupational exposures
(e.g:, asbestos, degreasing chemicals) did not alter the increased rate of skin cancer in the
Ranch Hand group. Skin cancer in both groups was associated with exposure to industrial
chemicals (p=0.03). Outdoor occupations subsequent to military service as a covariate did
not account for the significant skin cancer association.

1985 Followup Study Summary Results

The Baseline and 1985 followup data were combined for the assessment of lifetime
history of cancer; occurrences of cancer prior to their service in Southeast Asia (SEA) were
excluded.

For the unadjusted analyses (Blacks and non-Blacks included), Ranch Hands had a
significantly greater frequency of a verified skin neoplasm (malignant, benign, or uncertain
behavior or unspecified nature) than Comparisons. There were no significant unadjusted
group differences among non-Black participants for basal cell carcinoma, squamous cell
carcinoma, melanoma, or all malignant skin neoplasms. For verified sun exposure-related
malignant skin neoplasms, Ranch Hands had a marginally significantly greater frequency than
Comparisons. The groups did not differ significantly for verified and suspected sun
exposure-related malignant skin neoplasms. The adjusted group contrast in histories of the
sun exposure-related skin cancers, the majonty of which were basal cell carcinomas, also
was significant (p=0.030).

The unadjusted group contrasts of the incidence rates of all systemic cancers combined
were not significant. There was one new occurrence of an STS (Ranch Hand) and one
suspected cancer of the lymphatic system (Ranch Hand), in addition to the one previously
reported STS and one Hodgkin’s disease in the Comparison group. There were no cases of
non-Hodgkin’s lymphoma in either group at the time of the 1985 report. '

1987 Followup Study Summary Results

The unadjusted analysis of all verified neoplasms indicated that the proportion of Ranch
Hands with a neoplasm was significantly greater than that of Comparisons. After including
suspected neoplasms with verified neoplasms, the Ranch Hand proportion was marginally
greater than the Comparison proportion. The majority of malignant neoplasms observed in
Ranch Hands were basal cell carcinomas, a nonlife-threatening form of skin cancer. When
the analysis was performed only on skin neoplasms for non-Black partlclpants significantly
more Ranch Hands had a skin neoplasm than did Comparisons.

In the unadjusted analyses of verified basal cell carcinoma, a marginally significant

group difference was found. - After adjustment for covariates, the group contrast was
statistically significant for verified basal cell carcinoma. Also, Ranch Hands had a
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. -significantly higher percentage of participants with multiple verified basal cell carcinomas
than did Comparisons.

~ Sun exposure-related malignant skin neoplasms also exhibited group differences.
(Approximately 90 percent of the participants with a sun exposure-related malignant
‘neoplasm had a basal cell carcinoma.) For the unadjusted analysis, the group contrast was
significant for verified diagnoses. For the adjusted analysis of these neoplasms, Ranch
Hands and Comparisons differed significantly. '

.. No significant group differences were found in the analyses of systemic neoplasms by
‘number, behavior (malignant, benign, or uncertain behavior or unspecified nature), or
location and site. Thus, the increase in overall malignancy was due to elevated relative risks
for skin cancer (basal cell carcinoma). The number of STS and non-Hodgkm’s lymphoma
was comparable in the two groups. :

- Serum Dioxin Analysis of 1987 Followup Study Summary Results

: The analyses generally did not establish a significant posmve association between dioxin
-and the presence of a skin neoplasm. Significant relative risks were found for the skin
.- neoplasm analyses; however, the relative risks were almost always less than 1. For the
analyses focusing on enlisted flyers with a basal cell carcinoma of other sites (and a sun
exposure-related malignant skin neoplasm of other sites), relative risks were found to be
. significant and greater than 1. However, these results may be the consequence of a multiple-
testing artifact, since they were not noted for the enlisted groundcrew who, as a group, had
- higher levels of serum dioxin than the enlisted flyers.

: In general, the analyses of all systemic neoplasms combined produced some significant
.- or marginally significant relative risks greater than 1. The relative risk for participants with
a benign systemic neoplasm (such as a lipoma) was significantly greater than 1, in contrast to
-ponsignificant relative risks, which were often less than 1, for participants with a malignant
-gystemic neoplasm.

The study provides no evidence of increased incidence for the neoplasms most
commonly suspected as being associated with exposure to chlorophenols (Hodgkin’s disease,
- non-Hodgkin’s lymphoma, and STS). However, the number of participants with these
- specific neoplasms was small; therefore, the statistical power to detect small or moderately
", elevated relative risks was low. There is no evidence of a relationship between dioxin and
-gither skin or systemic cancer in these data. There is a suggestion of a dose-related
.. relationship between dioxin and benign systemic neoplasms (lipomas) that was explored in
greater depth in the 1992 physical examination.

- Parameters for the Neoplasia Assessment
Dependent Variables

The neoplasia assessment was based on the occurrence of neoplasms after service in
-SEA. Information on the occurrence of neoplasms was captured in the health questionnaires

10-5




and the physical examinations at Baseline (1982) and at the 1985 followup and 1987 followup
studies and was coded according to conventions in the International Classification of
Diseases, 9th Revision, Clinical Modification ICD-9-CM) manual. This information was
combined with data collecied at the 1992 followup to form a complete neoplastic history for
each participant. ,

The term “neoplasm” refers to any new growth that may or may not be malignant.
Malignant neoplasms are those neoplasms capable of invasion and metastasis. Malignant and
benign neoplasms, carcinomas in situ, and neoplasms of uncertain behavior or unspecified
nature as well as skin and systemic neoplasms were studied. “Systemic neoplasm” denotes a
nonskin neoplasm.

The neoplasia assessment was based on the number of participants with a neoplasm, and
not on the number of neoplasms. A participant was considered to have an adverse health
condition for the neoplasia assessment if he had one or more neoplasms.

Verified Medical Records Data

During the 1992 health interview, each study participant was asked a series of questions
on the occurrence of cancer since the date of his last health interview. The self-reported
conditions were verified by medical record review. Orily data on verified neoplasms were
used in the neoplasia assessment.

Some possible neoplastic conditions were discovered by the physicians at the physical
examination. Contingent upon participant authorization, susp1c1ous skin lesions were
biopsied, and the pathology determined; however, no other i mvaswe procedures were used to
detect systemic neoplasms.

Skin Neoplasms—The analysis of skin neoplasms for the neoplasia assessment was
divided into two sets. -Analysis Set 1 consisted of analyses of skin neoplasms by behavior
type. Four behavior types were examined: (1) all skin neoplasms, (2) malignant skin
neoplasms only, (3) benign skin neoplasms only, and (4) skin neoplasms of uncertain
behavior or unspecified nature.

Analysis Set 2 consisted of analyses of malignant skin neoplasms by cell type. The
following four cell types were analyzed: (1) basal cell carcinomas, (2) squamous cell
carcinomas, (3) nonmelanoma (basal cell carcinomas, squamous cell carcinomas, and
malignant epithelial neoplasms not otherwise specified), and (4) melanoma. Analyses of
basal cell carcinomas were conducted for all sites combined and by-location or site. The
following four locations or sites were examined for basal cell carcinomas: (1) ear, face,
head, and neck; (2) trunk; (3) upper extremities; and (4) lower extremities. There were no
basal cell carcinomas on other sites or sites not otherwise specified. ' o

There are relatively few Black participants in this study (approximately 5%), and they
have been observed only to exhibit benign skin neoplasms in all phases of the study to date.
Consequently, skin neoplasm analyses, except for the analyseés of benign skin neoplasms,
were limited to rion-Blacks. Both Blacks and non-Blacks were included in the ‘analysis of
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benign skin neoplasms. Participants with a pre-SEA skin neoplasm were excluded from the

analysis of the skin neoplasm variables to avoid any bias caused by predisposition to
malignancy.

Systemic Neoplasms—The systemic neoplasms were analyzed by behavior and body
site. As with skin neoplasms, each analysis was conducted using verified data. The analysis
of the systemic neoplasms was divided into two sets, described below

- Analysis Set 1 consisted of analyses of systemic neoplasms by behavior type. The
following four behavior types were examined: (1) all systemic neoplasms, (2) malignant
systemic neoplasms, (3) benign systemic neoplasms, and (4) systemic neoplasms of uncertain

“behavior or unspecified nature.

Analys1s Set 2 consisted of analyses of malignant systemic neoplasms by the followmg
sites: (1) eye, ear, head, face, and neck; (2) oral cavity, pharynx, and larynx;
(3) esophagus; (4) brain; (5) thymus and mediastinum; (6) thyroid gland; (7) bronchus and
lung; (8) colon and rectum; (9) kidney and bladder; (10) prostate; (11) testicles;
(12) ill-defined sites; (13) connective and other soft tissues; and (14) carcinomas in situ of
the penis and of other and unspecified sites.

In addition to the analyses descnbed above, the pumber of participants with Hodgkin’s

" disease, leukemia, non-Hodgkin’s lymphoma, a malignant systemic neoplasm of lymphoid
- and histiocytic tissue, and multiple myeloma were analyzed.

Participants with a pre-SEA malignant systemic neoplasm or a pre-SEA systemic
neoplasm of uncertain behavior or an unspecified nature were excluded from the analysis of

- the systemic neopiasm variables.

Skin and Systemié Neoplasms—All neoplasms, skin and systemic combined, were

- analyzed. Participants with a pre-SEA skin neoplasm and participants with a pre-SEA
. malignant systemic neoplasm or a pre-SEA systemic neoplasm of uncertain behavior or an
- unspecified nature were excluded from the analysis of this variable. '

Laboratory Examination Data

The prostate-specific antigen (PSA) test is relatively new and was developed to detect
prostate enlargement and prostate cancer. Each participant had his PSA measured as a
standard portion of the laboratory assay. This measurement is continuous in nature, and the
units are ng/ml. Analysis was performed on the continuous measurement, as well as on a

- discrete form, which is categorized as “normal” or “abnormal,” with a cutpoint of 4 ng/ml.

. Covariates

The emphasis on choosing risk factors related to cancer was increased during the 1985

followup study and has been emphasized since that time. In particular, the interval health
+ questionnaire was modified to collect information on each geographic location in which a
. participant lived for more than 12 months. Because ultraviolet light exposure has been
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acknowledged as the primary cause of basal cell carcinomas, this information was used to
compute a cumulative sun-exposure index based on residential history. An average lifetime
residential latitude was estimated by dividing the total degree-years (i.e., the sum of the
product of latitude [degrees] and the number of years lived at each residence) from all
residences by the total number of residential years reported on the questionnaire.

The denominator of the average lifetime residential latitade covariate is based on the
total number of years at each residence. Because this information is reported by the
participant, it is subject to under- or over-reposting. For each of the 2,219 participants who
provided information on their residential history, the following ratio was constructed:

years reported — age in years
age in years .

This ratio was greater than 0.35 for three participants (over-reportmg of their
residences) and less than -0.35 for six participants (under-reporting of their residences). The
average lifetime residential latitude covariate is available for 2,210 participants. This
covariate was then dichotomized as less than 37 degrees latitude or greater than or equal to
37 degrees latitude, the approximate median of the covariate.

- In the analysis of the 1992 examination results, candidate covariates in adjusted
statistical analyses assessing skin neoplasms included age, skin color, hair color, eye color,
reaction of skin to sun exposure after at least 2 hours, reaction of skin to sun exposure after
repeated exposure, average lifetime residential latitude, and lifetime exposure to asbestos,
ionizing radiation, industrial chemicals, herbicides, insecticides, and degreasing chemicals.
Information on eye, skin, and hair color was obtained for participants who did not attend
either the 1985 or 1987 examinations. The participants’ lifetime exposure to the six
carcinogens described above was updated. Additionally, race was a used as a candidate
covariate for the analysis of benign skin neoplasms. A composite sun-reaction index, which
is a composite of the two individual reactions of skin to sun covariates, was used in previous
cycles of the AFHS. The two individual reaction of skin to sun exposure variables were
used instead of the composite variable because the composite variable was highly correlated
with the two individual covariates and the individual covariates were more useful in
explaining the skin neoplasia dependent variables. Also, the composite sun-reaction index
was highly correlated with the two individual reaction of skin to sun covariates, thereby
complicating analyses. The relationship between the skin neoplasm dependent variables and
the composite sun-reaction index is shown in Appendix Table F-1-1 to illustrate the
similarities of this covariate to the two individual sun-reaction covariates; however, this
covariate is not used in the adjusted analysis. -

The lifetime alcohol history covariate was based on self-reported information from the
1992 questionnaire and combined with similar information gathered at the 1987 followup.
The respondent’s average daily alcohol consumption was determined for various drinking -
stages throughout his lifetime, and an estimate of the corresponding total number of
drink-years (1 drink-year is the equivalent of drinking 1.5 ounces of 80-proof alcoholic
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;;_f ‘beverage per day for 1 year) was derived. For lifetime cigarette smoking history, the
' respondent’s average smoking was estimated over his lifetime based on his responses to the
- 1992 questionnaire, assuming 365 packs of cigarettes equal 1 pack-year.

Similar to the analysis of all other clinical areas, occupation was included in analyses of
Model 1 (sée Chapter 7, Statistical Methods, for a description of the basic statistical analysis
approaches used). In general, enlisted personnel had higher levels of exposure than officers,
with enlisted groundcrew having higber levels than enlisted flyers. Occupation was not
* considered to be a risk factor in the neoplasia assessment, however, and was not used in
“adjusted analyses of Models 2 through 6.

Herbicide exposure was included as a candidate covariate in the statistical analysis.
Exposure to herbicides naturally has a high association with group (Ranch Hand,
' Comparison), and it is recognized that adjusting for herbicide exposure has the potential to
~ . over-adjust for the effects of dioxin exposure. The intent of the question was to capture
- . information on post-SEA exposure. As seen by the frequencies for this covariate in Chapter
L - 8, Covariate Exposures with Measures of Dioxin Exposure, it appears as if both Ranch
Hands and Comparisons misinterpreted this question to apply to SEA experiences as well.

The potential for over-adjusting is most likely for the two models that use Comparisons
(Models 1 and 3). As seen in Chapter 8, herbicide exposure is highly associated with group
status in the two models using Comparisons (Models 1 and 3). The other models do not

-show a relationship between dioxin and herbicide exposure in the Ranch Hand cohort
(Models 2, 4, 5, and 6). To investigate the effects of adjustment for herbicide exposure,
- analyses were performed with and without herbicide exposure in the final model when the
. final adjusted model contained this covariate. ‘Analyses without herbicide exposure in the
- final model showed no difference from the results described subsequently in the text.

Categories of candidate covariates and definitions are provided below:

e Skin Color: dark, medium, pale, dark peach, and pale peach. (Classified for
analysis purposes as (1) dark, medium, pale, or (2) dark peach, pale peach.)

¢ Hair Color: black, dark brown, light brown, blonde, red, and bald. (Classified for
analysis purposes as (1) black, dark brown, or (2) light brown, blonde, red, bald.)

¢ Eye Color: brown, hazel, green, gray, and blue. (Classified for analysm purposes
as (1) brown, (2) hazel, green, or (3) gray, blue.) ‘

¢ Reaction of Skin to Sun Exposure After at Least 2 Hours, After First: Exposure
burns painfully, burns, becomes red, and no reaction.

e Reaction of Skm After Repeated Exposure freckles w1th 1o tan, tans mildly, tans
moderately, and tans deep brown.

¢ Composite Sun-Reaction Index (not used in adjusted exposure analysis): a composite
variable based on two reaction of skin to sun exposure variables was defined as
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follows: (1) burns painfully or freckles with no tan, (2) burns or tans mildly, and
(3) all other reactions.

¢ - Average Lifetime Residential Latitude: average latitude less than 37° and average
greater than or equal to 37°.

s Exposure to Carcinogens: asbestos, ionizing radiation, industrial chemicals,
herbicides, insecticides, and degreasing chemicals (yes or no for each). These
exposures represent lifetime exposure based on self-reported questionnaire data from
this examination combined with previous examinations.

The candidate covariates for the systemic neoplasia assessment and the analysis of PSA
was the same as those for the skin neoplasia assessment with the following exceptions:

* Race was added as a candidate covariate for all systemic neoplasm analyses.

¢ The following covariates specific to skin were deleted: skin color, hair color, eye
color, reactions of skin to sun exposure, and average lifetime residential latitude.

Statistical Methods

Chapter 7, Statistical Methods, describes the basic statistical analysis methods used in
the neoplasia assessment. - Table 10-1 summarizes the statistical analyses that were performed
for the neoplasia assessment. The first part of this table identifies the dependent variables
and the statistical methods.. This information is presented in the following three sections:
skin neoplasms, systemic neoplasms, and skin and systemic neoplasms. Data source, data
form, cutpoints, and candidate covariates are summarized at the end of the table, The
second part of the table describes the candidate covariates. Abbreviations used in the body
of the table are defined at the end of the table. ' Table 10-2 provides the number of
participants with missing dependent variable data and those excluded due to a hlstory of a
pre-SEA neoplasm.

The Neoplasia Assessment contains many covariates for use in adjusted analyses of skin
and systemic neoplasms. Additionally, less than one percent of the participants have a
history of a neoplasm for over half of the dependent variables. Consequently, the attempts
of the modeling strategy for this clinical area were to include as many covariates as main
effects and group-by-covariate interactions as feasible (covariate-by-covariate not explored).
When the number of participants with a history of a particular neoplasm was too small to
support analysis of interactions, models including only the candidate covariates as main
effects were investigated. If the number history of participants with a particular neoplasm
was still too small to support meaningful analysis, only the continuous covariates of age,
lifetime cigarette smoking history, and lifetime alcohol history were included as candidates
for the final adjusted model. Other endpoints had so few participants that adjusted analysis
was not possible; only unadjusted analyses are specified for these variables and are noted in
Table 10-1.
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Dependent Variables

Table 10-1.

Statistical Analyses for the Neoplasia Assessment

Benign
Uncertain Behavior ot Unspecified Nature

d Location or Site
Basal Cell Carcihoma

Squamous Cell Carcinoma
Nonmelanoma

Melanoma

Benign

~

‘- Uncertain Behavior or Unspecified Nature

. Location or Site
-~ Malignant

Malignant

&~ Malignant
Malignant

Skin Neoplasms

All Sites Combined

All Sites Combined

All Sites Combined

All Sites Combined

All Sites Combined

Ear, Face, Head, and Neck
Trunk

Upper Extremities

. Lower Extremities

All Sites Combined
All Sites Combined
All Sites Combined
Systemic Neoplasms

All Sites Combined

All Sites Combined -

All Sites Combined

All Sites Combined

Eye, Far, Facé, Head, and Neck

" Oral Cavity, Pharynx, and Larynx

Esophagus

Brain

U:LR,CS
A:LR
U:LR,CS
ALR
L:LR
U:LR,CS
ALR
U:LR,CS
ALR

U:LR,CS
A:LR

U:LR,CS
A:LR
U:LR,CS
A:LR

U:LR,CS
A:LR

U:LR,CS
AR
U:LR,CS
A:LR
L:.LR
J:LR,CS
ALR
L:LR
U:LR,CS
A:LR

U:LR,CS
A:LR
U:LR,CS
A:LR
Frequencies
U:LR,CS
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Table 10-1. (Continued)
Statistical Analyses for the Neoplasia Assessment

Dependent Variables
Malignant Thymus, Heart, and Mediastinzm U:LR,CS
: A:LR -

Malignant Thyroid Gland U:LR,CS
ALR

Malignant Brosichus and Lung U:LR,CS
' ' A:LR

Malignant Colon and Rectum : U:LR,CS
ALR

Malignant Kidney and Bladder U:LR,CS
‘ A:LR

Malignant _ Prostate U:LR,CS
A:LR

Malignant Testicles _ U:LR,CS
‘ ALR

Malignant ' 1l-Defined Sites U:LR,CS
' ) A:LR

Malignant Connective and Other Soft Tissues Frequencies

Carcinoma In Situ Penis, Other, and Unspecified Sites U:LR,CS

Hodgkin’s Disease -~ ‘ U:LR,CS
' . : A:LR

Leukemia - U:LR,CS

Non-Hodgkin’s Lymphoma ' - U:LR,CS
. o ALR

Other Malignant Systemic Neoplasms of - . U:LR,CS
Lymphoid and Histiocytic Tissue A:LR

Multiple Myeloma . - U:LR,CS

" Skin and Systemic Neoplasms

All All Sites Combined U:LR,CS

: A:LR
Laboratory Variable

Prostate-Specific Antigen (ng/ml) D/C  Abnormal: >4 AGE,RACE,0CC, U:LR,CS,GLM,TT
‘Normal: <4 ~ PACKYR,DRKYR, ' A:LR,GLM
| ASB,IONRAD,IC,
HERB,INS,DC
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Table 10-1. (Continued)
Statistical Analyses for the Neoplasia Assessment

Lifetime Alcohol History (DRKYR) (drink-years)
Skm Color (SKIN)

Hﬁir .Color tHAIR} '

:. Eyg Color (EYE)

Reaction of Skin to Sun after at Least 2 Hours, after
Eirst Exposure (SUNZHR)

 Composite Sun-Reaction Index (SUNREAC) |

- Average Lifetime Residential Latitude (LAT)

Asbestos Exposure (ASB)‘

MIL

Q-SR

Q-SR

PE

PE

PE

Q-SR

Q-SR

Q-SR

Q-SR -

Q-SR

D

D

D/C

D/C

D/C Born =1942

Born <1942

Black
Non-Black

Officer
Enlisted Flyer
Enlisted Groundcrew

0
>0-10
>10

0
>0-40
>40

Non-Peach: Dark, Medium,
Pale
Peach: Dark Peach, Pale Peach

Black, Dark Brown
Light Brown, Blonde, Red,
Bald

Brown,

Hazel, Green
Gray, Blue
Burns Painfully
Burns

Becomes Red
No Reaction

Freckles with No Tan
Tans Mildly

Tans Moderately
Tans Deep Brown

- Burns Painfully (for SUN2HR)

or Freckles with No Tan (for

-SUNRPT)

Burns. (for SUN2HR) or Tans
Mildly (for SUNRPT)

All Other Reactions

Latitude <37°

Latitude =37°

Yes
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Table 10-1. (Continued)
Statistical Analyses for the Neoplasia Assessment

Covariates

Ionizing Radiation Exposure (IONRAD) QSR D Yes
No

Industrial Chemical Exposure (IC) : Q-SR D Yes
. ' No

Herbicide Exposure (HERB) _ Q-SR D Yes
| No

Insecticide Exposure (INS) Q-SR D Yes
No

Degreasing Chemical Exposure (DC) Q-SR D Yes
No

Dependent Variables (Except for Prostate-Specific Antigen)

Data Source: Review of medical records and verification based on AFHS questionnaires and physical
examinations.

Data Form: Discrete.
Cutpoints: Yes or No.

Candidate Covariates for Skin Neoplasms: All covariates listed above except race, lifetime cigarette smoking
history, and lifetime alcohol history.

Candidate Covariates for Systemic Neoplasms: All covariates listed above except skin color, hair color, eye
color, reaction of skin to sun exposure variables, composite sun-reaction index, and average lifetime residential
latitude.

Abbreviations

Data Source: MIL = Air Force military records
PE = Physical examinations
Q-SR = Health quesnonnaxres (self-reported)

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

Statistical Analyses: U = Unadjusted analyses
- A = Adjusted analyses
L = Longitudinal analyses

CS = Chi-square contingency table analysis (continuity-adjusted for 2x2 tables)
GLM = General linear models analysis
LR = Logistic regression analysis
" TT - = Two-sample t-test
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Table 10-2.
Number of Participants with Missing Data for, or Excluded from,
the Neoplasia Assessment -

state-Specific DEP 0 1 0 0 0
Antigen ‘ . _
Lifetime Cigarette = COV 1 2 0 1 1
Smoking History '
_ Lifetime Alcohol cov 22 21 13 20 20
© History
*-Skin Color” cov 1
" Hair Color” cov 0
= Bye Color” cov 0
Reaction of Skin cov 1
10 Sun After at
Least 2 Hours”
Reaction of Skin cov 4 7 3 - 4 4

_— D =

" Composite Sun- cov 1 2 1 | S 1
Reaction Index* :
Average Lifetime cov 3 i9 2 3 3
Residential :
Latitude*
. Pre-SEA Skin EXC 10 9 7 10 10
. Neoplasms .
Pre-SEA ~ EXC 5 0o 4 5 . 5
¢.  Malignant
i Systemic
¢ Neoplasms
Pre-SEA Systemic  EXC 4 -1 2 3 3
Neoplasms of . :
Uncertain
Behavior or
Unspecified
Nature _
Black Participants  EXC 56 75 ' 36 51 51

i1

55

*Number of participants with missing data for Non-Black participants only.

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

Note: 952 Ranch Hands and 1,281 Comparisons;
520 Ranch Hands for initial dioxin; 894 Ranch Hands for current dioxin;
894 Ranch Hands and 1,063 Comparisons for-categorized dioxin.
One Ranch Hand missing total lipids for current dioxin. -
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Longitudinal Analysis

Longitudinal analyses of malignant skin neoplasms, malignant systemic neoplasms, and
benign systemic neoplasms were conducted to evaluate the association between exposure and
the changes in neoplasm status between the 1982 Baseline examination and the 1992 followup
examination. See Chapter 7, Statistical Methods, for a further discussion of the methods
used in the longitudinal analysis.

RESULTS
Dependent Variable-Covariate Associations

Results from the tests of association between the neoplasia dependent variables and
candidate covariates in the combined Ranch Hand and Comparison cohorts are presented in
Appendix Table F-1-1.

A history of a skin neoplasm was significantly associated with age, indicating older
participants were more likely to have had a skin neoplasm than younger participants
(p<0.001). Occupation also was significant (p=0.005). The percentage of participants
having a history of a skin neoplasm increased from enlisted groundcrew to enlisted flyer and
then to officers. Participants with skin color categorized as peach were significantly more
likely to have had a skin neoplasm than those with non-peach skin color (p=0.011). Both
skin reaction to sun variables, after at least 2 hours and after repeated exposure, were
significantly associated with a history of a skin neoplasm (p<0.001 and p=0.017
respectively). A history of a skin neoplasm increased as burning or freckling tendencies
among participants increased.

Covariates displaying a significant association with a history of a malignant skin
neoplasm were age (p<0.001), occupation (p<0.001), skin color (p=0.050), reaction of
skin to sun after at least 2 hours exposure (p<0.001), and skin reaction to sun after repeated
exposure (p<0.001). Also significant were the composite sun reaction index, which was
directly associated (p<0.001), and average lifetime residential latitude (p=0.001), which
indicated participants who were closer to the equator had more histories of a malignant skin
neoplasm.

All tests of association involving benign skin neoplasms were nonsignificant (p>0.15
for all covariates). Results were similar for skin neoplasms of uncertain behavior or
unspecified nature, except for a significant association with reaction of skin to sun after
repeated exposure (p=0.006). The freckles with no tan category showed the highest
percentage of participants with a history of a skin neoplasm of uncertain behavior or
unspecified nature.

A history of a basal cell carcinoma was significant and was directly associated with age
(p<0.001), occupational rank (p<0.001; officers were more likely to exhibit a history of a
basal cell carcinoma), potential of skin to burn after initial 2-hour sun exposure (p<0.001),
potential to freckle or not tan after repeated sun exposure (p<0.001), and the composite sun
reaction index (p<0.001). Also as expected, participants living in more southerly latitudes
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had a greater history of a basal cell carcinoma than participants living in more northerly
latitudes (p <0.001).

Covariates that were significantly associated with any basal cell carcinoma were
similarly associated with a basal cell carcinoma of the eye, ear, face, head, or neck
(p=0.001 for-age, occupation, initial reaction of skin to sun after at least 2 hours, reaction
of skin to sun after repeated exposure, composite sun-reaction index, and average lifetime
residential latitude). Hair color also displayed a significant association (p=0.008).
Participants with lighter hair colors had more basal cell carcinomas of the eye, ear, face
head, or neck. .

A basal cell carcinoma of the trunk also was associated with age (p=0.007), occupation
(p <0.001), initial reaction of skin to sun after at least 2 hours (p=0.002), reaction of skin to
sun after repeated exposure (p=0.004), composite sun-reaction index (p=0.018), and
average lifetime residential latitude (p=0.019). A significant negative association with
asbestos exposure also was found (p=0.034), with more basal cell carcinomas of the trunk
among participants with no exposure to asbestos. :

Tests of association between covariates and a basal cell carcinoma of the upper
extremities revealed significantly more disease among older participants (p=0.006), officers
(p=0.001), those who freckle without tanning after repeated sun exposure (p=0. 011) and
participants with the highest composite sun reaction index (p=0.049). :

The basal cell carcinoma of the lower extremities variable did not exhibit significant
associations with any of the covariates tested (p>>0.15 for all tests). Each covariate
association test also was nonsignificant or only marginally significant for the squamous cell
carcinoma variable (p>0.06 for all tests).

Similar to basal cell carcinoma, nonmelanoma displayed significant associations with
several covariates. The age association revealed older participants had a greater history of a
nonmelanoma (p<0.001). The test for occupation also was significant (p <0.001). Officers
exhibited the most disease, followed by enlisted flyers, then enlisted groundcrew.

Participants with peach skin colors had a significantly higher history of non-melanoma than
those with non-peach skin colors (p=0.031). Lighter hair color groups displayed
significantly more nonmelanoma (p=0.042). Both reaction of skin to sun variables, after at
least 2 hours and after repeated exposure, were significantly associated with nonmelanoma
(p<0.001 for each). History of nonmelanoma increased as burning or freckling potential
among participants increased. The direct relationship with the composite sun reaction index
was significant (p <0.001) as well as the relationship with average lifetime residential latitude
(p<0.001). A history of nonmelanoma was hlgher for participants in the more southerly
latitudes. i

Each melanoma-by-covariate test of association was nonsignificant (p>0.10 for each
test). S : o

A history of a systemic neoplasm and a history of a malignant systemic neoplasm each
were tested separately for association with the appropriate covariates and the results were
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similar. Both were associated with age (p <0.001 for both), where older participants
displayed the higher percentages of systemic neoplasms and malignant systemic neoplasms.
Both variables also were significantly associated with industrial chemical exposure (p=0.003
and p=0.033 respectively), although both histories were higher among participants that
indicated no exposure. Lifetime cigarette smoking also was significantly associated with
each variable (p=0.031 and p=0.003 respectively). Percentages of histories of both were
highest among those participants who had smoked the greatest number of cigarettes.
Additionally, a significant association between malignant systemic neoplasms and occupation
was identified (p <0.001). Enlisted flyers displayed the highest history among the
occupatlonal categories.

The benign systemic neoplasms variable was significantly associated with age
(p<0.001) and industrial chemical exposure (p=0.012). The association with age revealed a
greater history of a benign skin neoplasm for the older participants, and the industrial
chemical association indicated a greater history among those who were not exposed.

Only the association with occupation was significant of ali the covarlate association tests
involving systemic neoplasms of uncertain behavior or unspecified nature (p=0.043).
Officers exhibited the highest history among the occupational categories.

The ability to detect significant associations between covariates and site-specific history
of malignant systemic neoplasms was lessened due to the sparse number of participants with
a systemic neoplasm at a given site. Age was the only covariate considered significantly
associated with a malignant systemic neoplasm of the eye, ear, face, head, or neck
(p=0.021). Older participants exhibited a higher history of a malignant systelme neoplasm
at these sites.

No tests of association were significant for the malignant systemic neoplasms of the oral
cavity, pharynx, or larynx (p>0.07 for each test) and for malignant systemic ne0plasms of
the esophagus (p>0.07 for each test).

Lifetime alcohol histbry was significantly associated with malignant ‘sys'temic ‘neoplasms
of the brain (p=0.017) although, history was highest within the 0 dmnk-years category.

Both malignant systemlc neoplasms of the thymus, heart, or medlastmum and malignant-
systemic neoplasms of the thyroid gland did not demonstrate mgmﬁcant association with any
covariate (p>0.25 and p>0.21 respectively for each test). - "

Tests of association involving: mallgnant systemic neoplasmis. of the bronchus or lung
revealed a significant and direct relationship with. lifetime cigarette smoking mstory
(p=0.008). Malignant systemic neoplasms of the bronchus or lung increased as the- history
of cigarette smoking increased. - o

No significant covariate associations thh a history of . mahgnant system1c neoplasms of
the colon or rectum were found (p>0 11 for each test). - . :
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The malignant systemic neoplasms of the kidney or bladder variable was significantly
associated with lifetime cigarette smoking history (p=0.027) and lifetime alcohol history
(p=0.014). Neoplasms increased as both cigarette smoking and alcohol consumption .
increased. Insecticide exposure also was found to be significantly associated with malignant
systemic neoplasms of the kidney or bladder (p=0.049), with more kidney or bladder
neoplasms among participants who indicated no exposure.

Age and occupation were each significantly related to malignant systemic neoplasms of
the prostate (p<0.001 and p=0.001 respectively). Disease was highest among older
participants and officers.

All covariate association tests were nonsignificant for malignant systemic neoplasms of
the testicles (p>0.12 for each test), ili-defined sites (p>0.21 for each test), and connective
and other soft tissues (p>0.25 for each test).. Tests involving carcinoma in situ of the penis
and other unspecified sites and Hodgkin’s disease also were nonsignificant (p>>0.48 for each
test and p=0.07 for each test respectively)

Leukemia and lifetime alcohol hjstory were significantly associated and mversely related
(p=0.032), with less leukemia as alcohol consumption increased.

Non-Hodgkin’s lymphoma, other malignant neoplasms of lymphoid and histiocytic
tissue, and multiple myeloma did not exhibit any significant covariate association (p>0.19,
p>0.05, and p>0.32 for each test respectively).

Age, occupation, skin color, eye color, lifetime alcohol history, industrial chemical
exposure, and herbicide exposure each were significantly associated with skin or systemic
neoplasms. Increases in skin or systemic neoplasms:occurred as age (p <0.001), occupation
- (p=0.001; officers exhibited the highest history), and alcohol consumption (p=0.046)
increased. ' A history of skin or systemic neoplasms was significantly associated with skin
and eye color (p=0.002 and p=0.005 respectively). Participants with hazel or green eyes
exhibited the highest history among all eye color categories. Participants with peach skin
color displayed a higher history of neoplasms than participants with non-peach skin colors.
The industrial chemical exposure association revealed a significantly higher percentage of
participants with skin or systemic neoplasms who indicated no exposure (p=0.031), while
those who indicated herbicide exposure exhibited the higher history of skin or systemic
neoplasms (p=0.015). Because these were all associated with skin neoplasms and skin
neoplasms accounted for the majority of total neoplasms, this observation is not unexpected.

Tests of covariate association were performed for both the continuous and discrete
forms of PSA. The continuous measurement was associated with age (p <0.001), occupation
(p<<0.001), and ionizing radiation exposure (p=0.007). Prostate-specific antigen levels
increased as age increased, and means were highest for officers. Significantly higher PSA
means were revealed for participants who reported exposure to ionizing radiation.

The proportion of PSA measurements below the test sens1t1v1ty limit was not associated
with any of the candidate covariates.
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PSA discretized as normal or abnormal also was significantly associated with age
(p<0.001). The higher percentage of abnormal levels were among older participants. In
contrast to the contintous association test, race was significantly associated with PSA
(p=0.009), with a higher percentage of abnormal levels in Blacks. Enlisted flyers also
demonstrated the highest percentage of abnormal PSA levels within the three occupational
cohorts (p=0.003). Ionizing radiation also was significantly related to the PSA (p=0.016).

“Participants who reported ionizing radiation exposure exhlblted the higher prevalence of
abnormalities.

In summary, age was significantly associated with many of the skin neoplasm and
composite systemic neoplasm dependent variables. Race was significantly associated only
-with prostate-specific antigen. Occupation also was significantly associated with many of the
skin neoplasm and composite systemic neoplasm dependent variables, probably due to the
tendency of the officers to be older than the enlisted men in this study.

Skin neoplasms, malignant skin neoplasms, nonmelanomas, and skin or systemic
neoplasms variables were significantly related to skin color. Hair color was significantly
related only to basal cell carcinoma of the eye, ear, face, head, or neck and nonmejanoma.
Eye color was only associated with skin or systemic neoplasms. The reaction of skin to sun
variables, after at least 2 hours, after repeated exposure, and the composite index, were
significantly associated with many of the skin neoplasm variables, primarily due to the
associations with basal cell carcinoma. Similar patterns also were observed with average
lifetime residential latitude.

Systemic neoplasms, malignant systemic neoplasms, and malignant systemic neoplasms
of the bronchus or lung, and kidney or bladder variables each showed a significant
association with lifetime cigarette smoking history. Lifetime alcohol history was associated
with malignant systemic neoplasms of the brain and kldney or bladder, leukem1a and skin or
systemic neoplasms.

The carcinogen covariates were related to only a few of the neoplasia dependent
variables. Asbestos exposure was related only to basal cell carcinomas of the trunk and
ionizing radiation exposure was associated with only the continuous and discrete prostate-
specific antigen variables. Industrial chemical exposure was significantly associated with
four variables: systemic neoplasms, malignant systemic neoplasms, benign systemic
neoplasms, and skin or systemic neoplasms. Herbicide exposure was only significantly
associated with skin or systemic neoplasms and insecticide exposure exhibited a significant
association only with malignant systemic neoplasms of the kidney or bladder. Degreasing
chemical exposure was not significantly associated with any of the neoplasxa dependent
variables.

Exposure Analysis

The followmg section presents the results of the statistical analyses of the dependent
variables shown in Table 10-1. Dependent variables are grouped into two sections: ' -those
derived and verified from a review of medical records and the 1992 physxcaﬂ ‘éxamination ‘and
data derived from the laboratory portion of the 1992 followup examination.
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Unadjusted and adjusted analyses of six models are presented for each variable. Model
1 examines the relationship between the dependent variable and group (Ranch Hand or
Comparison). Model 2 explores the relationship between the dependent variable and an
extrapolated initial dioxin measure for Ranch Hands who had a 1987 dioxin measurement
greater than 10 ppt. If a participant did not have a 1987 dioxin level, a 1992 level was used.
A statistical-adjustment for the percent of body fat at the participant’s time of duty in SEA
and the change in the percent of body fat from the time of duty in SEA to the date of the
blood draw for dioxin is included in this model to account for body-fat-related differences in
elimination rate (55). Model 3 dichotomizes the Ranch Hands in Model 2 based on their
initial dioxin measures; these two categories of Ranch Hands are referred to as the “low
Ranch Hand” category and the “high Ranch Hand” category. These participants are added
to Ranch Hands and Comparisons with current serum dioxin levels (1987, if available; 1992,
if the 1987 level was not available) at or below 10 ppt to oreate a total of four categories.
Ranch Hands with current serum dioxin ievels at or below 10 ppt are referred to as the
“background Ranch Hand” category. The relationship between the dependent variable in
each of the three Ranch Hand categories and the dependent variable in the “Comparison”
category is examined. A fourth contrast, exploring the relationship of the dependent variable
in the low Ranch Hand category and the high Ranch Hand category combined, also is
- conducted. This combination is referred to in the text and tables as the “low plus high
Ranch Hand” category. As in Model 2, a statistical adjustment is made for the percent of
body fat at the participant’s time of duty in SEA and the change in the percent of body fat
from the time of duty in SEA to the date of the blood draw for dioxin.

Models 4, 5, and 6 examine the relationship between the dependent variable and 1987
dioxin levels in all Ranch Hands with a dioxin measurement. If a participant did not have a
1987 dioxin measurement, a 1992 measurement was utilized in determining the current
dioxin level. The measure of dioxin in Model 4 is lipid-adjusted, whereas whole-weight
dioxin is used in Models 5 and 6. Model 6 differs from Model 5 in that a statistical
adjustment for total lipids is included in Model 6. Details on dioxin and the moclelmg
strategy are found in Chapters 2 and 7 respectively.

Results of investigation for group-by-covariate and dioxin-by-covariate interactions are
referenced in the text, and tabular results are presented in Appendix F-2.

Vm‘ﬁed Medical Records Variables
Skin Neoplasms

The Model 1 unadjusted and adjusted analyses revealed marginally significant
associations between group and a history of a skin neoplasm (Table 10-3(a,b): p=0.095, Est.
RR=1.18 and p=0.074, Adj. RR=1.19 respectively). Histories of a skin neoplasm were
31.6 percent for Ranch Hands and 28.1 percent for Comparisons. All unadjusted and
adjusted contrasts within each occupational category were nonsignificant (Table 10-3(a,b):
p>0.22 for all remaining contrasts). ' Significant covariates include age, skin color, reaction
of skin to sun after at least 2 hours, average lifetime residential latitude, and ionizing
radlatlon exposure,
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. Table 10-3.
Analysis of Skin Neoplasms

All * Ranch Hand 886 31.6 1.18 (0.98,1.43) 0.095
Comparison 1,198 28.1

Officer Ranch Hand 357 356 1.18 (0.89,1.58) 0.287
Comparison 490 31.8 -

Enlisted Flyer . RanchHand 150 31.3 1.29 (0.80,2.07) 0.360
Comparison 187 26.2

Enlisted Groundcrew . Ranch Hand 379 28.0 1.14 (0.85,1.54) ' 0.419

' Comparison 521 25.3 ‘

All - 119 (0.98,1.45) 0.074 | - AGE (p<0.001)
Officer 1.20 (0.90,1.61) 0.221 Sgﬁzép;gg?&l)
Enlisted Flyer 1.32 (0.81,2.15) ©0.259 | LAT (p=0.104)

_ - - IONRAD (p=0.145)
Eniisted Groundcrew T 1.14 {0.85,1.55) 0.382 :

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

10-22



Table 10-3. (Continued)

Analysis of Skin Neoplasms
_ ) MODEL s RANCH HANDS ]NITIAL DIOX[N —_ UNADJUS’IED

Imhal DIOXIB Category Smnmary Statlstus Jl Analysns Results for Log2 (Imhal Dmxm)‘

-  Percent Fstlmatedkelahvelhsk . ,
JeitalDiosin.  a - Yei o mes%c1y _-j - -::p’-Va’lue .
Low 152 35.5 0.77 (0.66,0.90) <0.001
Medium 161 29.8
High 164 24 .4

d) MODEL 2: RANCH HANDS INITIAL DIOXIN — ADJUSTED

- Analys:sResﬂtsforLog;(Imtmlexm)‘ . ::}
‘n Ad,; Relative Risk (95% C.1)° p-Value 'Comia:e Remarks
476 0.76 (0.64,0.89) <0.001 EYE (p=0.082)

SUNZHR (p<0.001)
IC (p=0.088)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-3. (Continued)

Analysis of Skin Neoplasms
- ¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXlN CATEGORY — UNADJUSTED
= Pavedt  Est. Relative Risk L

Dioxin Category" o a Ye fj“ (95% CL® ' rp'-Valne'
Comparison 1,002 28.3

Background RH 356 33.4 1.31 (1.01,1.70) 0.043

Low RH 232 36.6 1.44 (1.06,1.94) 0.019
High RH 245 23.3 0.75 (0.54,1.04) 0.083

Low plus High RH 477 29.8 1.05 (0.82,1.34) 0.694

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

i ~ Adj. RelativeRisk
Dioxin Category, n 95% C.L)Y* p-Value - Covariate. Runarks

Comparison 988 AGE (p=0.031)
SKIN (p=0.047)

Background RH 354 1.26 (0.96,1.64)  0.090 SUN2HR (p=0.007)

Low RH 229 1.44 (1.06,1.96)  0.021 LAY L0

High RH 245 0.79 (0.57,1.11)  0.170

Low plus High RH 474 1.08 (0.85,1.38)  0.526

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-3. (Continued)
Analysis of Skin Neoplasms

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

- Current Dioxin Category Analysis Rwults for Logz
- Percent Yes/(n) :
- e , Est. Relative Risk
Model* ‘Low Medium - High 95%CI)>® = pVale
4 33.1 36.8 24.3 0.88 (0.79,0.97) 0.011
(281) (272) (280)
5 33.0 33.6 27.5 0.92 (0.85,1.01) 0.065
(285) (268) (280) '
6° 33.1 33.6 21.5 0.86 (0.78,0.95) 0.002
(284) (268) (280)

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

Analysis Results for Logz (Current Dmxm + 1)

e 'Adj Relat:veklsk : - o
Model? | n 5% CLY -p-Valne_- CovanateRemarks

B 832 0.90 (0.81,1.00) 0.056 AGE (p=0.069)
SUN2HR (p=0.009)

5 831 0.94 (0.86,1.03)** 0.175%* CURR*SKIN (p=0.020)

CURR*IC (p=0.033)
AGE (p=0.043)

SUN2HR (p=0.008)

6¢ 830 0.88 (0.79,0.97)** 0.008** CURR*SKIN (p=0.022)

CURR*IC (p=0.040)
AGE (p=0.089)

SUN2HR (p=0.005)

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

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

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

** Log, (current dioxin + 1)-by-covariate interactions (0.01 <p<0.05); adjusted relative risk, confidence

interval, and p-value derived from a model fitted after deletion of these interactions; refer to Appendix
Table F-2-1 for further analysis of these interactions.

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

Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
CURR: Log, (current dioxin + 1).
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Highly significant results were revealed from the Model 2 unadjusted and adjusted
analyses of a history of a skin neoplasm (Table 10-3(c,d): p<0.001, Est. RR=0.77 and
p<0.001, Adj. RR=0.76 respectively). The relative risks, which were less than one,
indicate that the history of a skin necoplasm decreased as initial dioxin levels increased. Eye
color, reaction of skin to sun after at Jeast 2 hours, and industrial chemical exposure were
significant“in the Model 2 final adjusted model.

Unadjusted contrasts between Comparisons and background Ranch Hands and between
Comparisons and low Ranch Hands in Model 3 revealed significant differences (Table
10-3(e): p=0.043, Est. RR=1.31 and p=0.019, Est. RR=1.44 respectively). For
Comparisons, 28.3 percent had a history of a skin neoplasm. For Ranch Hands in the
background category, 33.4 percent had a history of a skin neoplasm, and 36.6 percent of
Ranch Hands in the low category had a history of a skin neoplasm. The percentage of Ranch
Hands in the high category with a history of a skin neoplasm (23.3 %) was marginally
significantly less than Comparisons (Table 10-3(e): p=0.083, Est. RR=0.75). After
adjustment for covariates, the difference between Comparisons and background Ranch Hands
was marginally significant (Table 10-3(f): p=0.090, Adj. RR=1.26). The contrast between
Comparisons and low Ranch Hands remained significant after covariate adjustment (Table
- 10-3(f): p=0.021, Adj. RR=1.44), and the contrast between Comparisons and Ranch Hands
in the high category became nonsignificant (p=0.170). Model 3 adjusted for age, skin color,
reaction of skin to sun after at least 2 hours, and average lifetime residential latitude. The
unadjusted and adjusted low plus high Ranch Hand contrasts were nonsignificant (Table
10-3(e,f); p>0.52 for each contrast).

Significant associations were found between current dioxin and the history of a skin
neoplasm from the unadjusted analyses of Models 4 and 6 (Table 10-3(g): p=0.011, Est.
RR=0.88 and p=0.002, Est. RR=0.86). The percentage of Ranch Hands with a history of
a skin neoplasm decreased as current dioxin increased. The Model 5 unadjusted result was
marginally significant and exhibited a similar relationship between a history of a skin
neoplasm and current dioxin (Table 10-3(g): p=0.065, Est. RR=0.92). Analysis of Model 4
was marginally significant after adjusting for the effects of age and reaction of skin to sun
after at least 2 hours (Table 10-3(h): p=0.056, Adj. RR=0.90). Models 5 and 6 each
adjusted for age, reaction of skin to sun after at least 2 hours, and the interactions of current
dioxin-by-skin color and current dioxin-by-industrial chemical exposure. Stratified resuits for
each level of each interaction are presented in Appendix Table F-2-1. After deletion of the
interactions from the final adjusted models, the association between a history of a skin
neoplasm and current dioxin was nonsignificant in Model 5 (Table 10-3(h): p=0.175). For
Model 6, the results after adjustment for the covarjates revealed a highly significant ‘
association. Similarly, the percentage of Ranch Hands with a history of a skin neoplasm
decreased as current dioxin increased (Table 10-3(h): p=0.008, Adj. RR=0.88)..

Malignant Skin Neoplasms

All Model 1 differences between Ranch Hands and Comparisons from-the unadjusted
and adjusted analyses of a history of a malignant skin neoplasm were statxstlcally
nonsignificant (Table 10-4(a,b): p>0.22 for all contrasts). Covariates in the final ad]usted
model were age, reaction of skin to sun after at least 2 hours, reaction of skm to sun after
repeated exposure, and average llfeume residential latitude.
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~ Table 10-4.
Analysis of Malignant Skin Neoplasms

All Ranch Hand

Comparisen 1,
Officer Ranch Hand
Comparison
Enlisted Flyer Ranch Hand
Comparison
Enlisted Groundcrew Ranch Hand
' Comparison

886
198

357
490
150
187

379
521

13.5
11.9

18.5
15.3

14.7
12.3

8.4

8.6

1.16 (0.89,1.50) 0.305
1.26 (0.87,1.80) 0.257
1.23 (0.65,2.30) 0.636
0.98 (0.61,1.57) 0.999

All ' 1.17 (0.90,1.54)
Officer 1.26 (0.87,1.84)
Enlisted Flyer 1.29 (0.67,2.46)
Enlisted Groundcrew ~0.99 (0.61,1.61)

0.244
0.228
0.445
0.972

AGE (p<0.001)
SUN2HR (p <0.001)
SUNRPT (p <0.001)

LAT (p=0.003)

2 Covariates and associated p-values correspond to final model based on all participants with availabie data.
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Table 10-4. (Continued)
Analysis of Malignant Skin Neoplasms

e R SRR T O RSN

InnmlDlomCategorySmnmaryStntsnm '_  -  AnalysasRmﬂtsforLog,([mhalDloxm)’ -'

_ . Percent mdmem S ,
ImtralD!oxm a0 Ye o} ps%CIY 's‘p-'Value“
Low 152 16.5 0.74 (0.59,0.93) 0.006
Medium 161 13.0
High 164 8.5

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

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

472

ek *xnn INIT*INS (p=0.007)
AGE (p=0.108)

SUN2HR (p=0.099)

SUNRPT (p=0.007)
LAT (p=0.054)

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

b Relative risk for a twofold increase in initial dioxin.

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

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
INIT = Log, (initial dioxin).
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Table 10-4. (Continued)
Analysis of Malignant Skin Neoplasms

e) MODEL 3. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

- . Peot :EstRelatweRlsk_ L
I)iﬂxin"Category ' om0 Nes s CIyY 'f]_:-p-Valuer
Comparison 1,002 11.7
Background RH 356 14.3 1.33 (0.93,1.90) 0.119
Low RH 232 17.3 1.53 (1.03,2.26) 0.036
High RH 245 8.2 0.65 (0.39,1.07) 0.089
Low plus High RH 477 12.6 1.05 (0.75,1.47) 0.761

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

o  Adj.RelativeRisk .
Dioxin Category =~ n (9% C.1)* pValue  Covariate Remarks
Comparison 984 DXCAT*IC (p=0.048)

DXCAT*INS (p=0.036)
AGE (p<0.001)
** -
Background RH 354 1.19 (0.82,1.73)** 0.355 Pl 41
Low RH 228 1.45 (0.96,2.20)%* 0.077%* SUNRPT (p=0.002)
High RH 244 0.79 (0.47,1.32)%* 0.362+* LAT (=0.003)
Low plus High RH 472 1.13 (0.79,1.60)** 0.509%*

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
- Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
DXCAT = Categorized Dioxin.
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Table 10-4. (Continued)
Analysis of Malignant Skin Neoplasms

g)MGDELS4,5 ANDG RANCHHANDS CURRENTDIOXIN IJNADJUS'I‘ED

4 Current Dioxin Category i : ]I Ana]yasnmlts for logz
o Peroent Yes/m) e (Current Dwxm-i- 1)
- . - ... Fst Relanvemsk, dE
ModeP | TLow = Medium = High || = (@5%cCcL® --p'-vmae'
4 14.6 16.2 9.3 0.86 (0.75,1.00) 0.038
(281) (272) (280)

5 14.4 15.3 10.4 0.91 (0.81,1.03) 0.132
(285) (268) (280)

6° 14.4 15.3 10.4 0.86 (0.76,0.98) 0.021
(284) (268) (280)

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

Analysns Rosnlts for l.og,, (Current Dioxin + 1}

o Adj. Relative R:sk-_:; : e . .
ModeP| n = (@5%Cl) p-Value e ‘Covariate Remarks

4 829 0.94 (0.81,1.09) 0.428 AGE (p<0.001)
SUN2HR (p=0.040)
SUNRPT (p=0.010)

5 829 0.99 (0.87,1.12) 0.819 AGE (p<0.001)
SUN2HR (p=0.039)
SUNRPT (p=0.009)

6° 825 0.92 (0.80,1.06) 0.234 AGE (p<0.001)
SUN2HR (p=0.032)
SUNRPT (p=0.016)

LAT (p=0.137)

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

b Relative risk for a twofold increase in current dioxin.

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Unadjusted analysis of Model 2 indicated a decrease in a history of a malignant skin
neoplasm with increasing levels of initial dioxin (Table 10-4(c): p=0.006, Est. RR=0.74).
Model 3 unadjusted analysis revealed a significant difference between Comparisons and low
Ranch Hands (Table 10-4(e): p=0.036, Est. RR=1.53). For Comparisons, 11.7 percent had
a history of a malignant skin neoplasm, whereas 17.3 percent of low Ranch Hands had a
history of a malignant skin neoplasm. There also was a marginally significant difference
between the percentage of Ranch Hands in the high dioxin category with a history of a
malignant skin neoplasm (8.2%) and Comparisons (Appendix Table 10-4(e): p=0.089, Est.
RR=0.65). Other contrasts were nonsignificant (Table 10-4(e) p>0.11 for all remaining
contrasts).

Models 2 and 3 both adjusted for a dioxin-by-insecticide exposure interaction, age,
reaction of skin to sun after at least 2 hours, reaction of skin to sun after repeated exposure,
and average lifetime residential latitude. Model 3 also adjusted for the interaction of
categorized dioxin-by-industrial chemical exposure. Stratified results are presented in
Appendix F-2-2 for each level of each interaction.

From Model 2 results stratified by insecticide exposure (no, yes), a highly significant
association between initial dioxin and & history of a malignant skin neoplasm was revealed
for Ranch Hands who reported insecticide exposure (Appendix Table F-2-2(a): p=0.004,
Adj. RR=0.64). The percentage of Ranch Hands with a history of a malignant skin
neoplasm decreased as initial dioxin increased. After deletion of the interactions from the
final model of Model 3, the low Ranch Hand category versus Comparison category contrast
was marginally significant (Table 10-4(f): p=0.077, Adj. RR=1.45). All other Model 3
adjusted contrasts were nonsignificant (Table 10-4(f): p>0.35 for all remaining contrasts).

Unadjusted analyses for Models 4 and 6 were significant and also indicated that the
percentage of Ranch Hands with a history of a malignant skin neoplasm decreased as current
dioxin increased (Table 10-4(g): p=0.038, Est. RR=0.86 and p=0.021, Est. RR=0.86
respectively). The Model 5 unadjusted analysis and the adjusted analyses for Models 4, 5,
and 6 were nonsignificant (Table 10-4(g,h): p>0.13 for all anaiyses). Each final model
adjusted for age, reaction of skin to sun after at least 2 hours, and reaction of skin to sun
after repeated exposure. Model 6 also adjusted for average lifetime residentiai latitude.

Benign Skin Neoplasms

The Model 1 analysis of benign skin neoplasms showed nonsignificant differences
between Ranch Hands and Comparisons for all unadjusted and adjusted contrasts (Table
10-5(a,b): p>0.10 for all contrasts). No significant covariates were detected in the adjusted
analysis. _

The Model 2 analyses revealed a marginally significant decrease in the history of a
benign skin neoplasm as initial dioxin increased (Table 10-5(c): p=0.085, Est. and Adj.
RR=0.86). Conversely, the contrast of Comparisons and background Ranch Hands of
 Model 3 revealed more background Ranch Hands (21.6%) had a history of a benign skin
neoplasm than Comparisons (17.6%), resulting in 2 marginally significant increase (Table
10-5(e,f): p=0.082, Est. and Adj. RR=1.30), All remaining Model 3 contrasts were
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Table 10-5.
Analysis of Benign Skin Neoplasms

a) MODEL 1' RANCH HANDS VS. CORIPARISGNS UNADJ'USI‘ED

Pu'cent Est. Rdanve R:sk

- 1’5.: s T p;vmue‘

All Ranch Hand 942 20.1 1.20 (0.97,1.49) 0.109
Comparison 1,272 17.3

Officer Ranch Hand 364 20.6 1.19 (0.84,1.67) 0.372
Comparison 496 179

Enlisted Flyer Ranch Hand 160 19.4 1.56 (0.89,2.74) 0.160
Comparison 202 13.4

Enlisted Groundcrew Ranch Hand 418 19.9 1.12 (0.81,1.54) 0.543
Comparison 574 18.1

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUS!‘ED

o ; AdJ.RdahveRlsk ', G o -
Occupational Category ~ (95% C.L) S .p-Value:'.-.*i . .Covnﬂate:Runarks

All 1.20 (0.97,1.49) 0.109
Officer 1.19 (0.84,1.67) 0.372
Enlisted Flyer 1.56 (0.89,2.74) 0.160
Enlisted Groundcrew 1.12 (0.81,1.54) 0.543
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Table 10-5. (Continued)
Analysis of Benign Skin Neoplasms

¢ MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Imtml Dioxin Category Summary Statlstles Ana!ys:s Results for Log, (Initml D:oxm)’
: __ S Pereent . : _Esumated Relative Risk :
Imha]})mxm n : Yes L e e _p-VaIue
Low 169 20.7 0.86 (0.72,1.02) 0.085
Medium 171 17.0

High 173 17.3

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

i Adj Relative Rk (95%C1)®  pVaime Covariste Remurks

513 0.86 (0.72,1.02) 0.085

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

b Relative risk for a twofold increase in initial dioxin.

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

10-33



Table 10-5. (Continued)
Analysis of Benign Skin Neoplasms

e) MGDEL 3. RANCH EANDS AND COMPARISONS BY DIOXIN CA'I‘TL‘GOR‘TE . UNADJ'USTED

. Percent Fst. Relative Risk L
'mom;category he e ;fijn' L ;.:;'- - OSECLY "P“’Va_lue"
Comparison 1,056 17.6
Background RH 371 21.6 1.30 (0.97,1.75) 0.082
Low RH 255 20.0 1.17 (0.83,1.66) 0.365
High RH 258 16.7 0.92 (0.64,1.33) 0.661
Low plus High RH 513 18.3 1.04 (0.79,1.38) 0.761

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

: : AdJ.RelahveR:sk e
Dioxin-Category n (5% C1)® pValue Covinﬂate'-nemrks
Comparison 1,056
Background RH 371 1.30 (0.97,1.75)  0.082
Low RH 255 1.17 (0.83,1.66)  0.365
High RH 258 0.92 (0.64,1.33)  0.661
Low plus High RH 513 1.04 (0.79,1.38)  0.761

# Relative risk and confidence interval relative to Comparisons.

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-5. (Continued)
Analysis of Benign Skin Neoplasms

g)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSI‘ED

Cnment Dioxin Category l‘ : ~Analysis Results for'Logz
Percent le(n) e _ (Cm’rent‘f. it '
: e : rEst RdahveRlsk-_;,. S =
ModeF | Low  Medium High | = (5%CL°® = pValue

4 20.8 22.1 16.2 0.90 (0.80,1.01) 0.082
(293) (294) (297)

5 20.8 20.6 17.6 0.93 (0.85,1.03) 0.160
(298) (291) (295)

6° 20.9 20.6 17.6 0.89 (0.80,0.99) 0.029
(297) (291) (295)

" h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT nxom-.;'-mm

Analys:s Rsnhs for Logz (Cln'rent Dzoxm + 1)
o Adj.Rdat:veRnsk L o -
Model? n - (95% C.1.)° p-Value B Cuvanate Remarks

4 884 0.88 (0.78,0.99) 0.034 DC (p=0.067)

5 883 0.91 (0.82,1.01)** 0.075%* CURR#*SKIN (p=0.013)
DC (p=0.087)

64 882 0.87 (0.78,0.97)** 0.012** CURR*SKIN (p=0.015)
DC (p=0.078)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
94 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p=<0.05); adjusted relative risk, confidence

interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-3 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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nonsignificant (Table 10-5(e,f): p>0.36 for all remaining contrasts). Similar to Model 1,
Models 2 and 3 retained no significant covariates in the final model.

A marginally significant association was found from the Model 4 analysis, where the
history of a benign skin neoplasm decreased as current dioxin increased (Table 10-5(g):
p=0.082, Est. RR=0.90). After adjustment for degreasing chemical exposure, the
association became significant (Table 10-5(b): p=0.034, Adj. RR=0.88). Unadjusted
analysis of Model 5 was nonsignificant (Table 10-5(g): p=0.160). The Model 6 unadjusted
analysis was significant; again, the history of a benign skin neoplasm decreased as current
dioxin increased (Table 10-5(g): p=0.029, Est. RR=0.89). Analyses of Models 5 and 6
adjusted for degreasing chemical exposure and a current dioxin-by-skin color interaction.
Appendix Table F-2-3 contains results stratified by skin color. After deletion of each
interaction from each final model, the association between current dioxin and benign skin
neoplasms was marginally significant in Model 5 and significant in Model 6 (Table
10-5(g,h): p=0.075, Adj. RR=0.91 and p=0.012, Adj. RR=0.87 respectively).

Skin Neoplasms of Uncertain Behavior or Unspecified Nature

All Model 1 unadjusted and adjusted contrasts were nonsignificant (Table 10-6(a,b):
p>0.85 for all contrasts). Analyses were not petformed for the enlisted flyers, because no
participant had a history of a skin neoplasm of uncertain behavior or unspecified nature.
Reaction of skin to sun after repeated exposure was significant in the final adjusted model.

All results from the unadjusted analyses of Models 2 and 3 and the adjusted analyses of
Model 3 of skin neoplasms of uncertain behavior or unspecified nature were nonsignificant
(Table 10-6(c-f): p>0.53 for all analyses). Adjusted analyses for Model 2 were not possible
because of the sparseness of participants with a history of a skin neoplasm of uncertain
behavior or unspecified nature (n=2). Significant covariates retained in Model 3 were eye
color and reaction of skin to sun after repeated exposure.

No significant relationship was found between current dioxin and skin neoplasms. of
uncertain behavior or unspecified nature for the unadjusted analyses of Models 4, 5, and 6
(Table 10-6(g,h): p>0.78 for each analysis). Similar to Model 2, adjusted analyses were not
performed because of the sparse number of Ranch Hands with a history of a skin neoplasm
of uncertain behavior or unspecified nature (n=4 for Models 4, 5, and 6). _

Basal Cell Carcinomas (All Sites Combined)

No significant differences were found between Ranch Hands and Comparisons for the
unadjusted and adjusted analyses of basal cell carcinomas (all sites combined) (Table
10-7(a,b): p>0.39 for all contrasts). Significant covariates from the adjusted analyses were
age, reaction of skin to sun after at least 2 hours, reaction of skin to sun after repeated
exposure, average lifetime residential latitude, and insecticide exposure.

Unadjusted and adjusted analyses of Model 2 indicated a significant association between
initial dioxin and basal cell carcinomas (all sites combined), where the history of a basal cell
carcinoma decreased as initial dioxin increased (Table 10-7(c,d): p=0.013, Est. RR=0.75
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Table 10-6.
Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature

a) MODEL 1: RANCH HANDS VS COMPARISONS {NADJUSTED G

-Owupatlonalcﬂtm Group e Ysj__.'_, T (DS%CI.) . pValue

All Ranch Hand 886 0.5 0.77 (0.23,2.64) 0.914
Comparison 1,198 0.6

Officer Ranch Hand 357 0.6 0.92 (0.15,5.50) 0.999
Comparison 490 0.6

Enlisted Flyer Ranch Hand 150 0.0 -- -
Comparison 187 0.0

Enlisted Groundcrew Ranch Hand 379 0.5 0.69 (0.13,3.76) 0.982
Comparison 521 0.8

b) MODEL 1: RANCH HANDS VS. CON[PARISONS AosTED

Ad-RelatveRUE.

Occupational Catego':y . (95% C.L) -;;s-Valne . Covaiate Renks®
All 0.89 (0.25,3.17) 0.854 SUNRPT (p=0.011)
Officer 0.88 (0.14,5.32) 0.886

Enlisted Flyer - e

Enlisted Groundcrew 0.96 (0.16,5.77) 0.960

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

--: Adjusted relative risk, confidence interval, and p-value not presented due to zero abnormalities.
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Table 10-6. (Continued)
Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature

©) MODEL 2: RANCH HANDS — m-imoxm _ UNADJUSTED

Inma! D;oxm Category Smnmary Statlsucs " Ana!ys:s Results for Logz (Imtml Dmxm)=l

_ : & Estlmated Rdat:ve Risk S
In'itialf.gDioxin n 9%CcL: Zf-.p-'Yalue o
Low 152 0.72 (0.24,2.15) 0.530
Medium 161 0.6 ‘
High 164 0.0

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

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

b Relative risk for a twofold increase in initial dioxin.
--: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-6. (Continued)
Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature

Background RH 356 0.6 1.30 (0.25,6.85) 0.760
Low RH 232, 0.4 0.79 (0.09,6.90) 0.830
High RH 245 0.4 0.69 (0.08,6.09) 0.739
Low plus High RH 477 0.4 0.74 (0.14,3.90) 0.719

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

DioxinCategory @ n  (95% C.L)*  p-Value  Covariate Remarks

Comparison 994 EYE (p=0.129)
SUNRPT (p=0.032)

Background RH 355 1.42 (0.26,7.65) 0.685

Low RH 230 0.76 (0.09,6.74) 0.805

High RH 244 0.69 (0.08,6.07) 0.738

Low plus High RH 474 0.72 (0.14,3.81) 0.702

 Relative risk and confidence interval relative to Comparisons.

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

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

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-6. (Continued)
Analysis of Skin Neoplasms of Uncertain Behavior or Unspecified Nature

&) MODELS 4, 5, AND 6: RANCH HANDS — CUR)

Current Dioxin Cat
 Percent Yes/(m

. Medium  High 95% C.L)° p-Value

4 0.4 0.7 0.4 0.91 (0.46,1.82) 0.789
(281) (272) (280)

5 0.7 0.4 0.4 0.93 (0.52,1.64) 0.790
(285) (268) (280)

6° 0.7 0.4 0.4 0.96 (0.52,1.79) 0.896
(284) (268) (280)

b MGDELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
 Analysis Results Logz (Cmrent onmn .

Ad; Relanvemsk' S s
. (®5%CL)  pValue

4 = pet e
5 e . M
6 = = -

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

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.
--: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-7.
Analysis of Basal Cell Carcinomas (All Sites Combined)

Officer Ranch Hand 357 15.1 1.21 (0.82,1.79) 0.399
Comparison 490 12.9

Enlisted Flyer Ranch Hand 150 13.3 1.22 (0.63,2.34) 0.675
Comparison 187 11.2

Enlisted Groundcrew Ranch Hand 379 6.9 0.94 (0.56,1.57) 0.906
Comparison 521 73

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

Occupational  Adj. Relative Risk , ..

Category - 95%Cl) . pValue = Covariate Remarks®

All 1.11 (0.82,1.48) 0.502 AGE (p<0.001)

SUNZHR (p<0.001)

Officer 1.18 (0.78,1.77) 0.434 SUNRPT (p=0.002)

Enlisted Flyer 1.24 (0.63,2.44) 0.541 LAT (p<0.001)

Enlisted Groundcrew 0.93 (0.54,1.58) 0.778 Ly A g )

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-7. (Continued)
Analysis of Basal Cell Carcinomas (All Sites Combined)

9 MonELsi 'RANCHHANDS mnmmom 'Umnwsmn

0.75 (0.59,0.95) 0.013

-'-_d) MODEL;Z . RANCH HANDS — INITIAL DIOXIN — ADJUSTED |

~ Analysis 'ResultS'for:I_J_og,-‘(Initial Dioxin)
n AdJ.ReiatneRlskGS%C.i)" A G

a{:ova"n' iate Remarks

474 0.75 (0.57,0.97) 0.023 AGE (p=0.068)
HAIR (p=0.101)

SUN2HR (p=0.003)
LAT (p=0.031)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-7. (Continued)
Analysis of Basal Cell Carcinomas (All Sites Combined)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY moxm CATEGORY _ UNADJUSTED

Dioxin 'ZCa'tego_ry —g

Comparison 1,002

Background RH 356 11.8 1.25 (0.85,1.84) 0.254
Low RH 232 14.7 1.48 (0.97,2.25) 0.066
High RH 245 6.5 0.60 (0.35,1.04) 0.071
Low plus High RH 477 10.5 1.01 (0.71,1.45) 0.948

f) MODEL 3: RANCI-I HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
AdJ Relative R:sk o : o -

-Dioiinfiﬁtategory’, o 95% CL)* S ' "Covanate Remarks

Comparison 984 AGE (p<0.001)
SUN2HR (p<0.001)
SUNRPT (p=0.004)

Background RH 354 1.12 (0.75,1.67) 0.593 LAT (p<0.001)

Low RH 228 1.41 (0.91,2.20) 0.126 INS (p=0.041)

High RH 244 0.71 (0.40,1.25) 0.238

Low plus High RH 472 1.07 (0.73,1.56) 0.732

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

(Continued)

Analysis of Basal Cell Carcinomas (All Sites Combined)

125

0. 86 (O 74,1 Ol)

(281) 272) (280)
5 11.9 12.7 8.6 0.91 (0.81,1.04) 0.166
(285) (268) (280)
6° 12.0 12.7 8.6 0.86 (0.75,0.99) 0.032
(284) (268) (280)
~ h) MODELS 4, 5, AND 6: RANCH HANI)S — CURRENT ‘DIOXIN — AmUSTED
ModeF | n 95%CL® p-Vaiqe_:;; : ~ Covariate Remarksfiég
4 826 0.93 (0.79,1.09) 0.350 AGE (p=0.002)
SUN2HR (p=0.056)
SUNRPT (p=0.040)
LAT (p=0.028)
5 826 0.97 (0.85,1.11) 0.669 AGE (p=0.001)
SUNZHR (p=0.055)
SUNRPT (p=0.037)
LAT (p=0.030)
6¢ 825 0.91 (0.78,1.05)** 0.194%= CURR*ASB (p=0.027)
AGE (p=0.001)

SUN2HR (p=0.030)
SUNRPT (p=0.024)
LAT (p=0.021)

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

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

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

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p=0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-4 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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and p==0.023, Adj. RR=0.75 respectively). Age, hair color, reaction of skin to sun after at
least 2 hours, and average lifetime residential latitude were significant covariates. Model 3
unadjusted analyses revealed a marginally significant difference between Ranch Hands in the
low dioxin category and Comparisons (Table 10-7(¢): p=0.066, Est. RR=1.48). More
Ranch Hands in the low dioxin category (11.8%) had a history of a basal cell carcinoma than
Comparisons (10.1%). The contrast between Ranch Hands in the high dioxin category and
‘Comparisons also was marginally significant (p=0.071, Est. RR=0.60). Of Ranch Hands in
the high dioxin category, 6.5 percent exhibited a history of a basal cell carcinoma. All
remaining unadjusted contrasts and all adjusted contrasts for Model 3 were nonsignificant
(Table 10-7(e,f): p>0.12 for each contrast). Significant covariates included age, reaction of
skin to sun after at least 2 hours, reaction of skin to sun after repeated exposure, average
lifetime residential latitude, and insecticide exposure.

Unadjusted analyses relating the history of basal cell carcinoma to current dioxin
revealed a marginally significant association for Model 4 and a significant association for
Model 6. In both analyses, the history of a basal cell carcinoma decreased as current dioxin
increased (Table 10-7(g): p=0.057, Est. RR=-0.86 and p=0.032, Est. RR=0.86
respectively). The unadjusted analysis for Model 5 was nonsignificant (Table 10-7(g):
p=0.166). All results from the adjusted analyses of Models 4, 5, and 6 also were
nonsignificant (Table 10-7(h): p>0.19 for all adjusted analyses). Each model adjusted for
age, reaction of skin to sun after at least 2 hours, reaction of skin to sun after repeated
exposure, and average lifetime residential latitude. The current dioxin-by-asbestos exposure
interaction also was significant in Model 6. The resuits displayed in Table 10-7(h) are from
_ the final mode] after this interaction was deleted. Results stratified by each level of asbestos
exposure are displayed in Appendix Table F-2-4.

Basal Cell Carcinomas (Ear, Face, Head, and Neck)

All unadjusted and adjusted Model 1 analyses of basal cell carcinomas on the ear, face,
head, or neck were nonsignificant (Table 10-8(a,b): p>0.19 for all contrasts). Age, reaction
of skin to sun after at least 2 hours after first exposure, reaction of skin to sun after repeated
exposure, and average lifetime residential latitude were retained in the final adjusted model.

The Model 2 unadjusted and adjusted analysis of basal cell carcinomas on the ear, face,
head, or neck revealed significant associations with initial dioxin (Table 10-8(c,d): p=0.017,
Est. RR=:0.73 and p=0.006, Adj. RR=0.68). The history of a basal cell carcinoma on
these sites decreased as levels of current dioxin increased. Significant covariates were
reaction of skin to sun after at least 2 hours and average lifetime residential latitude.

A significant difference was found in the Model 3 unadjusted contrast between Ranch
Hands in the low category and Comparisons (Table 10-8(e): p=0.042, Est. RR=1.61). For
Ranch Hands in the low category, 12.1 percent exhibited a history of a basal cell carcinoma
on the ear, face, head, or neck, as contrasted to 7.6 percent of Comparisons. Marginally
significant differences were revealed between Comparisons and each of the background and
high Ranch Hands categories (Table 10-8(e): p=0.091, Est. RR=1.44 and p=0.076, Est.
RR =0.56 respectively). Adjusted contrasts exhibited a marginally significant difference
between low Ranch Hands and Comparisons (Table 10-8(f): p=0.098, Adj. RR=1.51). All
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Table 10-8.
Analysis of Basal Cell Carcinomas (Ear, Face, Head, and Neck)

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

~ Percent  Est. Relative Risk
n Yes = (95%C.l)  p-Value
All Ranch Hand 886 9.1 1.18 (0.87,1.61) 0.330
Comparison 1,198 7.9
Officer Ranch Hand 357 12.0 1.32 (0.85,2.05) 0.258
Comparison 490 9.4
Enlisted Flyer Ranch Hand 150 10.7 1.12 (0.55,2.28) 0.894
Comparison 187 9.6
Enlisted Groundcrew Ranch Hand 379 5.8 1.01 (0.57,1.78) 0.999
Comparison 521 5.8

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

. AdRemtiveRik 3 b
Occupational Category @ (95% C.L) p-Valge Covariate Remarks®
All 1.21 (0.88,1.68) 0.244 AGE (p<0.001)
SUN2HR (p<0.001)
Officer 1.35 (0.86,2.14) 0.196 SUNRPT (p=0.003)
Enlisted Flyer 1.15 (0.55,2.42) 0.703 LAT (p<0.001)
Enlisted Groundcrew 1.04 (0.58,1.86) 0.893

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-8. (Continued)
Analysis of Basal Cell Carcinomas (Ear, Face, Head, and Neck)

c) 'MODEL 2: RANCH HANDS INIT.[AL DIOXIN — IINANUSTED

: .Estlmated Relatwe Rxsk
- _ : _ ' e yE oo
Low 152 10.5 0.73 (0.55,0.96) 0.017
Medium 161 10.6
High 164 i 4

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

n Adj. ;R:e'latiire_;RiSk;:(S?S% -C.I.)"_'-_:. . -p;Vaiiﬁe . | Covanate Remarks'

474 0.68 (0.51,0.92) 0.006 SUN2HR (p<0.001)
LAT (p=0.014)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-8. (Continued)
Analysis of Basal Cell Carcinomas (Ear, Face, Head, and Neck)

e) MODEL x RANGH HANDS AND COMPARISONS BY DIOXIN CATEGORY - IINADJUSTED 2

S Pereent Est. Relative Risk S
--n'ioxinicatégm }'j‘- ;,jii,_u G ey - (95% C.L® S . p-Value
Comparison 1,002 7.6
Background RH 356 10.1 1.44 (0.94,2.19) 0.091
Low RH 232 12.1 1.61 (1.02,2.56) 0.042
High RH 245 4.5 0.56 (0.29,1.06) 0.076
Low plus High RH 477 8.2 1.05 (0.70,1.58) 0.812

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

e ee—
Diox.mCategory e (95% C.1.y*® p-'Value"- Hin Covariate Remarks

Comparison 984 AGE (p<0.001)
SUNZHR (p<0.001)
SUNRPT (p=0.008)
Background RH 354 1.29(0.84,2.00)  0.246 LAT (9<0.001)
Low RH 228  1.51(0.93,2.46)  0.098 INS (p=0.063)
High RH 244  0.68 (0.35,1.32)  0.256

Low plus High RH 472 1.11 (0.73,1.70) 0.618

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-8. (Continued)
Analysis of Basal Cell Carcinomas (Ear, Face, Head, and Neck)

g MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

i Cnn’ent Dioxin Category Ana!ysns Rtsnltsfanogz e
P Percent Ysl(n) (Cm-rent Dioxm A 1)
: S soa o ol Bt Rdatm:lhs_k .
Model* Low Medlum High f§ - @es%CILP @ :.p-Vallie :
4 10.7 10.3 6.1 0.81 (0.68,0.97) 0.016
(281) 272) (280)

5 9.8 10.8 6.4 0.87 (0.76,1.00) 0.056
(285) (268) (280)

6° 9.9 10.8 6.4 0.82 (0.70,0.95) 0.009
(284) (268) (280)

h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
 Analysis Results for Log, (Current Dioxin + 1) T

- Al Relative Risk - :
Model? n : (95%_(‘.‘1)" : p-Valu'e 'Covariate Ranarks %

4 826 0.88 (0.73,1.05) 0.151 AGE (p=0.002)

SUNZ2HR (p=0.049)

SUNRPT (p=0.087)
LAT (p=0.040)

5 826 0.93 (0.81,1.08) 0.347 AGE (p=0.001)

SUN2HR (p=0.049)

SUNRPT (p=0.083)
LAT (p=0.042)

6¢ 825 0.87 (0.74,1.02) 0.079 AGE (p=0.001)

SUN2HR (p=0.031)

SUNRPT (p=0.088)
LAT (p=0.036)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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other contrasts were nonsignificant (Table 10-8(e,f): p>0.24 for all other contrasts). Age,
reaction of skin to sun after at least 2 hours, reaction of skin to sun after repeated exposure,
average lifetime residential latitude, and insecticide exposure were significant in the Model 3
adjusted analysis.

Analysis of associations between basal cell carcinomas on the ear, face, head, or neck
and current dioxin were examined in Models 4, 5, and 6. Unadjusted results were
significant for Models 4 and 6 and marginally significant for Model 5 (Table 10-8(g): Model
4: p=0.016, Est. RR=0.81; Model 6: p=0.009, Est. RR=0.82; and Model 5: p=0.056,
Est. RR=0.87). Each analysis indicated a decrease in basal cell carcinomas on the ear, face,
head, or neck from the Ranch Hands with increasing current dioxin levels. Results of the
Model 6 adjusted analysis were marginally significant (Table 10-8(h): p=0.079, Adj.
RR=0.87). Adjusted analyses of Models 4 and 5 were nonsignificant (Table 10-8(h):
p>0.15 for each analysis). Each model retained age, reaction of skin to sun after at least 2
hours, reaction of skin to sun after repeated exposure, and average lifetime residential
latitude in the final adjusted model].

Basal Cell Carcinomas (Trunk)

All unadjusted and adjusted contrasts examined from the Model 1 analysis of basal cell
carcinomas on the trunk were nonsignificant (Table 10-9(a,b): p>0.35 for all contrasts).
Adjusted analysis retained age, reaction of skin to sun after at least 2 hours after first
exposure, reaction of skin to sun after repeated exposure, average lifetime residential
latitude, asbestos exposure, and herbicide exposure in the final model.

Similar to Model 1, all Model 2 and 3 results obtained from the unadjusted and adjusted
analysis of basal cell carcinomas on the trunk were nonsignificant (Table 10-9(c-f): p>0.13
for all analyses). Both models adjusted for the significant covariate effects of age, average
lifetime residential latitude, and asbestos exposure. Model 3 also retained eye color, reaction
of skin to sun after at least 2 hours, reaction of skin to sun after repeated exposure, herbicide
exposure, and the interaction of categorized dioxin-by-insecticide exposure. Adjusted results
are presented for Model 3 after deletion of this interaction from the final model. Results
stratified by each level of insecticide exposure are presented in Appendix Table F-2-5.

Unadjusted and adjusted current dioxin analyses of basal cell carcinomas on the trunk
were nonsignificant for Models 4, 5, and 6 (Table 10-9(g,h): p>0.55 for all analyses).
Each model adjusted for the covariate effects of age, asbestos exposure, and the interaction
of current dioxin-by-insecticide exposure. Model 4 also retained reaction of skin to sun after
repeated exposure. All adjusted results displayed in Table 10-9 are from the final model
after deletion of the current dioxin-by-insecticide exposure interaction. Results are presented
by each level of insecticide exposure for each model in Appendix Table F-2-5.

Basal Cell Carcinomas (Upper Extremities)

All unadjusted and adjusted results from Model 1 analysis of basal cell carcinomas on
the upper extremities were nonsignificant (Tabie 10-10(a,b): p>0.48 for all contrasts).
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Table 10-9.
Analysis of Basal Cell Carcinomas (Trunk)

a) MODEL xs RANCH HANDS VS. COMPARISONS — UNADJUSTED

= i e  _;{ . . Pevent Est.ItelauveR:sk

Occupational Categorjri coGroups s e Nes e Sy p-Value

All Ranch Hand 886 3.5 1.17 (0.72,1.91) 0.613
Comparison 1,198 3.0

Officer Ranch Hand 357 5.6 1.21 (0.65,2.23) 0.663
Comparison 490 4.7

Enlisted Flyer Ranch Hand 150 4.0 1.91 (0.53,6.88) 0.498
Comparison 187 2.1

Enlisted Groundcrew Ranch Hand 379 1.3 0.76 (0.25,2.29) 0.829
Comparison 521 1.7

b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED;_;_;;'“ -

AdJ. Relative Risk

Oampanoml Category (95% C.1.)  p-Value o -'Covariate Remarks?®
All 0.90 (0.50,1.61) 0.714 AGE (p<0.001)

SUN2HR (p=0.014)

Officer 0.92 (0.46,1.87) 0.823 SUNRPT (p=0.048)
Enlisted Flyer 1.62 (0.43,6.17) 0.478 LAT (p=0.030)
ASB (p=0.021)
Enlisted Groundcrew 0.58 (0.18,1.86) 0.359 HERB (p=0.081)

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-9. (Continued)
Analysis of Basal Cell Carcinomas (Trunk)

c) MODEL 2: RANCH HANDS INITIAL DIOX]N — UNADJUSTED

Analystmﬂ!sfoangz(Imhalem}‘
Eshmated Relative R:sk .
o - _ el --p-vam'e“-. o
Low 152 5.9 0.76 (0.52,1.11) 0.134
Medium 161 =5
High 164 3.1

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

n Ad, Relative Risk (95% C.L)* p-Value Covariate Remarks
475 0.86 (0.57,1.28) 0.439 AGE (p=0.047)
LAT (p=0.061)
ASB (p<0.001)

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

b Relative risk for a twofold increase in initial dioxin.

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

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

10-52



Table 10-9. (Continued)
Analysis of Basal Cell Carcinomas (Trunk)

e) MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - 5'UNADJ'-USI'ED

: e \- . Fet RelaiveRisk @00
Ihom Category g ¥ (95% C.Ly®  p-Value
Comparison 1,002 2.8

Background RH 356 3.1 1.16 (0.57,2.38) 0.676
Low RH 232 4.7 1.64 (0.80,3.36) 0.176
High RH 245 29 0.99 (0.42,2.30) 0.977
Low plus High RH 477 3.8 1.31 (0.71,2.40) 0.389

* f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGO‘RY - ADJUSTED

| Adj Relative Risk - s
Dioxin-Category e - (95% C.L)y* p—Value -:-Covaria;e'»:Rannrksﬁ'j}-

Comparison 982 DXCAT*INS (p=0.038)
AGE (p=0.020)
EYE (p=0.122)
% *k
Background RH 354  0.67 (0.30,1.49)** 0.324 NG Bt o)
Low RH 228 1.08 (0.48,2.45)** 0.851** SUNRPT (p=0.044)
LAT (p=0.013)
High RH 244  0.74 (0.29,1.91)** (.530%* ASB (p=0.012)
Low plus High RH 472 0.92 (0.45,1.88)** 0.818** HERB (p=0.036)

2 Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table F-2-5 for
further analysis of this interaction.

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

10-53



Table 10-9. (Continued)
Analysis of Basal Cell Carcinomas (Trunk)

g)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

_ Current Dioxin Category _ Analysis Results for Log,
- Percent Yﬁ_l(n) : 2__ e Cm'moﬁn + l) :
Model® Low  Medium  High " 95% C.I.)"__.-  p-Value
4 3.2 4.4 2.9 0.97 (0.77,1.23) 0.801
(281) (272) (280)
5 335 4.9 2.1 0.97 (0.78,1.20) 0.780
(285) (268) (280)
6° 35 4.9 2.1 0.95 (0.74,1.23) 0.714
(284) (268) (280)

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

G Analys:s Results for Log2 (Cm'rent Dloxm + 1)
1 o 'Aa, Relative Risk =
ModeP| n = (95%CIL)® p-Valoe Covariate Remarks
4 829 1.09 (0.83,1.43)** 0.551%* CURRZ*INS (p=0.032)
AGE (p=0.002)
SUNRPT (p=0.141)
ASB (p=0.002)
5 833 1.05 (0.82,1.33)** 0.713** CURR*INS (p=0.024)
AGE (p<0.001)
ASB (p=0.001)
6° 832 1.07 (0.83,1.38)** 0.613** CURR¥INS (p=0.021)
AGE (p<0.001)
ASB (p=0.001)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence

interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-5 for further analysis of this interaction.

- Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-10.
Analysis of Basal Cell Carcinomas (Upper Extremities)

a) MODEL £ RANCH HANDS VS, COMPARISONS UNADJUSI'ED

Occupaﬁonal-Categdry'.,S;' _-‘G_r'oup-: s i Yw e (95% C. I.) o p-Value

All Ranch Hand 886 1.9 1.15 (0.60,2.21) 0.796
Comparison 1,198 L7

Officer Ranch Hand 357 3.6 1.39 (0.64,3.03) 0.534
Comparison 490 2.7

Enlisted Flyer Ranch Hand 150 0.7 1.25 (0.08,20.13) 0.999
Comparison 187 0.5

Enlisted Groundcrew Ranch Hand 379 0.8 0.69 (0.17,2.76) 0.844
Comparison 521 1:2

_b) MODEL 1: RANCH HANDS VS. COMPARISONS -ADIUSTED
 Adg. Relative .

Occupational Category ~ (95% C.L) sV ot Bty
All 1.16 (0.60,2.24) 0.662 AGE (p=0.023)
EYE (p=0.134)
Officer 1.32 (0.60,2.91) 0.489 T o
Enlisted Flyer 1.36 (0.08,22.19) 0.829 LAT (p=0.119)
Bolisted Grovndcrew 0.71 (0.17.2.89) 0.633 ASB (p=0.04)

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-10. (Continued)
Analysis of Basal Cell Carcinomas (Upper Extremities)

c) MODEL 2: RANCH HANDS lNI'IIAL DIOXIN . UNADJUSTED

Iniuall)mmCategory SmnmaryS!atshcs AnalysisRsultsforLog,(ImualDlom)"
Initial Dioxin ~ n - (95% C.I.)"

Low 152 1.3 0.59 (0.31,1.13) 0.082
Medium 161 3:1

High 164 0.0

_d) MODEL 2: RANCH HANDS —  INITIAL DIOXIN — ADJUSTED
. Analysis Results for Log, (Initial umm}C :

n  Adj. Relative Risk 95% C.L)> p-Value o Covariate Remarks
477 0.57 (0.29,1.14) 0.081 EYE (p=0.030)
ASB (p=0.050)

IONRAD (p=0.092)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-10. (Continued)
Analysis of Basal Cell Carcinomas (Upper Extremities)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - HNADJUSI‘ED -

_Percent' . : FsthahveRxsk -
moxin _Calegory . ; Yo @ psmcn® "'i'-i—'ranalne' .
Comparison 1,002 1.8
Background RH 356 2.3 1.41 (0.60,3.32) 0.428
Low RH 232 j ] 0.89 (0.30,2.66) 0.829
High RH 245 1.2 0.62 (0.18,2.14) 0.449
Low plus High RH 477 1.5 0.75 (0.31,1.82) 0.523

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

B 'Adj. Relative Risk . -
Dioxin Category  n (95%CI1)* pValue Covariate Remarks

Comparison 983 AGE (p=0.088)
EYE (p=0.105)
SUNRPT (p=0.055)
Background RH 354 1.30 (0.55,3.09) 0.549 LAT (p=0.093)
Low RH 228 0.87 (0.29,2.66) 0.810 ASB (p=0.060)
High RH 244 0.73 (0.21,2.59) 0.625
Low plus High RH 472 0.81 (0.33,1.98) 0.638

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-10. (Continued)
Analysis of Basal Cell Carcinomas (Upper Extremities)

g)MODELS4 5 AND& RANCHHANDS CURRMDIOX]N ..UNABJUSTEB

= : Cun*ent Dioxin Categoq
P Percent Yesl(n)
Msearl i ME wma 0§ (95% CQI.)

4 2.3 1.5 1.4 0.82 (0.56,1.18) 0.271
(281) (272) (280)

5 Z3 2.6 0.7 0.87 (0.65,1.16) 0.340
(285) (268) (280)

6° 2.1 2.6 0.7 0.86 (0.63,1.18) 0.360
(284) (268) (280)

~ h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN ——ADJHSTED e

‘Analysis Results for Logz (Cm'rmt Dioxin + 1)

o i Adj. Relative Risk S S
Model* | n - (95% C.L)® p—_Value " Covariate Remarks
4 833 0.88 (0.59,1.32) 0.538 AGE (p=0.115)

EYE (p=0.007)
5 833 0.93 (0.68,1.27) 0.643 AGE (p=0.104)
EYE (p=0.007)
6¢ 832 0.92 (0.64,1.30) 0.620 AGE (p=0.107)
EYE (p=0.007)

? Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Covariate adjustment retained age, eye color, reaction of skin to sun after repeated exposure,

average lifetime residential latitude, and asbestos exposure in the final adjusted model.

The Model 2 relative risk estimates resulting from the unadjusted and adjusted analyses

- of basal cell carcinomas of the upper extremities were marginally significant and less than
~ one, indicating an inverse relationship (Table 10-10(c,d): p=0.082, Est. RR=0.59 and

p=0.081, Adj. RR=0.57). - Eye color, asbestos exposure, and ionizing radiation exposure
were significant in the final adjusted model. All unadjusted and adjusted contrasts examined
from Model 3 were nonsignificant (Table 10-10(e,f): p>0.42 for all contrasts). Significant
covariates in the final model include age, eye color, reaction of skin to sun after repeated
exposure, average lifetime residential latitude, and asbestos exposure.

r

Paralleling Model 3 analysis, the unadjusted and adjusted analyses of basal cell
carcinomas on the upper extremities displayed nonsignificant results for Models 4, 5, and 6
(Table 10-10(g,h): p>0.27 for all analyses). Each model adjusted for age and eye color in
the final model.

Basal Cell Carcinomas (Lower Extremities)

Each contrast examined from the Model 1 analysis of basal cell carcinomas on the lower
extremities was nonsignificant (Table 10-11(a,b): p>0.83 for all contrasts). Differences
between Ranch Hands and Comparisons within the enlisted flyer and groundcrew occupations
were not conducted because of the sparse number of participants with a history of a basal cell
carcinoma on the lower extremities. Adjusted analyses were not performed for Model 1 or
any of the other five models because of the sparse number of participants with a basal cell
carcinoma on the lower extremities.

No Ranch Hands were found to have a history of a basal cell carcinoma on the lower
extremities in Model 2 analyses. The Model 3 unadjusted analysis contrast between Ranch
Hands in the background category and Comparisons was examined and found to be
nonsignificant (Table 10-11(e): p=0.596).

Unadjusted analysis of basal cell carcinomas on the lower extremities exhibited
nonsignificant results for each of Models 4, 5, and 6 (Table 10-11(g): p>0.18 for each
model).

Squamous Cell Carcinomas

All examinations of differences between Ranch Hands and Comparisons were
nonsignificant for the Model 1 analysis of squamous cell carcinomas (Table 10-12(a,b):
p>0.13 for all contrasts). Adjusted analysis retained age, reaction of skin to sun after
repeated exposure, average lifetime residential latitude, and herbicide exposure in the final
model.

Each unadjusted and adjusted analysis of squamous cell carcinomas for Models 2 and 3
was nonsignificant (Table 10-12(c-f): p>0.14 for all analyses). Model 2 adjusted for
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Table 10-11.
Analysis of Basal Cell Carcinomas (Lower Extremities)

) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

0.1
1,198 0.3

357 0.3 1.37 (0.09,22.03) 0.999
490 0.2

150 0.0 - -
187 0.0

Enlisted Groundcrew Ranch Hand 379 0.0 - -
Comparison 521 0.4

Officer

Enlisted Flyer

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

Ocompations Catesoty. 8 L

All - s
Officer - -
Enlisted Flyer - --
Enlisted Groundcrew - -

--: Adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-11. (Continued)
Analysis of Basal Cell Carcinomas (Lower Extremities)

--: Unadjusted and adjusted analyses not performed due to zero abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-11. (Continued)
Analysis of Basal Cell Carcinomas (Lower Extremities)

Background RH
Low RH

High RH

Low plus High RH

356
232
245
477

0.3
0.0
0.0
0.0

1.95 (0.17,22.90) 0.596

ﬂ MODEL 3: RANCH HANDS AND COMPARISDNS BY DIOXIN CA’I‘EGORY ABJUSI‘ED i

Aq] Rdahvemsk
BB CL)

p—Yﬁlue

e g .:_ -

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

2 Relative risk and confidence interval relative to Comparisons.

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

—: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.

Comparison: Current Dioxin <
Background (Ranch Hand): Current Dioxin < 10 ppt.

10 ppt.

Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-11. (Continued)
Analysis of Basal Cell Carcinomas (Lower Extremities)

g) MODELS4 5 AND6° RANCHHANDS CURRENI‘ DIOXIN — BNADJUSTED

4 0.4 0.0 0.0 0.60 (0.13,2.74) 0.491
(281) (272) (280)

5 0.0 0.4 0.0 1.06 (0.34,3.32) 0.923
(285) (268) (280)

6 0.0 0.4 0.0 0.34 (0.07,1.74) 0.188
(284) (268) (280)

b MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
o Ana!ys:sRes;ﬂts forLog2(Cument Dmxm+ 1) ' o
AdJ.RdatweR:sk 'f.].; e

Mode | n ®5%CL) Ve CommeRunarks
4 s - .
5 - 3 -
6 - =& =,

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
-: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppqg.
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Table 10-12.
Analysis of Squamous Cell Carcinomas

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

e e = Percent ~ Est. Relative Risk s

Occupational Category ~ Group m o Nes - (95%C.1) = p-Value

All Ranch Hand 886 14 1.16 (0.53,2.52) 0.859
Comparison 1,198 1.2

Officer Ranch Hand 357 ) i 0.91 (0.32,2.59) 0.999
Comparison 490 1.8

Enlisted Flyer Ranch Hand 150 1.3 1.25 (0.17,8.98) 0.999
Comparison 187 |

Enlisted Groundcrew Ranch Hand 379 1.1 1.84 (0.41,8.28) 0.671
Comparison 521 0.6

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

e o Adj. Relative Risk - ; :
Occupational Category _ (95% C.1.) p-Valoe Covariate Remarks®
All 1.92 (0.69,5.35) 0.208 AGE (p<0.001)

SUNRPT (p=0.146)
Officer 1.44 (0.42,4.99) 0.564 LAT (p=0.120)
Enlisted Flyer 2.13 (0.26,17.61) 0.483 HERB (p=0.122)
Enlisted Groundcrew 3.47 (0.67,18.00) 0.138

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-12. (Continued)
Analysis of Squamous Cell Carcinomas

 © MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Initial Dioxin Category Summary Statistics || Analysis Results for Log, (initial Dloxm)“

- . Percent Estunatedkelahvek:sk
Initial]}ioxin_j. om0 Yes i (95%CI® p-Value_‘
Low 152 1.3 0.85 (0.43,1.70) 0.641
Medium 161 1.2
High 164 1.2

~ d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysis R:sults for Logz (Imtla] Dloxm)“

n Adj. Relative Risk 95% C.I)° p-Value Covariate Remarks
472 0.78 (0.36,1.68) 0.512 SUNRPT (p=0.014)
LAT (p=0.103)
ASB (p=0.040)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-12. (Continued)
Analysis of Squamous Cell Carcinomas

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

i - Percent  Est.RelativeRisk
Dioxin :Category - n ~ Yes . (95% C.L)® p-Value
Comparison 1,002 1.1
Background RH 356 1.7 1.59 (0.58,4.40) 0.367
Low RH 232 1.7 1.54 (0.49,4.92) 0.461
High RH 245 0.8 0.73 (0.16,3.32) 0.680
Low plus High RH 477 1.3 1.12 (0.41,3.07) 0.820

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

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

Comparison 1,002 AGE (p=0.001)
HERB (p=0.103)

Background RH 356 2.54 (0.72,8.95) 0.146

Low RH 232 2.57 (0.63,10.52)  0.189

High RH 245 1.68 (0.31,9.18) 0.551

Low plus High RH 477 2.17 (0.61,7.73) 0.231

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

10-66



Table 10-12. (Continued)
Analysis of Squamous Cell Carcinomas

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

Current Dioxin Category || _Analysis Results for Log,
Percent Yes/(n) | (Current Dioxin + 1)
; S ¢ I Est. RemtiveRisk _
Model* Low Mediom  High (95% C.L)° ~ p-Value

4 1.4 2.2 0.7 0.91 (0.61,1.35) 0.628
(281) 272) (280)

5 1.4 2.2 0.7 0.97 (0.69,1.35) 0.834
(285) (268) (280)

6° 1.4 2.2 0.7 0.89 (0.62,1.28) 0.539
(284) (268) (280) .

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

: Analys:s Rasults l'or Logz (Cnm:nt Dzoxm + 1)
= Adj. Relative Risk :
Model® n (95% C.I)°®  p-Value  Covariate Remarks
4 833 0.98 (0.64,1.50) 0.921 AGE (p=0.095)
IONRAD (p=0.128)
5 833 1.03 (0.72,1.48) 0.864 AGE (p=0.086)
IONRAD (p=0.125)
64 828 1.01 (0.69,1.46) 0.970 AGE (p=0.080)
SUNRPT (p=0.149)
IONRAD (p=0.131)

* Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model'4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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reaction of skin to sun after repeated exposure, average lifetime residential latitude, and
asbestos exposure. Model 3 retained age and herbicide exposure in the final adjusted model.

Associations between squamous cell carcinomas and current dioxin were nonsignificant
for all analyses of Models 4, 5, and 6 (Table 10-12(g,h): p>0.53 for all analyses). Age and
ionizing radiation were retained in each adjusted model. Model 6 also adjusted for reaction
of skin to sun after repeated exposure.

Nonmelanomas

The Model 1 analysis of nonmelanomas showed no significant differences between
Ranch Hands and Comparisons for both the unadjusted and adjusted analyses (Table
10-13(a,b): p>0.28 for all analyses). Age, reaction of skin to sun after at Jeast 2 hours,
reaction of skin to sun after repeated exposure, and average lifetime residential latitude were
retained in the final adjusted model.

A significant association between nonmelanomas and initial dioxin resulted from the
unadjusted and adjusted analyses of Model 2, where the history of a nonmelanoma decreased
as initial dioxin measurements increased (Table 10-13(c): p=0.007, Est. RR=0.74 and
p=0.032, Adj. RR=0.76). The adjusted results were based on the final adjusted model after
deletion of a significant current dioxin-by-insecticide exposure interaction. Analyses.
stratified by each level of insecticide exposure are presented in Appendix Table F-2-6. Other
significant covariates were age, reaction of skin to sun after at least 2 hours, reaction of skin
to sun after repeated exposure, and average lifetime residential latitude.

The Model 3 unadjusted contrast of Ranch Hands in the high dioxin category versus
Comparisons showed marginally significant results (Table 10-13(e): p=0.064, Est.
RR=0.61). Of Ranch Hands in the high dioxin category, 7.4 percent had a history of a
nonmelanoma, whereas 11.1 percent of Comparisons showed a history of a nonmelanoma.
Of Ranch Hands in the low dioxin category, 16.4 percent showed a history of a
nonmelanoma, and the contrast with Comparisons was significant (Table 10-13(e): p=0.042,
Est. RR=1.52). Results were marginally significant for the adjusted contrast between Ranch
Hands in the low category and Comparisons (Table 10-13(f): p=0.078, Adj. RR=1.47). All
other contrasts were nonsignificant (Table 10-13(e,f): p>0.13 for all remaining contrasts).
Age, reaction of skin to sun after at least 2 hours, reaction of skin to sun after repeated
exposure, average lifetime residential latitude, and insecticide exposure were significant in
the Model 3 adjusted analysis. .

Significant associations between current dioxin levels and nonmelanomas were found
from the unadjusted analysis of Models 4 and 6 (Table 10-13(g,h): p=0.034, Est. RR=0.86
and p=0.016, Est. RR=0.85). A history of a nonmelanoma decreased as current dioxin
levels increased. The Modeil 5 analyses were nonsignificant, as were the adjusted analyses of
Models 4 and 6 (Table 10-13(g,h): p>0.13 for all remaining analyses). Each model
adjusted for the covariate effects of age, reaction of skin to sun after at least 2 hours
exposure, reaction of skin to sun after repeated exposure, and average lifetime residential
latitude. Model 6 also retained ionizing radiation exposure.
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Table 10-13.

Analysis of Nonmelanomas

a) MODEL 1.: RANCH HANDS VS. COI\!PAR!SBNS — WANUS!‘ED

-..--f-:.fm.—.e*

All Ranch Hand 886 12.6 1.14 (0.87,1.49) 0.374
Comparison 1,198 11.3
Officer Ranch Hand 357 17.1 1.22 (0.84,1.77) 0.351
Comparison 490 14.5
Enlisted Flyer Ranch Hand 150 14.7 1.23 (0.65,2.30) 0.636
Comparison 187 12.3
Enlisted Groundcrew Ranch Hand 379 057 ) 0.97 (0.59,1.59) 0.999
Comparison 521 7.9
b) MODEL 1: RANCH HANDS VS COMI‘ARISONS ADJUSTED
o . Adj Relativemik .
rrﬂecupatwml Category : - {95% C.1) - p-Value Covariate Remarks®
All 1.17 (0.88,1.54) 0.282 AGE (p<0.001)
SUN2HR (p<0.001)
Officer 1.22 (0.83,1.80) 0.310 SUNRPT (=0.001)
Enlisted Hycr 1.30 (0.68,2.49) 0.430 LAT (p<0.001)
Enlisted Groundcrew 1.00 (0.60,1.66) 0.997

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-13. (Continued)
Analysis of Nonmelanomas

¢) MODEL 2. RAN  HANDS — mmAL DIOXIN — UNADJUSTED
' ' Resnks for Lng, (Inmal"]}mmn}‘

_ S ¥es (95% C.L)® _
. Low 152 15.8 0.74 (0.58,0.93) 0.007
Medium 161 12.4
High 164 7.3

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

_ _ Ana]ysmkesnltsforlmg, (Imbal Dmxm)‘ i
Adj. gaamem(%% cLy p-Value ~ Covariate Remarks

472 0.76 (0.59,0.99)** 0.032%* INIT*INS (p=0.026)
AGE (p=0.119)

SUNZ2HR (p=0.050)
SUNRPT (p=0.034)
LAT (p=0.010)

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

b Relative risk for a twofold increase in initial dioxin.

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

** Log, (initial dioxin)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table F-2-6 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-13. (Continued)
Analysis of Nonmelanomas

_¢) MODEL 3: RANCH § HANDS AND COMPARISONS BY DIOXIN cameony‘--  UNADJUSTED _

Dioxin Category _ . pVae

Comparison 1,002 11.1

Background RH 356 13.5 1.32 (0.92,1.91) 0.134
Low RH 232 16.4 1.52 (1.02,2.27) 0.042
High RH 245 7.4 0.61 (0.36,1.03) 0.064
Low plus High RH 477 11.7 1.03 (0.73,1.45) 0.869

f) MODEL 3¢ RANCH HANDS AND COI\IPARISDNS BY DIOXIN CATEGORY ADJUSI'ED
?DiDXiECﬂtW - o (95% ClIL }"f - p~Value o 'quiaﬁatg?;nmarks

Comparison 984 AGE (p<0.001)
SUNZHR (p=0.001)
SUNRPT (p=0.003)

Background RH 354 1.19 (0.81,1.75) 0.366 LAT (p<0.001)
Low RH 228 1.47 (0.96,2.24) 0.078 INS (p=0.134)
High RH 244 0.74 (0.43,1.28) 0.283

Low plus High RH 472 1.11 (0.77,1.59) 0.570

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-13. (Continued)
Analysis of Nonmelanomas

- X 0.86 (0.74,0.99)
(281) (272) (280)
5 13.3 14.9 93 0.91 (0.81,1.03) 0.131
(285) (268) (280)
6° 134 14.9 9.3 0.85 (0.75,0.97) 0.016
(284) (268) (280)
4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

31;) MODELS 4,’"

Anaiys:sliesultsfot Logz (Cnment Dmxm + 1)

AdJRdauveklsk _
(95% C.L)®> _'_.?p'-Value';i Covamtekemm'ks

4 826 0.93 (0.79,1.08) 0.319 AGE (p<0.001)

SUN2HR (p=0.046)

SUNRPT (p=0.041)
LAT (p=0.030)

5 826 0.98 (0.86,1.11) 0.692 AGE (p<0.001)

SUN2HR (p=0.045)

SUNRPT (p=0.037)
LAT (p=0.032)

6¢ 825 0.91 (0.79,1.04) 0.176 AGE (p<0.001)
SUN2HR (p=0.025)
SUNRPT (p=0.046)
LAT (p=0.025)
IONRAD (p=0.128)

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

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

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

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Melanomas

- The Model 1 analysis of melanomas was nonsignificant for each unadjusted and adjusted
‘contrast analyzed (Table 10-14(a,b): p>>0.46 for each contrast). Differences between Ranch
Hands and Comparisons within the enlisted flyer occupation were not considered because of
the absence ‘of melanoma within this cohort. Average lifetime residential latitude, industrial
chemical exposure, and degreasing chemical exposure were significant in the final adjusted
model.

The unadjusted test of association between initial dioxin and melanomas for Model 2
yielded nonsignificant results (Table 10-14(c): p=0.136, Est. RR=0.61). However, after
covariate adjustment, a significant inverse relationship was revealed (Table 10-14(d):
p=0.021, Adj. RR=0.43). Skin color, hair color, industrial chemical exposure, and
degreasing chemical exposure were significant covariates. From the unadjusted analysis of
Model 3, a marginally significant difference was found between Ranch Hands in the low
dioxin category and Comparisons (Table 10-14(e): p=0.076, Est. RR=2.79). All other
unadjusted and adjusted contrasts were nonsignificant (Table 10-14(e,f): p>0.14 for all
remaining contrasts). Significant covariates in Model 3 were average lifetime residential
latitude, industrial chemical exposure, and degreasing chemical exposure.

_ For Models 4, 5, and 6, all unadjusted and adjusted results from the analysis of

melanomas were nonsignificant (Table 10-14(g,h): p>0.86 for all analyses). Each adjusted
analysis retained hair color, average lifetime residential latitude, industrial chemical
exposure, and degreasing chemical exposure in the final adjusted model. '

After the analyses were well underway, an error in the classification of one participant’s
race was discovered. He was listed in the data base as Black, when he was actually non-
Black. The participant was a 50-year-old Comparison, and he was a member of the enlisted
flyer cohort, with a current serum dioxin value < 10 ppt. Because the participant is a
Comparison, he was only included in the Model 1 and Model 3 analyses (see Chapter 7,
Statistical Methods). This participant had a melanoma and was excluded from the analyses
of melanomas, because he was erroneously coded as Black. Additional analyses of
melanomas were performed with this participant properly coded as non-Black. Results from
this analysis did not indicate any change in conclusions based on this misclassification. The
additional analyses are shown in Appendix Table F-1-2. '

Systemic Neoplasms

Each unadjusted and adjusted systemic neoplasms analysis examined using Models 1
through 6 was nonsignificant (Table 10-15: p>0.13 for all contrasts). Age and industrial
chemlcal exposure were significant in each of the final adjusted models.

Malignant Systemic Neoplasms

. The Model 1 analyses of a history of a malignant systemic neoplasm revealed that
differences between Ranch Hands and Comparisons were nonsignificant (Table 10-16(a,b):
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Table 10-14.
Analysis of Melanomas

= a) MODEL 1. RANCH H&NDS_"VS: COM'PARISONS UNADJUSTED

m‘ R I E l ..... e
e  (95% C.L) e 3f-{¥-Va‘!ue-
All Ranch Hand 886 1.2 1.49 (0.63,3.53) 0.486
Comparison 1,198 0.8
Officer Ranch Hand 357 1.7 1.66 (0.50,5.48) 0.596
Comparison 490 1.0
Enlisted Flyer Ranch Hand 150 0.0 -- --
Comparison 187 0.0
Enlisted Groundcrew Ranch Hand 379 1.3 1.38 (0.40,4.80) 0.852
Comparison 521 1.0

~ b) MODEL 1: RANCHHANDSVS COMPARISONS ADJUSTED3 -

Adj. Relative Rlsk

(95% C1) -p’-Vﬁine ' "Covariate'ké:'narks‘_'_
All 1.37 (0.58,3.26) 0.474 LAT (p=0.062)
IC (p=0.013)
Officer _ 1.57 (0.47,5.21) 0.465 DC (p=0.040)
Enlisted Flyer - -
Enlisted Groundcrew 1.24 (0.35,4.35) 0.740

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

--: Adjusted relative risk, confidence interval, and p-value not presented due to zero abnormalities.
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Table 10-14. (Continued)
Analysis of Melanomas

0 MODEL 2: RANCH HANDS — mmmom—mamvm .

| mkdamem S
OEECLP S ovaee

0.61 (0.30,1.24)

d} MODELZ 'RANCH HANDS — INITIAL DIOXIN — ADJUSI'ED
. . Anﬂys;skmhsforl.og,ammmmm)‘ - j::__ -
n Adj. Relatwekxsk(ﬁ% cLy . . Covariate Remarks

477 0.43 (0.19,0.99) SKIN (p=0.047)
HAIR (p=0.003)
IC (p=0.013)

DC (p=0.008)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-14. (Continued)
Analysis of Melanomas

AND comamsoxs BY moxm cxxmonv — {mADJUS'I‘ED .

_© MODEL 3: RANCH HANDS

p-Valtle

- N (95% CIL )"

Comparison 1,002 0.8

Background RH 356 0.8 1.05 (0.27,4.01) 0.948
Low RH 232 22 2.79 (0.90,8.66) 0.076
High RH 245 0.8 1.01 (0.21,4.84) 0.987
Low plus High RH 477 1.5 1.86 (0.67,5.21) 0.235

f) MODEL 3’ RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSI‘ED G

: - Ad;.xdauvemsk ;y .
Comparison 991 LAT (p=0.033)
IC (p=0.048)
Background RH 355 097 (0.253.76)  0.964 D (p=oiaag)
Low RH 230  2.34(0.74,7.40)  0.148
High RH 245 093 (0.19,4.53)  0.930
Lowplus High RH 475  1.64 (0.58,4.63)  0.351

* Relative risk and confidence interval relative to Comparisons.

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

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

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

4 0.7 2.2 0.7 0.98 (0.64,1.50) 0.934

(281) (272) (280)

5 1.4 1.} 1.4 0.99 (0.69,1.42) 0.944
(285) (268) (280)

6° 1.1 1.1 1.4 1.02 (0.69,1.51) 0.938
(284) (268) (280)

h) MODELS4, 35, ANB!S.- RANCHHANI)S CURRENI‘DIOIGN—AI)J(ISTED

Analymnesultsforhg,(cm Dioxin + 1)
ModeP | n (95% C.L )"  pVee :-'-'co'miate Remarks

4 830 1.01 (0.64,1.57) 0.982 HAIR (p=0.086)
LAT (p=0.019)
IC (p=0.130)
DC (p=0.044)

5 830 1.01 (0.69,1.48) 0.950 HAIR (p=0.087)
LAT (p=0.019)
IC (p=0.130)
DC (p=0.043)

6 | 829 1.03 (0.69,1.54) 0.869 HAIR (p=0.088)
LAT (p=0.020)
IC (p=0.135)
DC (p=0.044)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-15.

Analysis of Systemic Neoplasms

. p-Value

All Ranch Hand 943 21.1 1.04 (0.85,1.28) 0.755
Comparison 1,280 20.5
Officer Ranch Hand 361 Z1.3 0.91 (0.66,1.27) 0.640
Comparison 502 229
Enlisted Flyer Ranch Hand 160 244 1.13 (0.69,1.85) 0.712
Comparison 203 -2
Enlisted Groundcrew Ranch Hand 422 19.7 1.14 (0.82,1.57) 0.489
Comparison 575 .7
b) MODFL 1. RANCH HANDS VS. COMPARISONS ADJUSTED
_Dcwpahaml Category {95% C.L ) : peVﬁlne Covmmateltmrks’
All 1.03 (0.84,1.27) 0.772 AGE (p<0.001)
Officer 0.90 (0.64,1.25) 0.520 IC (=008
Enlisted Flyer 1.13 (0.69,1.85) 0.640
Enlisted Groundcrew 1.13 (0.82,1.57) 0.459

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-15. (Continued)
Analysis of Systemic Neoplasms

c) MODELZ RANCHHANBS mmmom-mmvsmn e

. ©5% CL)®

" 0.93 (0.79,1.09) 0.354

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

Analymsltsu!tsforlmg,{[mtml!)iom}‘

n Adj.RelativeRisk %5% C1)> pValwe  Covariate Remarks
514 1.01 (0.86,1.20) 0.876 AGE (p=0.004)
IC (p=0.057)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-15. (Continued)
Analysis of Systemic Neoplasms

e) MODEL 3: mcn man jAND'co""' ARISONS BY DIOXIN CATEGORY - INADJUSTED .

- ' Est. Relati m
Dm:nn Category_ . esscL® 00 --:pﬁ-valusei-- L
Comparison

Background RH 372 19.6 0.98 (0.72,1.32) 0.873

Low RH 255 23.9 1.17 (0.85,1.62) 0.340

High RH 259 19.7 0.91 (0.65,1.28) 0.594

Low plus High RH 514 21.8 1.04 (0.80,1.34) 0.784

ﬂ MODEL S RANCH HANDS AND COMI'ARISGNS BY DIOXIN CATEG{)RY ADJUS’I'ED

_Dioxi'n' Category n (95%—-(3—-1--“ p-‘Va.lue S Cnmatekunarks -

Comparison 1,062 AGE (p<0.001)
IC (p=0.043)

Background RH 372 0.89(0.65,1.20)  0.437

Low RH 255 1.12 (0.80,1.55)  0.513

High RH 259 1.08 (0.76,1.53)  0.671

Low plus High RH 514 1.10 (0.85,1.43)  0.481

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-15. (Continued)
Analysis of Systemic Neoplasms

g)MGDELS45 ANBG RANCHHANDS CURRENI‘D!OXIN UNADJUSTED

ModeF! low  Mediom  Hi .
4 18.4 24.0 20.2 1.02 (0.91,1.14) 0.746
(293) (296) (297)
5 19.1 223 213 1.02 (0.93,1.12) 0.668
(298) (292) (296)
6° 19.2 223 2155 1.01 (0.91,1.12) 0.875
(297) (292) (296)
h) MODEIS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
: AnalystesnlfsforLogz(CmmDmm-i- 1) e
| Adj Retive Rk . .
ModeP | n  (95%CILP® = pVale Coviiit: Beunks
- 886 1.10 (0.97,1.23) 0.130 AGE (p<0.001)
IC (p=0.037)
b 886 1.08 (0.98,1.20) 0.135 AGE (p<0.001)
IC (p=0.037)
6¢ 885 1.08 (0.97,1.20) 0.185 AGE (p<0.001)
IC (p=0.039)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.

10-81



p=0.34 for all contrasts). Adjusted analysis retained age and lifetime cigarette smoking
history in the final adjusted model.

The association between malignant systemic neoplasms and initial dioxin was significant
in the Model 2 unadjusted analysis. A history of a malignant systemic neoplasm decreased
among Ranch Hands as initial dioxin levels increased (Table 10-16(c): p=0.004, Est.
RR=0.63). Age and the initial dioxin-by-lifetime cigarette smoking history interaction were
significant in the final adjusted model. Appendix Table F-2-7 presents results stratified by
levels of lifetime cigarette smoking history. A marginally significant association between
initial dioxin and malignant systemic neoplasms was found among Ranch Hands with no
lifetime cigarette smoking history (Appendix Table F-2-7(a): p=0.081, Adj. RR=0.29).

The Model 3 unadjusted analysis revealed that Ranch Hands in the low dioxin category
exhibited a significantly greater history of a malignant systemic neoplasm than Comparisons
(Table 10-16(e): p=0.024, Est. RR==1.87). The analogous adjusted contrast was marginally
significant (Table 10-16(f): p=0.060, Adj. RR=1.72). All remaining contrasts were
nonsignificant (Table 10-16(e,f): p=0.22 for all remaining contrasts). Adjusted results
accounted for the covariates age and lifetime cigarette smoking history.

Associations between malignant systemic neoplasms and current dioxin were found to be
nonsignificant from the unadjusted and adjusted analyses of Models 4, 5, and 6 (Table
10-16(g,h): p>0.35 for all analyses). Model 4 adjusted results are based on the final model
after deletion of the significant current dioxin-by-degreasing chemical exposure interaction.
Model 5 and 6 adjusted results are based on the final model after deletion of the significant
current dioxin-by-lifetime cigarette smoking history and current dioxin-by-degreasing
chemical exposure interactions. Results stratified by each level of degreasing chemical
exposure for Models 4, 5, and 6, and lifetime cigarette smoking history for Models 5 and 6,
are presented in Appendix F-2-7. Age was significant in each model, and Model 4 also
adjusted for lifetime cigarette smoking history.

Benign Systemic Neoplasms

All differences in the history of a benign systemic neoplasm between Ranch Hands and
Comparisons were nonsignificant (Table 10-17(a,b): p=0.24 for all contrasts). Age and
industrial chemical exposure were significant in the final model.

Results from the Model 2 and 3 analyses of benign systemic neoplasms were similar to
Model 1. All associations between benign systemic neoplasms and initial dioxin and -
categorized dioxin were nonsignificant (Table 10-17(c-f): p>0.46 for all analyses). Model 2
was adjusted for lifetime alcohol history and industrial chemical exposure and Model 3 was
adjusted for age and industrial chemical exposure.

The analysis of the relationship between benign systemic neoplasms and current dioxin
was nonsignificant for Models 4, 5, and 6 (Table 10-17(g,h): p>0.71 for all analyses).
Lifetime alcohol history and industrial chemical exposure were significant covariates in each
adjusted final model.
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Table 10-16.
Analysis of Malignant Systemic Neoplasms

(5% CIL)  p-Value

943 5.0 1.17 (0.78,1.74) 0.507

361 6.1 0.95 (0.54,1.67) 0.980

Enlisted Flyer Ranch Hand 160 8.1 1.54 (0.67,3.54) 0.414
Comparison 203 5.4

Enlisted Groundcrew Ranch Hand 422 2.8 1.37 (0.61,3.09) 0.575
Comparison 575 2.1

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

o Ad Btk _,
Occupational Category = (95% C.1.) L p-Value ~ Covariate Remarks?®

All 1.16 (0.77,1.75) 0.479 AGE (p<0.001)
Officer 0.94 (0.53,1.66) 0.820 FACRIR (p=ao)
Enlisted Flyer 1.51 (0.65,3.52) 0.340
Enlisted Groundcrew 137 (0.60,3.14) 0.454

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-16. (Continued)
Analysis of Malignant Systemic Neoplasms

c) MODEL 2. RANGH RANDS INITIAL DIOXIN UNADIUSI‘ED

_OS%CLP  pVame

1.1 0.63 (0.44,0.89) 0.004

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

s Ana]yasksulisforlng,(inmlm xm]“ : .
n Adj. Relative Risk (95% Cc1)  pValue  Coib Renite

514 Ry Horkx INIT*PACKYR (p=0.008)
AGE (p<0.001)

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

b Relative risk for a twofold increase in initial dioxin.

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

*#%%% | og, (initial dioxin)-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and
p-value not presented; refer to Appendix Table F-2-7 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-16. (Continued)
Analysis of Malignant Systemic Neoplasms

¢) MODEL 3: RANCH HANDS AND COMPARISONS BY I)IOX]N CATEGORY —?BNABJUSTED

Dmmeatego : Yes (95% C.I)“’

Comparison 42

Background RH 372 4.0 1.03 (0.57,1.89) 0.914
Low RH 255 8.2 1.87 (1.09,3.22) 0.024
High RH 259 3.1 0.67 (0.31,1.45) 0.309
Low plus High RH 514 5.6 1.26 (0.77,2.04) 0.356

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CA'I'EGORY . ADJUSTED
. : Adj. Relative Risk

 (95% C.L)* p&alue ' Cavariat eeén{"' emarks

Dioxin Category 'ﬁi o

Comparison 1,060 AGE (p<0.001)
PACKYR (p=0.066)

Background RH 371 0.94 (0.51,1.73) 0.834

Low RH 255 1.72 (0.98,3.01)  0.060

High RH 259 0.90 (0.41,1.99) 0.801

Low plus High RH 514 1.37 (0.83,2.26) 0.220

# Relative risk and confidence interval relative to Comparisons.

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

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

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

10-85



Table 10-16. (Continued)
Analysis of Malignant Systemic Neoplasms

RENT DIOXIN UNADJUSTED .

4 3.8 8.1 3.0 0.94 (0.76,1.17) 0.585

(293) (296) (297)

5 4.7 3.5 4.7 0.99 (0.82,1.18) 0.872
(298) (292) (296)

6° 4.7 5.5 4.7 0.95 (0.78,1.15) 0.585

(297) (292) (296)

”: Analys:slisnhs forLogz (Cnrrent Dmxm + l)
ModeP | n jfj'i-i_{9_5_% C‘I)" o p¥Nalme - .,"ﬁovaﬁa_te;kanarks
- 885 1.06 (0.85,1.37)** 0.537%** CURR*DC (p=0.024)
AGE (p<0.001)
PACKYR (p=0.069)
5 885 1.10 (0.90,1.35)** 0.359** CURR*PACKYR (p=0.039)
CURR*DC (p=0.036)
AGE (p<0.001)
64 884 1.08 (0.87,1.34)** 0.506** CURR*PACKYR (p=0.038)
CURR*DC (p=0.035)
AGE (p<0.001)

4 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-7 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 10-17.
Analysis of Benign Systemic Neoplasms

a) MGDEL l. RANCH HANDS VS. CMARISONS UNADJUSTEB

. Percent Esi.fxdanvem_ |
Oﬂﬂlmcategory " Creay o8 Ye (95%Cl)  p-Value

All Ranch Hand 943 16.4 1.07 (0.85,1.34) 0.611
Comparison 1,280 15.6

Officer Ranch Hand 361 14.1 0.86 (0.59,1.25) 0.476
Comparison 502 16.1

Enlisted Flyer Ranch Hand 160 19.4 1.15 (0.68,1.97) 0.699
Comparison 203 172

Enlisted Groundcrew Ranch Hand 422 17.3 1.24 (0.88,1.75) 0.254
Comparison 575 14.4

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

o Adj Rmenisk L .
Oewpahona!Category osRray -p‘-}V'alue--f_'--. -~ Covariate Remarks®

All 1.06 (0.84,1.34) 0.607 AGE (p<0.001)
Officer 0.84 (0.58,1.24) 0.384 wsees
Enlisted Flyer 1.15 (0.67,1.98) 0.602

Enlisted Groundcrew 1.23 (0.87,1.74) 0.240

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-17. (Continued)
Analysis of Benign Systemic Neoplasms

OS®CLY | pvae

1.02 (0.86,1.22) 0.804

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

: - Analys;sRsultsforLog;{[numlem)‘
n Ad,. Relative Risk 95% C.1)° pValue Covanatn Rm:arks
502 1.00 (0.83,1.20) 0.989 DRKYR (p=0.124)

IC (p=0.018)

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

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

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-17. (Continued)
Analysis of Benign Systemic Neoplasms

Comparison 1,062 15.6

Background RH 372 16.1 1.07 (0.77,1.48) 0.689
Low RH 255 16.5 1.05 (0.73,1.52) 0.795
High RH 259 16.2 1.02 (0.71,1.48) 0.911
Low plus High RH 514 16.3 1.04 (0.78,1.38) 0.812

Comparison 1,062 AGE (p<0.001)

IC (p=0.057)
Background RH 372 0.99 (0.72,1.38) 0.976
Low RH 255 1.02 (0.70,1.48) 0.931
High RH 259 1.15 (0.79,1.68) 0.464
Low plus High RH 514 1.08 (0.81,1.44) 0.605

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-17. (Continued)
Analysis of Benign Systemic Neoplasms

1.02 (0.91,1.16)
(293) (296) (297)
5 15.4 16.8 16.6 1.01 (0.91,1.12) 0.829
(298) (292) (296)
6° 15.5 16.8 16.6 1.02 (0.91,1.14) 0.765
(297) (292) (296)

1.01 (0.89,1.15) DRKYR (p=0.059)
IC (p=0.010)

5 867 1.00 (0.90,1.12) 0.940 DRKYR (p=0.058)
IC (p=0.011)

64 866 1.01 (0.90,1.14) 0.870 DRKYR (p=0.057)

IC (p=0.011)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Systemic Neoplasms of Uncertain Behavior or Unspecified Nature

All Ranch Hand versus Comparison contrasts examined from the Model 1 analysis of
systemic neoplasms of uncertain behavior or unspecified nature were nonsignificant (Table
10-18(a,b): p>0.59 for all contrasts). Contrasts within the enlisted flyer cohort were not
performed because no Ranch Hand enlisted flyers exhibited a history of a systemic neoplasm
of uncertain behavior or unspecified nature. Age was significant in the adjusted model.

All unadjusted and adjusted results also were nonsignificant from each Model 2 and 3
analysis of systemic neoplasms of uncertain behavior or unspecified nature (Table 10-18(c-f):
p>0.44 for all analyses). No covariates were significant in Model 2, although age was
significant in Model 3.

The analyses of systemic neoplasms of uncertain behavior or unspecified nature from
Models 4, 5, and 6 were comparable to the above analyses. All unadjusted and adjusted
results were nonsignificant (Table 10-18(g,h): p>0.25 for all analyses). Each Model 4, 5,
and 6 adjusted analysis retained age and the current dioxin-by-asbestos exposure interaction
in the final model. All adjusted results presented in Table 10-18(h) are based upon deletion
of the interaction from the final model. For each model, Appendix Table F-2-8 displays
results stratified for each level of asbestos exposure.

Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck)

Differences in the history of a malignant systemic neoplasm of the eye, ear, face, head,
or neck were examined between Ranch Hands and Comparisons in the analysis of Model 1.
All unadjusted and adjusted contrasts were nonsignificant (Table 10-19(a,b): p>0.26 for all
contrasts). The adjusted analysis retained age and lifetime cigarette smoking history in the
final model.

The unadjusted analysis of malignant systemic neoplasms of the eye, ear, face, head, or
neck from Model 2 was nonsignificant (Table 10-19(c): p=0.182). Adjusted analysis
included degreasing chemical exposure and an initial dioxin-by-lifetime cigarette smoking
history interaction in the final model. No significant results were found in analyses of
malignant systemic neoplasms of the eye, ear, face, head, or neck stratified by lifetime
cigarette smoking history (Appendix Table F-2-9(a)).

Each Model 3 contrast was nonsignificant (Table 10-19(e.f): p>0.16 for all unadjusted
and adjusted contrasts). Adjusted analyses revealed a significant categorized dioxin-by-
lifetime cigarette smoking history interaction and a categorized dioxin-by-degreasing chemical
exposure interaction. Model 3 also adjusted for age, ionizing radiation exposure, and
industrial chemical exposure. Results stratified by levels of lifetime cigarette smoking and
levels of degreasing chemical exposure are presented in Appendix Table F-2-9. Adjusted
results were based on the final model after deletion of the significant interactions.

Model 4, 5, and 6 analyses of malignant systemic neoplasms of the eye, ear, face, head,
or neck revealed nonsignificant associations with current dioxin (Table 10-19(g,h): p>0.48
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Table 10-18. -
Analysis of Systemic Neoplasms of Uncertain Behavior or

0.92 (0.47,1.78)

Officer 1.26 (0.53,3.01)
Enlisted Flyer i
Enlisted Groundcrew 0.75 (0.25,2.27)

2 Covariates and associated p-values correspond to final model based

--: Adjusted relative risk, confidence interval, and p-value not
abnormalities.



Table 10-18. (Continued)
Analysis of Systemic Neoplasms of Uncertain Behavior or Unspecified Nature

Low 170 2.4 0.91 (0.54,1.52) 0.709

Medium 172 2
High 172 12

514 0.709

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

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-18. (Continued)
Analysis of Systemic Neoplasms of Uncertain Behavior or Unsp

Comparison

®r
Background RH 372 1.6 LA 0.890
Low RH 255 2.0 0.877
High RH 259 1 0.62 (0.

Low plus High RH

Comparison

Background RH 372 0.88(0.34,2.24)  0.785
Low RH 255 1.03 (0.38,2.80)  0.957
High RH 259  0.72(0.21,2.48)  0.599

Low plus High RH 514 0.89 (0.38,2.05) 0.776

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA and ck 1 : 1e time of duty
in SEA to the date of the blood draw for dioxin. :

¢ Adjusted for percent body fat at the time of duty in SEA, change i
SEA to the date of the blood draw for dioxin, and covariates spe

e of duty in
column.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt
High (Ranch Hand): Current Dioxin > 10 ppt, Initial
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Table 10-18. (Continued)
Analysis of Systemic Neoplasms of Uncertain Behavior or Unspecified Nature

4 2.1 1.4 1.4 0.88 (0.60,1.28) 0.487
(293) (296) (297)

5 1.7 29 1.0 0.88 (0.65,1.19) 0.404
(298) (292) (296) _

6° 1.7 2.1 1.0 0.83 (0.60,1.14) 0.255
(297) (292) (296)

4 886 0.92 (0.62,1.37)** 0.689%* CURR¥*ASB (p=0.009)
AGE (p=0.101)

5 886 0.91 (0.66,1.25)** 0.552%* CURR*ASB (p=0.015)
AGE (p=0.099)

64 885 0.86 (0.61,1.21)** 0.389%** CURR*ASB (p=0.015)
AGE (p=0.112)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table F-2-8 for
further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-19.
Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck)

All Ranch Hand 943 1.1 1.36 (0.56,3.28) 0.644

Comparison 1,280 0.8

Officer Ranch Hand 361 1.4 2.34 (0.56,9.84) 0.406
Comparison 502 0.6

Enlisted Flyer Ranch Hand 160 1.3 0.63 (0.11,3.48) 0.905
Comparison 203 2.0

Enlisted Groundcrew Ranch Hand 422 0.7 1.37 (0.27,6.80) 0.999
Comparison 575 0.5

All 1.34 (0.55,3.24) 0.519 AGE (p=0.035)
Officer 2.28 (0.54,9.62) 0.263 FACKY R fp=0-104)
Enlisted Flyer 0.61 (0.11,3.37) 0.571

Enlisted Groundcrew 1.37 (0.27,6.79) 0.703

# Covariates and associated p-values correspond to final model based on all participants w_ith available data.
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Table 10-19. (Continued)
Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck)

Low 170 24 0.65 (0.32,1.30) 0.182
Medium 172 0.0
High 172 1.2

514 ok - INIT*PACKYR (p=0.003)
DC (p=0.015)

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

b Relative risk for a twofold increase in initial dioxin.

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

**** Log, (initial dioxin)-by-covariate interaction (p <0.01); adjusted relative risk, confidence interval, and
p-value not presented; refer to Appendix Table F-2-9 for further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-19. (Continued)
Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck)

e 1,062.

Background RH 372 0.8 1.57 (0.38,6.39) 0.532
Low RH 255 1.6 2.49 (0.69,8.98) 0.163
High RH 259 0.8 1.21 (0.24,6.17) 0.820
Low plus High RH 514 1.2 1.85 (0.58,5.86) 0.295

DXCAT*PACKYR (p=0.030)
DXCAT*DC (p=0.028)
AGE (p=0.032)

k% *%k
Background RH 371 1.43 (0.34,5.98) 0.623 IONRAD (p=0.010)
Low RH 255 2.32 (0.62,8.63)** 0.210%* IC (p=0.081)
High RH 259 1.86 (0.36,9.71)** 0.460**

Low plus High RH 514 2.14 (0.66,6.90)** 0.202**

2 Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interactions (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table F-2-9 for
further analysis of these interactions.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-19. (Continued)
Analysis of Malignant Systemic Neoplasms (Eye, Ear, Face, Head, and Neck)

0.99 (0.63,1.56) 0.976

1.4 0.7 0.97 (0.66,1.42) 0.855

(2é2) (2§6)
1.4 0.7 1.06 (0.70,1.61) 0.793
(292) (296)

DC (p=0.062)

5 886 1.05 (0.71,1.58) 0.795 DC (p=0.068)
64 885 1.17 (0.76,1.81) 0.489 DC (p=0.066)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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for all unadjusted and adjusted analyses). Each adjusted model retained degreasmg chemical
exposure.

‘Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx)

All unadjusted and adjusted contrasts examined from the Model 1 analysis of malignant
systemic neoplasms of the oral cavity, pharynx, or larynx were nonsignificant (Table
10-20(a,b): p>0.72 for all contrasts). Age and ionizing radiation exposure were significant
covariates in the final adjusted model. -

The Model 2 and 3 analyses of malignant systemic peoplasms of the oral cavity,
pharynx, or larynx also were nonsignificant for the unadjusted and adjusted models (Table
10-20(c-f): p>0.27 for all analyses). Significant covariates for Model 2 were lifetime
cigarette smoking history, industrial chemical exposure, and herbicide exposure. Model 3
adjusted for age and ionizing radiation exposure.

Unadjusted results from the Model 4, 5, and 6 analyses of malignant systemic
neoplasms of the oral cavity, pharynx, or larynx were each nonsignificant (Table 10-20(g):
p>0.21 for each unadjusted analysis). Adjusted analysis of Models 4, 5, and 6 each
revealed marginally significant associations with current dioxin (Table 10-20(h): p=0.076,
Adj. RR=1.79; p=0.070; Adj. RR=1.72; and p=0.087, Adj. RR=1.73 respectively).
Each adjusted model retained ionizing radiation exposure, industrial chemical exposure, and
herbicide exposure in the final model.

Malignant Systemic Neoplasms (Esophagus)

Because of the sparse number of participants with a history of a malignant systemic
neoplasm of the esophagus, statistical analysis was not performed. Frequencies and
associated percentages for a history of a malignant systermc neoplasm of the esophagus are
presented for each model in Table 10-21.

Malignant Systemic Neoplasms (Brain)

Because of the sparse number of participants with a history of a malignant systemic
neoplasm of the brain, only the unadjusted analysis of all Ranch Hands versus all
Comparisons was performed for Model 1. The results of this analysis displayed a
nonsignificant difference between groups (Table 10-22(a): p=0.999).

Of Models 2 through 6, only unadjusted analyses of malignant systemic neoplasms of
the brain were possible for Models 4 and 5 and yielded nonsignificant results (Table
10-22(g): p>0.41 for each model). No other analyses were performed because of the sparse
number of participants with a history of a malignant systemic neoplasm of the brain. Table
10-22(c,e,g) displays frequencies and associated percentages of the history of a malignant
systemic neoplasm of the brain for each of these models.
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Table 10-20.
Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx)

a) M.)EL 1' RANCH HANDS VS COI\IPAR!SDNS UNADJUSTED

- . n ;.*=¢Yes’ : .(95% C.I_,)_. : j""i p-Value

All Ranch Hand 943 0.4 0.91 (0.26,3.21) 0.999
Comparison 1,280 0.5

Officer Ranch Hand 361 0.3 0.69 (0.06,7.69) 0.999
Comparison 502 0.4

Enlisted Flyer Ranch Hand 160 1.3 1.27 (0.18,9.13) 0.999
Comparison 203 1.0

Enlisted Groundcrew Ranch Hand 422 0.2 0.68 (0.06,7.53) 0.999
Comparison 575 0.4

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

e A R R ...
‘Occupational Category = (95%C.1L) - Covariate Remarks®
All 1.00 (0.28,3.58) AGE (p=0.008)
Officer 0.77 (0.07,8.57) TORIRAD. (o=0h182)
Enlisted Flyer 1.42 (0.20,10.30)

Enlisted Groundcrew 0.72 (0.06,8.06)

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-20. (Continued)
Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx)

(95% C.I.]"

1.17 (0.52,2.62)

d} MODEL 2: RANCH HANDS INITIAL DIOXIN — ABJUSTED

S Ana!ymsksuﬂs for l.,og, ([mgm] Dmnn)"
e Adj. Re!at:veR:sk ; _ _
= Omcl . BN o
514 1.50 (0.63,3.59) 0.356 PACKYR (p=0.106)
IC (p=0.070)
HERB (p=0.069)

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

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

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks” column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-20. (Continued)
Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx)

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

Background RH 372 0.3 0.58 (0.07,5.08) 0.624
Low RH 255 0.4 + 0.77 (0.09,6.65) 0.810
High RH 259 0.8 1.55 (0.29,8.26) 0.605
Low plus High RH 514 0.6 1.15 (0.27,4.94) 0.847

) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
. Aﬁlnda"‘em e e

Diocs Cutigoty.

Comparison 1,062 AGE (p=0.003)
IONRAD (p=0.081)

Background RH 372 0.62 (0.07,5.55) 0.673
Low RH 255 0.77 (0.09,6.84) 0.811
High RH 259 2.57 (0.47,14.00) 0.275

Low plus High RH 514 1.44 (0.33,6.32) 0.626

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-20. (Continued)
Analysis of Malignant Systemic Neoplasms (Oral Cavity, Pharynx, and Larynx)

oswCLy | :..-.‘p—Val-':e:-*

1.47 (0.80,2.69) 0.229
(293) (296) (297)

5 0.0 0.7 0.7 1.43 (0.82,2.50) 0.213
(298) (292) (296)

6° 0.0 0.7 0.7 1.43 (0.79,2.59) 0.251
(297) (292) (296)

ﬁ)MODEIS4 5,AND6 RANCHHANDS CURRENTDIOXIN-—ADJUSI‘ED

i Analyms Rmnlts for Lngz (Curmnt Dmxm + 1)
Model'| n _{95%_(:_.1)" L BVee Covaﬁatekmarks '

4 886 1.79 (0.96,3.33) 0.076 IONRAD (p=0.093)
IC (p=0.054)

HERB (p=0.107)

5 886 1.72 (0.96,3.09) 0.070 IONRAD (p=0.091)
IC (p=0.054)
HERB (p=0.116)

6 885 1.73 (0.94,3.19) 0.087 IONRAD (p=0.091)
IC (p=0.054)
HERB (p=0.119)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-21.
Analysis of Malignant Systemic Neoplasms (Esophagus)

~ a) MODEL 1: RANCH HANDS VS. COMPARISONS

= j:j Percent nt ; ::.:'::"

All Ranch Hand 943 0.0
Comparison 1,280 0.1

Officer Ranch Hand 361 0.0
Comparison 502 0.0

Enlisted Flyer Ranch Hand 160 0.0
Comparison 203 0.5

Enlisted Groundcrew Ranch Hand 422 0.0
Comparison 575 0.0

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Initial Dioxin Category Summary Statistics

Initial Dioxin S e

Low 170 0.0

Medium 172 0.0
High 172 0.0

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-21. (Continued)
Analysis of Malignant Systemic Neoplasms (Esophagus)

c) MBDELS. RANCH‘EANDG'AM)COWARISONSBYDIOXW CA'!EG{)RY .

: : o Pereemt
DlonnCategory | _ . Ys
Comparison 1,062 0.1
Background RH 372 0.0

Low RH 255 0.0

High RH 259 0.0

Low plus High RH 514 0.0

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

ﬂ) MODELS 4, 5; AND & RANCHHANDS CURRENTDIOX]N :

- s _ Pemthm!(n) .
4 0.0 0.0 0.0
(293) (296) (297
5 0.0 0.0 0.0
(298) (292) (296)
6 0.0 0.0 0.0
(297) (292) (296)

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-22.
Analysis of Malignant Systemic Neoplasms (Brain)

emCL | uvee

All Ranch Hand 943 0.1 1.35 (0.09,21.74) 0.999
Comparison 1,280 0.1

Officer Ranch Hand 361 0.3 - -
Comparison 502 0.0

Enlisted Flyer Ranch Hand 160 0.0 - s
Comparison 203 0.5

Enlisted Groundcrew Ranch Hand 422 0.0 - -
Comparison 575 0.0

b) MODEL 1: RAN HANDS VS":' COMPARISGNS ADJUSTED

_ CovanatRunarks .

Officer -- --
Enlisted Flyer 2= =
Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-22. (Continued)
Analysis of Malignant Systemic Neoplasms (Brain)

c) M()Dﬂ 2. RANCH HANDS — ]NIIIAL DIO}GN

(95% C.I.) o

d} MODEL 2: mcnms mn‘m,mom ADJUSTED
e Anaiysmkesnlts"'ano&(lnmalem)
. Ad; RdaﬁveR:sk(?S%CL) : p—Valne _f'l . ~ Covariate Remarks

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-22. (Continued)
Analysis of Malignant Systemic Neoplasms (Brain)

e) MODEL:S'Z RANCH HANDS AND COMPARISONS BY DIOX]N,CATEGORY — UNADJUSTED

Dloxm Category- R R
Comparison 1,062
Background RH 372 0.0 =z 3
Low RH 255 0.4 ¥ By
High RH 259 0.0 se I
Low plus High RH 514 0.2 iz =

D MODEL 2 RANCHHANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUS'I‘ED

Dloxm Category

Comparison -

Background RH - - -
Low RH - e B,
High RH - - -
Low plus High RH -- - -

—: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-22. (Continued)
Analysis of Malignant Systemic Neoplasms (Brain)

£ 0.0 0.3 0.0 0. 78 (0 18,3. 33) 0.726
(293) (296) 297)

5 0.3 0.0 0.0 0.66 (0.26,1.64) 0.416
(298) (292) (296)

6 0.3 0.0 0.0 -- -
(297) (292) (296)

]l) MGDELS'4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
1 , ""'V'QT:Ranltsforhgz(CmmtDmm+ 1) o

Mndel‘ a ‘j. : ?:_::_ S p—Valne - :f.I;" o Cnvanate Runarks

4 = 2 B
5 i - -
6 o - o

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

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

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum)

Because of the sparse number of participants with a history of a malignant systemic
neoplasm of the thymus, heart, or mediastinum, statistical analysis was not performed for
Models 1, 2, and 3. Table 10-23(a,c,e) displays frequencies and associated percentages of a
history of 4 mallgnant systemic neoplasm of the thymus, heart, or mediastinum for each
model. :

Analyses performed for Models 4, 5, and 6 revealed nonsignificant associations between
malignant systemic neoplasms of the thymus, heart, or mediastinum and current dioxin
(Table 10-23(g,h): p>0.21 for all analyses). Each model adjusted for lifetime alcohol
history, and Model 6 also adjusted for lifetime cigarette smoking history.

Malignant Systemic Neoplasms (Thyroid Gland)

Over all occupations and within the officer occupation, results from the unadjusted
analysis of malignant systemic neoplasms of the thyroid gland indicated no significant
differences between the two groups (Table 10-24(a): p>0.77 for both contrasts). Because of
the sparse number of participants with a history of a malignant systemic neoplasm of the
thyroid gland, only the candidate covariates of age, lifetime cigarette smoking history, and
lifetime alcohol history were considered. Each covariate was found to be nonsignificant, and
consequently adjusted results are identical to the unadjusted results (Table 10-24(b)).

Analysis was not conducted within the enlisted flyer and enlisted groundcrew occupational
cohorts because of the sparse number of participants with a history of a malignant systemic
neoplasm of the thyroid gland within these strata.

A significant inverse association between initial dioxin and malignant systemic
neoplasms of the thyroid gland was found from the unadjusted and adjusted analyses of
Model 2 (Table 10-24(c,d): p=0.044, Est. RR=0.14 and p=0.041, Adj. RR=0.13
respectively). A history of a malignant systemic neoplasm of the thyroid gland decreased as
initial dioxin measurements increased. Lifetime cigarette smoking history exhxbxted a
significant effect in the final adjusted model.

The Model 3 analysis was not performed because of the sparse number of participants
with a history of a malignant systemic neoplasm of the thyroid gland. Table 10-24(e)
displays frequencies and associated percentages of a history of a malignant systemic
neoplasm of the thyroid gland.

Each unadjusted and adjusted analysis of malignant systemic neoplasms of the thyroid
gland from Models 4, 5, and 6 produced nonsignificant results (Table 10-24(g,h): p>0.77
for all analyses). Lifetime c1garette smoking history was a significant covariate in each
adjusted model.

Malignant Systemic Neoplasms (Bronchus and Lung)

All unadjusted and adjusted contrasts examined from the Model 1 analysis of malignant
systemic neoplasms of the bronchus or lung were nonsignificant (Table 10-25(a,b): p=0.13
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Table 10-23.
Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum)

@ -Mmi].a:z;g‘s-i;’:'mcams vS. commsom ENADJUSTED

Occupational Category ~ Group =~ n  Yes :,ii-':“":.@S%CL). . P'V’]"e

All Ranch Hand 943 0.2 - -
Comparison 1,280 0.0

Officer Ranch Hand 361 0.3 - —
Comparison 502 0.0

Enlisted Flyer Ranch Hand 160 0.0 - -
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.2 - -
Comparison 575 0.0

BB MODEL 1: RANCH HANDS VS. commmsons — ADJUSTED

- - AdJ Rdativelhsk e e - L
Occupational Category = (95% Cl1L) _p-’Vahie-'- ~ Covariate Remarks
All — =
Officer - --
Enlisted Flyer = o
Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-23. (Continued)
Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum)

c) MODEL 2 RANCH HANDS INITIAL DIOX!N UNA‘DIBS‘I'ED

n ‘_.,___.:‘_(95%,0.1.). .;.-.;__Z;-p--Va!ﬁe"
Low 170 0.0 - --
Medium 172 0.0
High 172 0.0

: f_f'-i-'_??d} MODEL 2 RANCH HANDS ]NITIAL DIOXW — ADJUSTED

. Analysns Rom]tsfl'ﬂr Log,{lmtml Bmxm)
- Adj ReateRik . |
S o {95% C.1) - . E-p'-'Value : . c e R

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: Low = 39-98 ppt: Medium = >98-232 ppt; High = >232 ppt.
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Table 10-23. (Continued)
Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum)

- e) MGBELB‘ RANGHHANDS

D COMPARISONS B mom mmv—mmy -

'Dloxin»Category . n

Comparison 1,062 0.0

Background RH 372 0.3 - -
Low RH 255 0.0 -- -
High RH 259 0.0 - -
Low plus High RH 514 0.0 - --

f) MGDEL 3: RANCH HANDS AND COMPARIS{}NS BY DIOXIN CATEG(!RY ADJUSTED -

~ Adj. Relative Risk _ B
Dmxm Category n - (95% Cl1) p—Value S .' Covariate Rﬂnarks

Comparison --

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin >10 ppt, Initial Dioxin > 143 ppt.
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Table 10-23. (Continued)
Analysis of Malignant Systemic Neoplasms (Thymus, Heart, and Mediastinum)

g) MOBELS*‘ 5,;-§ANB6 RANCHBANDS CURRENTDIOX]N --UNANUSTED

Analys;s Results for Log2
(Cment Dmxin o+ 1}
Est. Relative Risk S i
95% C.L)> . p-Value
0.43 (0.10,1.91) 0.271
(293) (296)
5 0.3 0.0 0.58 (0.26,1.31) 0.259
(298) (292)
6° 0.3 0.0 0.63 (0.22,1.81) 0.449
(297) (292)

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

- Analyms Results for iLogz (Cummt Dmxm + 1)
Model | n  @5%CIP  pVame _ Covariate Remarks
- 867 0.40 (0.08,2.03) 0.232 DRKYR (p=0.111)
5 867 0.53 (0.21,1.33) 0.216 DRKYR (p=0.108)
64 866 0.61 (0.18,2.09) 0.448 PACKYR (p=0.105)
DRKYR (p=0.045)

® Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-24.
Analysis of Malignant Systemic Neoplasms (Thyroid Gland)

Est Relative Risk .
(5% Cl)  p-Value

1.36 (0.19.9.66) 0.999
Officer Ranch Hand 361 0.6 2.80 (0.25,30.90) 0.774
Comparison 502 0.2
Enlisted Flyer Ranch Hand 160 0.0 - -
Comparison 203 0.0
Enlisted Groundcrew Ranch Hand 422 0.0 - -
Comparison 575 0.2

b) MODEL 1: RANCH I-IAN'DS VS. COMPARISONS — ADJUS’I‘ED

e . A BdeteRme .
Occupational Category S%Cly . pVawe . Covariate?kunarks L

All 1.36 (0.19,9.66) 0.999
Officer 2.80 (0.25,30.90) 0.774
Enlisted Flyer - -
Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities.
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Table 10-24. (Continued)
Analysis of Malignant Systemic Neoplasms (Thyroid Gland)

©) MODEL 2' -RANCH HANDS -I]'QTI‘IAL:DIOXIN MSI‘ED

Low 170 1.2 0.14 (0.01,2.34) 0.044

Medium 172 0.0
High 172 0.0

: :d) 'MODEL 2: RANCH HANDS — ]NITIAL DIOXIN —_— ADJUSTED

AnalysasResultsforLogzﬂnmlenn)‘ o
| Adj RelativeRisk -
- @5%CI1)®  pVae  Covariate Remarks
514 0.13 (0.01,2.16) 0.044 PACKYR (p=0.041)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-24. (Continued)
Analysis of Malignant Systemic Neoplasms (Thyroid Gland)

E e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOX!N CA'[EGORY - IH‘IADJ'USTED

Dioxin ; Ei e

Comparison 1,062 0.0

Background RH 372 0.0 - -
Low RH 255 0.8 - -
High RH 259 0.0 i .
Low plus High RH 514 0.4 = s

f) MODEL 3 RANCH HAN.DS AND CO]NIPARISDNS BY DIOXIN CATEGORY ADJUSTED

DmnnCategory n (95%(1.1) p—Va’lue;: _ CovanateRemarks

Comparison -

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-24. (Continued)
Analysis of Malignant Systemic Neoplasms (Thyroid Gland)

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

- Cm'rent Dmxw Category {l  Analysis Results for Log,
 Percent Yes/(n) o  (Current Dmxm +1)
anaE : e : i Est. Relahvelhsk G
‘ModePP | Low o High o P%CL> p-Value
4 0.0 0.0 0.88 (0.32,2.37) 0.789
(293) (296) 97
5 0.0 0.7 0.0 0.90 (0.40,2.01) 0.796
(298) (292) (296)
6° 0.0 0.7 0.0 0.95 (0.39,2.28) 0.902
(297) (292) (296)

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

o ~ Analysis Rﬁlﬂts for 14)g1 (Current Dioxin + 1)
: o Ad,] Relative Risk o
Model® n - (95% C.L)® pValue  Covariate Remarks
4 885 0.87 (0.32,2.36) 0.774 PACKYR (p=0.043)
5 885 0.90 (0.38,2.11) 0.804 PACKYR (p=0.043)
6 884 0.91 (0.37,2.25) 0.843 PACKYR (p=0.047)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-25.
Analysis of Malignant Systemic Neoplasms (Bronchus and Lung)

__pValue

Al Ranch Hand 943 0.6 2.04 (0.58,7.26) 0.420
Comparison 1,280 0.3

Officer Ranch Hand 361 1.1 5.61 (0.63,50.43) 0.200
Comparison 502 0.2

Enlisted Flyer Ranch Hand 160 0.6 0.63 (0.06,7.03) 0.999
Comparison 203 1.0

Enlisted Groundcrew Ranch Hand 422 0.2 1.36 (0.09,21.86) 0.999
Comparison 575 0.2

'b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
L e . A Eaaee 0

‘Occupational Category @ (95%Cl1) = p-Value Covariate Remarks®

All 1.95 (0.54,7.04) 0.301 AGE (p=0.003)

Officer 5.53 (0.60,50.64) 0.130 PACKYR (p=0.022)

Enlisted Flyer 0.62 (0.05,7.02) 0.700

Enlisted Groundcrew 1.18 (0.07,20.41) 0.911

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-25. (Continued)
Analysis of Malignant Systemic Neoplasms (Bronchus and Lung)

 ©) MODEL 2: RAN 'HANDS — INITIAL DIOXIN — UNADJUSTED

Inmall)mxm Categoly Summary Statistics Analysxs Results forLog,{Iniﬁal I)ioxm)‘l

mitiel. .. Percent EstunatedRelat!veRmk ; :
Dioxin n  Yes - (95% C.L)* p-Value
Low 170 0.6 0.61 (0.23,1.63) 0.275
Medium 172 1.2

High 172 0.0

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analysus Results for Logz (Initial n.om)= bi

n (95% C. I.)”_ S ap—Value . Covanate Remarks
502 0.44 (0.13,1.46) 0.120 PACKYR (p=0.132)
DRKYR (p=0.024)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-25. (Continued)
Analysis of Malignant Systemic Neoplasms (Bronchus and Lung)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXDN CATEGORY — UNABJUSI‘ED_

Dmx:nCategory om0 Y (95%{(3!)"’ S ;:p-Value---’-
Comparison 1,062 0.4

Background RH 372 0.8 2.40 (0.51,11.28) 0.268
Low RH 255 1.2 2.48 (0.53,11.59) 0.249
High RH 259 0.0 - =

Low plus High RH 514 0.6 1.06 (0.21,5.27) 0.944

n MODEL 3- RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED
. Ad; ‘Relative Risk

Dioxin;ECategory - :: n (5% CLY* pValue ' Covariate Remarks

Comparison 1,060 AGE (p=0.064)
PACKYR (p=0.142)

Background RH 371 2.37(0.48,11.64)  0.286

Low RH 255 2.15(0.42,10.93)  0.357

High RH 259 = L

Low plus High RH 514 120 (0.24,5.98)  0.828

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-25. (Continued)
Analysis of Malignant Systemic Neoplasms (Bronchus and Lung)

2 MODELS 4,5, ANB 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category Analysis Results for Log,
- Percent Yw‘(n) (Current Dwxin + 1)
. . Est. Relative Risk
ModeF _ Low ‘Mediom High (95% C.L)° p-Value
4 0.7 1.4 0.0 0.80 (0.45,1.45) 0.460
(293) (296) (297)
5 1.0 0.7 0.3 0.92 (0.57,1.47) 0.719
(298) (292) (296)
6 1.0 0.7 0.3 0.80 (0.48,1.31) 0.378
(297) (292) (296)
'h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
: ~ Analysis Results for I.ogz {Current Dioxin + 1)
. Adj. Relative Risk e -
Model | n 95% C.1)° p-Value Covariate Remarks
4 867 0.97 (0.54,1.75) 0.906 AGE (p=0.065)
PACKYR (p=0.039)
DRKYR (p=0.135)
5 867 1.06 (0.66,1.70) 0.817 AGE (p=0.055)
PACKYR (p=0.035)
DRKYR (p=0.126)
6¢ 884 0.89 (0.53,1.49) 0.668 AGE (p=0.110)
PACKYR (p=0.103)

* Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

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

Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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for all contrasts). Slgmficant covariates included in the final model were age and lifetime
cigarette smoking history. :

Similar to Model 1, unadjusted and adjusted analyses of malignant systemic neoplasms
of the bronchus or lung from Models 2 and 3 yielded nonsignificant results (Table 10-25(c-f):
p=0.12 for both analyses). Model 2 adjusted for lifetime cigarette smoking history and
lifetime alcohol history. Age and lifetime cigarette smoking history were significant
covariates for Model 3. The Model 3 contrast between Ranch Hands categorized with high
current dioxin levels and Comparisons was not examined because no participants with a
history of a malignant systemic neoplasm of the bronchus or lung were within the high Ranch
Hand category.

All unadjusted and adjusted analyses of malignant systemic neoplasms of the bronchus
or lung from Models 4, 5, and 6 were nonsignificant (Table 10-25(g,h): p>0.37 for each
analysis). Significant covariates from each adjusted model were age and lifetime cigarette

smoking history. Lifetime alcohol history also was significant for Models 4 and 5.

Malignant Systemic Neoplasms (Colon and Rectum)

All results from the unadjusted and adjusted analysis of malignant systemic neoplasms
of the colon or rectum for Model 1 were nonsignificant (Table 10-26(a,b): p>0.43 for all
contrasts performed). Contrasts for the enlisted flyer and enlisted groundcrew strata were
not examined because of the sparse number of participants with a history of a malignant
systemic neoplasm of the colon or rectum within these strata. Age was retained in the final
model.

Both the unadjusted and adjusted analyses of malignant systemic neoplasms of the colon
or rectum for Model 2 were nonsignificant (Table 10-26(c,d): p>0.24 for both analyses).
Age, lifetime cigarette smoking history, and ionizing radiation exhibited significant covariate
effects in the final adjusted model. Model 3 unadjusted analysis revealed a significant
difference between Comparisons and Ranch Hands in the low dioxin category (Table
10-26(¢e): p=0.034, Est. RR=5.12). Because no covariates were significant in the final
adjusted model, adjusted results are identical to the unadjusted results. The Model 3 contrast
between Ranch Hands in the high dioxin category and Comparisons was not examined

ause no Ranch Hands with a history of a malignant systemic neoplasm of the colon or
rectum were in the high dioxin category. :

- All associations examined between malignant systemic neoplasms of the colon or rectum
and current dioxin from Models 4, 5, and 6 were nonsignificant (Table 10-26(g,h): p=0.25
for all analyses). Each model adjusted for age, llfet:lme c1garette smoking history, and
insecticide exposure.

Malignant Systemic Neoplasms (Kidney and Bladder) - |
Differences in a history of a malignant systemic neoplasm of the kidney or bladder
among Ranch Hands and Comparisons were examined in Model 1 analyses. Over all

occupations and within the officer occupation, differences were nonsignificant for both the
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Table 10-26.
Analysis of Malignant Systemic Neoplasms (Colon and Rectum)

a) MODEL 1 RANCH HANDS vS. COMPARIS{)NS UNADJUSTED

L : Percent Est.RelativeRmk S -

Oca:paﬁoml Category - Group n Ya - (95% C.L) p-Value

All Ranch Hand 943 0.5 1.70 (0.46,6.35) 0.645
Comparison 1,280 0.3

Officer Ranch Hand 361 0.8 1.39 (0.28,6.95) 0.999
Comparison 502 0.6

Enlisted Flyer Ranch Hand 160 1.3 - -
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.0 - --
Comparison 575 0.2

' b) MODEL 1: RANCH HANDS VS. COWARISONS ADJUSTED

' Adj.. Relative Risk

Occupational Categbry' (95% C.1.) : i:—Va'lue ': _ Covariate Remarks®
All 1.69 (0.45,6.33) 0.432 AGE (p=0.144)
Officer 1.38 (0.28,6.91) 0.692

Enlisted Flyer -- -

Enlisted Groundcrew = -

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

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

abnormalities.
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Table 10-26. (Continued)
Analysis of Malignant Systemic Neoplasms (Colon and Rectum)

'©) MODEL 2: RANCH HANDS — mrrm.moxm-vnm_usmn“ o

flnml Dioxin Category Summary Statistics|  Analysis Results for Log, (Initial mom)=
Toitlsl = = Peoest | Esumated Relative Risk . .
Diexin n Yes . esmcrye. p-Value
Low 170 0.6 0.61 (0.24,1.55) 0.245
Medium 172 1.7

High 172 0.0

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
Analys;s Rsu!s for Logz (Initial Dmxm)‘

i = - Adj. Re!anve Risk : ', s : S :
n aomsseny. ._"p-VaIue Covariate Remarks
514 0.70 (0.22,2.26) 0.525 AGE (p=0.042)

PACKYR (p=0.076)
IONRAD (p=0.047)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-26. (Continued)
Analysis of Malignant Systemic Neoplasms (Colon and Rectum)

e) MODEL 3: RANCH HANDS AND COMPARISONS BY moxm CA'I‘EGORY 'UNADJUSTED

Dioxin Categoryf. o om e (95% ,C.i.)’,", -  p-Value
Comparison 1,062 0.3

Background RH 372 0.3 1.14 (0.12,11.07) 0.910
Low RH 255 1.6 5.12 (1.13,23.27) 0.034
High RH 259 0.0 - -
Low plus High RH 514 0.8 2.48 (0.55,11.23) 0.239

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

Dioxin Category n (95% C.I)”' p-Vﬂue"" ~ Covariate Remarks

Comparison 1,062

Background RH 372 1.14 (0.12,11.07)  0.910
Low RH 255 5.12 (1.13,23.27)  0.034
High RH 259 - -
Low plus High RH 514 2.48 (0.55,11.23) 0.239

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-26. (Continued)
Analysis of Malignant Systemic Neoplasms (Colon and Rectum)

1.03 (0.57,1.87)

3 0.3 0.0 1.4 1.14 (0.68,1.90) 0.628
(298) (292) (296)

6° 0.3 0.0 1.4 0.97 (0.55,1.72) 0.919
(297) (292) (296)

4 885 1.34 (0.65,2.73) 0.440
5 885 1.44 (0.78,2.65) 0.250
64 884 1.21 (0.61,2.43) 0.589

AGE (p=0.003)
PACKYR (p=0.107)
INS (p=0.065)

AGE (p=0.002)
PACKYR (p=0.099)
INS (p=0.067)

AGE (p=0.002)
PACKYR (p=0.108)
INS (p=0.099)

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

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

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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unadjusted and adjusted analyses (Table 10-27(a,b): p>0.26 for all contrasts examined).
Contrasts within the enlisted flyer and enlisted groundcrew strata were not examined because
of the sparse number of participants with a history of a malignant systemic neoplasm of the
kidney or bladder within these strata. Adjusted analysis retained age, lifetime cigarette
smoking history, and insecticide exposure in the final model.

The unadjusted and adjusted results from the Model 2 and 3 analyses of malignant
systemic neoplasms of the kidney or bladder were nonsignificant (Table 10-27(¢,d): p>0.12
for all analyses). Significant covariates in Model 2 were race, lifetime cigarette smoking
history, industrial chemical exposure, insecticide exposure, and herbicide exposure. Model 3
adjusted for age, lifetime cigarette smokmg history, ionizing radiation exposure, and
insecticide exposure.

Similar to Models 1, 2, and 3, each Model 4, 5, and 6 analysis of malignant systemic
neoplasms of the kidney or bladder was nonsignificant (Table 10-27(g,h): p>0.73 for all
analyses). Models 4, 5, and 6 each adjusted for lifetime cigarette smoking history, ionizing
radiation exposure, and insecticide exposure. Model 6 also adjusted for race.

Malignant Systemic Neoplasms (Prostate)

All results from the analysis of malignant systemic neoplasms of the prostate were
nonsignificant (Table 10-28(a-h): p>>0.14 for all analyses). Each model adjusted for age,..
and Model 2 also adjusted for degreasing chemical exposure. Herbicide exposure was
significant in Model 3. In addition to age, Models 3, 4, 5, and 6 also adjusted for the
dioxin-by-degreasing chemical exposure interaction. Adjusted results seen in Table 10-28(h)
for Models 4 through 6 are based on the final model after the deletion of the significant
interaction. Appendix Table F-2-10 displays relative risk estimates for each level of the
dioxin-by-degreasing chemical interaction for Models 3 through 6.

Malignant Systemic Neoplasms (Testicles) -

Analysis of malignant systemic neoplasms of the testicies was performed for Models 2,
4, 5, and 6, and the results of each analysis were nonsignificant (Table 10-29(c,d,g,h):
p>0.35 for each analysis). Because of the sparse number of participants with a history of a
malignant systemic neoplasm of the testicles, only the candidate covariates of age, lifetime
cigarette smoking history, and lifetime alcohol history were considered. Lifetime alcohol
history and lifetime cigarette smoking history were significant for the final adjusted Models
2, 4, and 5. Model 6 adjusted for lifetime cigarette smoking history only.

The sparse number of participants with a history of a malignant systemic neoplasm of
the testicles precluded analyses of Models 1 and 3. However, there were three Ranch Hands
and zero Comparisons with a history of a malignant systemic neoplasm of the testicles.

Malignant Systemic Neoplasms (Ill-Defined Sites)

The Model 1 overall contrast between Ranch Hands and Comparisons was
nonsignificant for both the unadjusted and adjusted analyses of a history of a malignant
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Table 10-27.
Analysis of Malignant Systemic Neoplasms (Kidney and Bladder)

o a) MGDEL 1: RANCB HANDS VS. COMPARISONS UNADJBSTED

;l_’e’rcent- Est. Relative Risk -
Grou . n  Ya _(05%C1)  pValue
All Ranch Hand 943 0.6 1.63 (0.50,5.37) 0.610
Comparison 1,280 0.4
Officer Ranch Hand 361 0.8 0.83 (0.20,3.51) 0.999
Comparison 502 1.0
Enlisted Flyer Ranch Hand 160 0.6 - -
Comparison 203 0.0
Enlisted Groundcrew Ranch Hand 422 0.5 -- --
Comparison 575 0.0

h} MODEL 1 RAN(mHANsts COMPARISONS ADJUSTEDEU

Adj Relative Risk

Oecupauonal Category esmcl i';‘»vm “ ' CovamteRunarks”

All 2.00 (0.58,6.89) 0.268 AGE (p=0.009)
PACKYR (p=0.006)

Officer 0.89 (0.20,3.92) 0.881 INS (p=0.016)

Enlisted Flyer - -

Enlisted Groundcrew -- --

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

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

abnormalities.
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Table 10-27. (Continued)
Analysis of Malignant Systemic Neoplasms (Kidney and Bladder)

Tnitial Dioxin Category Summary Statistics | Analyms Results for Log,-anm Diom)"

Initial Estimmd'neimvem -
Dioxin Gt ] sy e p-Valne
Low 170 0.6 0.68 (0.28,1.65) 0.359
Medium 172 1.7
High 172 0.0
-iad) MODEL 2: RANCH HANDS INITIAL DIOXIN — ADJUSTED
Analysm Rnsu!ts for L'og2 Hmml Dloxm)‘ '
S g Adi Rﬂatmm s e
s pwmc1y py - Covariate Remarks
514 0.66 (0.21,2.10) 0.455 RACE (p=0.100)
PACKYR (p=0.019)
IC (p=0.107)
INS (p=0.095)

HERB (p=0.141)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-27. (Continued)
Analysis of Malignant Systemic Neoplasms (Kidney and Bladder)

Dmmeategory o (95% ClL )"’53_'

Comparison 1,062 0.4

Background RH 372 0.5 1.47 (0.26,8.19) 0.261
Low RH 255 1.2 3.01 (0.66,13.61) 0.154
High RH 259 0.4 1.00 (0.11,9.10) 0.997
Low plus High RH 514 0.8 2.01 (0.50,8.14) 0.328

) MODEL 3: RANCH HANDS AND COMPARISDNS BY DIOX!N CATEGOTRY ABJUSTED

;, © Adj. Relative Risk L
.-Dim'j__;category' oy n s p—Value : Cnvanat’i" e Rencks

Comparison 1,060 AGE (p=0.030)

PACKYR (p=0.009)

IONRAD (p=0.101)
INS (p=0.021)

Background RH 371 1.83 (0.31,10.94)  0.507
Low RH 255 3.59 (0.70,18.42)  0.125
High RH 259 2.01 (0.21,19.12) 0.545
Low plus High RH 514 2.95 (0.67,12.98)  0.152

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-27.

(Continued)

Analysis of Malignant Systemic Neoplasms (Kidney and Bladder)

Est nehﬁvemsk'

__ Ana]yss Rsnlts for Log,

: 'f;')'-Value

(95% C.L)®
0.98 (0.56,1.71) 0.941
293) 296) 297)
5 0.7 0.7 0.7 1.03 (0.64,1.66) 0.895
(298) (292) (296)
6° 0.7 0.7 0.7 0.97 (0.58,1.62) 0.915
297) 292) (296)
h) MODELS 4 5,"AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
 Analysis Results tor Logz(Cnmmt Dioxin +1
Aﬂ] Relative Risk. o s
Mode | n . (5% C.L)® p-Value o -covaﬁate Remarks
4 885 1.03 (0.58,1.82) 0.914 PACKYR (p=0.006)
IONRAD (p=0.083)
INS (p<0.001)
5 885 1.09 (0.67,1.77) 0.731 PACKYR (p=0.006)
IONRAD (p=0.075)
INS (p<0.001)
6° 884 0.99 (0.58,1.71) 0.978 RACE (p=0.121)

PACKYR (p=0.004)
IONRAD (p=0.047)
INS (p<0.001)

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

b Relative risk for a twofold increase in current dioxin.

© Adjusted for log, total lipids.

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-28.
Analysis of Malignant Systemic Neoplasms (Prostate)

2) MODEL 1: RANCH ms VS, comamsoms = mmmn

All Ronch Band 943 17 0.94 (0.50,1.80) 0.989
Comparison 1,280 1.8

Officer Ranch Hand 361 2.5 0.78 (0.34,1.78) 0.69%
Comparison 502 3.2

Enlisted Flyer Ranch Hand 160 25 1.28 (0.31,5.18) 0.999
Comparison 203 2.0

Baliveel Gtotdcrew Ranch Hand 422 0.7 1.37 (0.27,6.80) 0.999
Comparison 575 0.5

| ""b)-Monm. 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

: . ,' Ad.l Relative R“" _ : - i

:'Ca'te'g'd‘lw' .. esscn pVale Cnvmmrks‘

All . 0.95 (0.49,1.84) 0.869 AGE (p<0.001)

Officer 0.80 (0.34,1.87) 0.605

Enlisted Flyer 1.24 (0.30,5.17) 0.775

Enlisted Groumdcrew 1.29 (0.25.6.67) 0.762

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-28. (Continued)
Analysis of Malignant Systemic Neoplasms (Prostate)

Low : 0.68 (0.39,1.19)

Medium 172 2.9
High 172 0.6

514 0.94 (0.51,1.74) 0.835 AGE (p<0.001)
DC (p=0.078)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-28. (Continued)
Analysis of Malignant Systemic Neoplasms (Prostate)

¢ MODEL 3: RANCH 1

Comparison 1,062 2.1

Background RH 372 13 0.72 (0.27,1.92) 0.508
Low RH 255 2.4 1.04 (0.41,2.61) 0.934
High RH 259 1.5 0.68 (0.23,2.01) 0.487
Low plus High RH 514 2.0 0.86 (0.40,1.84) 0.697

0 MQBEL 3. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED

Comparison 1,062 DXCAT*DC (p=0.004)
AGE (p<0.001)

Background RH 372 koK sekokok HERB (p=0.047)

Low RH 255 *kk* ko

High RH 259 ok Rk

Low plus High RH 514 sokskok ook ok

2 Relative risk and confidence interval relative to Comparisons.

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

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

**¥%* Categorized dioxin-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and
p-value not presented; refer to Appendix Table F-2-10 for further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-28. (Continued)
Analysis of Malignant Systemic Neoplasms (Prostate)

B 1.0 2.7 1.4 0.93 (0.65,1.33) 0.697

(2§3) (2§6) (297)

5 13 1.7 2.0 0.99 (0.73,1.33) 0.928
(298) (292) (296)

6° 1.4 1.7 2.0 0.92 (0.67,1.28) 0.625
(297) (292) (296)

{ n  @%CI®  pVame @ C

4 886 1.04 (0.68,1.58)** 0.862*%* CURR*DC (p=0.015)
AGE (p<0.001)

5 886 1.08 (0.76,1.55)** 0.662** A CURR*DC (p=0.019)
AGE (p<0.001)

64 885 1.02 (0.70,1.49)** 0.924%* CURR*DC (p=0.020)
AGE (p<0.001)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-10 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = =46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-29.
Analysis of Malignant Systemic Neoplasms (Testicles)

Officer Ranch Hand 361 0.3 - e J

Enlisted Flyer Ranch Hand 160 0.6 - - |

Enlisted Groundcrew Ranch Hand 422 0.2 - -

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

All . e
Officer - --
Enlisted Flyer s =

Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormailities.
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Table 10-29. (Continued)
Analysis of Malignant Systemic Neoplasms (Testicles)

Low 170 0.6 0.65 (0.22,1.95) 0.408
Medium 172 1.2
High 172 0.0

DRKYR (p=0.094)
PACKYR (p=0.053)

0.61 (0.20,1.87)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-29. (Continued)
Analysis of Malignant Systemic Neoplasms (Testicles)

Comparison 1,062 0.0

Background RH 372 0.0 - =
Low RH 255 0.8 - -
High RH 259 0.4 ' = =
Low plus High RH 514 0.6 - =

Comparison -

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormailities.

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

10-140




Table 10-29. (Continued)
Analysis of Malignant Systemic Neoplasms (Testicles)

4 0.0 0.7 0.3 1.20 (0.58,2.50)
(293) (296) (297)

S 0.0 0.3 0.7 1.32 (0.69,2.53) 0.409
(298) (292) (296)

6° 0.0 0.3 0.7 1.11 (0.54,2.31) 0.774
(297) (292) (296)

4 867 1.24 (0.60,2.57) 0.532 PACKYR (p=0.119)
DRKYR (p=0.054)

5 867 1.33 (0.69,2.57) 0.384 PACKYR (p=0.121)
DRKYR (p=0.054)

6¢ 884 1.16 (0.57,2.36) 0.691 PACKYR (p=0.123)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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systemic neoplasm of ill-defined sites (Table 10-30(a,b): p>0.46 for both contrasts). Age
and lifetime alcohol history were significant covariates in the final adjusted model. No other
analyses were performed due to the sparse number of study participants with a history of a
malignant systemic neoplasm of ill-defined sites. Table 10-30 presents sample sizes and
frequencies of histories of malignant systemic neoplasms (ill-defined sites) for Models 2-6.

Malignant Systemic Neoplasms (Connective and Other Soft Tissue)

Due to the sparse number of participants with a history of a malignant systemic
neoplasm of connective and other soft tissue, no analyses were conducted. Table 10-31
presents sample sizes and frequencies of histories of malignant systemic neopiasms of
connective and other soft tissue for each model. Of the two malignant systemic neoplasms of
connective and other soft tissues, which were both found in Comparisons, only one was a
soft tissue sarcoma.

Carcinomas in Situ of the Penis, Other, and Unspecified Sites

Analysis of carcinomas in situ of the penis, other, and unspecified sites was performed
for Models 2, 4, 5, and 6 and for selected contrasts from Models 1 and 3. Results were
nonsignificant for each model (Table 10-32(a-h): p>0 14 for each analysis). The sparse
number of participants with a history of a carcinoma in s1tu precluded complete unadjusted
analysis and, consequently, adjusted analyses.

Hodgkin’s Disease

Selected contrasts analyzing history of Hodgkin’s disease were examined from Models 1
and 3 and all results were nonsignificant (Table 10-33(a,e): p>0.50 for all analyses
conducted). The sparse number of participants with a history of Hodgkin’s disease precluded
analysis with Model 2. Frequencies of histories of Hodgkin’s dlsease are presented in Table
10-33(a,c,e) for each model.

Results from the unadjusted and adjusted analyses from Models 4, 5, and 6 were
nonsignificant (Table 10-33(g,h): p>0.55 for all analyses). Because of the sparse number of
participants with a history of Hodgkin’s disease, only the candidate covariates of age,
lifetime cigarette smoking history, and lifetime alcohol history were considered in these
models. Each model retained age and lifetime alcohol history.

Leukemia

Unadjusted analyses of a history of leukemia were performed where poss1blé for Models
1 through 6. All results were nonsignificant for each model (Table 10-34(a-h): p=0.30 for
each analyms)

Non-Hodgkin’s Lymphoma

Unadjusted analysis of a history of non-Hodgkin’s lymphoma was performed where
possible for Models 1 through 3. No significant results were found (Table 10-35(a-f):
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Table 10-30.
Analysis of Malignant Systemic Neoplasms (Ill-Defined Sites)

) MODEL 1 RANCHHANDS vs. com'msoﬁs i UNAnmsmn -

943 0.1 0.45 (0. 05, 4.35) 0.842

1,280 0.2

361 0.0 - -
502 0.4

Enlisted Flyer Ranch Hand 160 0.6 -- -
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.0 -- -~
Comparison 575 0.2

) MODEL 1: mcaamnsvs COMPARISONSmADJUS'I‘ED.: ri___z.;;g;

 Adj. Relative Risk : o '
Oecupatmnal(lategory 95% Cl1l) 'p-Value i : CovamteRunarls’

All 0.45 (0.05,4.37) 0.467 AGE (p=0.116)
Officer N _ DRKYR (p=0.146)
Enlisted Flyer - .

Enlisted Groundcrew - -

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

—: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 10-30. (Continued)
Analysis of Malignant Systemic Neoplasms (Ill-Defined Sites)

c)""MDBEL 2. RANCH mNbs—f’--mn';tALmom-f*'-'UNADJUSTED

Low 170 0.0 =~

Medium 172 0.0
High 172 0.0

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

""" Analymkﬁults-'ifor_l;ogzﬂnmﬂmom) o
 pValue 35itbvaraate" riate Remarks

Adj. Relahve R:sk 95% Cl)

--: Amnalysis not performed due to zero abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-30. (Continued)
Analysis of Malignant Systemic Neoplasms (Ill-Defined Sites)

Background RH 372 0.0 i o
Low RH 255 0.0 " -
High RH 259 0.0 o L.
Low plus High RH 514 0.0 o e

) MODEL 3: RANCH HANDS |

Comparison -

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-30. (Continued)
Analysis of Malignant Systemic Neoplasms (Ill-Defined Sites)

_® MODELS 4, 5, AND 6: RANC Hi:HANBS CURRENT moxm UNAnmsmn

 Carrent Dmxm Category
~ Percent Yes/(n)
0.0 :
(293) (296)
5 0.0 0.0
(298) (292) (296)
6 0.0 0.0 0.0
(297) (292) (296)

h)MODELS4 5 ANDG. RANCH HANDS — CURRENTDIOXIN ANUSTED -
Fo AnalymsResnhsforLogz{CmmtDmm+ 1}

3 Adj REhthERlSk ; demna - o
Model® n o (R ICL) p-Value e Covariate Remarks

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

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

Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
--: Analysis not performed due to zero abnormalities.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 10-31.
Analysis of Malignant Systemic Neoplasms (Connective and Other Soft Tissue)

Comparison 1,280 0.2
Officer Ranch Hand 361 0.0
Comparison 502 0.2
Enlisted Flyer Ranch Hand 160 0.0
Comparison 203 0.0
Enlisted Groundcrew Ranch Hand 422 0.0
Comparison 575 0.2

Low 170 0.0

Medium 172 0.0
High 172 0.0

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-31. (Continued)
Analysis of Malignant Systemic Neoplasms (Connective and Other Soft Tissue)

9

MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

‘Dioxin Category : aaNes o
Comparison 1,062 0.2
Background RH 32 0.0
Low RH 255 0.0
High RH 259 0.0
Low plus High RH 514 0.0

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

~ d)MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN

~ Current Dioxin Category
-  Percent Yes/(n) | _
Model? | Low  Mediom ‘High
4 0.0 0.0 0.0
(293) (296) (297)
5 0.0 0.0 0.0
(298) (292) (296)
6 0.0 0.0 0.0
(297) (292) (296)

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 10-32.
Analysis of Carcinomas in Situ of the Penis, Other, and Unspecified Sites

Officer Ranch Hand 361 0.3 e s
Comparison 502 0.0

Enlisted Flyer Ranch Hand 160 0.0 - =
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.0 - -
Comparison 375 0.2

All = AF;
Officer - -
Enlisted Flyer - --
Enlisted Groundcrew - =

—: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-32. (Continued)
Analysis of Carcinomas in Situ of the Penis, Other, and Unspecified Sites

. esmelp _
0.11 (0.00,9.47) 0.144

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

b Relative risk for a twofold increase in initial dioxin.
--: Adjusted analysis not performed due to the sparse number of abnormalities.

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

10-150




Table 10-32. (Continued)
Analysis of Carcinomas in Situ of the Penis, Other, and Unspecified Sites

High RH
Low plus High RH

1,062

372
255
259
514

0.0
0.4
0.0
a2

4.22 (0.26,68.18) 0.311
2.05 (0.13,33.72) 0.617

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

Adj. Relative Risk

Dioxin Category 95% C.L
Comparison -

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.

Comparison: Current Dioxin <10 ppt.

Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-32. (Continued)
Analysis of Carcinomas in Situ of the Penis, Other, and Unspecified Sites

Relative Risk

_ eswcLp  pVa

. 0.89 (0.22,3.60) 0.864
(293) (296) (297)

s 0.0 03 0.0 0.88 (0.28,2.73) 0.826
(298) 292) (296)

6 0.0 0.3 0.0 0.99 (0.28,3.47) 0.991
297) 292) (296)

h) MODELSil, 5, A.'NDG'- RANCHHANDS CURRENTDIOXIN-—- ADJUS'I'ED

i Analyslsnmltsforbogz(cmnmxm+ 1)
Adj Relatlve‘-msk o

Covariate Remarks

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
--: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 10-33.
Analysis of Hodgkin’s Disease

a} MGDEL 1: RANCH HANBS VS CMARISONS UNADJUSTED

‘1313]3-_:‘;)?_95;_‘ o ,(9555,(':;1')__ - p-Value

All Ranch Hand 943 0.1 1.36 (0.09,21.52) 0.999
Comparison 1,280 0.1

Officer Ranch Hand 361 0.3 1.39 (0.09,22.32) 0.999
Comparison 502 0.2

Enlisted Flyer Ranch Hand 160 0.0 - -
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.0 - -
Comparison 575 0.0

b) MODEL 1. -RANCH EANDS VS COMPARISONS ADJUSTED S

DecupahonalCategory . mswcn p-'Value L Cuvam:enmks

All = =
Officer - -
Enlisted Flyer -- --
Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-33. (Continued)
Analysis of Hodgkin’s Disease

9 Monm,z- mcmmms . INITIAL DIOXIN — UNADJUSTED

T ﬂ '  minmkstorlﬂgzwmn)

(95% C.1)

_ Estimated Relative Risk

o -fp'.va]u'e

Low 170 0.0 =
Medium 172 0.0
High 172 0.0

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

S Am!ysxslles:ﬂtsforLog,{ImhalDwm)
Adj. Relatwe Rlsk 95% L }  p-Value

- Covariate Rﬂnarks

Statistical analyses not performed due to zero abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-33. (Continued)
Analysis of Hodgkin’s Disease

Comparison

Background RH 372 0.3 2.59 (0.15,43.50) 0.509
Low RH 255 0.0 = e
High RH 259 0.0 = =
Low plus High RH 514 0.0 5 -

_ D MODEL 3

Dioxin Category
Comparison -

Background RH - o =y
Low RH - - -
High RH -- - -
Low plus High RH - .- -

2 Relative risk and confidence interval relative to Comparisons.

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-33. (Continued)
Analysis of Hodgkin’s Disease

g)MODELS4 5 AND 6: RANCHHANDS CURRENTDIOXEI UNADJUSTED

(293)
5 0.3

(298)
6° 0.3

(297)

(296)

0.0
(292)

0.0
(292)

0.0 0.64 (0.14,2.90) 0.553

(297)

0.0 0.73 (0.27,2.00) 0.563
(296)

0.0 0.78 (0.25,2.44) 0.684
(296)

h)MDDEIS4 5 ANDQS 'RANCH HANDS — ClIRRENTDIOX]N—-ANUS’I’ED

_ Analysuskesnﬂts forLog, (Cnrrent Dioxin + 1)

.  Adj. Relative Risk -
‘Model® n 95% C.L)> '-: p'—Va'lue S Covmate_-Runarks

4 867 0.74 (0.11,4.90) 0.746 AGE (p=0.019)
DRKYR (p=0.131)

5 867 0.70 (0.13,3.61) 0.661 AGE (p=0.018)
DRKYR (p=0.127)

64 866 0.73 (0.12,4.43) 0.725 AGE (p=0.015)
DRKYR (p=0.127)

# Model 4: Log, (lipid-adjusted current dioxin +

1).

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

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = =46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-34.
Analysis of Leukemia

a) MODEL 15 *RANCH HANIIS VS. COMPARISONS UNABJUSTED

o vaam Est.kelauvem o
a0 Neg (95%CJ)  p-Value

943 0.1 1.36 (0.09,21.74) 0.999

1,280 0.1

361 0.0 - "
502 0.0

Enlisted Flyer Ranch Hand 160 0.6 - e
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.0 5 =
Comparison 575 0.2

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

- Aq;nelatmmsk . |
Decnpauoml Category 95% Cl) @ p-Vale : Covanate Runarks
All i -

Officer - &
Enlisted Flyer = =

Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-34. (Continued)
Analysis of Leukemia

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

AnalysteSﬁlts forLog, (Imtml Dmxm)‘

(95%,;4:,1.)"

0.61 (0.09,4.14) 0.569

d) MODEL 2: RANCHHANDS INITIAL DIOXIN — ADJUS'IED

: Analys:s Results for Log, (Imﬁal Dloxm)

Adj Re!ahve Risk (95% C.1.)> Covanate Remarks o

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

b Relative risk for a twofold increase in initial dioxin.
--: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-34. (Continued)
Analysis of Leukemia

. 95% CL®

Background RH 372 0.0 - =
Low RH 255 0.4 4.35 (0.26,70.40) 0.300
High RH 259 0.0 - -
Low plus High RH 514 0.2 2.10 (0.13,34.67) 0.603

Background RH - -- -
Low RH - -- -

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

2 Relative risk and confidence interval relative to Comparisons.

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-34. (Continued)
Analysis of Leukemia

- MGDELS 4 5 AND 6'?.-:?mumns cmmr:‘mom — UNADJUSTED

Annlyssksuhsforimgz -
: .Relativelbsk S
{ lLow M B .. psmCLy p-Value
4 0.0 0.3 0.0 1.10 (0.30,4.06) 0.885
(293) (296) (297)
5 0.0 0.3 0.0 1.01 (0.32,3.22) 0.984
(298) (292) (296)
6° 0.0 0.3 0.0 1.25 (0.36,4.34) 0.728
(297) (292) (296)

h)MODELS4 5. AND 6: RANCH HANDS — CURREN’I‘DIO?GN AI)JUS‘I’E'D

Ana!yms Results for Logz {Current ‘Dioxin + 1)

_Covm‘iate Remarks

4
5 Ce - -
6

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

® Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.
--: Adjusted analysis not performed due to the sparse number of abnormalities.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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p>0.26 for all analyses performed). Lifetime alcohol history displayed significant covariate
effects in Models 1 and 3. Model 1 also adjusted for age. Low frequencies of the history of
non-Hodgkin’s lymphoma prevented further statistical analysis.

Results from Models 4, 5, and 6 were nonsignificant for all unadjusted and adjusted
analyses (Table 10-35(d,e): p=0.43 for each analysis). Because of the sparse number of
participants with a history of non-Hodgkin’s lymphoma, only the candidate covariates of age,
lifetime cigarette smoking history, and lifetime alcohol history were considered. Each final
model adjusted for age.

Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic Tissue

Because of the sparse number of participants with a history of other malignant systemic
neoplasms of lymphoid and histiocytic tissue, not all unadjusted analyses were possible for
Models 1 and 3. All results were nonsignificant (Table 10-36(a-f): p>0.47). Model 2
analyses were not possible. Sample sizes and history percentages are presented in Table
10-36.

Results from Models 4, 5, and 6 were nonsignificant for all analyses (Table 10-36(g,h):
p =0.43 for each analysis). Because of the sparse number of participants with a history of
other malignant systemic neoplasms of lymphoid and histiocytic tissue, only the candidate
covariates of age, lifetime cigarette smoking history, and lifetime alcohol history were
considered in these models. Each final model adjusted for age.

Multiple Myeloma

Due to the spafse number of participants with a history of multiple myeloma, analyses
of Models 1, 2, and 3 were not possible. Sample sizes and frequencies of histories for
Models 1, 2, and 3 are presented in Table 10-37(a-f).

Unadjusted analyses of multiple myeloma showed no significant results for Models 4, 35,
and 6 (Table 10-37(g,h): p>0.78 for all analyses). Adjusted analyses were not performed
due to the sparse number of Ranch Hands with a history of multiple myeloma.

Skin or Systemic Neoplasms

. Each Ranch Hand versus Comparison contrast examined with the Model 1 unadjusted
analysis of history of a skin or systemic neoplasm was nonsignificant (Table 10-38(a):
p>0.10 for each contrast). A marginally significant difference was found in the adjusted
overall contrast (Table 10-38(b): p=0.096, Adj. RR=1.16). Adjusted differences were
nonsigniﬁcant when examined within each occupational category (Table 10-38(b): p>0.11
for remaining contrasts). Age, skin, and eye color dxsplayed significant covariate effects in
the final adjusted model.

Each Model 2 analysis revealed a significant negative association between a history of a
skin or systemic neoplasm and initial dioxin (Table 10-38(c,d): p=0.012, Est. RR=0.84 for
both unadjusted and adjusted). Results indicate that a history of a skin or systemic neoplasm
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Table 10-35.
Analysis of Non-Hodgkin’s Lymphoma

a) MODEL 1: RANCH mmns vs. commsons ....

Occupational Categ  p-Value

All Ranch Hand 943 0.1 0.34 (0 04,3.04) 0.574
Comparison 1,280 0.3

Officer Ranch Hand 361 0.0 - -
Comparison 502 0.6

Enlisted Flyer Ranch Hand 160 0.0 - =
Comparison 203 0.5

Enlisted Groundcrew Ranch Hand 422 0.2 - L
Comparison 575 0.0

I:) MODEL 1: RANCH HANDS VS. COMPARISONS ANUSTED

' Adj. Rdahvemsk - S
WWCategory . @®s%CL) fp;v,l,,e-_{;_ _:.CW Bk

All 0.32 (0.03,2.95) 0.267 AGE (p=0.088)
Officer = T DRKYR (p=0.042)
Enlisted Flyer - -

Enlisted Groundcrew - -

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-35. (Continued)
Analysis of Non-Hodgkin’s Lymphoma

Low 170. 0.0 -- o

Medium 172 0.0
High 172 0.0

--: Statistical analyses not performed due to zero abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-35. (Continued)
Analysis of Non-Hodgkin’s Lymphoma

RANCH HANBS AND'CDMPARISONS BY I)IOXIN CATEGORY - UNADJUSTED

o MDI.)EUBL;

Background RH 372 0.3 1.23 (0.11,14.03) 0.865
Low RH 255 0.0 - -
High RH 259 0.0 - -~
Low plus High RH 514 0.0 - -

f) MODEL 3 RANCR HANDS AND COMPARISONS BY DIOX!N CATEGORY ADJUSTED

;Dioxin- Category . f* e '@1(95% CL ‘)  pValee Cuvaﬁntekunarks
Comparison 1,044 DRKYR (p=0.013)
Background RH 365  0.84(0.06,12.57)  0.900

Low RH 250 " -

High RH 252 " &

Low plus High RH 512 - -

2 Relative risk and confidence interval relative to Comparisons.

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

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-35. (Continued)
Analysis of Non-Hodgkin’s Lymphoma

L 0.3 0.0 0.0 0.57 (0.13,2.61) 0.462

(293) (296) (297)

5 0.3 0.0 0.0 0.67 (0.26,1.71) 0.450
(298) (292) (296)

6° 0.3 0.0 0.0 0.74 (0.25,2.26) 0.624
(297) (292) (296)

h)MODELS4 5 ANDG RANCHHANDS CURRENI‘BIOXIN—-ADJUSTED

o  Analysi “‘kesnhs.ror L% (cm Dioxin + 1)

Model‘ : G L . . ' CovanateRunarks .
4 886 0.52 (0.09,3.05) 0.480 AGE (p=0.019)
5 886 0.59 (0.18,1.94) 0.430 AGE (p=0.018)
6 885 0.52 (0.11,2.39) 0.440 AGE (p=0.012)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = =46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-36.
Analysis of Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic Tissue

5% Cl1) l p-Value

All Ranch Hand 943 0.1 1.36 (0.09,21.74) 0.999
] Comparison 1,280 0.1
Officer Ranch Hand 361 0.0 -- -
Comparison 502 0.2
Enlisted Flyer Ranch Hand 160 0.0 = j 5
Comparison 203 0.0
Enlisted Groundcrew Ranch Hand 422 0.2 - -
Comparison 575 0.0

b) MODEL 1: RANCH HANDS VS COMPARISONS ADJUSTED -

- AN im0 -
meﬂllalCategory _ s%CL) p-Value 'Cmaﬁate‘iRﬁnarks

- All - -
Officer = =
Enlisted Flyer - | =8
Enlisted Groundcrew - -

--: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.
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Table 10-36. (Continued)
Analysis of Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic Tissue

~ d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
. f:;',.Anal_ysstumts_for'-Lag,{Inm:ﬂDmm)”'l  - _
dj. Relative Risk 5% C1)  pValue CovarmteRunarks '

--: Statistical analyses not performed due to zero abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-36. (Continued)
Analysis of Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic Tissue

Background RH 372 0.3 2.84 (0.16,50.71) 0.477
Low RH 255 0.0 - ; -
High RH 259 0.0 - -
Low plus High RH 514 0.0 -- -

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

. . . ARt .
DininCaleery & (%C1) pYae = CovisteRenmis

Comparison -

Background RH -- - -
Low RH - e s
High RH s o o
‘Low plus High RH -- -- --

2 Relative risk and confidence interval relative to Comparisons.

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

—: Estimated relative risk, confidence interval, and p-value not presented due to the sparse number of
abnormalities; adjusted analysis not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-36. (Continued)
Analysis of Other Malignant Systemic Neoplasms of Lymphoid and Histiocytic Tissue

Os%CLY

0.57 (0.13,2.61)

(293) (296) (297)

5 0.3 0.0 0.0 0.67 (0.26,1.71) 0.450
(298) (292) (296)

6° 0.3 0.0 0.0 0.74 (0.25,2.26) 0.624
(297) (292) (296)

h) MODELS#, 5, AND 6: RANCH HANDS — CURRENTDIOXIN——ADJUSTED

Analys:s Rmnlts forLogz (Cument Bloxm + 1)

Mode? | n (95%(21)" i anan Covanatekunarks
4 886 0.52 (0.09,3.05) 0.480 AGE (p=0.019)
5 886 0.59 (0.18,1.94) 0.430 AGE (p=0.018)
6¢ 885 0.52 (0.11,2.39) 0.440 AGE (p=0.012)

* Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-37.
Analysis of Multiple Myeloma

Officer Ranch Hand 361 0.0 - --
Comparison 502 0.0

Enlisted Flyer Ranch Hand 160 0.0 -- -
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 422 0.2 -- --
Comparison 575 0.0

o -;Mobm 1: RANCH HANDS VS. comAmsous — ADJUSTED :

= e FeE——
Occupational Category ©95% C.1)

Comaia riate Remarks

All i -
Officer - -
Enlisted Flyer - -
Enlisted Groundcrew - 4

—: Analyses not performed due to the sparse number of abnormalities.
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Table 10-37. (Continued)
Analysis of Multiple Myeloma

--: Analyses not performed due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-37. (Continued)
Analysis of Multiple Myeloma

: e) MODEL_3" RANCH HANDS AND'CBMPARISONS BY 'DIOXIN CATEGORY -—--UNADJUSTED

Comparison

Background RH | 372 0.0 - -
Low RH 255 0.4 -- -
High RH 259 0.0 -- -
Low plus High RH 514 0.2 -~ -

0 MGDEL 3. RANCH HANDS AND COMPARISONS BY DIOX!N CATEGORY ADJUS'I'ED =

o ~ Adj. Relative Risk o |
DmnnCategory m  ®5%ClL)  pValue z?-Cmﬁm-Ranaﬂis_

Comparison -

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

—: Analyses not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-37. (Continued)
Analysis of Multiple Myeloma

Mode |  Low ‘(95%, c.:.)" _ _ p-Value
4 0.0 0.82 (0.20,3.44) 0.781
(293) (296) (297) ‘
2 0.0 0.3 0.0 0.89 (0.29,2,75) 0.835
(298) (292) (296)
6°¢ 0.0 0.3 0.0 0.87 (0.26,2.92) 0.817
(297) (292) (296)
h) MODELS4 5, AND 6: RANCH 'HANDS — CURRENT DIOXIN — ADJUSTED
Analyms Rmults for Lngz (Cm'rent Dmxm 5 1)
. o R RﬂaﬁveRrsk . S e =
Model no e Cl) p-Value Covmiate Rmiﬂriks
4 X > i
5 - = -
6 s s -

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
—: Adjusted analyses not performed due to the sparse number of abnormalities.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = =46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-38.
Analysis of Skin or Systemic Neoplasms

95%
- 1.16 (0.97,1.37)
Comparison 1,271 41.4
Officer Ranch Hand 358 48.0 1.07 (0.82,1.40) 0.679
Comparison 496 46.4
Enlisted Flyer Ranch Hand 158 48.1 1.23 (0.81,1.86) 0.398
Comparison 202 43.1
Enlisted Groundcrew Ranch Hand 417 41.0 1.21 (0.94,1.57) 0.167
Comparison 573 36.5

All 1.16 (0.97,1.38) 0.096
Officer 1.08 (0.82,1.42) 0.597
Enlisted Flyer 1.16 (0.76,1.77) 0.497
Enlisted Groundcrew 1.24 (0.95,1.61) 0.112

AGE (p<0.001)

SKIN (p=0.096)
EYE (p=0.027)

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-38. (Continued)
Analysis of Skin or Systemic Neoplasms

EYE (p=0.003)
SUN2HR (p=0.033)
LAT (p=0.044)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-38. (Continued)
Analysis of Skin or Systemic Neoplasms

Comparison 1,055 42.0

Background RH 369 45.0 1.17 (0.92,1.49) 0.208
Low RH 250 48.8 1.29 (0.98,1.70) 0.073
High RH 257 39.3 0.87 (0.66,1.16) 0.348
Low plus High RH 507 44.0 1.06 (0.86,1.32) : 0.584

Comparison 1,055 AGE (p<0.001)
SKIN (p=0.017)

Background RH 368 1.10 (0.87,1.41) 0.426

Low RH 250 1.25 (0.95,1.66) 0.115

High RH 257 0.97 (0.73,1.29) 0.837

Low plus High RH 507 1.10 (0.89,1.37) 0.371

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-38. (Continued)
Analysis of Skin or Systemic Neoplasms

4 45.0 49.0 39:3 0.93 (0.85,1.02) 0.141
(291) (290) (295)

5 45.6 444 43.2 0.96 (0.89,1.04) 0.358
(296) (286) (254)

6° 45.8 44 .4 43.2 0.92 (0.84,1.00) 0.049
(295) (286) (254)

Model* | 5% __pVah - Remar
B 873 0.98 (0.89,1.08)** 0.651** CURR*EYE (p=0.011)
AGE (p<0.001)
SUNZHR (p=0.105)

5 873 1.00 (0.92,1.09)** 0.970%* CURR*EYE (p=0.010)
AGE (p<0.001)
SUN2HR (p=0.092)

64 872 0.96 (0.87,1.04)** 051 32 CURR*EYE (p=0.019)
AGE (p<0.001)
SUNZHR (p=0.093)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-11 for further analysis of this interaction.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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decreased as initial dioxin levels increased. The unadjusted Model 3 analysis revealed that
Ranch Hands in the low dioxin category exhibited a marginally significant higher history of a
skin or systemic neoplasm than Comparisons (Table 10-38(e): p=0.073, Est. RR=1.29).

All other Model 3 results were nonsignificant (Table 10-38(e,f): p>0.11 for all remaining
contrasts). Eye color, reaction of skin to sun after at least 2 hours, and average residential
latitude were significant in the Model 2 final adjusted model. Age and skin color were
significant in Model 3.

Similar to Model 2, the Model 6 unadjusted analysis revealed a significant inverse
association between a history of a skin or systemic neoplasm and current dioxin (Table
10-38(g): p=0.049, Est. RR=0.92). History of a skin or systemic neoplasm decreased as
current dioxin levels increased. Model 6 adjusted analysis and all analyses from Models 4
and 5 were nonsignificant (Table 10-38(g,h): p>0.14 for each analysis). Final models each
included age, reaction of skin to sun after at least 2 hours, and the current dioxin-by-eye
color interaction. Adjusted results for Models 4, 5, and 6 are based on each final model
without the significant interaction. Appendix Table F-2-11 presents relative risk estimates by
each eye color grouping.

Laboratory Examination Variables
Prostate-Specific Antigen (Continuous)

Because 2.7 percent (60/2,232) of the prostate-specific antigen measurements were
below the test sensitivity limit of 0.2 ng/ml and consequently did not have a true measured
value, the contimious analysis was conducted in two parts. First, the proportion of prostate-
specific antigen measurements below the sensitivity limit was examined for an association
with exposure. Second, only measurements at or above the sensitivity limit detected values
were explored for an association with exposure. A natural logarithmic transformation was
applied to continuous measurements to enhance normality.

For the first analysis, no associations between the proportion of prostate-specific antigen
measurements below the sensitivity Iimit and group, initial dioxin, or current dioxin were
observed (Table 10-39(a-h): p>0.40 for each model).

Based on the prostate-specific antigen measurements at or above the test sensitivity
limit, Model 1 unadjusted results were nonsignificant, indicating no group association (Table
10-40(a): p>0.49 for each contrast). Adjusted analysis revealed a significant group-by-
insecticide exposure interaction. Further analysis of this interaction is presented in Appendix
Table F-2-12. Comparisons with no insecticide exposure had a significantly larger adjusted
mean prostate-specific antigen than Ranch Hands with no insecticide exposure (Appendix
Table F-2-12(a): p=0.012; Ranch Hand adjusted mean: 0.943 ng/ml, Comparison officer
adjusted mean: 1.192 ng/ml). Results were similar when mean differences were examined
within the officer stratum (Appendix Table F-2-12(a): p=0.018; Ranch Hand officer adjusted
mean: 0.934 ng/ml, Comparison officer adjusted mean: 1.192 ng/ml). Other significant
covariates in the final adjusted model were lifetime alcohol history, ionizing radiation
exposure, and industrial chemical exposure.
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Table 10-39.
Analysis of Prostate-Specific Antigen
(Below vs. At or Above Sensitivity Limit)

Ranch Hand

Comparison 1,279 2.9

Officer Ranch Hand 361 2.8 0.72 (0.33,1.58) 0.532
Comparison 502 3.8

Enlisted Flyer Ranch Hand 160 25 1.70 (0.38,7.71) 0.755
Comparison 202 15

Enlisted Groundcrew Ranch Hand 422 2.1 0.81 (0.35,1.88) 0.783
Comparison 575 2.6

0.83 (0.49,1.42) AGE (p=0.004)

ASB (p=0.149)
Officer 0.72 (0.33,1.57) IC (p=0.126)
Enlisted Flyer 1.67 (0.37,7.57)
Enlisted Groundcrew 0.82 (0.35,1.89)

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 10-39. (Continued)
Analysis of Prostate-Specific Antigen
(Below vs. At or Above Sensitivity Limit)

Low 170 1.8 0.89 (0.57,1 .40) 0.608

Medium 172 395
High 172 23

Anaiysxs Rcsnits fur Log2 (Initial Dmxm)‘

A ReaGve Rk OSHCLP®  pVale = - Covariéte Remarks

514 0.94 (0.60,1.48) 0.794 RACE (p=0.149)
IONRAD (p=0.010)

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

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.
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Table 10-39. (Continued)

Analysis of Prostate-Specific Antigen
(Below vs. At or Above Sensitivity Limit)

Comparison 1,062

Background RH 372 2:7 0.95 (0.46,1.96) 0.882
Low RH 255 24 0.76 (0.31,1.83) 0.534
High RH 259 2.7 0.85 (0.37,1.96) 0.700
Low plus High RH 514 2.5 0.80 (0.42,1.55) 0.512

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

Comparison 1,062 AGE (p=0.007)
Background RH 372 0.89(0.43,1.84)  0.749
Low RH 255  0.71(0.29,1.73)  0.456
High RH 259  0.98(0.42,2.27)  0.957

Low plus High RH 514 0.83 (0.43,1.61) 0.589

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-39. (Continued)
Analysis of Prostate-Specific Antigen
(Below vs. At or Above Sensitivity Limit)

g)MODELSti,S,ANBG"RANCHEANDS CURRENTDIOX]N UNAI)JBSTED

| %{95% C. 1.)*'.

0.97 (0.73,1.29)

(293) (296) 297)

5 2.4 2.1 3.4 1.02 (0.80,1.30) 0.870
(298) (292) (296)

6° 2.4 2.1 3.4 0.95 (0.73,1.23) 0.677
(297) (292) (296)

h)MOBELS«'l 5, ANDS* RANCHHANDS CURRENTDIOX]N ADJUSTED

o ) Analys:sRemltsforLogz(Cm'rentDmm+ D
. Adj Relatwe Rxsk i ._:‘;_::_:_ 5 B
Model* ©5%CJ)®  pValwe  Covariate Remarks
4 886 0.99 (0.75,1.32) 0.962 RACE (p=0.094)
IONRAD (p=0.017)
5 886 1.04 (0.82,1.33) 0.722 RACE (p=0.094)
IONRAD (p=0.016)
64 885 0.97 (0.75,1.26) 0.834 RACE (p=0.111)
IONRAD (p=0.014)

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

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

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

¢ Adjusted for log, total lipids.

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

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 10-40.
Analysis of Prostate-Specific Antigen (ng/ml)
(Continuous)

Officer Ranch Hand 351 1.131 0.014 - 0.821
Comparison 483 1.117

Enlisted Flyer Ranch Hand 156 1.111 -0.019 -- 0.838
Comparison 199 1.130

Enlisted Groundcrew Ranch Hand 413 0.890 -0.028 -- 0.492
Comparison 560 0.918

Occupational ~ Adj. Differenc

Category @~ Grooup  n  Mean® Means

All Ranch Hand 200 EE pa— P GROUP*INS
Comparison 1,223 g i (p=0.004)

Officer Ranch Hand 348 o e *okkok DRKYR (p=0.114)
Comparison 476 o IONRAD (p=0.004)

IC (p=0.023)

Enlisted Ranch Hand 151 Hkkk sedjeskesk sookok Kk

Flyer Comparison 198 *okokok

Enlisted Ranch Hand 401 EEk Hokokk *kkok

Groundcrew Comparison 549 ¥k

2 Transformed from the natural logarithm scale.

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

¢ P-values based on difference of means on natural logarithm scale.
4 Covariates and associated p-values correspond to final model based on all participants with available data.

**%* Group-by-covariate interaction (p<0.01); adjusted mean, difference of adjusted means, and p-value not
presented; refer to Appendix Table F-2-12 for further analysis this interaction.

Note: Analysis based on measurements at or above 0.2 ng/ml (sensitivity limit) only.
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Table 10-40. (Continued)
Analysis of Prostate-Specific Antigen (ng/ml)
(Continuous)

_ c} MODEL 2- RAN ] 'HANDS m'zmom—mamvsmn

1.185 0.052 -0.086 (0. 026) 0.001

Anaiys:s Rmults for l‘..og2 (Imtml I):oxm)"

e

i  Mean™ ST BVl Cowcate Raanks

Low 167 1.016** 0.140 -0.036 0.179%* INIT*AGE (p=0.026)
(0.026)** PACKYR (p=0.019)

Medium 166 0.874%* IONRAD (p=0.065)

HERB (p=0.122)
High 168 0.898**

2 Transformed from natural logarithm scale.

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

¢ Slope and standard error based on natural logarithm of prostate specific antigen versus log, (initial dioxin).

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

** Log, (initial dioxin)-by-covariate interaction (0.01 <p<0.05); adjusted mean, adjusted slope, standard error,
and p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table F-2-12 for
further analysis of this interaction.

Note: Analysis based on measurements at or above 0.2 ng/ml (sensitivity limit) only.
Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-40. (Continued)

Analysis of Prostate-Specific Antigen (ng/ml)
(Continuous)

o MODEL 3: RANCH m:'m COMPARISONS BY mom cmmony _ UNADJUS

Dioxin Category

Comparison 1,030 1.043 1.044

Background RH 362 1.042 1.032 -0.012 - 0.800
Low RH 249 1.098 1.098 0.054 - 0.342
High RH 252 0.900 0.910 0.134 —- 0.010
Low plus High RH 501 0.998 1.003 -0.040 — 0.287

Dioxin Category  n  p-Value!  Covariate Remarks

Comparison 1,014 DXCAT*INS (p=0.009)
AGE (p<0.001)
PACKYR (p=0.009)
Background RH 356  wEEx p— Aokeek = ot 08
Low RH 244 *kkk sokkok *okokok
High RH 245 Fkkk dkmn ok
Low plus High RH 489  *x%x *okkk p—

# Transformed from natural logarithm scale.

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

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

4 p-value is based on difference of means on natural logarithm scale.

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

***%* Categorized dioxin-by-covariate interaction (p <0.01); adjusted mean, difference of adjusted means, and
p-value not presented; refer to Appendix Table F-2-12 for further analysis of this interaction.

Note: Analysis based on measurements at or above 0.2 ng/ml (sensitivity limit) only.
RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Analysis of Prostate-Specific Antigen (ng/ml)

Table 10-40. (Continued)

(Continuous)

-0.049 (0. 017) 0.005
0.009 -0.042 (0.015) 0.005
0.010 -0.041 (0.016) 0.010

b Adj. Slope -

Model’ | Low Medmm ngh i R (Std. Error)® p-Valm ~ Covariate Remarks

4 0.973 1.040 0.911 0.098 -0.018 (0.017) 0.275 AGE (p<0.001)
(285) (289) (288) PACKYR (p=0.001)

INS (p=0.007)

5 0.986 1.005 0.928 0.099 -0.019 (0.014) 0.186 AGE (p<0.001)
(290) (286) (286) PACKYR (p=0.001)

INS (p=0.007)

6° 0.975 1.002 0.943 0.101 -0.015 (0.016) 0.353 AGE (p<0.001)
(289) (286) (286) PACKYR (p=0.003)

INS (p=0.006)

? Transformed from natural logarithm scale.

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

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

¢ Slope and standard error based on natural logarithm of prostate specific antigen versus log, (current

dioxin+1).

¢ Adjusted for log, total lipids.

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

Note: Analysis based on measurements at or above 0.2 ng/ml (sensitivity limit) only.
Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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The Model 2 unadjusted analysis revealed a significant inverse association between
prostate-specific antigen measurements at or above the test sensitivity limit and initial dioxin
(Table 10-40(c): p=0.001, slope=-0.086; low initial dioxin category adjusted mean: 1.185
ng/ml, medium initial dioxin category adjusted mean: 0.933 ng/ml, high initial dioxin
category adjusted mean: 0.888 ng/ml). The negative slope indicated prostate-specific
antigen méasurements among Ranch Hands decreased as initial dioxin measurements
increased among Ranch Hands. Results were nonsignificant after covariate adjustment and
deletion of the significant interaction between initial dioxin and age (Table 10-40(d):
p=0.179). Lifetime cigarette smoking history, ionizing radiation exposure, and herbicide
exposure also were significant in the final adjusted model. Analyses stratified by each age
category are presented in Appendix Table F-2-12.

The Model 3 unadjusted contrast between Ranch Hands in the high category and .
Comparisons was significant, with mean prostate-specific antigen in the Comparison group
higher than means in the high Ranch Hand group (Table 10-40(e): p=0.010; Comparison
mean and high Ranch Hand mean, adjusted for percent body fat at the time of duty in SEA
and change in body fat from the time of duty in SEA to the date of the blood draw for
dioxin: 1.044 ng/ml and 0.910 ng/ml respectively). Other unadjusted contrasts were
nonsignificant (Table 10-40(c): p >0.28 for each remaining contrast). Age, lifetime cigarette
smoking history, lifetime alcohol history, and the interaction between categorized dioxin and
insecticide exposure displayed significant effects in the final adjusted model. Results
stratified by each level of insecticide exposure are presented in Appendix Table F-2-12.
Comparisons with no insecticide exposure have a significantly larger adjusted mean prostate-
specific antigen than Ranch Hands in the background category with no insecticide exposure
(Appendix Table F-2-12(c): p=0.001; Comparison adjusted mean: 1.099 ng/ml, background
Ranch Hand category adjusted mean: 0.833 ng/ml). The same pattern between Comparisons
and Ranch Hands in the low plus high Ranch Hand category with no insecticide exposure is
seen, except that the significance was marginal (p=0.062).

Results of the analysis of prostate-specific antigen measurements at or above the test
sensitivity limit from Models 4, 5, and 6 were similar. Each unadjusted association with
current dioxin was significant and inverse in direction (Table 10-40(g): p=0.005, Est.
Siope=-0.049, p=0.005, Est. Slope=-0.042, p=0.010, Est. Slope=-0.041 for Models 4, 5,
and 6). The unadjusted means for the low, medium, and high lipid-adjusted current dioxin
categories were 1.045 ng/ml, 1.128 ng/ml, and 0.883 ng/ml respectively. The unadjusted
means for the low, medium, and high whole-weight current dioxin categories were 1.058
ng/ml, 1.088 ng/ml, and 0.905 ng/ml respectively. The means, adjusted for total lipids, for
the low, medium, and high whole-weight current dioxin categories were 1.053 ng/ml, 1.087
ng/ml, and 0.912 ng/ml respectively. Associations were nonsignificant after covariate
adjustment for age, lifetime cigarette smoking history, and insecticide exposure for each
model (Table 10-40(h): p>0.18 for each analysis).

Prostate-Specific Antigen (Discrete)

Each contrast from the Model 1 unadjusted analysis of prostate-specific antigen,
categorized as normal or abnormal, indicated that differences between Ranch Hands and
Comparisons were nonsignificant (Table 10-41(a): p>0.18 for each contrast). The

10-187



Table 10-41.
Analysis of Prostate-Specific Antigen

(Discrete)

Officer Ranch Hand
Comparison
Enlisted Flyer Ranch Hand
Comparison
Enlisted Groundcrew Ranch Hand
Comparison

(95%01)
0.73 (0.48,1.13) 0.188
0.86 (0.47,1.57) 0.724
0.71 (0.29,1.73) 0.588
0.57 (0.25,1.30) 0.248

-Ocmpatlonal Category | = (95%6.1)

Ad,] ‘Relative Risk

CovamteRenmrks’

% 6 ¢ GROUP*PACKYR
(p=0.009)
e - T AGE (p<0.001)
Enlisted Flyer ok deskeokok RACE (p=0.003)
¥ DRKYR (p=0.002)
Enlisted Groundcrew p— . IONRAD (p=0.133)

INS (p=0.025)

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

**** Group-by-covariate interaction (p<0.01); adjusted relative risk, confidence interval, and p-value not
presented; refer to Appendix Table F-2-13 for further analysis this interaction.
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Table 10-41. (Continued)
Analysis of Prostate-Specific Antigen
(Discrete)

514 0.69 (0.46,1.05) 0.064 AGE (p<0.001)
PACKYR (p=0.003)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 10-41. (Continued)
Analysis of Prostate-Specific Antigen
(Discrete)

Background RH
Low RH

High RH

Low plus High RH

372 2.4
255 5.9
259 35
514 4.7

0.49 (0.24,1.00)
1.14 (0.63,2.06)
0.67 (0.33,1.39)
0.91 (0.55,1.49)

0.050
0.665
0.282
0.693

Background RH 365
Low RH 250
High RH 252

Low plus High RH 502

0.31 (0.13,0.69)** 0.005**
0.84 (0.42,1.66)** 0.611**
0.76 (0.34,1.71)** 0.511**
0.81 (0.45,1.46)** 0.480**

DXCAT*INS (p=0.030)
AGE (p<0.001)
RACE (p=0.038)
DRKYR (p <0.001)
HERB (p=0.027)

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

** Categorized dioxin-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table F-2-13 for further

analysis of this interaction.

Note: RH = Ranch Hand.

Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.

Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.

High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 10-41. (Continued)
Analysis of Prostate-Specific Antigen
(Discrete)

4 77 6.8 2.7 0.99 (0.78,1.25)
(293) (296) (297)

5 2.0 5.1 4.1 1.03 (0.84,1.26) 0.808
(298) (292) (296)

6° 2.0 5.1 4.1 0.98 (0.79,1.23) 0.886
297) (292) (296)

CURR*DC (p=0.039)
AGE (p<0.001)
PACKYR (p<0.001)

4 885 1.08 (0.81,1.44)** 0,593%*

5 885 1.12 (0.87,1.44)** 0.384++ CURR*DC (p=0.020)
I AGE (p<0.001)
PACKYR (p<0.001)

6 884 1.07 (0.82,1.40)** 0.610%* CURR*DC (p=0.021)
AGE (p <0.001)
PACKYR (p<0.001)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
© Adjusted for log, total lipids.
9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table F-2-13 for further analysis of this interaction.

Note: Model 4: Low = =<8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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interaction between group and lifetime cigarette smoking history was significant in the
adjusted model. Other significant covariates were age, race, lifetime alcohol history,
tonizing radiation exposure, and insecticide exposure. Analyses stratified by three lifetime
cigarette smoking history categories and three occupational cohorts are presented in Appendix
Table F-2-13. Enlisted groundcrew Comparisons with more than 10 pack-years of cigarette
smoking had a significantly higher percentage of prostate-specific antigen abnormalities than
enlisted groundcrew Ranch Hands with more than 10 pack-years of c1garette smoking
(Appendix Table F-2-13(a); p=0.049, Adj. RR=0.32).

A significant association between prostate-specific antigen and initial dioxin was
revealed from the unadjusted analyses of Model 2 (Table 10-41(c): p=0.006, Est.
RR=0.61). The background Ranch Hands versus Comparisons unadjusted contrast from
Modet 3 also was significant (Table 10-41(e): p=0.050, Est. RR=0.49). Both relative risk
estimates indicate the occurrence of prostate-specific antigen abnormalities decreased as
dioxin levels increased. Adjusted results were similar, except the Model 2 result was
marginally significant (Table 10-41(d,f): p=0.064, Adj. RR=0.69 for Model 2 and
p=0.005, Adj. RR=0.31 for Model 3). All other Model 3 contrasts were nonsignificant
(Table 1041(e,f): p>0.28 for all remaining contrasts). Model 2 adjusted for age and
lifetime cigarette smoking history. Age, race, lifetime alcohol history, herbicide exposure,
and a categorized dioxin-by-insecticide exposure interaction were significant in Model 3.
Adjusted results were obtained from the final model after deletion of the interaction. Results
stratified by each level of insecticide exposure are presented in Appendix Table F-2-13.

Analyses of prostate-specific antigen from Model 4, 5, and 6 were nonsignificant (Table
10-41(g,h): p>0.38 for all analyses). Each adjusted result was based upon the final model
after deletion of a significant current dioxin-by-degreasing chemical exposure interaction.
Appendix Table F-2-13 presents relative risk estimates for each level of degreasing chemical
exposure. Each model also adjusted for age and lifetime cigarette smoking history.

Longitudinal Analysis

Longitudinal analyses were conducted on three variables—malignant skin neoplasms,
malignant systemic neoplasms, and benign systemic neoplasms—to examine whether changes
across time differed with respect to group membership (Model 1), initial dioxin (Model 2),
and categorized dioxin (Model 3). The longitudinal analyses for these variables investigated
the difference between the 1982 examination and the 1992 examinations. Models 4, 5, and 6
were not examined in longitudinal analyses because current dioxin, the measure of exposure
in these models, changes over time and is not available for all participants for 1982 or 1992.

The longitudinal analyses examined relative risks at the 1992 examination for
participants classified as normal at the earlier examination. Patticipants classified as
abnormal in 1982 were excluded because the focus of the analyses was on investigating the
temporal effects of dioxin during the period between 1982 and 1992. Participants classified
as abnormal in 1982 were already abnormal before this period; consequently, only
participants classified as normal at the 1982 examination were considered to be at risk when
the effects of dioxin over time are explored. The rate of abnormalities under this restriction
approximates an incidence rate between 1982 and 1992. All three models were adjusted for
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age; Models 2 and 3 also were adjusted for percent body fat at the time of duty in SEA and
the change in percent body fat from the time of duty in SEA to the date of the blood draw -
for dioxin.

Verified Medical Records
Malignant Ski_n Neoplasms

Among participants who did not have a history of a malignant skin neoplasm in 1982,
differences between Ranch Hands and Comparisons were nonsignificant in the Model 1
longitudinal analysis (Table 10-42(a): p>0.62 for all contrasts). All Model 3 contrasts also
were nonsignificant (Table 10-42(c): p>0.20 for all contrasts).

For participants with no history of a malignant skin neoplasm in 1982, tests of
association between a history of a malignant skin neoplasm and initial dioxin, adjusted for
age, revealed a significant inverse relationship in the Model 2 analysis (Table 10-42(b):
p=0.039, Adj. RR=0.73). The history of a malignant skin neoplasm in 1982, 1985, 1987,
and 1992 is consistently lowest among Ranch Hands with the highest initial dioxin levels.

Malignant Systemic Neoplasms

No significant results were seen for each group contrast examined from the Model 1
longitudinal analysis of a history of a malignant systemic neoplasm (Table 10-43(a): p>0.12
for all contrasts).

For Ranch Hands without 2 history of a malignant systemic neoplasm in 1982, the
history of malignant systemic neoplasms in 1992 was inversely related to initial dioxin in the
Model 2 longitudinal analysis (Table 10-43(b): p=0.028, Adj. RR=0.62). Of the Ranch
Hands with no history of a malignant systemic neoplasm in 1982, 6.2 percent with low levels
of initial dioxin had a history in 1992, compared to 1.2 percent with high levels of initial
dioxin. Model 3 analysis revealed a marginally significant difference between Ranch Hands
in the low dioxin category (7.0%) and Comparisons (3.5%) (Table 10-43(c): p=0.070, Adj.
RR=1.80). All other Model 3 contrasts were nonsignificant (p>0 31 for all remaining
contrasts). .

Benign Systemic Neoplasms
Longitudinal analysis was performed for participants with no history of a benign
systemic neoplasm in 1982. Results from Models 1, 2, and 3 were all nonsignificant,

indicating no association between a benign systemic neoplasm and group, initial dioxin, or
categorized dioxin (Table 10-44(a-c): p>0.14 for analyses).

DISCUSSION

In ambulatory medicine, the recommendation that asymptomatic individuals uﬂdergo
periodic physical examinations is based largely on the assumption that such screening may
reveal occult malignancy. Although the guidelines for the frequency and content of such
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Table 10-42.
Longxtudinal Analysis of Malignant Skin Neoplasms

Officer

Enlisted Flyer

Enlisted
Groundcrew

Ranch Hand

Comparison

Ranch Hand

Comparison

Ranch Hand

Comparison

Ranch Hand

Comparison

53

(838)
3.5
(994)
6.0
(331)
3.6
(392)
6.8 -

(148)
3.7

(161)
3.9

(359)

34
(441)

- 8.3
(817)

6.9
(972)

10.7
(326)
8.1
(384)
8.9
(146)
6.3
(158)
5.8
(345)

6.1
(430)

11.0 - 14.2

(809) . (838)
8.8 12.5
(969) (994)
14.5 19.6
(325) (331)
97 16.3
- (380) (392)
11.9 ' 14.9
(143) (148)
10.6 13.0
(160) (161)
7.3 8.9
341) (359)
7.2 8.8
(429) (441)

All

Officer

Enlisted Flyer

Enlisted
Groundcrew

Ranch Hand
Comparison

Ranch Hand
Comparison

Ranch Hand

Comparison

Ranch Hand
Comparison

794
959

i
378

138
155

345
426

9.5
9.3

14.5
13.2

8.7
8.7

5.2

5.6

1.04.(0.75,1.43) 0.834
1.11 (0.72,1.72) 0.627
0.91 (0.41,2.0.1) - 0.808
0.93 (0.50,1.76) 0.834

8 Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992.

" Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
ohly on participants who had no history of mahgnanat skm neoplasms in 1982 (see Chapter 7, Statistical

Methods).
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Table 10-42. (Continued)

Longitudinal Analysis of Malignant Skin Neoplasms

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

- Percent Yes/(n)
Dioxim: 1982 1985 . 1987 192
Low 6.9 12.6 14.5 1711
(146) (143) (145) (146)
Medium 5.1 6.6 9.2 13.4
(157) (152) (153) (157)
High 3.8 5.1 7 | 8.8
(159) (157) (154) (159)

Initial Dioxin Category Summary Statistics

No History in 1982

Initial ~ Percent Yes

Analysis Results for Log, (Initial Dioxin)*

. ! : Adj. Relative Risk i
Dioxinh = nin1992 in 1992 (95% C.1.)° p-Value
Low 136 11.0 0.73 (0.54,1.00) 0.039
Medium 149 8.7
High 153 5.2

2 Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of blood draw for dioxin, and age in 1992.

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the

Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had no history of malignant skin neoplasms in 1982 (see Chapter 7, Statistical

Methods).
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Table 10-42. (Continued)
Longitudinal Analysis of Malignant Skin Neoplasms

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

Percent Yes/(m)

: : sEa : i Examination :
DioxinCategory =~ 1982 = 1988 = 087 1992
Comparison 3.5 7.0 8.6 12.4

(864) (853) (854) (864)
Background RH 5.2 8.1 113 15.4
(325) (322) (319) (325)
Low RH 7.6 11.9 13.1 17.9
(223) (218) (221) (223)
High RH 2.9 4.3 7.4 8.4
(239) (234) (231) (239)
Low plus High RH 5.2 8.0 10.2 13.0
(462) (452) (452) (462)
~No History in 1982 e
_ ~ Percent Yesin  Adj. Relative Risk
Dioxin Category ‘nin 1992 : 1992 : (95% C.1)® -p-"ialueb
Comparison 834 9.2
Background RH 308 10.7 1.14 (0.74,1.77) 0.551
Low RH 206 112 1.17 (0.71,1.92) 0.544
High RH 232 5.6 0.67 (0.36,1.24) 0.202
Low plus High RH 438 8.2 0.92 (0.61,1.40) 0.703

2 Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses
are based only on participants who had no history of malignant skin neoplasms in 1982 (see Chapter 7,
Statistical Methods).
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Table 10-43.
Longitudinal Analysis of Malignant Systemic Neoplasms

a) MODEL 1: RANCH HANDS VS. COMPARISONS

Al _ - ‘ = Percmt Yes/(n)
Occupational Ll i —
Category Group 1982 1985 1987 1992
All Ranch Hand 0.9 1.8 2.4 4.9
(892) (870) (861) (892)
Comparison 1.0 1.4 1.7 4.5
(1,062) (1,039) (1,036) ~ (1,062)
Officer Ranch Hand 1.2 2.4 3.1 6.3
(334) (329) (328) (334)
Comparison 1.2 2.0 23 6.7
(403) (395) (391) (403)
Enlisted Flyer Ranch Hand 1.3 2.6 2.6 7.6
(157) (155) (152) (157)
Comparison 0.0 0.0 1.2 5.7
(175) (172) (174) (175)
Enlisted Ranch Hand 0.5 1.0 1.8 2.7
Groundcrew (401) (386) (381) (401)
Comparison 12 1.3 1 2.3
(484) (472) (471) (484)
. No History in 1982 :
Occupational Percent Yes  Adj. Relative Risk
Category Group n in 1992 in 1992 95% C.1.)* p-Value®
All Ranch Hand 884 4.1 1.24 (0.76,2.00) 0.389
Comparison 1051 3.5
Officer Ranch Hand 330 52 0.96 (0.49,1.88) 0.915
Comparison 398 5.5
Enlisted Flyer Ranch Hand 155 6.5 1.17 (0.46,2.94) 0.741
Comparison 175 5.7
Enlisted Ranch Hand 399 2.3 2.44 (0.79,7.51) 0.121
Groundcrew Comparison 478 1.1

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics. for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had no history of mal:gnam systemic neoplasms in 1982 (see Chapter 7,

Statistical Methods).
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Longitudinal Analysis of Malignant Systemic Neoplasms

Table 10-43. (Continued)

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

Percent Yes/(n)

Yoithl Examination

Dioxin ' 1982 1985 1987 1992

Low 0.6 1.9 3.7 6.8
(163) (160) (162) (163)

Medium 24 43 4.3 8.3
(168) (162) (164) (168)

High 0.6 1.2 1.2 1.8
(167) (165) (161) (167)

Initial Dioxin Category Summary Statistics
No 'Histor§: in 1982

AnalySIs Rﬁults for Log,i(lnitial Dioxin)*

Ynitial - Percent Yes Adj. Relative Risk

Dioxin nin1992 ~ in 1992 - (95% C.L)® ‘p-Value
Low 162 6.2 0.62 (0.39,0.99) 0.028
Medium 164 6.1

High 166 32

# Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of blood draw for dioxin, and age in 1992.

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the

Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based

only on participants who had no history of malignant systemic neoplasms in 1982 (see Chapter 7,

Statistical Methods).
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Table 10-43. (Continued)
Longitudinal Analysis of Malignant Systemic Neoplasms

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

Percent Y&I(n}
Dioxin Category 1982 1985 987 1o
Comparison 1.1 1.3 1.8 4.6
(916) (905) (906) (916)
Background RH 0.6 0.9 1.5 4.1
(340) (337) (334) (340)
Low RH 1.2 2.9 4.1 8.2
(245) (239) (243) (245)
High RH 1.2 2.0 2.1 3.2
(253) (248) (244) (253)
Low plus High RH 1.2 2.5 3.1 5.6
(498) (487) (487) (498)
No Hxstory in 1982 :
. . . Percent Yesin  Adj. Relative Risk
Dioxin Category n in 1992 1992 : (95% C.L)® p-Value®
Comparison 906 35
Background RH 338 3.6 1.01 (0.50,2.03) 0.986
Low RH 242 7.0 1.80 (0.95,3.42) 0.070
High RH 250 2.0 0.73 (0.27,1.96) 0.529
Low plus High RH 492 4.5 1.35 (0.75,2.43) 0.313

 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses
are based only on participants who had no history of malignant systemic neoplasms in 1982 (see Chapter
7, Statistical Methods).
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Table 10-44.
Longitudinal Analysis of Benign Systemic Neoplasms

a) MODEL 1: RANCH HANDS VS COMPARISONS

e . Pecet Yelln)
Occupational - Lt L E"’*“‘?"“"“ S
Category Group = 1982 S 1988 21987 1992
All Ranch Hand 4.3 7.1 12.4 16.4
(892) (870) (861) (892)
Comparison 5.9 8.6 12:3 15.8
(1,062) (1,039) (1,037) (1,062)
Officer Ranch Hand 4.8 7.0 12.5 14.7
(334) (329) (328) (334)
Comparison 7 B 10.1 13.0 16.4
(403) (395) (391) (403)
Enlisted Flyer Ranch Hand 5.1 T 13.8 19.8
(157) (155) (152) (157)
Comparison | 76 14.4 177
(175) (172) (174) (175)
Enlisted Ranch Hand 3.5 7.0 11.8 16.5
Groundcrew (401) (386) (381) (401)
Comparison 4.8 7.6 10.8 14.7
(484) (472) . (472) (484)
: No History in 1982
Occupational : Percent Yes  Adj. Relative Risk .
Category Group - nin 1992 in 1992 (95% C.1.)* . p-Value*
All Ranch Hand 854 12.7 1.24 (0.93,1.65) 0.142
Comparison 999 10.5
Officer Ranch Hand 318 10.4 1.12 (0.68,1.84) 0.670
Comparison 372 9.4
Enlisted Flyer Ranch Hand 149 15.4 1.21 (0.64,2.27) 0.556
Comparison 166 13.3
Enlisted Ranch Hand 387 13.4 1.36 (0.89,2.07) 0.152
Groundcrew Comparison 461 10.4

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had no history of benign systemic neoplasms in 1982 (see Chapter 7, Statistical
Methods).
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Table 10-44. (Continued)
Longitudinal Analysis of Benign Systemic Neoplasms

~ b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

- : . _ Percent Yes/(n)
il = e -
Low 4.9 8.1 14.8 16.0
(163) (160) (162) (163)
Medium 4.8 7.4 9.2 16.1
(168) (162) (164) (168)
High 42 9.7 12.4 16.2
(167) (165) (161) (167)

Initial Dioxin Category: Summary Statxstns e :
No History in 1982
Percent.Yes-:f,:}ﬂ__.f

Analysis Results for Log, (Initial Dioxin)*

Initial e Adj. Relative Risk 2
Dioxin. nin1992 n9z:. (95% C.1.)° p-Value
Low 155 11.6 1.09 (0.88,1.35) 0.446
Medium 160 11.9

High 160 12.5

# Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference purposes
for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses are based
only on participants who had no history of benign systemic neoplasms in 1982 (see Chapter 7, Statistical
Methods).
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Table 10-44. (Continued)
Longitudinal Analysis of Benign Systemic Neoplasms

©) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Yes/(n)

: ‘Examination
Dioxin Category 1082 1985 1087 . 19,
Comparison 6.1 9.0 12.5 15.9

(916) (905) (907) (916)
Background RH 4.1 5.6 12.9 16.8

(340) (337) (334) (340)
Low RH 5.7 9.2 14.0 16.3

(245) (239) (243) (245)
High RH 3.6 7.7 10.3 15.8

(253) (248) (244) (253)
Low plus High RH 4.6 8.4 12.1 16.1

(498) (487) (487) (498)

No History in 1982 :
G Percent Yes in Adj. Relative Risk -

Dioxin Category nin1992 1992 95% C.L® p-Value®
Comparison 860 10.2
Background RH 326 13.2 1.29 (0.87,1.92) 0.199
Low RH 231 11.3 1.09 (0.68,1.73) 0.729
High RH 244 124 1.39 (0.89,2.17) 0.148
Low plus High RH 475 12.0 1.23 (0.86,1.76) 0.254

# Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin >10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the
Baseline, 1985, and 1992 examinations. Summary statistics for 1987 are provided for reference
purposes for participants who attended the Baseline, 1987, and 1992 examinations. Statistical analyses
are based only on participants who had no history of benign systemic neoplasms in 1982 (see Chapter 7,
Statistical Methods).
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examinations are subject to debate, there is no doubt that early detection affords the best and,
in most forms of cancer, the only chance for cure. While no one screening test is absolutely
reliable, the scope and depth of the protocol employed in this longitudinal study far exceed
that considered routine in clinical practice.

As the ‘anatomic point of contact with industrial toxins and as the only organ system
with a clearly defined clinical endpoint (i.e., chloracne) for TCDD exposure, the skin
deserves the special emphasis it has received in this study. Although there is no evidence
that TCDD exposure causes—or that chloracne is associated with—basal cell carcinomas, the
Ranch Hand cohort was found to be at increased risk for the occurrence of these skin cancers
in each of the three prior examination cycles. As in previous examination cycles, skin
lesions considered to be suggestive of skin cancer were biopsied. Though blind to the
participants’ exposure status, examiners performed a similar number of biopsies in the Ranch
Hand (20 out of 952) and Comparison (34 out of 1,281) cohorts.

In the current analyses, Ranch Hands continue to have a slightly higher prevalence of
benign and malignant skin neoplasms than Comparisons, including that of basal cell skin
cancers at all sites (11.3% of Ranch Hands vs. 10.2% of Comparisons). However, these
group differences are no longer significant. Furthermore, consistent with resuits reported in
the Serum Dioxin Analysis Report of the 1987 examinations, in many analyses employing
current serum dioxin, a statistically significant inverse dose-response was documented with
the prevalence of basal cell skin cancer decreasing as the level of serum dioxin increased.
Similar associations were noted as well in the analyses of squamous cell carcinomas and
melanoma, though the results were not statistically significant.

In the 1987 exammatlons, one of the few statistically significant findings was an
increased history of a benign systemic neoplasm in the Ranch Hand cohort in a pattern
consistent with a dose-response effect. At that time, Ranch Hands with the highest levels of
current serum dioxin had a significantly higher incidence of benign systemic neoplasms (such
as lipomas) than Comparisons (10.2% vs. 4.1%). In the current analyses, the prevalence
was similar in Ranch Hands and Comparisons (16.4% vs. 15.6%) and there was no evidence
suggesting a dose-response effect in any of the analyses.

Consistent with all previous examinations, none of the analyses revealed any significant
group differences in the prevalence of systemic malignancies in the Ranch Hand and
Comparison cohorts. Furthermore, in Ranch Hands, there was no evidence for an increased
risk of any systemic malignancy in association with either the current or extrapolated initial
levels of serum dloxm :

The mortality associated with certain neoplasms is of particular interest in this
longitudinal study. Four Comparisons and no Ranch Hands with soft tissue sarcoma have
died, and eight Comparisons and one Ranch Hand with non-Hodgkin’s lymphoma are
deceased. With the 19,111 Comparisons and 1,261 Ranch Hands under study for mortality,
the history of the malignancies do indicate a detriment to Ranch Hands.

The 1992 examinations were the first to incorporate the PSA in the examination. This
test has proven highly valuable in the early detection of silent prostate cancer. Though group
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differences were not statistically significant, Comparisons had a slightly higher mean PSA
than Ranch Hands (1.025 ng/ml vs. 1.013 ng/ml) and were more likely to have an
abnormally elevated PSA by discrete analysis (4.9% vs. 3.6%):

The protocol of the current examinations included close surveillance of the 37 Ranch
Hands and 70 Comparisons who had PSA levels equal to or greater than 4.0 ng/ml. With
more than 90 percent followup to date, biopsy-proven cancer of the prostate has been
diagnosed in 9 Ranch Hands and 8 Comparisons. -

Dependent variable-covariate associations confirm an increased risk of various cancers
in association with well-established risk factors including age, cigarette use, and alcohol
consumption. The finding of a higher prevalence of elevated PSA levels in Black
participants is of interest and may reflect a race-specific variation not yet recognized.

In summary, at the end of a decade of surveillance, Ranch Hands and Comparisons
appear to be at equal risk for the development of all forms of neoplastic disease.
Longitudinal analyses have found no significant group differences in the incidence of benign
or malignant neoplasms including those that are thought by some to be related to herbicide
exposure (i.e., Hodgkin’s disease, non-Hodgkin’s lymphoma, and STS).

SUMMARY

A number of verified neoplastic conditions, including specific skin and systemic
neoplasia endpoints, were examined in the neoplasia assessment, as well as one laboratory
test (prostate-specific antigen). Each health endpoint ' was tested for any statistically
significant relationship with group (Model 1), initial dioxin (Model 2), categorized dioxin
(Model 3), current lipid-adjusted dioxin (Model 4), current whole-weight dioxin (Model 5),
and current whole-weight dioxin adjusted for total lipids (Model 6). Results are summarized
and presented in Tables 10-45 through 10-48. A summary of group-by-covanate and dioxin-
by-covariate interactions is found in Table 10-49.

Model 1: Group Analysis

The Model 1 analysis of all the neoplasia endpoints detected only a marginally
significant difference between Ranch Hands and Comparisons for one endpoint (skin
neoplasms). All other Model 1 analyses were nonsignificant or were not performed due to
the sparse number of cases. The ability to detect significant differences for most of the site-
specific systemic neoplasms was limited by the small number of participants with a history of
a neoplasm at any given site. Prostate-specific antigen exhibited highly signiﬁcant
interactions with insecticide exposure and lifetime cigarette smoking history in the continuous
and discrete forms respectively. - Unadjusted results for both forms of prostate-specific
antigen were nonsignificant. :

Model 2: Initial Dioxin Analysis

In contrast to Model 1, several significant and marginaily significant associations were
found from the Model 2 analyses. Each significant association was from an inverse
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Table 10-45.
Summary of Group Analyses (Model 1) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

Variable - Officer  Enlisted Flyer Enlisted Groundcrew
Verified Medical Records

Skin Neoplasms (D) NS* NS NS NS
Malignant Skin Neoplasms (D) NS NS NS ns
Benign Skin Neoplasms (D) NS NS NS NS
Skin Neoplasms of Uncertain ns ns - ns
Behavior or Unspecified Nature (D)

Basal Cell Carcinomas (All Sites NS NS NS ns
Combined) (D)

Basal Cell Carcinomas (Ear, Face, NS NS NS NS
Head, and Neck) (D)

Basal Cell Carcinomas (Trunk) (D) NS NS NS ns
Basal Cell Carcinomas (Upper NS NS NS ns
Extremities) (D)

Basal Cell Carcinomas (Lower ns NS - -
Extremities) (D)

Squamous Cell Carcinomas (D) NS ns NS NS
Nonmelanomas (D) NS NS NS ns
Melanomas (D) NS NS - NS
Systemic Neoplasms (D) NS ns NS NS
Malignant Systemic Neoplasms (D) NS ns NS NS
Benign Systemic Neoplasms (D) NS ns NS NS
Systemic Neoplasms of Uncertain ns NS - ns
Behavior or Unspecified Nature (D)

Malignant Systemic Neoplasms (Eye, NS NS ns NS
Ear, Face, Head, and Neck) (D)

Malignant Systemic Neoplasms (Oral ns ns NS ns
Cavity, Pharynx, and Larynx) (D)

Malignant Systemic Neoplasms - -- -- -
(Esophagus) (D)

Malignant Systemic Neoplasms NS - - -
(Brain) (D)

Malignant Systemic Neoplasms -- - = s
(Thymus, Heart, and Mediastinum)

(D)

Malignant Systemic Neoplasms NS NS - --
(Thyroid Gland) (D)

Malignant Systemic Neoplasms NS NS ns NS

(Bronchus and Lung) (D)
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Table 10-45. (Continued)
Summary of Group Analyses (Model 1) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED

Variable A0 Officer Enlisted Fiyer Enlisted Groundcrew

Malignant Systemic Neoplasms NS NS -- -~
(Colon and Rectum) (D)

Malignant Systemic Neoplasms NS ns - --
(Kidney and Bladder) (D)

Malignant Systemic Neoplasms ns ns NS NS
(Prostate) (D)
Malignant Systemic Neoplasms - - - =
(Testicles) (D)

Malignant Systemic Neoplasms ns -- - s
(Il-Defined Sites) (D)

Malignant Systemic Neoplasms - - - -
(Connective and Other Soft Tissue)

(D)

Carcinomas in Situ of the Penis, NS ot - =,
Other, and Unspecified Sites (D)

Hodgkin’s Disease (D) NS NS - =

Leukemia (D) NS - = E.

Non-Hodgkin’s Lymphoma (D) ns - - =

Other Malignant Systemic Neoplasms NS - = =

of Lymphoid and Histiocytic Tissue

(D)

Multiple Myeloma (D) -- - = -

Skin or Systemic NS NS NS NS
Neoplasms (D)

Laboratory

Prostate-Specific Antigen (D: Below NS NS ns NS
vs. At or Above Sensitivity Limit)

Prostate-Specific Antigen (C: ns NS ns ns
Measurements At or Above

Sensitivity Limit)

Prostate-Specific Antigen (D) ns ns ns ns

C: Continuous analysis.

D: Discrete analysis.

--:  Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

Note: A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 10-45. (Continued)
Summary of Group Analyses (Model 1) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

Variable All Officer  Enlisted Flyer Enlisted Groundcrew
Verified Medical Records

Skin Neoplasms (D) NS* NS NS NS
Malignant Skin Neoplasms (D) NS NS NS ns
Benign Skin Neoplasms (D) NS NS NS NS
Skin Neoplasms of Uncertain ns ns -- ns
Behavior or Unspecified Nature (D)

Basal Cell Carcinomas (All Sites NS NS NS ns
Combined) (D)

Basal Cell Carcinomas (Ear, Face, NS NS NS NS
Head, and Neck) (D)

Basal Cell Carcinomas (Trunk) (D) ns ns NS ns
Basal Cell Carcinomas (Upper NS NS NS ns
Extremities) (D)

Basal Cell Carcinomas (Lower - - - -
Extremities) (D)

Squamous Cell Carcinomas (D) NS NS NS NS
Nonmelanomas (D) NS NS NS NS
Melanomas (D) NS NS - NS
Systemic Neoplasms (D) NS ns NS NS
Malignant Systemic Neoplasms (D) NS ns NS NS
Benign Systemic Neoplasms (D) NS ns NS NS
Systemic Neoplasms of Uncertain ns NS - ns
Behavior or Unspecified Nature (D)

Malignant Systemic Neoplasms (Eye, NS NS ns NS
Ear, Face, Head, and Neck) (D)

Malignant Systemic Neoplasms (Oral NS ns NS ns
Cavity, Pharynx, and Larynx) (D)

Malignant Systemic Neoplasms - - -- --
(Esophagus) (D)

Malignant Systemic Neoplasms - - = =
(Brain) (D)

Malignant Systemic Neoplasms - - -- -
(Thymus, Heart, and Mediastinum)

(D)

Malignant Systemic Neoplasms NS NS -~ --
(Thyroid Gland) (D)

Malignant Systemic Neoplasms NS NS ns NS

(Bronchus and Lung) (D)
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Table 10-45. (Continued)
Summary of Group Analyses (Model 1) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

S s e e Officer  Enlisted Fiyer  Enlisted Groundcrew

Malignant Systemic Neoplasms NS NS - -
(Colon and Rectum) (D)

Malignant Systemic Neoplasms NS ns - -
(Kidney and Bladder) (D)

Malignant Systemic Neoplasms ns ns NS NS
(Prostate) (D)

Malignant Systemic Neoplasms -- -- = £
(Testicles) (D) Y.

Malignant Systemic Neoplasms ns -- %= -
(Ill-Defined Sites) (D)

Malignant Systemic Neoplasms - - - -
(Connective and Other Soft Tissue)

(D)

Carcinomas of the Penis, Other, and - - v By
Unspecified Sites (D)

Hodgkin’s Disease (D) -- -~ -- --
Leukemia (D) - -- -- -
Non-Hodgkin’s Lymphoma (D) ns - - -
Other Malignant Systemic Neoplasms -- - -- -
of Lymphoid and Histiocytic Tissue

(D) '

Multiple Myeloma (D) - - - -
Skin or Systemic Neoplasms (D) NS NS NS NS
Laboratory

Prostate-Specific Antigen (D: Below ns ns NS ns
vs. At or Above Sensitivity Limit)

Prostate-Specific Antigen (C: *Hkk *kkk sokokk —
Measurements At or Above

Sensitivity Limit)

Prostate-Specific Antigen (D) Fokkk Hkk okl sk

C: Continuous analysis.

D: Discrete analysis.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

**** Group-by-covariate interaction (p<0.01); refer to Appendix F-2 for further analysis of this interaction.

Note: A capital “NS” denotes a relative risk 1.00 or greater; a lower case “ns” denotes relative risk less than
1.00.
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Table 10-46.

Summar_y of Initial Dioxin Analyses (Model 2) for Neoplasia Variables

and Rectum) (D)

(Ranch Hands Only)
Variable . _ Unadjusted . Adjusted
Verified Medical Records
Skin Neoplasms (D) -<0.001 -<0.001
Malignant Skin Neoplasms (D) -0.006 HRHH
Benign Skin Neoplasms (D) ns* ns*
Skin Neoplasms of Uncertain Behavior or ns --
Unspecified Nature (D)
Basal Cell Carcinomas (All Sites -0.013 -0.023
Combined) (D)
Basal Cell Carcinomas (Ear, Face, Head, -0.017 -0.006
and Neck) (D)
Basal Cell Carcinomas (Trunk) (D) ns ns
Basal Cell Carcinomas (Upper ns* ns*
Extremities) (D)
Basal Cell Carcinomas (Lower -- --
Extremities) (D)
Squamous Cell Carcinomas (D) ns ns
Nonmelanomas (D) -0.007 **(0.032)
Melanomas (D) ns -0.021
Systemic Neoplasms (D) ns NS
Malignant Systemic Neoplasms (D) -0.004 S
Benign Systemic Neoplasms (D) NS NS
Systemic Neoplasms of Uncertain ns ns
Behavior or Unspecified Nature (D)
Malignant Systemic Neoplasms (Eye, ns Ty
Ear, Face, Head, or Neck) (D)
Malignant Systemic Neoplasms (Oral NS NS
Cavity, Pharynx, and Larynx) (D)
Malignant Systemic Neoplasms -- -
(Esophagus) (D)
Malignant Systemic Neoplasms (Brain) - -
(D)
Malignant Systemic Neoplasms (Thymus, -- --
Heart, and Mediastinum) (D)
Malignant Systemic Neoplasms (Thyroid -0.044 -0.044
Gland) (D)
Malignant Systemic Neoplasms (Bronchus ns ns
and Lung) (D)
Malignant Systemic Neoplasms (Colon ns ns
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Table 10-46. (Continued)
Summary of Initial Dioxin Analyses (Model 2) for Neoplasia Variables
(Ranch Hands Only)

Variable o Unsdimsted . Adjusted

Malignant Systemic Neoplasms (Kidney ns ns
and Bladder) (D)

Malignant Systemic Neoplasms (Prostate) ns ns
(D)

Malignant Systemic Neoplasms ns ns
(Testicles) (D)

Malignant Systemic Neoplasms -- --
(II-Defined Sites) (D)

Malignant Systemic Neoplasms - t
(Connective and Other Soft Tissues) (D)

Carcinomas in Situ of the Penis, Other, ns -
and Unspecified Sites (D)

Hodgkin’s Disease (D) - -
Leukemia (D) ns -
Non-Hodgkin’s Lymphoma (D) -- -

Other Malignant Neoplasms of Lymphoid - -
and Histiocytic Tissue (D)

Multiple Myeloma (D) - -
Skin or Systemic Neoplasms (D) -0.012 -0.012
Laboratory

Prostate-Specific Antigen (D: Below vs. ns ns
At or Above Sensitivity Limit)

Prostate-Specific Antigen (C: -0.001 **(ns)
Measurements At or Above Sensitivity

Limit)

Prostate-Specific Antigen (D) -0.006 ns*

C: Continuous analysis.

D: Discrete analysis.

-:  Relative risk <1.00 for discrete analysis or slope negative for continuous analysis.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

**(ns): Log, (initial dioxin)-by-covariate interaction (0.01 <p<0.05); not significant when interaction is

deleted; refer to Appendix F-2 for further analysis of this interaction.
**(0.032): Log, (initial dioxin)-by-covariate interaction (0.01 <p<0.05); significant (p=0.032) when
interaction is deleted; refer to Appendix F-2 for further analysis of this interaction.

**** ] og, (initial dioxin)-by-covariate interaction (p<0.01); refer to Appendix F-2 for further analysis of this
interaction.

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis; a lower case “ns” denotes
relative risk less than 1.00 for discrete analysis or slope negative for continuous analysis.
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Table 10-47.
Summary of Categorized Dioxin Analyses (Model 3) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

~ Background Ranch Low Ranch  High Ranch  Low plus High
i . Handsvs.  Hands vs. Hands vs.  Ranch Hands vs.
Variable i - Comparisons Comparisons Comparisons Comparisons
Verified Medical Records '
Skin Neoplasms (D) +0.043 +0.019 ns* NS
Malignant Skin Neoplasms NS +0.036 ns* NS
(D)
Benign Skin Neoplasms (D) NS* NS ns NS
Skin Neoplasms of Uncertain NS ns ns ns
Behavior or Unspecified
Nature (D)
Basal Cell Carcinomas (All NS NS* ns* NS
Sites Combined) (D)
Basal Cell Carcinomas (Ear, NS* +0.042 ns* NS
Face, Head, and Neck) (D)
Basal Cell Carcinomas NS NS ns NS
(Trunk) (D)
Basal Cell Carcinomas (Upper NS ns ns ns
Extremities) (D)
Basal Cell Carcinomas (Lower NS - - -
Extremities) (D)
Squamous Cell Carcinomas NS NS ns NS
(D)
Nonmelanomas (D) NS +0.042 ns* NS
Melanomas (D) NS NS* NS NS
Systemic Neoplasms (D) ns NS ns NS
Malignant Systemic NS +0.024 ns NS
Neoplasms (D)
Benign Systemic Neoplasms NS NS NS NS
(D)
Systemic Neoplasms of ns NS ns ns
Uncertain Behavior or
Unspecified Nature (D)
Malignant Systemic NS NS NS NS
Neoplasms (Eye, Ear, Face,
Head, and Neck) (D)
Malignant Systemic ns ns NS NS

Neoplasms (Oral Cavity,
Pharynx, and Larynx) (D)
Malignant Systemic
Neoplasms (Esophagus) (D)
Malignant Systemic
Neoplasms (Brain) (D)
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Table 10-47. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

- UNADJUSTED

Backgmunannch LowRanch HighRam:h__ - Low plus High
0 e Bk Dkl R e Redch Fawk v
Variable . Comparisons Compansons Comparisons  Comparisons

Malignant Systemic -- - - -
Neoplasms (Thymus, Heart,

and Mediastinum) (D)

Malignant Systemic - - - -
Neoplasms (Thyroid Gland)

(D)

Malignant Systemic NS NS -- NS
Neoplasms (Bronchus and

Lung) (D)

Malignant Systemic NS +0.034 -- NS
Neoplasms (Colon and

Rectum) (D)

Malignant Systemic NS NS NS NS
Neoplasms (Kidney and

Bladder) (D)

Malignant Systemic ns NS ns ns
Neoplasms (Prostate) (D)

Malignant Systemic -- -- -- -
Neoplasms (Testicles) (D)

Malignant Systemic - - e o
Neoplasms (Ill-Defined Sites)

(D)

Malignant Systemic e " - "
Neoplasms (Connective and

Other Soft Tissues) (D)

Carcinomas in Situ of the - NS - NS
Penis, Other, and Unspecified
Sites (D)

Hodgkin’s Disease (D) NS - — -
Leukemia (D) - NS - NS
Non-Hodgkin’s Lymphoma NS -- =5 =
(D)

Other Malignant Neoplasms NS - - o
of Lymphoid and Histiocytic

Tissue (D)

Multiple Myeloma (D) -- - P o
Skin or Systemic Neoplasms NS NS* ns NS
(D)
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Table 10-47. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

o UNADJUSTED

: Backgrmmd Ranch Low Ranch High Ranch  Low plus High
i s ; ‘Hands vs. Hands vs.  Hands vs. Ranch Hands vs.
Variable - Comparisons Comparisons -_-Comparisons - Comparisons
Laboratory
Prostate-Specific Antigen (D: ns ns ns ' ns
Below vs. At or Above
Sensitivity Limit)
Prostate-Specific Antigen (C: ns NS -0.010 ns
Measurements At or Above
Sensitivity Limit)
Prostate-Specific Antigen (D) -0.050 NS ns ns

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00.

-2 Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 10-47. (Continued)

Summary of Categorized Dioxin Analyses (Model 3) for Neoplasia Variables

(Ranch Hands vs. Comparisons)

Variable

Verified Medical Records
Skin Neoplasms (D)
Malignant Skin Neoplasms (D)
Benign Skin Neoplasms (D)

Skin Neoplasms of Uncertain
Behavior or Unspecified Nature
(D)

Basal Cell Carcinomas (All Sites
Combined) (D)

Basal Cell Carcinomas (Ear,
Face, Head, and Neck) (D)

Basal Cell Carcinomas (Trunk)
(D)

Basal Cell Carcinomas (Upper
Extremities) (D)

Basal Cell Carcinomas (Lower
Extremities) (D)

Squamous Cell Carcinomas (D)
Nonmelanomas (D)
Melanomas (D)

Systemic Neoplasms (D)

Malignant Systemic Neoplasms
(D)

Benign Systemic Neoplasms (D)

Systemic Neoplasms of
Uncertain Behavior or
Unspecified Nature (D)

Malignant Systemic Neoplasms
(Eye, Ear, Face, Head, and
Neck) (D)

Malignant Systemic Neoplasms
(Oral Cavity, Pharynx, and
Larynx) (D)

Malignant Systemic Neoplasms
(Esophagus) (D)

NS*
**(NS)
NS*
NS
NS
NS

* ¥, (ns)

NS

NS
NS

ns

*¥(NS)

+0.021
**(NS*)
NS

ns

NS

NS*

**(NS)

NS
NS*
NS
NS
NS*

NS
NS

**¥(NS)

ns

NS

**(NS)

NS

NS
**(NS)
NS
ns
NS
NS

**(D.S)

ns

NS
NS
NS
NS
NS

NS

**(NS)

NS

10-214



Table 10-47. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

Background Ranch  Low Ranch  High Ranch  Low plus High
o ~ Handsys. Handsvs.  Handsvs.  Ranch Hands vs.
Varjabe =~~~ Comparisons  Comparisons Comparisons ~ Comparisons

Malignant Systemic Neoplasms -- == o 25
(Brain) (D)

Malignant Systemic Neoplasms - - - -
(Thymus, Heart, and
Mediastinum) (D)

Malignant Systemic Neoplasms -- - = o
(Thyroid Gland) (D)

Malignant Systemic Neoplasms NS NS - NS
(Bronchus and Lung) (D)

Malignant Systemic Neoplasms NS +0.034 -- NS
(Colon and Rectum) (D)

Malignant Systemic Neoplasms NS NS NS NS
(Kidney and Bladder)

Malignant Systemic Neoplasms *kokok ek ek koK
(Prostate)

Malignant Systemic Neoplasms - = = 2
(Testicles)

Malignant Systemic Neoplasms - = = -
(Ill-Defined Sites)

Malignant Systemic Neoplasms - o o ¥
(Connective and Other Soft
Tissues)

Carcinomas in Situ of the Penis, - = = -
Other, and Unspecified Sites

Hodgkin’s Disease - s - o
Leukemia - ac 22 L
Non-Hodgkin’s Lymphoma ns - = 235

Other Malignant Neoplasms of - = o =
Lymphoid and Histiocytic Tissue ;

Multiple Myeloma - - — =
Skin or Systemic Neoplasms NS NS ns NS
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Table 10-47. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neoplasia Variables
(Ranch Hands vs. Comparisons)

Laboratory

Prostate-Specific Antigen (D: ns ns ns ns
Below vs. At or Above

Sensitivity Limit)

Prostate—Speciﬁc Antigen (C: sk sk okokok Kokokk sk
Measurements At or Above

Sensitivity Limit)

Prostate-Specific Antigen (D) **(-0.005) **(ns) **(ns) **(ns)

Continuous analysis.

Discrete analysis.

: Relative risk = 1.00.

Relative risk < 1.00.

: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

**(NS) or **(ns): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); not significant when
interaction is deleted; refer to Appendix F-2 for further analysis of this interaction.

*%(-0.005): Categorized dioxin-by-covariate interaction (0.01 <p<0.05); significant (p=0.005) when

interaction is deleted; refer to Appendix F-2 for further analysis of this interaction.
**x* (Categorized dioxin-by-covariate interaction (p<0.01); refer to Appendix F-2 for further analysis of this
interaction.

Note: P-value given if p<0.05.

A capital “NS” denotes a relative risk 1.00 or greater; a lower case “ns” denotes relative risk less than

1.00.

R - T
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Table 10-48. |
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neoplasia Variables

(Ranch Hands Only)
odel 5:  Whole-Weight Current

Veight  Dioxin Adjusted for Total
Variable @~ Lipids i
Verified Medical Records
Skin Neoplasms (D) -0.011 ns* -0.002
Malignant Skin Neoplasms (D) -0.038 ns -0.021
Benign Skin Neoplasms (D) ns* ns -0.029
Skin Neoplasms of Uncertain ns ns ns
Behavior or Unspecified Nature (D)
Basal Cell Carcinomas (All Sites ns* ns -0.032
Combined) (D)
Basal Cell Carcinomas (Ear, Face, -0.016 ns* -0.009
Head, and Neck) (D)
Basal Cell Carcinomas (Trunk) (D) ns ns ns
Basal Cell Carcinomas (Upper ns ns ns
Extremities) (D)
Basal Cell Carcinomas (Lower ns NS ns
Extremities) (D)
Squamous Cell Carcinomas (D) ns ns ns
Nonmelanomas (D) -0.034 ns -0.016
Melanomas (D) ns ns NS
Systemic Neoplasms (D) NS NS NS
Malignant Systemic Neoplasms (D) ns ns : ns
Benign Systemic Neoplasms (D) NS NS NS
Systemic Neoplasms of Uncertain ns ns ns
Behavior or Unspecified Nature (D)
Malignant Systemic Neoplasms (Eye, ns ns NS
Ear, Face, Head, and Neck) (D)
Malignant Systemic Neoplasms (Oral NS NS NS
Cavity, Pharynx, and Larynx) (D)
Malignant Systemic Neoplasms -- - -
(Esophagus) (D)
Malignant Systemic Neoplasms ns ns -
(Brain) (D)
Malignant Systemic Neoplasms ns ns ns
(Thymus, Heart, and Mediastinum)
(D)
Malignant Systemic Neoplasms ns ns ns

(Thyroid Gland) (D)
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Table 10-48. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neoplasia Variables
(Ranch Hands Only)

Malignant Systemic Neoplasms ns ns ns

(Bronchus and Lung) (D)

Malignant Systemic Neoplasms NS NS ns
(Colon and Rectum) (D)

Malignant Systemic Neoplasms ns NS ns
(Kidney and Bladder) (D)

Malignant Systemic Neoplasms ns ns ns
(Prostate) (D)

Malignant Systemic Neoplasms NS NS NS

(Testicles) (D)

Malignant Systemic Neoplasms (111- -- = =
Defined Sites) (D)

Malignant Systemic Neoplasms - - ey
(Connective and Other Soft Tissue)

(D)

Carcinomas in Situ (Penis, Other, ns ns ns
and Unspecified Sites) (D)

Hodgkin’s Disease (D) ns ns ns
Leukemia (D) NS NS NS
Non-Hodgkin’s Lymphoma (D) ns ns ns
Other Malignant Neoplasms of ns ns ns
Lymphoid and Histiocytic Tissue (D)

Multiple Myeloma (D) ns ns ns
Skin or Systemic Neoplasms (D) ns ns -0.049
Laboratory

Prostate-Specific Antigen (D: Below ns NS ns
vs. At or Above Sensitivity Limit)

Prostate-Specific Antigen (C: -0.005 -0.005 -0.010

Measurements At or Above
Sensitivity Limit)
Prostate-Specific Antigen (D) ns NS ns

C: Continuous analysis.

D: Discrete analysis.

-:  Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater; a lower case “ns” denotes relative risk less than
1.00.
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Table 10-48. (Continued)

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neoplasia Variables
(Ranch Hands Only)

- 'Llpid-Adjusted

Dioxin Adjusted for : Total

(Prostate) (D)

Whole-We:ght
-Vanable S e Current Dioxin  Current Dioxin Lipids
Verified Medncal Records
Skin Neoplasms (D) ns* **(ns) **(-0.008)
Malignant Skin Neoplasms (D) ns ns ns
Benign Skin Neoplasms (D) -0.034 *¥(ns¥) **(-0.012)
Skin Neoplasms of Uncertain - - -
Behavior or Unspecified Nature (D)
Basal Cell Carcinomas (All Sites ns ns **(ns)
Combined) (D)
Basal Cell Carcinomas (Ear, Face, ns ns ns*
Head, and Neck) (D)
Basal Cell Carcinomas (Trunk) (D) *¥(NS) **(NS) **(NS)
Basal Cell Carcinomas (Upper ns ns ns
Extremities) (D)
Basal Cell Carcinomas (Lower - - --
Extremities) (D)
Squamous Cell Carcinomas (D) ns NS NS
Nonmelanomas (D) ns ns ns
Melanomas (D) NS NS NS
Systemic Neoplasms (D) NS NS NS
Malignant Systemic Neoplasms (D) **(NS) **(NS) **¥(NS)
Benign Systemic Neoplasms (D) NS NS NS
Systemic Neoplasms of Uncertain **(ns) **(1ns) **(ns)
Behavior or Unspecified Nature (D)
Malignant Systemic Neoplasms (Eye, NS NS NS
Ear, Face, Head, and Neck) (D)
Malignant Systemic Neoplasms (Oral NS* NS* NS*
Cavity, Pharynx, and Larynx) (D)
Malignant Systemic Neoplasms -- -- -
(Esophagus) (D)
Malignant Systemic Neoplasms -- - -
(Brain) (D)
Malignant Systemic Neoplasms ns ns ns
(Thymus, Heart, and Mediastinum)
(D)
Malignant Systemic Neoplasms ns ns ns
(Thyroid Gland) (D)
Malignant Systemic Neoplasms ns NS ns
(Bronchus and Lung) (D)
Malignant Systemic Neoplasms NS NS NS
(Colon and Rectum) (D)
Malignant Systemic Neoplasms NS NS ns
(Kidney and Bladder) (D)
Malignant Systemic Neoplasms **(NS) **(NS) **(NS)
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_ Table 10-48. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neoplasia Variables
(Ranch Hands Only)

Vamble T

Malignant Systemlc Neoplasms
(Testicles) (D)

Malignant Systemic Neoplasms (I11- - - =
Defined Sites) (D)

Malignant Systemic Neoplasms - -- -
(Connective and Other Soft Tissues)

(D)

Carcinomas in Situ of the Penis, -- - L
Other, and Unspecified Sites (D)

Hodgkin’s Disease (D) ns ns ns
Leukemia (D) -- -- -
Non-Hodgkin’s Lymphoma (D) ns ns ns
Other Malignant Neoplasms of ns ns ns

Lymphoid and Histiocytic Tissue (D)
Multiple Myeloma (D) - = L2

Skin or Systemic Neoplasms (D) **(ns) **(NS) **(ns)
Laboratory

Prostate-Specific Antigen (D: Below ns NS ns
vs. At or Above Sensitivity Limit)

Prostate-Specific Antigen (C: ns ns ns

Measurements At or Above
Sensitivity Limit)
Prostate-Specific Antigen (D) **(NS) **(NS) **(NS)

C: Continuous analysis.

D: Discrete analysis.

-z Relative risk < 1.00.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

**(NS) or **(ns):  Log, (current dioxin + 1)-by-covariate interaction (p <0.05); not significant when

interaction is deleted; refer to Appendix F-2 for further analysis of this interaction.

**(ns*): Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); marginally significant when
interaction is deleted; refer to Appendix F-2 for further analysis of this interaction.

**(...): Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); significant when interaction is
deleted and p-value given in parentheses; refer to Appendix F-2 for further analysis of this
interaction.

Note: P-value given if p<0.05.

A capital “NS” denotes a relative risk of 1.00 or greater; a lower case “ns” denotes relative risk less
than 1.00 for discrete analysis or slope negative for continuous analysis.
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Table 10-49.

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Neoplasia Variables

Mo . Covaiaste
12 Prostate-Specific Antigen (C: Measurements Insecticide Exposure
at or Above Sensitivity Limit)
Prostate-Specific Antigen (D) Lifetime Cigarette Smoking History
20 Malignant Skin Neoplasms Insecticide Exposure
Nonmelanoma Insecticide Exposure
Malignant Systemic Neoplasms Lifetime Cigarette Smoking History
Malignant Systemic Neoplasms (Eye, Ear, Lifetime Cigarette Smoking History
Face, Head, and Neck)
Prostate-Specific Antigen (C: Measurements Age
at or Above Sensitivity Limit)
3° Malignant Skin Neoplasms Industrial Chemical Exposure, Insecticide
Exposure
Basal Cell Carcinomas (Trunk) Insecticide Exposure
Malignant Systemic Neoplasms (Eye, Ear, Lifetime Cigarette Smoking History,
Face, Head, and Neck) Degreasing Chemical Exposure
Malignant Systemic Neoplasms (Prostate) Degreasing Chemical Exposure
Prostate-Specific Antigen (C: Measurements Insecticide Exposure
At or Above Sensitivity Limit)
Prostate-Specific Antigen (D) Insecticide Exposure
44 Basal Cell Carcinomas (Trunk) Insecticide Exposure
Malignant Systemic Neoplasms Degreasing Chemical Exposure
Systemic Neoplasms of Uncertain Behavior or Asbestos Exposure
Unspecified Nature
Malignant Systemic Neoplasms (Prostate) Degreasing Chemical Exposure
Skin or Systemic Neoplasms Eye Color
Prostate-Specific Antigen (D) Degreasing Chemical Exposure
S5° Skin Neoplasms Skin Color, Industrial Chemical Exposure

Benign Skin Neoplasms
Basal Cell Carcinomas (Trunk)
Malignant Systemic Neoplasms

Systemic Neoplasms of Uncertain Behavior or
Unspecified Nature

Malignant Systemic Neoplasms (Prostate)

Skin or Systemic Neoplasms

Prostate-Specific Antigen (D)

Skin Color

Insecticide Exposure

Lifetime Cigarette Smoking History,
Degreasing Chemical Exposure

Asbestos Exposure

Degreasing Chemical Exposure
Eye Color
Degreasing Chemical Exposure
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Table 10-49. (Continued)
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Neoplasia Variables

ble . i Comariite =
6f Skin Neoplasms Skin Color, Industrial Chemical Exposure
Benign Skin Neoplasms Skin Color
Basal Cell Carcinomas (All Sites Combined) Asbestos Exposure
Basal Cell Carcinomas (Trunk) Insecticide Exposure
Malignant Systemic Neoplasms Lifetime Cigarette Smoking History,
Degreasing Chemical Exposure
Systemic Neoplasms of Uncertain Behavior or Asbestos Exposure
Unspecified Nature
Malignant Systemic Neoplasms (Prostate) Degreasing Chemical Exposure
Skin or Systemic Neoplasms Eye Color
Prostate-Specific Antigen (D) Degreasing Chemical Exposure

C: Continuous analysis for measurements at or above the prostate specific antigen sensitivity limit.
D: Discrete analysis.

2 Group Analysis (Ranch Hands vs. Comparison).

® Ranch Hands—Log, (Initial Dioxin).

¢ Categorized Dioxin.

4 Ranch Hands—Log, (Current Lipid-Adjusted Dioxin + 1).

¢ Ranch Hands—Log, (Current Whole-Weight Dioxin + 1).

f Ranch Hands—Log, (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids.
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refationship between initial dioxin and the neoplasia endpoint. Histories of neoplasia among
Ranch Hands decreased as initial dioxin levels increased. Most of the significant resulting
analyses, both unadjusted and adjusted, were among the skin neoplasia endpoints: skin
neoplasms, malignant skin neoplasms, basal cell carcinomas (all sites combined), basal cell
carcinomas (ear, face, head, and neck) nonmelanoma, and melanoma. Analysis of benign
skin neopIasms and basal cell carcinomas of the upper extremities showed margmally
negative significant results for both unadjusted and adjusted analyses..

Of the hlstory of systemic neoplasia endpomts, malignant systemic neoplasms and
malignant systemic neoplasms of the thyroid gland displayed significant negative unadjusted
associations with initial dioxin. Adjusted malignant systemic neoplasms of the thyroid gland
results were also significant. For all of these endpoints, the history of a neoplasm decreased
as initial dioxin increased. The ability to detect significant differences for most of the site-
specific systemic neoplasms was limited by the small number of participants with a history of
a neoplasm at any given site.

The anatyses of skin and systemic neoplasms revealed significant results for both the
unadjusted and adjusted analyses. Prostate-specific antigen was significant in the unadjusted
analysis for both the continuous and discrete versions. The discrete association was
marginally significant in the adjusted analysis. As for the other endpoints, prostate-specific

- antigen decreased as initial dioxin increased.

- Model 3: Categorized Dioxin Analysis

Similar to the Model 2 analyses, most significant results from Model 3 were arnong the
skin neoplasia endpoints. Of all the significant skin neoplasia contrasts, most were the result
of the low Ranch Hands versus Comparisons unadjusted contrasts from the analyses of skin
neoplasms, malignant skin neoplasms, basal cell carcinoma (ear, face, head, and neck), and
nonmelanoma. The unadjusted background Ranch Hands versus Comparisons contrast and
the adjusted low Ranch Hands versus Comparisons contrast from the skin neoplasms analysis
also were significant. The estimated relative risks were each greater than one, indicating a
higher history of a skin neoplasm in Ranch Hands with background or low dioxin levels than -
in Comparisons; however, the estimated relative risks were marginally significantly less than
one for Ranch Hands in the high category, indicating an inverse dose-response relationship.
Contrasts of Ranch Hands versus Comparisons for benign skin neoplasms, basal cell
carcinomas (all sites combined), and melanoma also displayed marginally significant
estimated relative risks greater than one in either the background Ranch Hand category or the
low Ranch Hand category versus Comparisons contrast. Again, the results were
nonsignificant for the Ranch Hands in the high dioxin category.

Of the history of systemic neoplasia endpoints analyzed, any significant or marginally
significant result again was from the low Ranch Hands versus Comparisons contrasts, and
relative risks were greater than one. The results of the contrast of high Ranch Hands with
Comparisons were not significant. The history of a malignant systemic neoplasm of the
colon and rectum endpoint displayed significant differences for both the unadjusted and
adjusted low Ranch Hands contrasts. Differences from the unadjusted analysis of any
malignant systemic neoplasms also were significant and the adjusted results were marginally
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significant. No significant results were seen in the high Ranch Hand category versus
Comparisons contrast.

Other Model 3 results include another marginally significant low Ranch Hands versus
Comparisons contrast as a result of the unadjusted analysis of a skin or systemic neoplasm.
Also, the discrete prostate-specific antigen analysis revealed significant unadjusted and
adjusted differences between background Ranch Hands and Comparisons, although more
Comparisons than background Ranch Hands had abnormal prostate-specific antigen levels.
The high Ranch Hands versus Comparisons contrast from the continuous prostate-specific
antigen unadjusted analysis also was significant with higher prostate-specific antigen
measurements in the Comparison group. The ability to detect significant differences for most
of the site-specific systemic neoplasms was limited by the small number of partmpants with
a history of a neoplasm at any given site.

Models 4, 5, and 6;: Current Dioxin Analyses

Analyses of Models 4, 5, and 6 allowed examination of the relationships between
neoplasia endpoints and different forms of current dioxin. Patterns found in Models 2 and 3
also were present in Models 4 through 6. Most significant and marginally significant results
were found in the skin neoplasia endpoints, specifically: skin neoplasms, malignant skin
neoplasms, benign skin neoplasms, basal cell carcinomas (all sites combined), basal cell
carcinomas (ear, face, head, and neck), and nonmelanoma. All significant or marginaliy
significant associations from analyses of Models 4 and 5 also were significant in Model 6.
The Model 5 analyses revealed only margmally significant results for all the skin neoplasia
endpoints listed above. The basal cell carcinomas of the ear, face, head, and neck adjusted
analyses revealed marginally significant results in the Model 6 analysis, but nonsignificant in
all other adjusted analyses. Each significant association was of an inverse nature, where
disease among Ranch Hands decreased as current dioxin levels increased..

A history of malignant systemic neoplasms of the oral cavity, pharynx, and larynx was
the only systemic neoplasia endpoint that displayed any statistical association with current
dioxin, and the relationship was only marginally significant for Models 4, 5, and 6.

Unadjusted analysis of a history of a skin or systemic neoplasm revealed significant
results for Model 6, and each continuous prostate-specific antigen unadjusted analysis was
significant for Models 4, 5, and 6. The estimated relative risk for both variables was less
than one, indicating a decrease in disease as dioxin levels increase. After covariate
adjustment, however, each of the aforementioned analyses were nonsignificant. The ability
to detect significant differences for most of the site-specific systemic neoplasms was limited
by the small number of participants with a history of a neoplasm at any given site.
However, there is excellent power to detect an increase in overall malignant disease.

CONCLUSION

Analyses-of all Ranch Hands and Comparisons indicated no significant difference
between the two groups. When analyzing associations between initial dioxin and neoplasm
endpoints within the Ranch Hand group, Ranch Hands in the background dioxin category and
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Ranch Hands in the low dioxin category tended to be higher than Comparisons, whereas
Ranch Hands in the high category often were lower than Comparisons. Parallel to analyses
using initial dioxin, results observed when current dioxin was used as the measure of
exposure often indicated a negative dose-response relationship. In summary, there appears to
be no clinical difference between Ranch Hands and Comparisons, and there is no evidence to
suggest a positive dose-response relationship between dioxin and neoplastic disease.
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CHAPTER 11

NEUROLOGICAL ASSESSMENT

INTRODUCTION
" Background

The frequent association of subjective neurological symptoms subsequent to herbicide
exposure has driven much of the research on the potential neurotoxicity of dioxin. Studies of
industrial accidents have demonstrated that the mixed sensorimotor neuropathy associated
with extreme chlorophenol toxicity is reversible and that there is little scientific evidence to
date for any chronic central or peripheral neurological disease in humans associated with
low-level 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, or dioxin) exposure. Neurobehavioral
endpoints in humans, the subject of intensive investigation in this and other studies of -
Vietnam veterans, are considered separately in Chapter 12, Psychological Assessment.

Most of the basic research in animal models has focused-on the neurobehavioral toxicity
of 2,4-D and 2,4,5-T rather than TCDD. In rats (1-4), mice (5), and rabbits (6), perinatal
exposure to 2,4-D induced neurobehavioral dysfunction associated with alterations in the
concentrations of several central nervous system (CNS) neurotransmitters. In another series
of experiments, the neurobehavioral effects of exposure to an ester of 2,4-D were found to
be rapidly reversible, and a cellular rather than biochemical basis for the tolerance that
developed with repeated injections was proposed by the authors (7-9).

A few studies have investigated the neurotoxic effects of TCDD in laboratory animals.
In one experiment (10), the intracerebroventricular administration of TCDD proved far more
toxic than the subcutaneous route in producing a wasting syndrome in rats though specific
neurological indices were not examined. In another study, the neuromuscular effects
associated with acute lethal doses of TCDD in rats were primarily on muscle tissue rather
than peripheral nerves (11). A recently reported experiment, which included
electrophysiologic studies, found that TCDD administered intraperitoneally in low doses to
rats caused dose-dependent and statistically significant reductions in sciatic nerve motor and
sensory conduction velocities consistent with a toxic polyneuropathy (12).

In humans, there is only circumstantial evidence linking 2,4-D exposure to neurotoxicity
and the arguments against a causal relationship have been summarized in a recent review
article (13). A host of subjective neurological symptoms has been reported following TCDD
exposure and grouped generically under the diagnosis of “neurasthenia.” Numerous studies
have been published describing neurological sequelae in populations occupationally exposed
to TCDD (14-21), environmental contamination (22-26), and industrial accidents (26-33).
The 1976 chemical explosion in Seveso, Italy, provided a basis for longitudinal studies ‘on the
exposed popuiation. Several of these studies have included neurological indices. One report
included objective data derived from comprehensive neurological examination and
electrophysiologic testing performed 7 years after the accident (28). In this report, 152
subjects with chloracne, a marker for high level dioxin exposure, were compared with
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controls. In only 1 of 13 neurophysiologic indices was an abnormality found, and none of
the exposed subjects were found to have a peripheral neuropathy as defined by World Health
Organization criteria. These findings were confirmed in a subsequent report by the same
author (29).

Similar results were reported in a study conducted 3Q years after an uncontrolled
chemical reaction in a trichlorophenol plant in Nitro, West Virginia, in 1949 (17). By
neurological examination and nerve conduction velocity studies, no differences were found in
204 exposed subjects (55% of whom had chloracne) compared with controls. In contrast,
another study of 47 raiiroad workers examined 6 years after exposure to polychlorinated
biphenyls (PCBs), including TCDD, during a chemical spill found electrophysiologic
evidence for a peripheral neuropathy in 43 of those tested by nerve conduction velocity and
evoked action potential studies (30). -

Point source environmental exposure to TCDD has been the focus of numerous
epidemiologic studies, some of which have included neurological indices in their protocols
(22-26). In 1971, waste by-products contaminated with TCDD from a chiorophenol
manufacturing plant were mixed with oils and widely sprayed for dust control in residential
areas of eastern Missouri. Soil concentrations in some areas reached 2,200 parts per billion.
Comprehensive medical evaluations of exposed and unexposed cohorts have included detailed
neurological examinations and, in one report (25), quantitative studies of tactile, vibratory,
and thermal sensory perception. A recent review article summarizes the results of these - -
Missouri dioxin studies (31). To date there has been no clinical evidence for any central or
peripheral neurological disease associated with these TCDD exposures. The first study (24)
to report tissue levels of dioxin in relation to neurological findings found no correlation
between the body burden of dioxin and abnormalities in the peripheral indices of pain and
vibratory sensation and deep tendon reflexes. . :

A recent report from the National Institute for Occupational Safety and Health (NIOSH)
has the important strength of relating serum dioxin levels to neurological indices (21). In
this study, 281 chemical plant workers were compared with 260 referents. Peripheral
neuropathy was found in 18 percent of the exposed workers with serum TCDD levels
ranging from 2 to 3,390 ppt (median of 68 ppt) versus a prevalence of 19 percent in referents
whose TCDD levels range from 2 to 20 ppt (median of 6 ppt). There was no evidence for
either a dose-response or causal relationship between TCDD- and peripheral neuropathy.

Several studies of Vietnam veterans have inciuded objective neurologicai data. In the
Baseline examination of the Air Force Health Study (AFHS) (32), an increased incidence of
abnormal Babinski reflexes was noted in Ranch Hand personnel relative to Comparisons, a
finding not seen at the 1985 (33) or 1987 (34) followup examinations. Although, in the 1987
followup study, Ranch Hand participants were found to have more coordination abnormalities -
than Comparisons, subsequent analyses based on serum dioxin data (34) found no evidence
for clinically significant neurological disease associated with the current body burden of
dioxin. A few statistically significant associations were noted but not in a pattern consistent
with a dose-response effect. In another study of 15 veterans who reported subjective
symptoms in association with herbicide exposure, one subject was found to have a bilateral
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peripheral neuropathy related to alcohol abuse. In all others, nerve conduction velocity
studies at five peripheral sites were normal (35).

One large-scale study (36) of American Legion veterans who served in Vietnam found
an increased incidence of reported neurobehavioral disorders among veterans thought to have
been exposed to herbicides. However; the significance is limited by self-reporting bias, the
lack of confirmation by clinical examination or med1cal record review, and the use of
unvalidated exposure assumptions.

In contrast to the American Legion study, the Vietnam Experience Study (VES)
conducted by the U.S. Centers for Disease Control (CDC) (37) compared 2,490 Vietnam
veterans with 1,972 non-Vietnam veterans. The study protocol included comprehensive
neurological examinations, nerve conduction velocity studies, and neurophysiologic indices of
vibratory, thermal, and auditory sensation. Aside from an increased incidence of
combat-related high-frequency hearing loss in a pattern typical of prior noise exposure, no
neurological abnormalities were noted in association with service in Southeast Asia (SEA).

In summary, animal research and studies of humans exposed to high levels of dioxin
leave no doubt that the peripheral nervous system is a target organ for acute TCDD toxicity.
However, longitudinal studies would indicate that the neurological signs and symptoms
attributable to heavy acute exposure resolve over time and are not associated with any
long-term sequelae. . Exposures equivalent to those likely to have been encountered by
Vietnam veterans have not caused persistent neurological abnormalities.

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

The 1982 AFHS neurological assessment consisted of questionnaire, physical
examination, and electromyographic data obtained by examiners and technicians who were
blind to the group identity of each participant. The physical examination required an average
of 30 minutes to complete. Analyses were adjusted for reported alcohol usage, exposure to
insecticides and industrial chemicals, and glucose intolerance (diabetes).

Results of the questionnaire disclosed no significant group differences in reported
neurclogical diseases. The physical examination did not reveal any statistically significant
group differences in the function of the 12 cranial nerves. Peripheral nerve function was
assessed by the quality of four reflexes (patellar, Achilles, biceps, and Babinski); muscle
strength or bulk; and reaction to the stimuli of pin prick, light touch, and vibration. Other
than a statistically significant increase (p=0.03) in Ranch Hand Babinski reflexes, significant
group differences were not detected. The alcohol covariate demonstrated a marginal effect
(p=0.07) on pin-prick reaction, while glucose intolerance had a strong influence on the
patellar and Achilles reflexes and reactions to light touch and vibration.

Nerve conduction velocities were obtained by highly standardized methods on the uinar
nerve above and below the elbow and the peroneal nerve. The results for each segmental
measurement were nearly identical in the Ranch Hand and Comparison groups. Conduction
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velocity showed highly significant inverse relationships to both alcohol (measured in drink-
years) and glucose intolerance in almost all of the anatomic measurements. No group
associations or interactions were detected with the covariates of industrial and degreasing
chemicals and insecticides. '

No significant group differences were detected in four measures of central neurological
function (tremor, finger-nose coordination, modified positive Romberg sign, or abnormal
gait). Alcohol usage was significantly associated with the presence of tremor, and glucose
intolerance was highly correlated to abnormal balance and the presence of tremor.

1985 Followup Study Summary Results

The 1985 AFHS neurological examination did not include the measurements of nerve
conduction velocities but otherwise repeated the Baseline examination protocol. The
questionnaire maintained a historical focus on neurasthenia through five questions for the
1982-1985 interval. With this similarity in examination and questionnaire, the dependent
variables of the analyses were aimost identical to those of the Baseline study.

Interval questionnaire data (1982-1985) on neurological illness, verified by medical
records, revealed no significant group differences. These data were added to verified
Baseline historical information to assess possible differences in the lifetime experience of
neurological disease. Again, there was no significant difference between the Ranch Hand
and Comparison groups.

The detailed neurological examination evaluated neurological integrity in three broad
areas: cranial nerve function, peripheral nerve status, and CNS coordination. Assessment of
the 12 cranial nerves was based on the measurement of 15 variables. Two summary indices
were constructed. Neither the unadjusted nor the adjusted analyses disclosed any statistically
significant group differences, although two variables (speech and tongue position) were of
marginal significance, with Ranch Hands faring worse then Comparisons. One of the two
cranial nerve summary indices was marginally significant, again with the Ranch Hands at a
slight detriment. In contrast to the Baseline examination, there was no significant group
difference in Babinski reflex. The unadjusted and adjusted analyses of peripheral nerve
function, as measured by eight variables (four reflexes, three sensory determinations, and
muscle mass), did not reveal significant group differences. Coordination was evaluated by
four measurements and a constructed summary variable. Hand tremor was found to be of
borderline significance, with the Ranch Hands faring slightly worse than the Comparisons.
The CNS summary index showed a significant detriment to the Ranch Hands.

In a longitudinal analysis of the Romberg sign and the Babinski reflex, only the
Babinski reflex revealed a significant difference between the Baseline and the 1985 followup
examination, with the Ranch Hands shifting from significant adverse findings at Baseline to
favorable nonsignificant findings at the 1985 followup examination.

Overall, the 1985 followup examination findings are quite similar to the Baseline
findings. However, several distinct patterns were evident from the -analyses:
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¢ The followup examination detected substantially fewer abnormalities for almost all
measurement variables.

¢ The decrease in abnormalities was similar in both groups.
¢ The adjusted ahalyses were uniformly similar to the unadjusted analyses.

* A significant result was found for the constructed CNS summary variable, and a
marginally significant result was found for the constructed cranial nerve index
excluding range of motion.

* Although statistical significance at the pre-assigned «-level of 0.05 was not achieved
for any of the measurement variables, the Ranch Hand group tended to have a
greater percentage of abnormalities.

In conclusion, none of the 27 neurological variables demonstrated a significant group
difference, although several showed an aggregation of abnormalities in the Ranch Hand
group, which merit continued surveillance. Historical reporting of neurological disease was
equal in both groups. The longitudinal analyses disclosed a favorable reversal of significant
Babinski reflex abnormalities at Baseline to nonsignificant findings at the 1985 followup
examination for the Ranch Hands. The similarity in results between unadjusted and adjusted
statistical tests was evidence of group equality for the traditionally important neurologlcal
covariates of age, alcohol, and diabetes. :

1987 Followup Study Summary Results

The neurological health of the Ranch Hand group was not substantially different from
the Comparison group. Of the six questionnaire variables relating to neurological disease,
the only significant finding was that Ranch Hands had a higher incidence of hereditary and
degenerative neurological disease, such as benign essential tremor. The statistical results of
the group contrasts for 30 physical examination variables relating to cranial nerve function,
peripheral nerve status, and CNS coordination processes were generally not significant.
Unadjusted analyses disciosed marginally more balance (Romberg sign) and coordination
abnormalities for Ranch Hands than for Comparisons. Conversely, Ranch Hands had
significantly fewer biceps reflex abnormalities than Comparisons. The longitudinal analyses
for the cranial nerve index and the CNS index were not significant.

Serum Dioxin Analjsis of 1987 Followup Study Summary Results

Overall, the neurological assessment did not indicate that dioxin was associated with -
neurological disease, although some analyses revealed a significant association with the CNS
index and coordination. The adjusted analyses for the historical questionnaire variables were
not significant and few statistically significant results were noted for the physical examination
variables. The group contrast from the 1987 followup examination found that Ranch Hands
had a significantly higher incidence of hereditary and degenerative diseases (mostly benign
essential tremor) than Comparisons, but the serum dioxin analyses provided no support that
dioxin levels were associated significantly with an increased risk. The adjusted categorized
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current dioxin analyses for coordination found that the relative risk was significantly greater
than 1 for Ranch Hands in the high current dioxin category. This is consistent with the
previous report’s finding that the Ranch Hand group had significantly more coordination
abnormalities than the Comparison group (1.5% versus 0.6%). The serum dioxin analyses
showed significant associations with the CNS index, including a marginally significant
association with initial dioxin under the maximal assumption in the longitudinal analyses.

Parameters for the Neurological Assessment
Dependent Variables

The neurological assessment was based on extensive physical examination data on
crantal nerve function, peripheral nerve status, and CNS coordination processes. This
information was supplemented by verified histories of neurological diseases.

Medical Records Data

The 1992 questionnaire captured data on the occurrence of neurological disorders.
Positive responses were verified by medical record review and combined with information
from the Baseline, 1985, and 1987 examinations. The neurological diseases and disorders
were classified into four ICD-9-CM categories: infiammatory diseases (ICD codes
32000-32600), hereditary and degenerative diseases (ICD codes 33000-33700), peripheral
disorders (ICD codes 35000-35900), and other neurological disorders (ICD codes
34000-34900). Other neurological disorders was comprised mostly of diagnoses of
unspecified encephalopathy (73.2%) but also included conditions such as multiple sclerosis,
other demyelinating diseases of the central nervous system, hemiplegia, other paralytic
syndromes, epilepsy, migraine, catalepsy or narcolepsy, other conditions of the brain, and
other unspecified disorders of the nervous system. Each of the four disorders were coded as
“yes” or “no.” '

Participants with positive serological tests for syphilis, participants who tested positive
for the human immunosuppressant virus (HIV), and participants with a verified pre-SEA
history of these disorders were excluded from all analyses of these neurological variables.

Physical Examination Data

The physical examination assessed cranial nerve function, peripheral nerve status, and
CNS coordination processes. The evaluation of cranial nerve function was based on the
following 14 variables: smell, visual fields, light reaction, ocular movement, facial
sensation, jaw clench, smile, palpebral fissure, balance, gag reflex, speech, palate and uvula
movement, neck range of motion, and the cranial nerve index excluding neck range of
motion. “All of these variables were scored as “normal” or “abnormal” except for jaw
clench and palate and uvula movement, which were scored as “symmetric” or “deviated.”
For variables with left and right determinations, the two results were combined to produce a
single normal or abnormal result, where normal indicated that both responses were normal,
and abnormal indicated that at least one of the responses was abnormal. Abnormal speech
conditions included aphasia, dysarthria, agnosia, and other abnormalities. Neck range of

11-6



motion was coded as abnormal if there was a decreased range of motion forward or
backward or to the left or right. The physical examination also assessed corneal reflex and
tongue position relative to midline, but these variables were not mcluded in the analyses
because there were no abnormalities.

The cranial nerve index excluding the spinal accessory nerve (nerve controlling neck
range of motion) was created by combining responses for the other 12 cranial nerve
parameters into a single index, which was classified as abnormal if at least one of the
determinations was abnormal and was clas31fied as normal if all of the cranjal nerve
parameters were normal.

Peripheral nerve status was assessed by light pin prick, light touch (cotton sticks), visual
inspection of muscle mass (and palpation, if indicated), three deep tendon reflexes (patellar,
Achilles, and biceps), the Babinski reflex, and a vibrotactile measurement of both great toes
using the method-of-limits (MOL) protocol (38).

Light pin prick and light touch were considered normal if the reaction was normal on
both legs. A variable to appraise muscle status was constructed using data on bulk; tone of
upper and lower extremities; and the strength of distal wrist extensors, ankle and toe flexors,
proximal deltoids, and hip flexors. Bulk was classified as either “normal” or “abnormal”;
tone was classified as “abnormal” if there was either a decreased or increased response on
either the left side, right side, or both sides. The strength of distal wrist extensors, ankle
and toe flexors, proximal deltoids, and hip flexors was considered abnormal if either or both
the left or right side was decreased. The composite muscle status variable was classified as
“normal” if all of the components were normal on both the left and right sides, and
“abnormal” if any of the components was abnormal on either or both sides. The patellar,
Achilles, and biceps reflexes were coded as “normal” if they were sluggish, active, or very
active, and were classified as “abnormal” if absent. Participants with transient clonus or
sustained clonus results were excluded from these reflex analyses.

The Vibratron II” device was used to measure vibrotactile threshold on both the left and
the right great toes. The Vibratron i provided a noninvasive means of measuring the
sensitivity to vibration of a participant’s feet. Participants whose great toes were able to be
examined but who sensed no vibration were included in the analysis at a maximum level of
23.0 vibrational units (VU) to represent an extreme loss of sensitivity to vibration. This
level of 23.0 VU is slightly higher than the highest recorded measurement in this study.

Paraplegics, amputees, and participants with other conditions not allowing testing of the
great toes were not included in the analyses of the vibrotacitle threshold.

The VU measurements were transformed to dlsplacement in microns usmg the followmg :
transformation:

Displacement (microns) = 0.550 e Vet (39)
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The displacerent measurements were transformed to the natural logarithm scale to enhance
normal distribution assumptions for analysis. The left and right toes were analyzed
separately. For each great toe, the average (in log microns) of four of seven trials was
determined. The four trials were those remaining after eliminating the results of the first of
the seven trials and the high and low reading of the other six results. A further discussion of
the methodology used for analysis is given in Appendix G-1.

. The evaluation of CNS coordination processes was based on the analysis of the
following variables: tremor, coordination, Romberg sign, gait, and CNS index. For these
variables, muitiple determinations, which may have included left and right as well as upper
and lower responses, were combined to form a single result. A result was classified as
“normal” if all determinations were normal, and “abnormal” if any determination was
abnormal. Tremor was examined for the left and right upper and lower extremities.
Abnormal tremors inciuded resting, essential, intention, and other tremors. Coordination
was a composite index defined as “normal” if the Romberg sign, finger-nose-finger and
heel-knee-shin coordination processes, rapidly alternating movements of pronation and
supination of hands, and rapid patting were normal. The Romberg sign variable is equivalent
to the balance variable analyzed as part of the cranial nerve function assessment. The gait
variable was based on the examining physician’s assessment of the participant’s gait. An
abnormal gait included conditions such as broad-based, small-stepped, ataxic or other
irregular gait patterns. The CNS index was a composite variable based on tremor,
coordination, and gait; this index was coded as “normal” if all three of the components were
normal.

Participants with positive serological tests for syphilis and participants who tested
positive for HIV were excluded from all analyses of these neurological variables.
Participants with contact lenses in place were excluded from the assessment of the corneal
reflex. Participants edema in the lower extremities were excluded from the analyses of pin
prick and light touch.

Covariates

Age, race, military occupation, current alcohol use, lifetime alcohol history, reported
exposure to insecticides, reported exposure to industrial chemicals, reported exposure to
degreasing chemicals, serom insulin, and diabetic class were candidate covariates for the
adjusted statistical analyses. However, based on the results of the covariate tests of
association, current alcohol use, industrial chemical exposure, and serum insulin levels were
not included in the adjusted analyses. Similarly, degreasing chemical exposure was not
examined in the adjusted analyses for all variables except for a medical history of peripheral
disorders.

The lifetime alcohol history covariate was based on self-reported information from the
1992 questionnaire, combined with information collected at the previous examinations. The
respondent’s average daily alcohol consumption was determined for various drinking stages
throughout his lifetime, and an estimate of the corresponding ‘total number of drink-years (1
drink-year is the equivalent of drinking 1.5 ounces of 80-proof alcoholic beverage per day
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for 1 year) was derived. The current alcohol covariate was based on the average drinks per
day for the month prior to completing the 1992 questionnaire.

The exposure to insecticides, industrial chemicals, and degreasing chemicals covariates
represented lifetime exposure based on self-reported questionnaire data from the 1992
examination combined with data from previous examinations. Diabetic class was defined as
diabetic (verified history of diabetes or =200 mg/dl 2-hour postprandial glucose), impaired
(140 mg/dl <2-hour postprandial glucose <200 mg/dl), and normal (< 140 mg/dl 2-hour
~ postprandial glucose). Serum insulin levels (mIU/ml) were determined from the AFHS 1992
followup laboratory analysis. For the medical records variables, which are based on
cumulative histories, lifetime alcohol history was used to investigate the cumulative effects of
alcohol, and diabetic class was used to mvestlgate the lifetime effects of diabetes on the
neurological system.

Two additional variables based on self-reported information were candidate covariates
for the vibrotactile measurement of both great toes: (1) a composite exposure to heavy
metals, and (2) exposure to vibrating power tools. The 1992 questionnaire asked each study
participant whether he had worked for 30 days or more with lead, mercury, chromium,

- nickel, copper, cadmium, manganese, arsenic, selenium, or molybdenum. Responses were

combined to form the composite exposure to heavy metals variable. The exposure to power
tools covariate was based on the 1992 questionnaire response to whether the participant had

ever worked for 30 days or more with vibrating power equipment or tools.

Age and lifetime alcohol history were treated as continuous variables for all adjusted
analyses, but they were categorized to explore interactions. Reported insecticides exposure,
reported degreasing chemicals exposure, reported industrial chemical exposure, heavy metals
exposure, and vibrating power tools exposure were categorized as “yes” or “no” for all
analyses. Current alcohol use and serum insulin levels were categorized for the covariate
tests of association with the discrete dependent variables, and were treated in their continuous
form for the covariate tests of association with vibrotactile threshold of the left and right
great toes.

Statistical Methods

Chapter 7, Statistical Methods, describes the basic statistical analysis methods used in
the neurological assessment. The neurological assessment applied three modifications to the
general modeling strategy delineated in Chapter 7. First, the final models for the serum
dioxin analyses (Modelis 2 through 6) of the historical variables always retained age,
regardless of statistical significance. Age always was kept in the final model because it was
a potential confounder, being associated with dioxin levels and assumed to be associated with
the historical conditions. Second, for models with a sparse number of abnormalities
(<1.0%), the initial adjusted model examined main effects only, excluding interactions. The
main effects included in the initial model depended on the total number of abnormalities for
the variable. For example, for variables with extremely few abnormalities, age and
occupation (potential confounders in the serum dioxin analyses) were. the only covariates
considered. A main effects model with all covariates was the starting model for variables
with more abnormalities. Third, due to the large number of candidate covariates, the
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covariate tests of association discussed in the Dependent Variable-Covariable Associations
section were used as a preliminary screen to determine a subset of covariates to be used in
the adjusted analyses.

Table 11-1 summarizes the statistical analyses performed for the 1992 neurological
assessment. The first part of this table lists the dependent variables analyzed, data source,
data form, cutpoints, candidate covariates, and statistical analysis methods. The second part
of this table provides a description of candidate covariates examined. Abbreviations used in
the body of the table are defined at the end of the table. Dependent variable and covariate
data were missing for some participants. The number of participants with missing data and
the number of participants excluded are provided in Table 11-2.

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

Diabetes also exhibited a significant positive association with dioxin in the serum dioxin
analysis of the 1987 followup data. The results of similar diabetic analyses for the 1992
followup are discussed in Chapter 18, Endocrine Assessment. Consequently, clinical
endpoints in the neurological assessment may be related to dioxin due to the association
between dioxin and diabetes. To investigate this possibility, the dioxin effect was evaluated
in the context of two models whenever diabetic class was retained in the final model.
Analyses again were performed with and without diabetic class in the model to investigate
whether conclusions regarding the association between the health endpoint and dioxin
differed.

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

Longitudinal Analyses
The neurological longitudinal analyses were based on the cranial nerve index excluding
neck range of motion and the CNS index. To enhance the comparability of measurements,

the longitudinal assessment contrasted differences between the 1985 and 1992 Scripps Clinic
and Research Facility (SCRF) neurologlcal examinations.
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Table 11-1.
Statistical Analyses for the Neurological Assessment

Dependent Variables

Inflammatory Diseases MR-V "D Yes AGE,RACE,OCC, U:LR,CS
: No DRKYR,INS,IC, A:LR,CS
DC,DIAB
Hereditary and Degenerative MR-V D Yes AGE,RACE,OCC, U:LR,CS
Diseases ‘ : No DRKYR,INS,IC, A:LR
' DC,DIAB
Peripheral Disorders - MR-V D Yes AGE,RACE,OCC, U:LR,CS
No DRKYR,INS,IC, A:LR
DC,DIAB
Other Neurological Disorders MR-V D Yes AGE,RACE,OCC, U:LR,CS
: No DRKYR,INS,IC, ALR
DC,DIAB
Smell PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Visual Fields PE D  Abnormal AGE,RACE,OCC,ALC, U:CS
Normal DRKYR,INS,IC,DC, A:CS
INSLN,DIAB
Light Reaction PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
. Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Ocular Movement PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Facial Sensation PE D Abnormal AGE.RACE,OCC,ALC, U:LR,CS,
Normal DRKYR,INS,IC,.DC, FT
INSLN,DIAB A:LR,CS
Jaw Clench. PE D Deviated AGE,RACE,OCC,ALC, Frequencies
Symmetric DRKYR,INS,IC,DC,
) INSLN,DIAB
Smile - ' PE . D - Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC,. A:LR.CS
_ INSLN,DIAB
Palpebral Fissure ‘ - PE _ D - Abnormal AGE,RACE ,OCC,ALC, U:LR,CS
' Normal DRKYR,INS,IC,DC, A:LR,CS
_ . . ‘ INSLN,DIAB :
Balance - ‘ PE . D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
S Normal DRKYR,INS,IC.DC, ALR ¢
INSLN,DIAB
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Table 11-1. (Continued)
Statistical Analysgs for the Neurological Assessment

‘Dependent Variables

D - Abnormal

* AGE,RACE,OCC,ALC,

Gag Reflex PE Frequencies
: .- Normal DRKYR,INS,IC,DC,
INSLN,DIAB
Speech PE D ‘Abnormal AGE,RACE,OCC,ALC, U:LR,CS, .
: Normal DRKYR,INS,IC,.DC, FT
_ INSLN,DIAB A:LR
Palate and Uvula Movement PE D.  Deviated AGE,RACE,OCC,ALC, Frequencies
Symmetric DRKYR,INS,IC,DC,
INSLN,DIAB
Neck Range of Motion - PE D Abnormal AGE RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Cranial Nerve Index Without PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Range of Motion  Normal DRKYR,INS,IC.DC,  A:LR
INSLN,DIAB L:LR
Pin Prick PE D . Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, ALR
INSLN,DIAB
Light Touch PE D Abnormal AGE,RACE,0CC,ALC, U:LR,CS
* Normal DRKYR,INS,IC,DC, A:LR
' INSLN,DIAB
Muscle Status PE D  Abnormal AGE,RACE,OCC,ALC, U:LR,CS
: Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Patellar Reflex PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
: Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Achilles Reflex PE D Abnormal AGE,RACE,OCC,ALC, ULR,CS
Normal DRXYR,INS,IC,DC, A:LR
] INSLN,DIAB
Biceps Reflex PE D  Abnormal AGE,RACE,OCC,ALC, U:LR,CS
. Normal DRKYR,INS,IC,DC, ALR
INSLN.DIAB S
Babinski Reflex PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
‘ ' Normal DRKYR,INS,IC,DC, ALR
INSLN,DIAB _
Vibrotactile Threshold PE C - AGE,RACE,OCCALC, U:GLM,TT
Measurement of Right Great DRKYR,INS,IC,DC, A:GIM

Toe (microns)

INSLN,DIAB,HVMET,
PWTOOL
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Table 11-1. (Continued)

Statistical Analyses for the Neurological Assessment

Dependent Variables
= Data Data e ~ Statistical
Variable Source Form Cutpoints Candidate Covariates  Analyses
Vibrotactile Threshold PE c - AGE,RACE,OCC,ALC, U:GLM,TT
Measurement of Left Great DRKYR,INS,IC,DC, A:GLM
Toe (microns) INSLN,DIAB,HVMET,
PWTOOL
Tremor PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Coordination PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Romberg Sign PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Gait PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB
Central Nervous System PE D Abnormal AGE,RACE,OCC,ALC, U:LR,CS
Index Normal DRKYR,INS,IC,DC, A:LR
INSLN,DIAB L:LR
Covariates
Variable (Abbreviation) ‘Data Source Data Form Cutpoints
Age (AGE) MIL D/C Bomn =>1942
Born <1942
Race (RACE) MIL D Black
Non-Black
Occupation (OCC) MIL D Officer
Enlisted Flyer
Enlisted Groundcrew
Current Alcohol Use Q-SR D/C 0-1
(ALC) (drinks/day) >14
>4
Lifetime Alcohol Q-SR D/C 0
History (DRKYR) >0-40
(drink-years) >40
Insecticide Exposure (INS) Q-SR D Yes
No
Industrial Chemical Exposure (IC) Q-SR D Yes
No
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Table 11-1. (Continued)
Statistical Analyses for the Neurological Assessment

Covariates
Variable (Abbreviation) ~~ Data Source  Data Form Cutpoints
Degreasing Chemical Exposure (DC) Q-SR D Yes
No
Serum Insulin (mIU/ml) (INSLN) LAB D/C 0-56
>56
Diabetic Class (DIAB) LAB/MR-V D Diabetic: past history or =200 mg/dl
2-hr. postprandial glucose
Impaired: =140-<200 mg/dl 2-hr.
postprandial glucose
Normal: <140 mg/dl 2-hr.
postprandial glucose
Composite Exposure to Heavy Q-SR D Yes
Metals (HVMET) No
Worked With Vibrating Power Q-SR D Yes
Equipment or Tools (PWTOOL) No
Abbreviations
Data Source: LAB = 1992 laboratory results
MIL = Air Force military records
MR-V = Medical records (verified)
PE = 1992 physical examination
Q-SR = Health questionnaire (self-reported)
Data Form: C = Continuous analysis only
D = Discrete analysis only
D/C = Appropriate form for analysis (either discrete or continuous)
Statistical Analyses: U = Unadjusted analyses
A = Adjusted analyses
i i = Longitudinal analyses

Statistical Methods: CS Chi-square contingency table analysis (continuity-adjusted for 2x2 tables)

FT = Fisher’s exact test

GLM = General linear models analysis
LR = Logistic regression analysis
'FL = Two-sample t-test
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Table 11-2.
Number of Participants with Missing Data for, or Excluded from,
the Neurological Assessment

Variable

Inflammatory DEP 1 9 1 1 1 8
Diseases

Hereditary and DEP 0 1 0 0 0 1
Degenerative

Diseases

Peripheral .DEP 3 3 0 3 3 3
Diseases

Other DEP 4 6 1 4 4 6
Neurological

Disorders

Visual Fields DEP 2 4 1 2 2 4
Light Reaction DEP 1 2 0 1 1 2
Ocular Movement DEP 1 2 0 1 1 2
Facial Sensation DEP

Comneal Reflex DEP 8 12 3 T 7 10
Balance DEP i 1 1 1 )} 1
Neck Range of DEP 1 0 1 1 1 0
Motion

Cranial Nerve DEP 3 4 Z 3 3 4

Index Without
Range of Motion

Pin Prick DEP 0 1 0 0 0 0
Light Touch DEP 0 1 0 0 0 0
Muscle Status DEP 0 2 0 0 0 0
Patellar Reflex DEP 2 4 0 2 2 3
Achilles Reflex DEP 4 10 1 3 3 3
Babinski Reflex DEP 0 2 0 0 0 1
Vibrotactile DEP 2 3 Z Z 2 3
Threshold

Measurement of

Right Great Toe

(microns)
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Table 11-2. (Continued)
Number of Participants with Missing Data for, or Excluded from,
the Neurological Assessment

Vibrotactile Threshold DEP 2 3 2 2 2 2
Measurement of Left
Great Toe (microns)

Coordination DEP 1 2 1 1 1 0

Romberg Sign DEP 1 1 1 1 1 1

Gait DEP 0 1 0 0 0 |

Central Nervous DEP 1 1 1 1 1 0

System Index

Current Alcohol Use cov 10 18 7 9 9 16
Lifetime Alcohol cov 22 21 13 20 20 18
History

Serum Insulin cov 0 2 0 0 0 1

Diabetic Class CoVv 1 2 0 1 1 1

Composite Exposure to  COV 0 2 0 0 0 2

Heavy Metals

Worked with Vibrating COV 0 2 0 0 0 2

Power Equipment or

Tools

Syphilis Positive EXC 1 0 1 1 1 0

HIV Positive EXC 3 1 2 3 3 1

Pre-SEA Other EXC 4 6 1 4 4 6
Neurological Disorders

Contact Lenses Not EXC 6 7 3 5 5 6
Removed

Pitting Edema on EXC 40 62 26 38 38 49
Lower Extremities

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

Note: 952 Ranch Hands and 1,281 Comparisons;
520 Ranch Hands for initial dioxin; 894 Ranch Hands for current dioxin;
894 Ranch Hands and 1,063 Comparisons for categorized dioxin.
One Ranch Hand missing total lipids for current dioxin.
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RESULTS
Dependent Variable-Covariate Associations

Covariate tests of association were performed to examine the unadjusted relationships
between the covariates used in. the adjusted analyses and the dependent variables. Appendix
Table G-1-1 provides summary results of these analyses, presenting percents abnormal and p-
values to test the statistical significance of the relationship.  Statistically significant
associations are discussed below.

Age

Of the four historical neurological disorder variables, age exhibited a highly significant
positive association with peripheral disorders and with the category of other neurological
disorders. The prevalence of peripheral disorders was higher for older participants than for
younger participants (p <0.001, 19.4% for men born before 1942 vs. 12.2% for men born in
or after 1942) as was the prevalence of other neurological disorders (p <0.001, 24.1% for
men born before 1942 vs. 14.6% for men born in or after 1942). The covariate tests of
association did not find age to be significantly associated w1th a history of inflammatory
disease or heredltary and degenerative diseases.

Of the craniai nerve function variables analyzed at the physical examination, age
showed a significant positive association with balance (p=0.010), neck range of motion
(p<0.001), and the cranial nerve index (without range of motion) (p=0.002). The results
were not significant for the other cranial nerve variables, although older participants were
more likely to have abnormalities than younger participants for each variable with at least
one abnormality. The nonsignificance may be partly attnbutable to the sparse number of
abnormalities for these variables. :

‘ As expected, age was positively associated with the peripheral nerve variables of pin
prick (p=0.009), light touch (p=0.008), muscle status (p=0.009), patellar reflex

(p <0.001), Achilles reflex (p <0.001), biceps reflex (p=0.048), and vibrotactile threshold

(p <0.001 for both the left and right great toes). Age also was positively associated with the

central nervous system variables of coordination (p=0.001), Romberg sign (p=0.010), gait

(p=0.037), and the CNS index (p=0.020).

Race

Black participants were more likely than non-Black participants to have a medical
history of the category of other neurological disorders (p<0.001, 33.3% vs. 19.2%). Non-
Blacks were more than twice as likely as Blacks to have a decreased neck range of motion
(p=0.011, 14.6% vs. 6.2%). The only other significant association with race was that the
mean vibrotactile threshold for the left great toe was significantly higher for non-Blacks than
for Blacks (p=0.019, 16.96 microns vs. 13.23 mlcrons)
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Occupation

The covariate tests of association found a highiy significant association between
occupation and the category of other neurological disorders (p <0.001), with enlisted
personnel exhibiting a higher history of disorders (26.4% of enlisted groundcrew and 30.5%
of enlisted flyers) than officers (8.3%). The other neurological disorders category was
comprised mostly of diagnoses of unspecified encephalopathy (416 of 568, 73.2%). There
were no significant occupational differences for the other historical variables.

Neck range of motion and both left and right great toe vibrotactile threshold
measuremerts were the only physical examination variables associated significantly with
occupation (p <0.001 for each variable). Officers (16.8%) and enlisted flyers (17.8%) were
more likely to have a decreased neck range of motion than enlisted groundcrew (10.4%).
Enlisted flyers had the highest mean vibrotactile thresholds followed by officers and enlisted
groundcrew.

Current Alcohol Use

Vibrotactile threshold for the left great toe was the only dependent variable significantly
associated with current alcohol consumption (p=0.017, r=0.051). Because of the general
nonsignificance of these results and because of the large number of candidate covanates
current aicohol consumption was not used in the adjusted analyses.

Lifetime Alcohol H istary

Lifetime alcohol history was associated significantly with neck range of motion
(p=0.047), cranial nerve index (without range of motion) (p=0.010), vibrotactile threshold
for both left and right great toes (p <0.001 for both great toes), tremor (p=0.015), and the
CNS index (p==0.030). The percentage of neck range of motion abnormalities increased with
the number of drink-years (12.7%, 12.9%, and 17.0% for men with O drink-years, for those
with more than O but less than or equal to 40 drink-years, and for those with more than 40
drink-years respectively). By contrast, the highest prevalence of cranial nerve index
abnormalities was seen for participants who had never drank alcohol. The prevalence rates.
were 9.0 percent for participants with O drink-years, 3.6 percent for those with between O
and 40 drink-years and 3.7 percent for participants with more than 40 drink-years.
Vibrotactile threshold levels and the percentage of tremor and central nervous system
abnormalities increased with lifetime alcohol consumption.

Insecticide Exposure

The covariate tests of association found that participants who reported having been
exposed to insecticides had a significantly higher prevalence of peripheral disorders than
participants who had never been exposed to insecticides (p=0.001, 18.1% vs. 12.5%).
Participants exposed to insecticides also had 2 significantly higher prevalence -of cranial nerve
index (without range of motion) abnormalities than participants who had not been exposed
(p=0.029, 4.6% vs. 2.6%).
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Industrial Chemical Exposure

A significantly higher percentage of individuals who reported being exposed to
industrial chemicals had a history of other neurological disorders than individuals who had
never been exposed (p=0.001, 22.4% vs. 16.7%). However, this association was due to the
confounding effect of occupation, as enlisted personnel were more likely to have been
exposed to industrial chemicals and also to have a history of other neurological diseases. An
additional analysis, conducted as part of a covariate screening process to reduce the overall
number of covariates, found that the association between industrial chemical exposure and
other neurological disorders became nonsignificant after adjusting for occupation (p=0.864).

Neck range of motion and . vibrotactile threshold of the right great toe also were
associated significantly with industrial chemical exposure. The prevalence of decreased neck
range of motion was lower for participants who had been exposed to industrial chemicals
than for participants who had not been exposed (p=0.049, 12.8% vs. 15.9%). Participants
exposed to industrial chemicals had a lower mean vibrotactile threshold in the right great toe
than participants who had never been exposed (p=0.046, 15.96 microns vs. 17.63 microns).
Both of these results also were attributable to the confounding effect of occupation and
became nonsignificant after adjustment for occupation. Because of the general
nonsignificance of these results and because of the large number of candidate covariates,
industrial chemical exposure was not used in the adjusted analyses.

Degreasing Chemical Exposure

The covariate tests of association found that participants exposed to degreasing
chemicals had a significantly higher history of peripheral disorders (p=0.044) and a
significantly higher history of the category of other neurological disorders (p=0.004) than
participants who had never been exposed to degreasing chemicals, Comparable to the
industrial chemical exposure analyses, the association with other neurological disorders was
due to the confounding effect of occupation, and became nonsignificant after adjustment for
occupation (p=0.158). However the peripheral disorders finding remained significant even
when occupation was included in the model (p=0.014).

Degreasing chemical exposure was not associated significantly with any of the physical
examination variables. Based on these resuits degreasing chemical exposure was only used
in the adjusted analyses of peripherai disorders.

Diabetic Class

Diabetic class was associated significantly with a history of peripheral disorders -
(p<0.001) and with a history of other neurological disorders (p=0.001). The percentages of -
individuals with peripheral disorders were 14.3 percent, 17.9 percent, and 25.6 percent for
nondiabetics, glucose-impaired participants, and diabetics. The percentages of individuals
with other neurological disorders were 18.1, 24.1, and 26.4 percent for nondiabetics, -
glucose-impaired participants, and diabetics. -
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Diabetic class was associated significantly with several of the cranial nerve variables
including jaw clench (p=0.020), balance (p <0.001), gag reflex (p=0.020), palate and uvula
movement (p=0.020), and the cranial nerve index (without range of motion) (p=0.002).
The results for jaw clench, gag reflex, and palate and uvula movement are partly attributable
to sparse data. The same individual had the only abnormality for these three variables, and
he was glucose-impaired. Only frequencies are presented for these variables; no unadjusted
or adjusted analyses were performed. Diabetics had the highest prevalence of balance
abnormalities (2.2%) relative to impaired individuals (0.4%) and nondiabetics (0.2%).
Diabetics had a higher prevalence of cranial nerve index (without range of motion)
abnormalities (7.5%) than did impaired participants (2.8%) and nondiabetics (3.5%).

Diabetic class was highly associated with most of the peripheral nerve functions
assessed at the neurological examination. In particular, pin prick (p <0.001), light touch
(p=0.001), patellar reflex (p <0.001), Achilles reflex (p <0.001), biceps reflex (p=0.009), .
and vibrotactile threshold (p <0.001 for both left and right great toes) were significantly
associated with diabetic class. Diabetics had relatively more peripheral reflex abnormalities
and a higher mean vibrotactile threshold than impaired and normal participants. Romberg
sign (identical to balance described above) was the only central nervous system variable that
was associated significantly with diabetic class (p <0.001).

Serum Insulin

The covariate tests of association did not find a significant association between serum
insulin levels and any of the neurological variables. Based on these results serum insulin was
not included in the adjusted analyses.

Composite Exposure to Heavy Metals

The mean v1brotact11e threshold did not differ significantly between participants exposed
to heavy metals and those who had not been exposed.

Worked with Vibrating Power Equipment or Tools

Participants who had worked with vibrating power equipment or tools did not have a
significantly different mean vibrotactile threshold than participants who had not worked with
vibrating equipment.

Exposure Analysis

The following section presents the results of the statistical analyses of the dependent
variables shown in Table 11-1. Dependent variables are grouped into two sections: those
derived and verified from a review of medical records and data obtained during the 1992
physical examination.

Unadjusted and adjusted analyses of six models are presented for each variable.  Model
1 examines the relationship between the dependent variable and group (Ranch Hand or
Comparison).. Model 2 explores the relationship between the dependent variable and an
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extrapolated initial dioxin measure for Ranch Hands who had a 1987 dioxin level greater than
10 ppt. If a participant did not have a 1987 dioxin level, a 1992 level was used. A -
statistical adjustment for the percent of body fat at the participant’s time of duty in SEA and
the change in the percent body fat from the time of duty in SEA to the date of the blood
draw for dioxin is included in this model to account for body-fat-related differences in
elimination rate (40). Model 3 dichotomizes the Ranch Hands in Model 2 based on their
initial dioxin measures; these two categories of Ranch Hands are referred to as the “low
Ranch Hand” category and the “high Ranch Hand” category. These participants are added
to Ranch Hands and Comparisons with current serum dioxin levels (1987, if available; 1992,
if the 1987 level was not available) at or below 10 ppt to create a total of four categories.
Ranch Hands with current serum dioxin levels at or below 10 ppt are referred to as the
“background Ranch Hand” category. The relationship between the dependent variable in
each of the three Ranch Hand categories and the dependent variable in the “Comparison”
category is examined. A fourth contrast, exploring the relationship of the dependent variable
in the low Ranch Hand category and the high Ranch Hand category combined, also is
conducted. This combination is referred to in the text and tables as the “low plus high
Ranch Hand” category. As in Model 2, a statistical adjustment is made for percent body fat
at the participant’s time of duty in SEA and the change in the percent body fat from the time
of duty in SEA to the date of the blood draw for dioxin.

Models 4, 5, and 6 examine the relationship between the dependent variable and 1987
dioxin levels in all Ranch Hands with a dioxin measurement. If a participant did not have a
1987 dioxin measurement, a 1992 measurement was utilized in determining the current
dioxin leve]l. The measure of dioxin in Model 4 is lipid-adjusted, whereas whole-weight
dioxin is used in Models 5 and 6. Model 6 differs from Model 5 in that a statistical
adjustment for total lipids is included in Model 6. Further details on dioxin and the
modeling strategy are found in Chapters 2 and 7 respectively.

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

Medical Records Variables: Historical Neurological Disorders
Inflammatory Diseases

The unadjusted Model 1 analyses showed that the percentage of participants with a
history of inflammatory disease did not differ significantly -between the Ranch Hand and
Comparison groups, although the estimated relative risk was more than four (Table 11-3(a):
p=0.136, Est. RR: 4.05, 95% C.I.=[0.82, 20.09]). There were eight participants with a
history of inflammatory disease, six-Ranch Hands and two Comparisons. Within each of the
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occupational cohorts, Ranch Hands had a higher prevalence of inflarnmatory diseases than
Comparisons, although these differences were not significant (p > 0.38 within each straturn).
The adjusted Model 1 analyses were identical to the unadjusted analysis because no
covariates were retained in the final model. -

For Model 2, the unadjusted and adjusted analyses did not show a significant association
between initial dioxin and inflammatory disease (Table 11-3(c,d): p>0.70 for both
analyses). The adjusted model contained the covariate age.

The unadjusted and adjusted Model 3 analyses did not reveal a significant contrast
involving the Comparison group (Table 11-3(e,f): p>0.10 for all contrasts) although a dose-
response pattern was seen and the adjusted refative risk was nearly five for the high dioxin
category (Table 11-3(f): p=0.133, Adj. RR=4.72, 95% C.I.=[0.62, 35.64]). The adjusted
analysis included the covariate age. The percentages of participants with a history of
inflammatory disease were 0.2 for the Comparison group and 0.3, 0.4, and 0.8 for Ranch
Hands in the background, low, and high dioxin categones respectively.

- Presented in Table 11-3(g h), the unadjusted and adjusted results for Models 4 through
6 did not reveal a significant association between current dioxin and inflammatory disease
(p>0.52 for all analyses). Each of the adjusted analyses contained the covariate age.

Hereditary and Degenerative Diseases

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of participants with hereditary and degenerative diseases (Table
11-4(a,b): p>0.35 for all contrasts). Age was retained in the final adjusted model.

The unadjusted Model 2 analysis did not reveal a significant association between initial
dioxin and hereditary and degenerative diseases (Table 11-4(¢c): p=0.712). The initial
dioxin-by-occupation interaction was significant in the adjusted analysis of Model 2 (Table
11-4(d): p=0.028). Appendix Table G-2-1 displays adjusted results stratified by
occupation. In addition to the initial dioxin-by-occupation interaction, the adjusted analysis
contained age and the lifetime alcohol history-by-insecticide interaction. The adjusted
analysis did not detect a significant association between initial dioxin and hereditary diseases
when the initial dioxin-by-occupation interaction was removed from the final model
(Table 11-4(d): p=0.379).

For Model 3, the unadjusted and adjusted analyses did not show any of the Ranch Hand .
categories to be significantly different from the Comparison group in the percentages of
participants with hereditary and degenerative diseases (Table 11-4(e,f): p=0.42 for all
contrasts). The final adjusted model included age, occupation, and lifetime alcohol history.

The unadjusted analyses for Models 4 and 5 did not find a significant association
between current dioxin and hereditary and degenerative diseases (Table 11-4(g): p>0.14 for
both analyses). However, the unadjusted Model 6 analysis revealed a marginally significant
inverse association between current dioxin and hereditary and degenerative diseases
(Table 11-4(g): p=0.096, Est. RR=0.86, 95% C.I.=[0.72,1.03]). '

11-22



Table 11-3.

Analysis of Inflammatory Diseases

~ 2) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

Occupational Category Orosp Yes - (95% C.1) p-Value
All Ranch Hand 947 0.6 4.05 (0.82,20.09) 0.136
Comparison 1,271 0.2
Officer Ranch Hand 367 0.5 2.72 (0.25,30.09) 0.792
Comparison 497 0.2
Enlisted Flyer Ranch Hand 162 1.2 - 0.388
Comparison 200 0.0
Enlisted Groundcrew Ranch Hand 418 0.5 2.76 (0.25,30.48) 0.782
Comparison 574 0.2
~ b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
o ~ Adj. Relative Risk " f
Occupational Category 95% C1.) p-Value Covariate Remarks
All 4.05 (0.82,20.09) 0.136
Officer 2.72 (0.25,30.09) 0.792
Enlisted Flyer - 0.388
Enlisted Groundcrew 2.76 (0.25,30.48) 0.782

Relative risk and confidence interval not presented due to the sparse number of abnormalities.
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Table 11-3. (Continued)
Analysis of Inflammatory Diseases

Low 174 0.0 1.09 (0.51,2.35) 0.826

Medium 173 0.6
High 169 1

oo p-Value .~ Covariate Remarks

516 0.85 (0.35,2.03) 0.705 AGE (p=0.165)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-3. (Continued)
Analysis of Inflammatory Diseases

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

S .: Pen:ent i Est. Rdamem o
Dioxin Category' . 4 vd | pwmoad . pvane
Comparison 1,054 0.2
Background RH 373 0.3 1.14 (0.10,12.72) 0.916
Low RH 260 0.4 2.19 (0.20,24.61) 0.525
High RH 256 0.8 5.14 (0.70,37.90) 0.108
Low plus High RH 516 0.6 3.53 (0.57,21.74) 0.174

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

.Dio):in Category  n (95% C.1)y*  p-Value Covanate Rmnarks
Comparison 1,054 AGE (p=0.539)
Background RH 373 1.19 (0.11,13.33)  0.889

Low RH 260  2.23(0.20,24.93)  0.516

High RH 256  4.72 (0.62,35.64)  0.133

Low plus High RH 516  3.39(0.55,20.96) 0.188

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-3. (Continued)
Analysis of Inflammatory Diseases

ENT DIOXIN — UNADJUSTED

~Analysis Results for Logz
. {Current Dioxin + 1)
th Relative Risk .

 Hgh | 95%CIP

07 1.20 (0.63,2.27)
(294) (300) (295)

5 0.3 0.3 0.7 1.14 (0.64,2.03)
(299) 297) (293)

6° 0.3 0.3 0.7 1.23 (0.66,2.27)
(298) (297) (293)

- '_ : ' Covanate Remarks

4 889 1 10 (0 57 2 10) 0.781 AGE (p=0.321)
5 889 1.06 (0.60,1.88) 0.833 AGE (p=0.306)
69 888 1.13 (0.61,2.09) 0.706 AGE (p=0.347)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-4.

Analysis of Hereditary and Degenerative Diseases

Occupahonal C-atego’;;j("i o Qmup

Est Relatlve Rlsk

- (95% C.1.) _p-Value
All Ranch Hand 948 5.6 1.09 (0.75,1.58) 0.725
Comparison 1,279 5.2
Officer Ranch Hand 367 4.9 1.07 (0.57,2.01) 0.963
Comparison 500 4.6
Enlisted Flyer Ranch Hand 162 5.6 0.74 (0.31,1.73) 0.624
Comparison 203 7.4
Enlisted Groundcrew Ranch Hand 419 6.2 1.30 (0.75,2.24) 0.434
Comparison 576 4.9
b) MODEL 1. _ RANCH HANDS VS 'COMPARISONS — ADJUSTED
... Aﬂj Relative Risk -
‘Occupational :Category - 95%Cl) p-Value cwaﬁate Remarks®
All 1.08 (0.75,1.57) 0.683 AGE (p=0.009)
Officer 1.06 (0.56,1.99) 0.861
Enlisted Flyer 0.73 (0.31,1.71) 0.465
Enlisted Groundcrew 1.30 (0.75,2.25) 0.356

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-4. (Continued)
Analysis of Hereditary and Degenerative Diseases

Low 174 6.9 0.95 (0.70,1.28) 0.712

Medium 173 4.0
High 170 5.3

504 0.85 (0.59,1.22)** 0.379%+ . INIT*OCC (p=0.028)
AGE (p=0.168)
DRKYR*INS (p=0.021)

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

b Relative risk for a twofold increase in initial dioxin.

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

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
INIT = Log, (initial dioxin).
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Table 11-4. (Continued)
Analysis of Hereditary and Degenerative Diseases

e) MODEL 3: RANCH HANDS ANI) COLEPARISONS BY DIOX]N CATEGORY — UNADJUSTED

Companson 1,061 5.6

Background RH 373 6.4 1.10 (0.67,1.80) 0.714
Low RH 260 5.8 1.09 (0.61,1.95) 0.778
High RH 257 5.1 0.94 (0.51,1.75) 0.846
Low plus High RH 517 5.4 1.01 (0.64,1.62) 0.952

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUS"I‘ED

: s Adj. Relatwe Risk o |
‘mom"'catégbﬂ""': . 5% C.1)*  p-Value Covariate Reﬁarks- -

Comparison 1,043 AGE (p=0.003)
OCC (p=0.120)

Background RH 366 1.19(0.72,1.99)  0.498 DRKYR (p=0.137)

Low RH 254 1.00 (0.55,1.83)  0.997

High RH 250 0.76 (0.38,1.49)  0.420

Low plus High RH 504 0.88 (0.54,1.44)  0.606

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-4. (Continued)
Analysis of Hereditary and Degenerative Diseases

NT DIOXIN — UNADJUSTED _

g)'MODELSd 5, AND 6: RANCHHANDS—- “URRE

F _(9.5-%. .C-I )" L
0.86 (0.70,1.06) 0.145
(294) (300) (296)
5 7.0 5.1 5.4 0.89 (0.75,1.04) 0.148
(299) (297) (294)
6 7.0 5.1 5.4 0.86 (0.72,1.03) 0.096
(298) (297) (294)

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

- Anal__l_sijwults for: JLog2 (© ‘ :rent Dioxin + 1)
= _AdJ. Relanve Risk .'..;: '
Model’ | n . - 95%CL) p-—Valne S ;Covanate_ --Remarks
4 889 0.79 (0.63,0.98) 0.030 AGE (p=0.923)
OCC*DIAB (p=0.027)
5 889 0.83 (0.70,0.98) 0.033 AGE (p=0.898)
OCC*DIAB (p=0.026)
64 868 0.76 (0.62,0.93) 0.009 AGE (p=0.390)
OCC*DRKYR (p=0.003)
DIAB*DRKYR (p=0.003)
OCC*DIAB (p=0.005)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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The adjusted results for Models 4 through 6 differed from the unadjusted results in that
each of the adjusted analyses revealed a significant inverse association between current dioxin
and hereditary and degenerative diseases (Table 11-4(h): p=0.030, Adj. RR=0.79, 95%
C.I1.=[0.63,0.98] for Model 4; p=0.033, Adj. RR=0.83, 95% C.1.=[0.70,0.98] for Model
5; and p=0.009, Adj. RR=0.76, 95% C.I.=[0.62,0.93] for Model 6). The adjusted
analyses for Models 4 and 5 contained the covariate age and the occupation-by-diabetic class
interaction. The Model 6 adjusted analysis included the covariate age and three covariate-by-
covariate interactions: -occupation-by-lifetime alcohol history, diabetic class-by-lifetime
alcohol history, and occupation-by-diabetic class.

Without occupation and diabetic class, the adjusted results resembled the unadjusted
results. The analyses for Models 4 and 5 did not find a significant association between
current dioxin and hereditary and degenerative diseases (Appendix Table G-3-1(c): p>0.16
for both analyses); however, the Model 6 analysis revealed a marginally significant inverse
association between current dioxin and hereditary and degenerative diseases (Appendix Table
G-3-1(c): p=0.069, Adj. RR=0.84, 95% C.I1.=[0.70,1.01]).

Peripheral Disorders

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of peripheral disorders (Table 11-5(a,b): p>0.34 for all
contrasts). The adjusted analysis contained the covariates diabetic class, insecticide
exposure, and degreasing chemical exposure, and an age-by-occupation interaction.

In Model 2, the unadjusted and adjusted analyses did not reveal a significant association
between initial dioxin and peripheral disorders (Table 11-5(c,d): p>0.53 for both analyses).
The final adjusted model contained the covariates age, race, and diabetic class.

The unadjusted and adjusted analyses for Model 3 did not reveal a significant difference
between any of the Ranch Hand categories and the Comparison group (Table 11-5(e,f):
p>0.47 for all contrasts). The adjusted analysis included diabetic class, degreasing chemical
exposure, and two covariate-by-covariate interactions: age-by-occupation and age-by-
insecticide exposure. '

The unadjusted results for Models 4 through 6 did not reveal a significant association
between current dioxin and peripheral disorders (Table 11-5(g): p>0.25 for all analyses).
Each of the adjusted analyses for Models 4 through 6 contained a significant interaction
between current dioxin and lifetime alcohol history (Table 11-5(h): p=0.017, p=0.025, and
p=0.040 for Models 4, 5, and 6 respectively). Appendix Table G-2-2 presents adjusted
results stratified by lifetime aicohol history for Models 4 through 6. In addition to the
current dioxin-by-lifetime alcohol history interaction, each of the adjusted analyses included
race, diabetic class, insecticide exposure, and an age-by-occupation interaction. Without the
current dioxin-by-lifetime alcohol history interaction, none of the adjusted analyses for
Models 4 through 6 detected a significant association between current dioxin and peripheral
disorders (Table 11-5¢h): p>0.20 for all analyses).
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Table 11-5.
Analysis of Peripheral Disorders

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

e o Percent  Est. Relative Risk
Occupational Category  Group nooake o WSGCL) p-Value

All Ranch Hand 945 16.9 1.08 (0.86,1.35) 0.552
Comparison 1,277 15:9

Officer Ranch Hand 366 18.3 1.21 (0.85,1.73) 0.343
Comparison 499 15.6

Enlisted Flyer Ranch Hand 161 18.0 1.05 (0.61,1.80) 0.975
Comparison 202 173

Enlisted Groundcrew Ranch Hand 418 15:3 0.98 (0.69,1.38) 0.963
Comparison 576 15.6

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

_ Adj. Relative Risk o
Occupational Category = (95% C.1) ~ p-Value Covariate Remarks®
All 1.01 (0.80,1.28) 0.923 DIAB (p=0.002)

INS (p=0.006)
Officer 1.15 (0.79,1.67) 0.455 DC (p=0.033)
Enlisted Flyer 0.95 (0.55,1.64) 0.850 AGE*0OCC (p=0.015)
Enlisted Groundcrew 0.92 (0.65,1.32) 0.663

2 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-5. (Continued)
Analysis of Peripheral Disorders

) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED

Imtml Dmxm Caxegory Smnmary Statlstu:s _ Analysis Results for Log, (Initial Dioxin)*
, = Percent |  Estimated Relative Risk | .
Imﬁall)mm n Yes 1 (95% C.1)° p-Value
Low 174 17.8 1.04 (0.88,1.23) 0.673
Medium 173 17.9

High 170 18.8

~ d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED '
Ana]ysrs Raults for Log, (Initial Dioxin)®

s Al RateRROS%ClY 0 SVehe Covariate Remarks
517 1.06 (0.88,1.27) 0.531 AGE (p=0.288)
RACE (p=0.072)
DIAB (p=0.009)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-5. (Continued)

Analysis of Peripheral Disorders
¢) MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CA‘IEGORY UNADJUSTED
. Percent  Est. Relative Risk —

Dioxin Category. 5 :_ﬁ_ on Y&s S secge. -.p—Value‘
Comparison 1,059 16.7

Background RH 370 16.2 0.99 (0.72,1.37) , 0.947

Low RH 260 18.8 1.14 (0.80,1.62) 0.472

High RH 257 17.5 1.04 (0.72,1.49) 0.837

Low plus High RH 517 18.2 1.09 (0.82,1.44) 0.550

f) MODEL 3: R.ANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED

~ Adj. Relative Risk e
Dioxin Ca_tegory_ o (95% C.LY* p-Value Covariate Remarks

Comparison 1,058 DIAB (p<0.001)

DC (p=0.086)
Background RH 369  0.93(0.66,1.30)  0.662 J:%I:‘;(I)lgg ((;»fggosl))
Low RH 260  0.97 (0.68,1.40)  0.881 '
High RH 257  1.04(0.71,1.53)  0.824

Low plus High RH 517 1.01 (0.75,1.34) 0.971

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-5. (Continued)
Analysis of Peripheral Disorders

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

“Current Dioxin Category ﬂ ~ Analysis Results for Log,
Percent Yes/(n) (Current Dioxin + 1)
- Est. Relative Risk :
Model® Low Medium  High 1 95% CL® p-Value
4 13.0 21.1 17.9 1.07 (0.95,1.21) 0.253
(292) (299) (296)
5 13.5 19.9 18.7 1.06 (0.95,1.17) 0.294
(296) (297) (294)
6 13.5 19.9 18.7 1.06 (0.95,1.19) 0.286
: (296) 297) (294)

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

~_ Analysis Results for Log, (Current Dioxin + 1)
Adj. Relative Risk =~ - :
Model* n  (95%C1)® = p-Value Covariate Remarks

4 866 1.10 (0.95,1.28)** 0.204%+ CURR*DRKYR (p=0.017)
RACE (p=0.120)
DIAB (p=0.045)

INS (p=0.041)

AGE*OCC (p=0.001)

5 866 1.07 (0.94,1.21)** 0.311%* CURR*DRKYR (p=0.025)
RACE (p=0.120)
DIAB (p=0.049)

INS (p=0.040)

AGE*OCC (p<0.001)

6¢ 866 1.09 (0.95,1.25)%* 0.202%+ CURR*DRKYR (p=0.040)
RACE (p=0.110)
DIAB (p=0.040)
INS (p=0.040)
AGE*OCC (p <0.001)

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
CURR = Log, (current dioxin + 1).
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The adjusted results for Models 4 through 6 changed substantially when occupation and
diabetic class were removed from each of the final medels. Without these covariates and
without the current dioxin-by-lifetime alcohol history interaction, each of the adjusted models
detected a significant positive association between current dioxin and peripheral disorders
(Appendix Table G-3-2(c): p=0.024, Adj. RR=1.16, 95% C.I.=[1.02,1.31]; p=0.043,
Adj. RR=1.12, 95% C.I1.=[1.00,1.25]; and p=0.027, Adj. RR=1.14, 95%
C.I.=[1.01,1.29] for Models 4, 5, and 6 respectively).

Other Neurological Disbrders

The unadjusted and adjusted Model 1 analyses did not find a significant group
difference in the percentage of participants with other neurological disorders (Table
11-6(a,b): p>0.22 for all contrasts). The final adjusted model contained the covariates age,
race, and occupation.

For Model 2, the unadjusted and adjusted analyses did not reveal a significant
association between initial dioxin and other neurological disorders (Table 11-6(c,d): p>0.32
for both analyses). Age and occupation were retained in the adjusted analysis. When
occupation was removed from the final model, a significant positive association was found
between other neurological disorders and initial dioxin (Appendix Table G-3-3(a): p=0.022,
Adj. RR=1.21, 95% C.I1.=[1.03,1.42]).

The unadjusted Model 3 analysis of other neurological disorders found a significant
difference between the high Ranch Hands and Comparisons: (Table 11-6(e): p=0.040, Est.
RR=1.40, 95% C.I.=[1.01,1.92]). The percentage of other neurological disorders was
higher for the high Ranch Hands than for the Comparisons (26.1% versus 20.4%). The low
plus high Ranch Hand versus Comparison contrast was marginally significant (p=0.055),
Adj. RR=1.28, 95% C.1.=[0.99,1.65]). After adjusting for age, race, and occupation, the
adjusted analysis did not show any of the Ranch Hands categories to be significantly different
from the Comparison group (Table 11-6(f): p>0.50 for all contrasts).

The adjusted results changed when occupation was removed from the final model.
Without occupation, the adjusted analysis detected a marginally significant difference for the
background Ranch Hands, and a significant difference for the high Ranch Hands and the low
plus high Ranch Hands. The adjusted relative risk was less than 1.00 for the background
Ranch Hands and greater than 1.00 for the high Ranch Hands and the low plus high Ranch
Hands (Appendix Table G-3-3(b). p=0.061, Adj. RR=0.74, 95% C.I.=[0.53,1.01];

-0 002, Adj. RR=1.69, 95% C.1.=[1.21,2.36]; and p=0.034, Adj. RR=1.32, 95%
=[1.02,1.71] for the background Ranch Hands, high Ranch Hands, and low plus hlgh
Ranch Hands respectively).

The unadjusted analyses for Models.4 and 6 detected a significant positive association
between current dioxin and other neurological disorders (Table 11-6{g): p=0.022, Est.
RR=1.14, 95% C.I.=[1.02,1.27] and p=0.011, Est. RR=1.14, 95% C.I1.=[1.03,1.27] for
Models 4 and 6 respectively). For Model 5, the unadjusted analysis revealed a marginally -
significant association between current dioxin and-other neurological disorders
(Table 11-6(g): p=0.070, Est. RR=1.09, 95% C.1.=[0.99,1.20]).
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Table 11-6.
Analysis of Other Neurological Disorders

; a) MODEL 1: R.ANCH HANDS VS. COMPARISONS I}NADJUSI'ED

. Pereemt Fst RelahveRlsk
'Occupational-Categonr Grqnp Som Y {95% C.L) , p-Valne

All Ranch Hand 944 21.2 1.14 (0.92,1.40) 0.258
Comparison 1,274 19.2

Officer Ranch Hand 365 8.5 1.04 (0.64,1.69) 0.976
Comparison 500 8.2

Enlisted Flyer Ranch Hand 162 31.5 1.09 (0.70,1.70) 0.801
Comparison 202 29.7

Enlisted Groundcrew Ranch Hand 417 28.3 1.18 (0.89,1.57) 0.276
Comparison 572 2507

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

- ~ Adj. Relative Risk e .
Occupational Category = (95% C1.) S p-Value Covariate Remarks® -

All 1.14 (0.91,1.43) 0.269 AGE (p<0.001)
RACE (p=0.011)

Officer 1.04 (0.63,1.70) 0.891 0CC (p<0.001)

Enlisted Flyer 1.07 (0.67,1.70) 0.779

Enlisted Groundcrew 1.21 (0.89,1.63) 0.223

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

11-37



Table 11-6. (Continued)
Analysis of Other Neurological Disorders

mewee o o

Low 174 21.3 1.08 (0.93,1.25) 0.323
Medium 172 27.3
High 170 25.9

d) MBDEL 2: RANCH HANDS —_ ]NIIIAL DIOXIN ADHISTED
Analysusksnits fOI‘LOg;(Imttal])mnn)c .
~ Adj. Relative Risk .(95% C I.)b P-anue 2

Covariate Remarks

516 0.96 (0.80,1.15) 0.649 AGE (p<0.001)

OCC (p<0.001)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-6. (Continued)
Analysis of Other Neurological Disorders

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

o = . Percent ~ Est. Relative Risk -
Dioxin'Categor_v B ; n s . 95%CL)® = pValue
Comparison 1,056 20.4
Background RH 370 16.8 0.79 (0.57,1.08) 0.132
Low RH 259 23.6 1.17 (0.85,1.62) 0.339
High RH ; 257 26.1 1.40 (1.01,1.92) 0.040
Low plus High RH 516 24.8 1.28 (0.99,1.65) 0.055

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

: Ad; Relative Risk =~ :
Dmmeategory o n - (95% C.Ly* p-Value v Covariate Remarks

Comparison 1,056 AGE (p<0.001)
RACE (p=0.002)

Background RH 370 1.13 (0.79,1.60)  0.506 OCC (p<0.001)

Low RH 259 1.09 (0.76,1.55)  0.649

High RH 257 1.02 (0.72,1.45)  0.902

Low plus High RH 516 1.05 (0.80,1.38)  0.714

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-6. (Continued)
Analysis of Other Neurological Disorders

g)MODEL84 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Clm'ent Dioxin Category i Bl Analysis Results for Log2
- ‘::_:ZféPercent Yesﬂn) . (Currmt Blonn +1)

Model’ | Low =  Medium = High 1 .i13'- (95%CI-)b

4 16.1 20.7 27.5 1.14 (1.02,1.27)
(292) (299) (295)

5 16.5 233 24.6 1.09 (0.99,1.20)
(297) (296) (293)

6° 16.2 233 24.6 1.14 (1.03,1.27)
(296) (296) (293)

h)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

_ Analys:s Rcsults for Logz (Cumu:t Dmxm + 1)

e o Ad) Relative Risk . ._
ModeE | n 95% C.1)> _ .p-'Valnej. : Covariate Remarks
4 886 0.96 (0.84,1.09) 0.547 AGE (p<0.001)

RACE (p=0.009)
OCC (p<0.001)
3 886 0.94 (0.84,1.05) 0.268 AGE (p<0.001)
RACE (p=0.010)
OCC (p<0.001)
6¢ 885 0.99 (0.88,1.11) 0.834 AGE (p<0.001)
RACE (p=0.015)
OCC (p<0.001)

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

b Relative risk for a twofold increase in current dioxin.

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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By contrast, the adjusted analyses for Models 4 through 6 did not show a significant
association between current dioxin and other neurological disorders (Table 11-6(h); p>0.26
for all analyses). Each of the adjusted analyses for Models 4 through 6 contained the
covariates age, race, and occupation.

The adjusted results changed after occupation was removed from each of the final
models. Without occupation in the models, each of the adjusted analyses for Models 4
through 6 revealed a significant association between current dioxin and other neurological
disorders (Appendix Table G-3-3(c): p<0.001, Adj. RR=1.24, 95% C.I.=[1.10,1.39];
p=0.003, Adj. RR=1.17, 95% C.I.=[1.05,1.29]; and p=0.001, Adj. RR=1.24, 95%
C.1.=[1.11,1.39] for Models 4, 5, and 6 respectively).

Physical Examination Variables: Cranial Nerve Function
Smell

The unadjusted and adjusted Model 1 analyses of smell did not find a significant group
difference in the percentage of smell abnormalities (Table 11-7(a,b): p>0.26 for all
contrasts). The covariate age was included in the final adjusted model.

The unadjusted results for Model 2 did not reveal a significant association between
initial dioxin and smell (Table 11-7(c): p=0.341). Because no covariates were retained in
the final model, the unadjusted and adjusted results were the same.

For Model 3, the unadjusted analysis of smell did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 11-7(e): p>0.22
for all contrasts). The adjusted Model 3 analysis contained a significant interaction between
categorized dioxin and insecticide exposure (Table 11-7(f): p=0.006). Appendix Table
G-2-3 displays adjusted results stratified by insecticide exposure. The adjusted analysis also
included the covariate age. Without the categorized dioxin-by-insecticide exposure, the
adjusted analysis did not reveal any significant contrasts involving the Comparison group
(Table 11-7(f): p>0.25 for all contrasts).

The unadjusted analyses for Models 4 through 6 revealed a significant inverse
association between current dioxin and smell (Table 11-7(g): p=0.018, Est. RR=0.61, 95%
C.1.=[0.39,0.93]; p=0.015, Est. RR=0.69, 95% C.1.=[0.52,0.91]; and p=0.019, Est.
RR=0.68, 95% C.1.={0.50,0.92] for Models 4, 5, and 6 respectively). None of the
adjusted analyses for Models 4, 5, and 6 retained any covariates; therefore, the adjusted
results were identical to the unadjusted results for each of these models.

Visual Fields
The unadjusted Model 1 analysis did not detect a significant group difference in the
percentage of visual field abnormalities (Table 11-8(a): p>0.61 for all contrasts). No

covariates were retained in the final model; therefore, the adjusted and unad_]usted results
were identical.
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Table 11-7.
Analysis of Smell

a) MODEL 1 RANCH man vs COMPARISONS UNADJUSTED*

Ocmpatiunal_-*Category .~ Growp n Ahnomal : (95% C.I) p-Value

All Ranch Hand 948 L5 1.11 (0.55,2.27) 0.910
Comparison 1,280 1.3

Officer Ranch Hand 367 1.1 0.60 (0.18,1.97) 0.573
Comparison 501 1.8

Enlisted Flyer Ranch Hand 162 1.9 1.26 (0.25,6.32) 0.999
Comparison 203 1.5

Enlisted Groundcrew Ranch Hand 419 1.7 1.94 (0.61,6.16) 0.395
Comparison 576 0.9

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

: e Al Relative Risk _
OecupahonalCategary s (95% C.1.) o ';‘p-‘Vﬂne ' Covariate Remarks®
All 1.10 (0.54,2.25) 0.790 AGE (p=0.017)
Officer 0.59 (0.18,1.95) 0.391
Enlisted Flyer 1.24 (0.25,6.22) 0.797
Enlisted Groundcrew 1.94 (0.61,6.16) 0.262

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-7. (Continued)
Analysis of Smell

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

' Imuaimoxm Category Summary Statistics |  Analysis Results for Log, (nitial Bloxm)‘
o e Mdmvem : s

Initial Dioxin n ~ Abnormal S s TP ;p:vaiue

Low 174 1.7 0.69 (0.31,1.55) 0.341

Medium 173 0.6

High 170 0.6

9 MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUS'I‘ED e
s o AnalySmRsultsforImg;(IMﬁa]Dnom)a """"" e
' h Am Rdahvelhsk{%% C.I.)" pValue Covariate Remarks.
517 0.69 (0.31,1.55) 0.341

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

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-7. (Continued)
Analysis of Smell

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

Percent ~ Est. Relative Risk
Dioxin Category._ . . ;.Abno_mal (R CLY ~ p-Value
Comparison 1,062 1.3
Background RH 373 2.1 1.70 (0.70,4.12) 0.243
Low RH 260 1.5 1.15 (0.37,3.53) 0.807
High RH 257 0.4 0.28 (0.04,2.18) 0.227
Low plus High RH 517 1.0 0.72 (0.26,2.01) 0.526

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

Dio:dn,Category n 95% C.1)y* p-Valne G Covanate Remarks

Comparison 1,062 DXCAT*INS (p=0.006)
AGE (p=0.082)

Background RH 373 1.49 (0.61,3.65)%* 0.379%*

Low RH 260  1.00 (0.32,3.09)%* 0.996**

High RH 257  0.31 (0.04,2.37)** 0.257+*

Low plus High RH 517 0.69 (0.24,1.95)%* 0.482%*

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
DXCAT = Categorized Dioxin.
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Table 11-7. (Continued)
Analysis of Smell

g)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

: ~ Current Dioxin Category Analysls Results for Logz
Pwee.nt Abnormali(n) 7 (Current Dloxm + l)
L — s . Est.RelativeRisk -
Model | Low = Medium High 95% C.1)> - ~ p-Value
E 24 17 0.3 0.61 (0.39,0.93) 0.018
(294) (300) (296)
5 2.3 1.7 0.3 0.69 (0.52,0.91) 0.015
(299) (297) (294)
6° 23— 1.7 0.3 0.68 (0.50,0.92) 0.019
(298) (297) (294)

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

- _Analysis Rsults t‘or Logz (Current Dmxm + 1)
b AdJRﬂﬂﬁveRlSk """
ModelP® R {S%CIL) p—Valne G Covariate Remarks
4 890 0.61 (0.39,0.93) 0.018
5 890 0.69 (0.52,0.91) 0.015
6° 889 0.68 (0.50,0.92) 0.019

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

b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-8.
Analysis of Visual Fields

All Ranch Hand 946 0.1 0.45 (0.05,4.32) 0.837
Comparison 1,276 0.2

Officer Ranch Hand 367 0.0 - 0.619
Comparison 500 0.4

Enlisted Flyer Ranch Hand 162 0.0 - -
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 417 0.2 1.38 (0.09,22.05) 0.999
Comparison 573 0.2

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

_ Adj. Relative Risk e -
Occupational Category = (95% C.1) s p-Value Covariate Remarks

All 0.45 (0.05,4.32) 0.837
Officer -- 0.619
Enlisted Flyer - 2

Enlisted Groundcrew 1.38 (0.09,22.05) 0.999

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-8. (Continued)

Analysis of Visual Fields
) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED
Initial Dioxin Category Summary Statistics " ~ Analysis Results for Log, (Initial Dioxin)
| Percent Estimated Relative Risk

Initial Dioxin n Abnormal ©5%Cl) p-Value
Low 174 0.0 » I
Medium 173 0.0

High 169 0.0

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

Analysis Results for Log, (Initial Dioxin)

p-Value Covariate Remarks

Adj. Relative Risk (95% C.I)

Analysis not conducted due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-8. (Continued)

Analysis of Visual Fields
e} MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED
~ Percent Est. Relative Risk =~

Dioxin Categdr'y.:y _ ~n Abnormal gserly - o
Comparison 1,058 0.1

Background RH 372 0.3 - -

Low RH 260 0.0 = o

High RH 256 0.0 - -

Low plus High RH 516 0.0 - -

D MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED

Adj. RelatweRlsk S
Dioxin Category aaom % CL) p-'rVa!uer Cnvanate Ranar_ks :

Comparison --

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

—: Analysis not conducted due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-8. (Continued)
Analysis of Visual Fields

f; Est. Relative R:sk

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

Analysis Results for Logz
(Current Dmxm + 1)

: p'—Va'lue.-

Low - (95%C.L)
4 0.3 0.0 = L]
(293) (300) (295)
5 0.3 0.0 0.0 -- -
(298) (297) (293)
6 0.3 0.0 0.0 - -
(297) (297) (293)
h) MODEIS 4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
~ Analysis Results for Log; (Current Dloxm + I) :
= Ad] Relative Risk : -
Model2 | - n 1 (95% C.I.) Covariate Remarks
4 - - ; --
5 2L = -
6 . v =

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

--: Analysis not conducted due to the sparse number of abnormalities.

Note: Model 4: Low =

< 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.

Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Statistical analyses were not conducted for Models 2 through 6 due to the sparse number
- of abnormalities. There were no abnormalities in the Model 2 analysis. For Mode} 3, the
background Ranch Hand category and Comparison group each contained one abnormality.
There were no abnormalities in the Jow Ranch Hand and high Ranch Hand categories. Each
of the analyses for Models 4 through 6 included only one abnormal participant. The
participant in each analysis was in the low current dioxin category. Table 11-8(c.e,g)
presents frequencies and percentages of abnormalities for these models.

Light Reaction

The unadjusted Model 1 analysis did not reveal a significant overall group difference in
the percentage of light reaction abnormalities (Table 11-9(a): p=0.433). However,
stratifying the unadjusted analysis by occupation revealed a marginally significant group
difference within the enlisted groundcrew stratum (Table 11-9(a): p=0.066). Of the enlisted
groundcrew, four Ranch Hands had light reaction abrormalities whereas none of the enlisted
groundcrew Comparisons displayed light reaction abnormalities.

The adjusted Model 1 analysis did not show the percentage of light reaction
abnormalities to be significantly different between the Ranch Hands and Comparisons (Table
11-9(b); p>0.255 for all contrasts). For the enlisted: groundcrew, a relative risk and
p-value were not calculated because no Comparisons experienced an abnormal light reaction.
The final adjusted model] contained diabetic class.

The unadjusted Model 2 results did not reveal a significant association between initial
dioxin and light reaction even though the estimated relative risk was 1.43 for a twofold
increase in initial dioxin (Table 11-9(c): p=0.384). Only four individuals in the Model 2
analysis displayed light reaction abnormalities: Two of those four participants had a high

initial dioxin level. The adjusted results for Model 2 were identical to the unadjusted
findings because no covariates were retained in the final model.

The unadjusted Model 3 analysis of light reaction abnormalities revealed a marginally
significant difference between the low plus high Ranch Hand category and the Comparisons
group (Table 11-9(e): p=0.061, Est. RR=5.18, 95% C.1.=[0.93,28.94]. The percentages
of abnormalities for the low plus high Ranch Hand category and the Comparison group were
0.8 percent and 0.2 percent respectively. The estimated relative risks for the low Ranch
Hands and the high Ranch Hands exceeded five but were not significant (Table 11-9(e):
p>0.10 for both contrasts). The adjusted and unadjusted results were identical because no
covariates were retained in the final model.

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between current dioxin and light reaction even though each of the estimated relative risks for
a twofold increase in current dioxin was greater than or equal to 1,30 (Table 11-9(g):
p>0.22 for all analyses). Only five participants displayed abnormal light reactions in the
analyses of Models 4 through 6. Three of the five abnormal participants had a high current
dioxin level in each of the models. For Models 4 through 6, the adjusted analysis did not
differ from the unadjusted analysis because no covariates were retained in the final model.
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Table 11-9.
Analysis of Light Reaction

- a) MODEL 1: RANCH HANDS Vs '5'3-COMPARISONS mmusmn}

Fs‘- Relative R;s,k L

Oempaumx Category Gronp . . (95%CL)  pValue

All Ranch Hand 947 0.5 2.26 (0.54,9,47) 0.433
Comparison 1,278 0.2

Officer Ranch Hand 367 0.3 0.68 (0.06,7.54) 0.999
Comparison 501 0.4

Enlisted Flyer Ranch Hand 162 0.0 -- 0.999
Comparison 203 0.5

Enlisted Groundcrew Ranch Hand 418 1.0 - 0.066
Comparison 574 0.0

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

Ad; Relative Risk

Ocensiational Category ORCL) ovaee Comtae ._R'm.m'-ks’
All 2.27 (0.54,9.50) 0.255 DIAB (p=0.140)
Officer 0.64 (0.06,7.14) 0.720

Enlisted Flyer -- --

Enlisted Groundcrew - --

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

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-9. (Continued)
Analysis of Light Reaction

517 1.43 (0.64,3.20) 0.384

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

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-9. (Continued)

Analysis of Light Reaction
e MODEL 3: RANCH HANDS AND COMPAR]SONS BY DIOXIN CATEGORY — UNADJUSTED
e Percent Est. Relative R:sk G =
.Dim.fategory - Abnormal -5 . meeCcy . pValee
Comparison 1,060 0.2 :
Background RH 372 0.3 1.07 (0.10,11.97) 0.956
Low RH 260 0.8 5.05 (0.70,36.61) 0.109
High RH 257 0.8 5.31 (0.72,39.12) 0.101
Low plus High RH 517 0.8 5.18 (0.93,28.94) 0.061

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

Dioxin Category  n  (95% C.I)®  pValue Covariate Remarks
Comparison 1,060

Background RH 372 1.07 (0.10,11.97) 0.956

Low RH 260 5.05 (0.70,36.61) 0.109

High RH 257 5.31 (0.72,39.12) 0.101

Low plus High RH XY, 5.18 (0.93,28.94) 0.061

4 Relative risk and confidence interval relative to Comparisons.

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-9. (Continued)
Analysis of Light Reaction

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

‘Current Dioxin Category Analysis Results for Log,
Percent Abnorma!f(n) _ (Clm'ent Dioxin + 1)
S e Lo S Fst Reht:VeRlsk : ;
Model | Low _Mgﬂiu‘m . High - (95% C.L)® p-Value

- 0.3 0.3 1.0 1.38 (0.80,2.39) 0.260
(293) (300) (296)

5 0.3 0.3 1.0 1.37 (0.83,2.26) 0.221
(298) (297) (294)

6° 0.3 0.3 1.0 1.30 (0.76,2.23) 0.346
297) (297) (294)

o h)MODELS-d S,ANDG. RANCH HANDS — CURRENT DIOXIN — ADJUSTED

. Analysas Resnlts for Log; (Cnment Dloxm + 1)
G iy Ad_] RehtaveR:sk i !
~Model® n : (95% cry p—Value ' Covamte Remarks
4 889 1.38 (0.80,2.39) 0.260
5 889 1.37 (0.83,2.26) 0.221
6° 888 1.30 (0.76,2.23) 0.346

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

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

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

¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Ocular Movement

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
- difference in the percentage of ocular movement abnormalities (Table 11-10(a,b): p>0.42
for all contrasts). The final adjusted model contained the covariate age.

The unadjusted and adjusted Model 2 results did not detect a significant association
between initial dioxin and ocular movement (Table 11-10(c,d), p>0.54 for both analyses)
The adjusted analysis contained the covariate insecticide exposure.

For Model 3, the unadjusted analysis of ocular movement did not show any of the
Ranch Hand categories to differ significantly from the Comparison group (Table 11-10¢e):
p>0.23 for all contrasts). The adjusted and unadjusted analyses were identical because no
covariates were retained in the final model.

Thé unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
association between current dioxin and ocular movement (Table 11-10(g,h): p>0.73 for all
analyses). Each of the adjusted models contained the covariate insecticide exposure.

Facial Sensation

The unadjusted and adjusted Model 1 analyses did not show a significant group
difference in the percentage of facial sensation abnormalities (Table 11-11(a,b): p>0.14 for
all contrasts). No covariates were retained in the adjusted analysis.

For Model 2, the unadjusted analysis did not reveal a significant association between
initial dioxin and facial sensation even though the estimated relative risk for a twofold -
_increase in initial dioxin was 1.53 (Table 11-11(c): p=0.382). Only two participants
displayed facial sensation abnormalities and both had a high initial dioxin level. The adjusted
analysis was not performed due to the sparse number of abnormalities.

The unadjusted Model 3 analysis of facial sensation detected a marginally significant
difference between the high Ranch Hands and the Comparisons (Table 11-11(e): p=0.076
from Fisher’s exact test). Two of the high Ranch Hands had facia! sensation abnormalities
 whereas none of the Comparisons displayed facial sensation abnormalities. Due to the sparse
number of abnormalities, the adjusted Model 3 analysis was not conducted.

For Models 4 through 6, the unadjusted analyses did not find a significant association
between current dioxin and facial sensation (Table 11-11{(g): p>>0.24 for all analyses),
although the estimated relative risk for a twofold increase in current dioxin was greater than
or equal to 1.47 for each model. Three individuals displayed facial sensation abnormalities -
in Models 4, 5, and 6. Of the three, two were in the high current dioxin category and the
other was in the medivm current dioxin category. No covariates were retained in the
adjusted analysis.
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Table 11-10.
Analysis of Ocular Movement

) MODEL -

. RANCH HANDS VS. COMPARISONS
— i

95% C.L)  p-Value

All Ranch Hand 947 0.7 1.58 (0.53,4.71) 0.586
Comparison 1,278 0.5

Officer Ranch Hand 367 0.8 1.02 (0.23,4.60) 0.999
Comparison 501 0.8

Enlisted Flyer Ranch Hand 162 0.6 - 0.910
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 418 0.7 2.07 (0.34,12.43) 0.721
Comparison 574 0.3

All 1.56 (0.52,4.67) 0.423 AGE (p=0.094)
Officer 1.01 (0.23,4.55) 0.987

Enlisted Flyer -- -

Enlisted Groundcrew 2.07 (0.35,12.44) 0.425

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

—: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-10. (Continued)
Analysis of Ocular Movement

C) MODEL 2’ RANCH HANDS lNITIAL DIOXIN — INADJUSTED

Initlalexm Category SummaryStat:sucs ' AnalysnsResults forLog; (Initia] Dmxm)"
.  Percent EstnmatedeaﬁveR:sk - |

Initial Dioxin  n ‘Abnormal . s%cCcly p-Value

Low 174 1.1 0.80 (0.39,1.67) 0.542

Medium 173 0.6

High 170 1.2

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
. - Analysus Results for Logz (Initial Dmxm)‘: o
2 Ad; Relative Rk @S% CL® pValue .  Covaitat Romurks
517 0.83 (0.40,1.72) 0.609 INS (p=0.121)

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

b Relative risk for a twofold increase in initial dioxin.

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

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

11-57



Table 11-10. (Continued)
Analysis of Ocular Movement

e) MODEL 3: RANCH HANDS AND CBMPARISONS BY DIOXIN CATEGORY — :UNADJUSTED

t Relative Risk

Dioxin 'Catego 5% CLY®

Comparison

Background RH 372 0.5 1.16 (0.22,6.06) 0.863
Low RH 260 12 2.41 (0.57,10.21) 0.232
High RH 257 0.8 1.64 (0.31,8.59) 0.556
Low plus High RH 517 1.0 2.03 (0.58,7.11) 0.266

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

.  Mnamele -
Dioxin:Calegtj‘:rylﬁ;‘j n 95% Y p-Value . Covariate Remarks

Comparison 1,060

Background RH 372 1.16 (0.22,6.06) 0.863
Low RH 260 2.41 (0.57,10.21) 0.232
High RH 257 1.64 (0.31,8.59) 0.556
Low plus High RH 517 2.03 (0.58,7.11) 0.266

# Relative risk and confidence interval relative to Comparisons.

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

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

Analysis Results for Log,
ent. -

1.0 07 0.805

(293) (300) (296)

5 0.7 1.0 0.7 1.07 (0.69,1.66) 0.753
(298) (297) (294)

6 0.7 1.0 0.7 1.06 (0.66,1.70) 0.810
(297) (297) (294)

ate Remarks

4 889 1.07 (0.64,1.79) 0.786 INS (p=0.053)
5 889 1.08 (0.69,1.69) 0.735 INS (p=0.052)
6¢ 888 1.07 (0.66,1.72) 0.786 INS (p=0.053)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-11.
Analysis of Facial Sensation

All Ranch Hand 948 0.3

Comparison 1,280 0.1
Officer Ranch Hand 367 0.0
Comparison 501 0.0
Enlisted Flyer Ranch Hand 162 0.0
Comparison 203 0.5
Enlisted Groundcrew Ranch Hand 419 0.7
Comparison 576 0.0

0.999

0.148

All 4.06 (0.42,39.10)

Officer - -
Enlisted Flyer - 0.999
Enlisted Groundcrew - 0.148

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-11. (Continued)
Analysis of Facial Sensation

Estimated elaﬁve' Risk
.. es%ecyryY

1.53 (0.60,3.92) 0.382

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

b Relative risk for a twofold increase in initial dioxin.
--: Analysis not performed due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-11. (Continued)
Analysis of Facial Sensation

Background RH 373 0.3 - 0.520
Low RH 260 0.0 - -

High RH 257 0.8 - 0.076
Low plus High RH 517 0.4 - 0.214

Background RH - - s
Low RH - - -

High RH -- - --
Low plus High RH

2 Relative risk and confidence interval relative to Comparisons.

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

¢ P-value equals two times the p-value obtained from Fisher’s exact test. This p-value is not adjusted for
percent body fat at the time of duty in SEA or change in percent body fat from the time of duty in SEA to the
date of the blood draw for dioxin.

--: Amnalysis not performed due to the sparse number of abnormalities.

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

5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

4 00 03 S, 73

(294) (300) (296)

5 0.0 0.3 0.7 1.47 (0.77,2.78) 0.248
(299) (297) (294)

6° 0.0 0.3 0.7 1.50 (0.76,2.98) 0.253
(298) (297) (294)

. seCIR

pValue Covariate Remarks

0.251

1.52 (0.76,3.04)
5 890 1.47 (0.77,2.78) 0.248
6 889 1.50 (0.76,2.98) 0.253

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

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

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

© Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Jaw Clench

Statistical analyses were not performed for jaw clench because there was only one
participant with a deviated jaw clench. This individual was an enlisted groundcrew Ranch
Hand who was in the high initial dioxin category for Model 2, the high categorized dioxin
category for Model 3, and the high current dioxin category for Models 4 through 6. He also
was the only participant with an abnormal gag reflex and a deviated palate and uvula
movement. Table 11-12(a-d) displays percentages of jaw clench deviations by group and
dioxin category. -

Smile

The overall prevalence of smile abnormalities did not differ significantly between the
Ranch Hand and Comparison groups in the unadjusted Model 1 analyses (Table 11-13(a):
p>0.10 for each analysis). Although not significant, the estimated relative risk in the
enlisted groundcrew stratum (the occupational cohort with the highest current levels of
dioxin) was nearly 7.00 (Table 11-13(a): p=0.102, Est. RR=6.94, 95% C.I. =
[0.81,59.66]). The nonsignificance of the results must be interpreted with caution due to the
sparse number of abnormalities (< 1.0% of participants), which leads to decreased statistical
power in detecting a significant difference.

To increase statistical power for the enlisted strata, additional unadjusted and adjusted -
Model 1 analyses were conducted with the enlisted flyers and enlisted groundcrew combined
into one stratum. This unadjusted analysis revealed a marginally significant group difference
for the enlisted participants (Appendix Table G-5-1(a): p=0.055, Est. RR=8.12, 95%
C.1.=[0.98, 67.62]). Within the enlisted stratum, the percentages of srnile abnormalities for
Ranch Hands and Comparisons were 1.0 percent and 0.1 percent respectively. After
adjusting for occupation, the adjusted analysis combining enlisted flyers and enlisted
groundcrew did not reveal a significant overall group difference (Appendix Table G-5-1(b):
p=0.383). The relative risk for the enlisted stratum remained marginally stgnificant
(Appendix Table G-5-1(b): p=0.055, Adj. RR=8.12, 95% C.1.=[0.98, 67.62]).

The unadjusted Model 2 analysis of smile abnormalities did not find a significant
association with initial dioxin (Table 11-13(c): p=0.363), and the unadjusted Model 3
analysis did not reveal a significant contrast between the Ranch Hand categories and the
Comparison group (Table 11-13(e): p>0.10 for all contrasts).

The unadjusted Model 4 analysis found a marginally significant association between
lipid-adjusted current dioxin and smile (Table 11-13(g): p=0.079, Est. RR=1.49, 95%
C.1.=[0.97,2.28]. The association with whole-weight current dioxin was not significant in
the unadjusted Model 5 analysis (p=0.115) but became marginally significant in the
unadjusted Model 6 analysis, which forced total lipids in the model (p=0.062, Est.
RR=1.51, 95% C.1.=[0.99,2.31]). ‘

All of the adjusted analyses for smile were identical to the unadjusted analyses because
no covariates were retained in any of the final adjusted models.
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Table 11-12.
Analysis of Jaw Clench

) MODEL 1: RANCH HANDS VS. COMPARISONS

St s

All

Officer

Enlisted Flyer

Ranch Hand
Comparison
Ranch Hand
Comparison

Ranch Hand
Comparison

948
1,280

367
501

162
203

0.1
0.0

0.0
0.0

0.0
0.0

0.2

Enlisted Groundcrew Ranch Hand 419
Comparison 576

b) MODEL 2 RANCH HANDS INITIAL DIOXIN

Imtml Dloxm C.ategory Summary Statrshts

Initial Dioxin

Percent
Deviated

Low
Medium
High

174
173
170

0.0
0.0
0.6

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-12. (Continued)
Analysis of Jaw Clench

Comparison 1,062 0.0

Background RH 373 0.0
Low RH 260 0.0
High RH 257 0.4
Low plus High RH 517 0.2

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

- Current Dioxin Category - . ,
E 0.0 0.0 0.3
(294) (300) (296)
- 0.0 0.0 0.3
(299) (297) (294)
6 0.0 0.0 0.3
(298) (297) (294)

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

Note: Model 3: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.

Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.

High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-13.
Analysis of Smile

n Abnormal = (5% ClL) p-Value

All Ranch Hand 948 0.9 1.52 (0.59,3.97) 0.533
Comparison 1,280 0.6

Officer Ranch Hand 367 0.8 0.58 (0.15,2.26) 0.639
Comparison 501 1.4

Enlisted Flyer Ranch Hand 162 0.6 - 0.910
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 419 1.2 6.94 (0.81,59.66) 0.102
Comparison 576 0.2

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

Occupational Category - 9s%CE) = pVale = ‘Covariate Remarks®

All 1.52 (0.59,3.97) 0.533

Officer 0.58 (0.15,2.26) 0.639

Enlisted Flyer - 0.910

Enlisted Groundcrew 6.94 (0.81,59.66) 0.102

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

--: Relative risk and confidence interval not presented due to the sparse number of abnormalities.
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Table 11-13. (Continued)
Analysis of Smile

_©) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNAD.

Initial Dioxin Category 'Summary sﬁﬁsnu I\ Analysis Results for Log, (Initial Dioxin)*

| Percent &mnatednelamemsk - -
Initial Dioxin ~~ n  Abnormal | _posmcLy p-Value
Low 174 1.1 1.29 (0.75,2.22) 0.363
Medium 173 0.6

High 170 1.8

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

,;;?Analys:s Remlts for Log, (Initial D:om)‘

pValne @ Covariate Remarks

{95% C.1)

517 1.29 (0.75,2.22) 0.363

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

in SEA to the date of the blood draw for dioxin.
b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-13. (Continued)
Analysis of Smile

~ ¢) MODEL 3 RANCH HAN'DS AND COM]’ARIS.NS ‘BY DIOXIN CATEGORY — UNABJUSTED

~ Est. Relative Risk
Dioxin Category 9% CcCL® . p-Va]me
Comparison
Background RH 373 0.5 1.58 (0.28,8.75) 0.603
Low RH 260 1.2 2.98 (0.66,13.48) 0.155
High RH 257 1.2 2.84 (0.62,12.94) 0.176
Low plus High RH 517 1.2 2.91 (0.81,10.45) 0.101

f MODEL 3. R.ANCH EANDS AND COMPARISONS BY DIOXIN CATEG{[RY ADJ'USI'ED

Dmin Category o : (95%CI.)"’ p-Value ' “‘Comriate:Ranarks.. _

Comparison 1,062

Background RH 373 1.58 (0.28,8.75) 0.603
Low RH 260 2.98 (0.66,13.48) 0.155
High RH 257 2.84 (0.62,12.94) 0.176
Low plus High RH 517 2.91 (0.81,10.45) 0.101

# Relative risk and confidence interval relative to Comparisons.

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-13. (Continued)
Analysis of Smile

NCH HANDS —

4 0.3 1.3 1.0 1.49 (0.97,2.28) 0.079
(294) (300) (296)

5 0.3 1.3 1.0 1.38 (0.93,2.05) 0.115
(299) (297) (294)

6 0.3 1.3 1.0 1.51 (0.99,2.31) 0.062
(298) (297) (294)

2 | 80  1490. 97228) ~0.079

5 890 1.38 (0.93,2.05) 0.115
6° 889 1.51 (0.99,2.31) 0.062

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

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

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

¢ Adjusted for log, total lipids.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Palpebral Fissure

- The unadjusted Model 1 analysis did not find a significant group difference in the
percentage of palpebral fissure abnormalities (Table 11-14(a): p>0.83 for all contrasts).
The unadjusted and adjusted analyses were identical because no covariates were retained in
the final model.

The unadjusted and adjusted Model 2 analyses did not reveal a s1gmﬁcant association
between initial dioxin and palpebral fissure (Table 11-14(c,d): p>0.87 for both analyses).
The adjusted model contained the covariate diabetic class.

The unadjusted Model 3 analysis of palpebral fissure abnormalities did not show any of
the Ranch Hand categories to differ significantly from the Comparison group (Table 11-
14(e): p>0.62 for all contrasts). The unadjusted analyses for Models 4 through 6 did not
reveal any significant associations between current dioxin and palpebral fissure (Table 11-
14(g): p>0.62 for all analyses). The adjusted and unadjusted results were identical in
Models 3 through 6 because no covariates were retained in the final models.

Balance

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
difference in the percentage of balance abnormalities (Table 11-15(a,b): p>0.24 for all
contrasts). The nonsignificance of these results must be interpreted with caution due to the
sparse number of balance abnormalities (0.5% of participants). Although not significant, the
adjusted relative risk for the enlisted groundcrew (the most highly exposed occupational
cohort) was nearly 4.00 (Table 11-15(b): p=0.244, Adj. RR=3.89, 95%
C.1.=[0.40,38.26]). The adjusted analysis contained age and diabetic class.

Initial dioxin was not associated significantly with balance in both the unadjusted and
adjusted Model 2 analyses (Table 11-15(c,d): p>0.41 for both analyses). The unadjusted
and adjusted Model 3 analyses did not find a significant difference between any of the Ranch
Hand categories and the Comparison group (Table 11-15(e,f): p>0.53 for all contrasts).
The unadjusted and adjusted analyses for Models 4 through 6 also were not significant
(Table 11-15(g,h): p>0.45 for all analyses). Each of the adjusted analyses for Modcls 2
through 6 contained the covariate age.

Gag Reflex

Statistical analyses for gag reflex were not performed because there was only one
participant with an abnormality. This individual also was the only participant with a deviated
jaw ciench and a deviated palate and uvula movement. Table 11-16(a-d) presents percentages -
of gag refiex abnormalities by group and dioxin category.

Speech

The unadjusted Model 1 analysis did not reveal a significant group difference in the
- percentage of speech abnormalities (Table 11-17(a): p>0.13 for all comparisons). Although
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Table 11-14.
Analysis of Palpebral Fissure

. a): MODEL 1. RANCHHANDS VS CGMPARISONS UNADJUSTED
: : : Est Relatlve R.lsk

(5% Cl)  p-Vale

1.01 (0.43,2.41) 0.999

Officer Ranch Hand 367 0.8 0.68 (0.17,2.74) 0.836
Comparison 501 1.2

Enlisted Flyer Ranch Hand 162 1.2 2.53 (0.23,28.10) 0.844
Comparison 203 0.5

Enlisted Groundcrew Ranch Hand 419 1.0 1.01 (0.29,4.12) 0.999
Comparison 576 0.9

h) MODEL 1: RANCH HANDS VS COMPARISONS ADJUS'I‘ED

Ad; Relative Risk Lo e e
Ow-pahona!Category S ®5%CL) = 'p-Valne . . Covariate Remarks

All 1.01 (0.43,2.41) 0.999
Officer 0.68 (0.17,2.74) 0.836
Enlisted Flyer 2.53 (0.23,28.10) 0.844
Enlisted Groundcrew 1.01 (0.29,4.12) 0.999
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Table 11-14. (Continued)

Analysis of Palpebral Fissure
o ¢ MODEL 2: RANCH HANDS — mnmmom—mnwmn o
ImtmlennCategorySummaryStnhsns - Am}ys.skmhsforug,anmalmomr
o Pecemt § Est:matedRelatweRtsk - .
lmtmllhoxm . TEEme L maamTeEy . -:=p:vmue
Low 174 0.6 1.05 (0.56,1.98) 0.876
Medium 173 1.2
High 170 1.2
d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
_____ ‘ Analys:snmlts e Lugz (Inmal Dloxm)"' :
: - Adl Rmem . L
n - (95% C.L)® £ _-:-_p-';Value : . Covariste Remuia
517 1.04 (0.55,1.94) 0.909 DIAB (p=0.080)

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

® Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-14. (Continued)
Analysis of Palpebral Fissure

o Est.Relatwelbsk o 2
Dioxin Category S n. s CI™ p-Value
Comparison 1,062 0.8
Background RH 373 1.1 1.35 (0.41,4.46) 0.624
Low RH 260 1.2 1.35 (0.36,5.04) 0.657
High RH 257 0.8 0.86 (0.18,4.04) 0.848

Low plus High RH 517 1.0 1.10 (0.36,3.32) 0.866

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSI‘ED

i :Ad| ‘Relative Risk i
Dioxin Category . (9% CL® p-Va!ue ;=Cnvamte Remarks

Comparison 1 062

Background RH 373 1.35 (0.41,4.46) 0.624
Low RH 260 1.35 (0.36,5.04) 0.657
High RH 257 0.86 (0.18,4.04) 0.848
Low plus High RH 517 1.10 (0.36,3.32) 0.866

2 Relative risk and confidence interval relative to Comparisons.

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dloxm <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-14. (Continued)
Analysis of Palpebral Fissure

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

= - Current Dioxin Category : 4 Ana!ysns Results for Log2
. : Percent Abnormal!(n) " (Ctn'rem Dioxin + 1)
Model® Medmm .. High (95%_,-(3-1-)"._.: S p—Valne
- 1.7 0.7 1.09 (0.70,1.68) 0.717
(294) (300) (296)
5 1.0 13 0.7 1.06 (0.72,1.56) 0.761
(299) (297) (294)
6° 1.0 1.3 0.7 1.11 (0.73,1.68) 0.629
(298) (297) (294)
h) MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
: | o  Analysi ResultsforLogz(CnrrentDmm+ D
Mﬁd‘ n .p-Valne . :‘. : . Cnmnatekemarks
4 890 1.09 (0.70,1.68) 0.717
5 890 1.06 (0.72,1.56) 0.761
6° 889 1.11 (0.73,1.68) 0.629

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

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

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

¢ Adjusted for log, total lipids.

Note: Model 4: Low = <8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = <46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-15.
Analysis of Balance

S p-Valne

All Ranch Hand
Comparison
Officer Ranch Hand
Comparison

Enlisted Flyer Ranch Hand 162 0.0 - 0.332
Comparison 203 15

Enlisted Groundcrew Ranch Hand 419 0.7 4.15 (0.43,40.01) 0.408
Comparison 576 0.2

1.13 (0.34,3.70) 0.999

1.37 (0.19,9.76) 0.999

MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

Adj. Relative Ris

Occupational Category ~ (95% C.1. _ Covariate Remarks® =

All 1.03 (0.31,3.43) 0.960 AGE (p=0.022)
Officer 1.18 (0.16,8.55) 0.872 HIGXH G e
Enlisted Flyer s s

Enlisted Groundcrew 3.89 (0.40,38.26) 0.244

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

--:  Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-15. (Continued)
Analysis of Balance

“f) MODEL 2 RANCH HANDS INI'HALBIOX]N UNABJUS'I:ED
Imtlal Dloﬁn Category Smnmary Statlshcs | Analys:s Results for Logz ﬂmﬁa] Dioxin)®

L Percent || Est:matedkelaﬁvem -
ImﬁalDronn ~m Abnormal 95%C1® = pValue
Low 174 0.6 1.14 (0.51,2.51) 0.757
Medium 172 0.0
High 170 1.2

d) MODEL 2: RANCH HANDS lNITIAL DIOXIN — ADJUSTED

. " AnalysasanﬂtsforLog,([nimlem)‘ :
- Adj Re!atlveR:sk o 2 e
n > os=c: -p-';-Valne - Covariate Remarks
516 1.42 (0.63,3.19) 0.414 AGE (p=0.059)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-15. (Continued)
Analysis of Balance

¢ MODEL \NCH HANDS AND COMPARISONS BY DIOXIN cameo Y -

Dioxin Category

Comparison 1,061

Background RH 373 0.5 1.19 (0.23,6.29) 0.836
Low RH 259 0.4 0.71 (0.08,6.15) 0.755
High RH 257 0.8 1.31 (0.23,7.41) 0.760
Low plus High RH 516 0.6 1.01 (0.23,4.43) 0.994

f) MOI)EL_ 3: RANCH KANDS AND COMPARISONS BY BIOXiN CATEGORY ADJUSTED -

S ;;:Adj:iiékeﬁtiw;Ri‘sk

. rCﬁmﬁate:inglm

}hnmeategory oo @5%CL* ,

Comparison 1,061 AGE (p=0.023)
Background RH 373 1.10 (0.21,5.83)  0.912

Low RH 259 0.61 (0.07,5.45)  0.662

High RH 257 1.72 (0.31,9.61)  0.539

Low plus High RH 516 1.06 (0.24,4.70) 0.935

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-15. (Continued)
Analysis of Balance

g}ME)DELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

- ~ Current Dioxin Category i - Analysis Rsulfs for Log,
- _ Percent Abnormal/(n) . § (Curent Dwxm +1)
S e s Est. Relative Risk S
ModeP |  Low . 5% CIP  pValue
4 0.3 0.7 0.7 1.08 (0.60,1.95) 0.788
(294) (300) (295)

5 0.3 0.3 1.0 1.10 (0.66,1.84) 0.717
(299) (296) (294)

6° 0.3 0.3 1.0 1.05 (0.60,1.83) 0.877
(298) (296) (294)

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

~ Analysis Results for Lngz {Cnn'ent Dioxin + I)

. L Aq; Relative Risk .
ModeP | n - (95%C1)® pValpe Covanate Runarks
4 889 1.26 (0.66,2.42) 0.490 AGE (p=0.014)

5 889 1.25 (0.70,2.22) 0.455 AGE (p=0.013)
64 888 1.20 (0.65,2.24) 0.565 AGE (p=0.014)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-16.
Analysis of Gag Reflex

.~ 2) MODEL I: RANCH HANDS VS. COMPARISONS

G .

Percent
Abnormal

All

Officer

Enlisted Flyer

Enlisted Groundcrew

Ranch Hand 948
Comparison 1,280

Ranch Hand 367
Comparison 501

Ranch Hand 162
Comparison 203

Ranch Hand 419
Comparison 576

0.1
0.0

0.0
0.0

0.0
0.0

0.2
0.0

Initial Dioxin

b) MODEL 2: RANCH HANDS — INITIAL DIOXIN

- Initial Dioxin Category Summary Statistics

Pércent
Abnormal

Medium
High

174
173
170

Note: Low = 39-98 ppt

; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-16. (Continued)
Analysis of Gag Reflex

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

- o . Neew
Dioxin Category e Abnormal
Comparison 1,062 0.0
Background RH 373 0.0
Low RH 260 0.0
High RH 257 0.4
Low plus High RH 517 0.2

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

Current Dioxin Category
Percent Abnormal/(n)

Model® Low Medium =  High
4 0.0 0.0 0.3
(294) (300) (296)

5 0.0 0.0 0.3
(299) (297) (294)

6 0.0 0.0 0.3
(298) (297) (294)

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

Note: Model 3: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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none of the contrasts were significant, the estimated relative risk for the overall group
contrast exceeded 4.00, and the estimated relative risk within the enlisted groundcrew
stratum was greater than 5.00 (Table 11-17(a): p=0.133, Est. RR=4.07, 95%
C.1.=10.82,20.21]; p=0.205, Est. RR=5.54, 95% C.1.=[0.62,49.77] respectively). These
results should be interpreted with caution due to the sparse number of abnormalities.

To increase statistical power for the enlisted strata, additional unadjusted and adjusted
Model 1 analyses were conducted with the enlisted flyers and enlisted groundcrew combined
into one stratum. This unadjusted analysis did not reveal a significant difference between the
Ranch Hands and Comparisons (Appendix Table G-5-2(a): p>0.10 for all contrasts) even
though the estimated relative risk for the enlisted stratum was greater than 6 (Appendix Table
G-5-2(a): p=0.109, Est. RR=6.75, 95% C.I.=[0.79, 57.96]). The adjusted analysis
combining enlisted flyers and enlisted groundcrew revealed a marginally significant overall
group difference in the percentage of speech abnormalities (Table G-5-2(b): p=0.068, Adj.
RR=3.98, 95% C.I.=[0.80, 19.91]). Stratifying by occupation also revealed a marginally
significant group difference for the enlisted participants (Table G-5-2(b): p=0.090, Adj.
RR=6.55, 95% C.1.=[0.74, 57.62]). The final model for this adjusted analysis contained
the covariates age and occupation.

After adjusting for age, the overall group contrast in the Model 1 analysis of speech
abnormalities became marginally significant (Table 11-17(b): p=0.063, Adj. RR=4.06,
95% C.1.=[0.81,20.20]). The relative risk for the entisted groundcrew remained greater
than 5.00 and nonsignificant in the adjusted analysis (Table 11-17(b): p=0.132, Adj.
RR=5.45, 95% C.1.=[0.60,49.56]).

The unadjusted and adjusted Model 2 analyses did not reveal a significant association
between initial dioxin and speech (Table 11-17(c,d): p=0.47 for both analyses). Age was
the only covariate retained in the adjusted analysis.

The unadjusted Model 3 analysis revealed significantly or marginally significantly more
speech abnormalities in the low, high, and iow plus high Ranch Hand categories than in the
Comparison group (Table 11-17(e): p=0.077, p=0.076, and p=0.023 respectively). There
were no speech abnormalities in the Comparison group and two speech abnormalities (0.8%)
in each of the low and high categories. Relative risk estimates were not calculated because
there were no abnormalities in the Comparison group. The statistical significance of these
results should be interpreted with caution because the analysis was not adjusted for percent
body fat at the time of duty in SEA and change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin. An adjusted analysis was not conducted
because the Comparison group had no abnormalities. .

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

association between current dioxin and speech (Table 11-17(g,h): p>0.44 for all analyses).
Each of the adjusted analyses contained age and occupation.
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Table 11-17.
Analysis of Speech

a) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED
— —— e Pocit Esi RebtiecREE

Oem@ﬁﬁonal'-Categbry];. Gmup v _-';;_n' Abnormal . OS%CL) = 'p-Valner,_,

All Ranch Hand 948 0.6 4.07 (0.82,20.21) 0.133
Comparison 1,280 0.2

Officer Ranch Hand 367 0.3 1.37 (0.09,21.91) 0.999
Comparison 501 0.2

Enlisted Flyer Ranch Hand 162 0.6 - 0.910
Comparison 203 0.0

Enlisted Groundcrew Ranch Hand 419 1.0 5.54 (0.62,49.77) 0.205
Comparison 576 0.2

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

o ; Adj. Relative Risk ' ; e phae
Occupational Category 5% Cl)y . p-Value - Covariate Remarks®
All 4.06 (0.81,20.20) 0.063 AGE (p=0.004)
Officer 1.40 (0.09,22.59) 0.814
Enlisted Flyer - -

Enlisted Groundcrew 5.45 (0.60,49.56) 0.132

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

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-17. (Continued)
Analysis of Speech

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

Imtlallhomeategory SnmmaryStaﬁst:cs - Am}ys;smsnnsf'tmg,anmmnm-

- - FstlmatedRelatlveRxsk - -
Initial Dioxin  n ; 5% C.LY  pValie
Low 174 0.6 1.11 (0.54,2.26) 0.777
Medium 173 0.6
High 170 1.2

d) MODEL 2. RANCH H.ANI)S INITIAL DIOX!N - ADJ'USTED

- _ AnalysasResults for[.og,([umall)loxm)" o
A Adj. Relative Risk (95% cIy pValue  Covariate Remarks
517 1.33 (0.63,2.79) 0.470 AGE (p=0.089)

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

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

b Relative risk for a twofold increase in initial dioxin.

¢ Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of the blood draw for dioxin, and covariates specified under "Covariate Remarks" column.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-17. (Continued)

Analysis of Speech
e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJ‘USI’ED
o ~ Percent EsthahveRlsk o

Dioﬁn"Category . - TEm s cir :P;Vﬂ"“e :
Comparison 1,062 0.0

Background RH 373 0.3 3 0.520

Low RH 260 0.8 < 0.077
High RH 257 0.8 £ 0.076

Low plus High RH 517 0.8 K. 0.023

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

Ad,). Relative Risk :
Dioxin Categm_-.y S (95% C.1)* p-Value . Covnriate Rmﬁu’ks

Comparison --

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

# Relative risk and confidence interval relative to Comparisons.

b P-value equals two times the p-value obtained from a one-sided Fisher’s exact test. This p-value is not
adjusted for percent body fat at the time of duty in SEA or change in percent body fat from the time of duty in
SEA to the date of the blood draw for dioxin.

--: Adjusted relative risk and confidence interval not presented due to the sparse number of abnormalities;
adjusted analyses not performed due to the sparse number of abnormalities.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-17. (Continued)

Analysis of Speech
g)MODELS4 5, AND 6: RANCH HANDS — CURRENTDIOXIN—UNADJUSTED
1 Current Dmxin Category || ~ Analysis Results for Log,
: o (Cm'rentlhonn s § B
Model® | ‘(95-% C-I-)" ~_ p-Value
4 3 1.24 (0.71,2.18) 0.461
(294) (300) (296)
5 0.3 0.7 0.7 1.22 (0.73,2.03) 0.446
(299) (297) (294)
6° 0.3 0.7 0.7 1.21 (0.70,2.10) 0.490
(298) (297) (294)
h MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
i :Analys:s Results for Logz (Cm'tent Dmxm + 1)
' ' Adj . Relative Risk .
ModeP? n (95% C.L)° p-Value : ‘Covariate Remarks
4 890 1.05 (0.57,1.92) 0.882 AGE (p=0.019)
OCC (p=0.034)
5 890 1.05 (0.62,1.78) 0.858 AGE (p=0.014)
OCC (p=0.034)
64 889 1.04 (0.58,1.85) 0.903 AGE (p=0.014)
OCC (p=0.034)

4 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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e e A e e

Palate and Uvula Movement

Statistical analyses were not conducted because there was only one participant with a
deviated palate and uvula movement. This individual also was the only participant with a

-deviated jaw clench and an abnormal gag reflex. Table 11-18(a-d) displays percentages of .

deviated palate and uvula movement by group and dioxin category.
Neck Range of Motion |

The unadjusted Model 1 analysis of neck range of motion did not show the Ranch

 Hands and Comparisons to differ significantly (Table 11-19(a): p>0.14 for all contrasts).

The relative risk for the overall group contrast remained nonsignificant after adjusting for
age, race, and occupation (Table 11-19(b): p=0.919). However, stratifying the adjusted
analysis by occupation revealed a marginally significant group difference within the enlisted
flyer stratum (Table 11-19(b): p=0.067, Adj. RR=0.58, 95% C.1.=[0.33,1.04]). For the
enlisted flyers, Ranch Hands had fewer abnormalities than Comparisons (Table 11-19(a):
14.2% versus 20.7%).

The unadjusted and adjusted Model 2 analyses did not reveal a significant association
between initial dioxin and neck range of motion (Table 11-19(c,d): p=0.34 for both
analyses). The adjusted final model contained diabetic class and an age-by-occupation
interaction. :

The unadjusted Model 3 analysis of neck range of motion did not show a significant
contrast between any of the Ranch Hand categories and the Comparison group (Table
11-19(e): p>0.44 for all contrasts). The categorized dioxin-by-occupation interaction was
retained in the adjusted Model 3 anaiysis (Table 11-19(f): p=0.021). Appendix Table G-2-4
presents adjusted results stratified by occupation. In addition to this interaction, the final
adjusted model included age. When the categorized dioxin-by-occupation interaction was
removed from the final model, the adjusted analysis did not reveal any significant contrasts
(Table 11-19(f): p>0.22 for all contrasts).

For Models 4 through 6, the unadjusted and adjusted analyses did not detect a
significant association between current dioxin and neck range of motion (Table 11-19(g,h):
p>0.11 for all analyses). Each of the adjusted analyses contained insecticide exposure and
two covariate-by-covariate interactions: age-by-occupation and occupation-by-lifetime
alcohol history. The adjusted relative risk for lipid-adjusted current dioxin and for whole-
weight current dioxin became significantly greater than 1.00 in Models 4 and 5 when
occupation was removed from both of the final models (Appendix Table G-3-5(c): p=0.049,
Adj. RR=1.16, 95% C.I.=[1.00,1.35] for Model 4; p=0.045, Adj. RR=1.14, 95%
C.1.=[1.00,1.29] for Model 5). The adjusted relative risk for whole-weight dioxin became
marginally greater than 1.00 when total lipids was forced into the adjusted Model 6 analysis
excluding occupation (p=0.075, Adj. RR=1.13, 95% C.1.=[0.99,1.30]).
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Table 11-18.
Analysis of Palate and Uvula Movement

All Ranch Hand 948 0.1

Comparison 1,280 0.0
Officer Ranch Hand 367 0.0
Comparison 501 0.0
Enlisted Flyer Ranch Hand 162 0.0
Comparison 203 0.0
Enlisted Groundcrew Ranch Hand 419 0.2
Comparison 576 0.0

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-18. (Continued)
Analysis of Palate and Uvula Movement

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

L e e e Pevest
Dioxin Category - oam e  Deviated
Comparison 1,062 0.0
Background RH 373 0.0

Low RH 260 0.0

High RH 257 0.4

Low plus High RH 517 0.2

d) MODEIS4,5 AND 6: RANCH HANDS — CURRENT DIOXIN

Current. Dioxin Cﬂegory
- o : o Percenthatedl(n) S
4 0.0 0.0 0.3
(294) (300) (296)
5 0.0 0.0 0.3
(299) (297) (294)
6 0.0 0.0 0.3
(298) (297) (294)

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

Note: Model 3: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-19.
Analysis of Neck Range of Motion

All Ranch Hand 947 14.4 1.04 (0.82,1.32) 0.808
Comparison 1,280 13.9

Officer Ranch Hand 367 18.3 1.19 (0.83,1.71) 0.381
Comparison 501 15.8

Enlisted Flyer Ranch Hand 162 14.2 0.63 (0.36,1.11) 0.141
Comparison 203 20.7

Enlisted Groundcrew Ranch Hand 418 11.0 1.13 (0.75,1.70) 0.645
Comparison 576 9.9

All 1.01 (0.79,1.31) 0.919 AGE (p<0.001)
Officer 1.19 (0.82,1.74) 0.362 R&%E(;p :OOI(B‘S;)
Enlisted Flyer 0.58 (0.33,1.04) 0.067
Enlisted Groundcrew 1.14 (0.73,1.76) 0.571

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-19. (Continued)
Analysis of Neck Range of Motion

c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNANUSI‘ED
: 'Analys:s Resnlts forLog, (Imtml Bmm)ﬂ
| 2 e ‘

Inmnmm 5 Avmocom | _ ‘(_95% cip  pValue
Low 174 17.2 0.91 (0.76,1.10) 0.340
Medium 173 12.7

High 169 14.2

) MGDELJZ RANCHHANDS mTI‘IALDIOXIN—-ADJUSTED

i Analysis R!sulis for Log; (Inmal Dioxin)° | o .
n Adj. Relatwe RSkt s -3 Covariate Remarks
516 1.02 (0.81,1.29) 0.867 DIAB (p=0.117)

AGE*OCC (p=0.022)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-19. (Continued)
Analysis of Neck Range of Motion

o e) MGDEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADIUSI'ED

 Percent  Est. Relative Risk -
Dioxin Category m Abpormal  (95% C.L® ]:Wa!ne
Comparison 1,062 132
Background RH 373 13.4 1.07 (0.75,1.52) 0.702
Low RH 260 15.8 1.16 (0.79,1.70) 0.446
High RH 256 13.7 1.01 (0.67,1.51) 0.976
Low plus High RH 516 14.7 1.08 (0.80,1.47) 0.605

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DI()XIN CATEGORY ADJUSTED

. Aﬂj. Relative Rlsk G o
Dloxm Category ‘n (95% C.Ly* p-Value . Co-variate Runaﬂns”- :
Comparison 1,062 DXCAT*OCC (p=0.021)
AGE (p=0.023)
Background RH 373 0.98 (0.68,1.42)** (0.919**
Low RH 260 1.04 (0.70,1.56)** 0.836**
High RH 256 1.32 (0.84,2.05)** 0.225**
Low plus High RH 516 1.15 (0.83,1.59)** (.399**

# Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-24 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-19. (Continued)
Analysis of Neck Range of Motion

2 MODES 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUS'I‘ED

Current Dioxin Category - Analysis Results for Logz
Pereent Abnomall(n) (Cm'rent Dlom + l)
Model* | Low -M_edim o High ©95% C.L)® p-Value

4 12.6 17.0 12.9 1.01 (0.89,1.15) 0.832
(294) (300) (295)

5 12.7 15.8 14.0 1.03 (0.92,1.15) 0.650
(299) (297) (293)

6° 12.8 15.8 14.0 1.00 (0.89,1.13) 0.968
(298) 297) (293)

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

Analysis Results for Lng,, (Current Dioxin + 1)

Adj. Relative Risk
ModeF| m = (95%C.L)® p-Value Covariate Remarks

- 869 1.14 (0.96,1.35) 0.127 INS (p=0.124)
AGE*OCC (p<0.001)
OCC*DRKYR (p=0.008)

3 869 1.12 (0.97,1.30) 0.112 INS (p=0.123)
AGE*OCC (p<0.001)
OCC*DRKYR (p=0.008)

64 868 1.12 (0.95,1.31) 0.166 INS (p=0.123)
AGE*OCC (p<0.001)
OCC*DRKYR (p=0.008)

% Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Cranial Nerve Index without Range of Motion

The unadjusted Model 1 analysis of the cranial nerve index without range of motion did
not show a significant overall group difference (Table 11-20(a): p=0.266). However,
stratifying the unadjusted analysis by occupation revealed a significant group difference
within the ‘enlisted groundcrew stratum (Table 11-20(a): p=0.012, Est. RR=2.44, 95%
C.1.=[1.25,4.78]). Ranch Hand enlisted groundcrew were more than twice as likely as
‘Comparison enlisted groundcrew to have abnormalities (5.8% versus 2.4%).

The adjusted Model 1 analysis contained a significant interaction between group and
occupation (Table 11-20(b): p=0.034). In addition to this interaction, the final model
included four covariates: age, lifetime alcohol history, insecticide exposure, and diabetic
class. The adjusted relative risk for the overall group contrast was not significant when the
group-by-occupation interaction was removed from the final model (Table 11-20(b):
p=0.395). The relative risk for the enlisted groundcrew remained significant when the
adjusted analysis was stratified by occupatlon (Table 11-20(b): p=0.014, Adj. RR=2.36,
95% C.1.=[1.19,4.71].

For Model 2, the unadjusted analysis did not reveal a significant association between
initial dioxin and the cranial nerve index without range of motion (Table 11-20(c):
p=0.619). The adjusted Model 2 analysis retained initial dioxin-by-age and initial dioxin-by-
diabetic class interactions (Table 11-20(d): p=0.033 and p=0.003 respectively). Appendix
Table G-2-5 presents adjusted results stratified separately by age and diabetic class. After
rémoving the initial dioxin-by-age and initial dioxin-by-diabetic class interactions from the
final model, the adjusted Model 2 analysis did not reveal a significant association between
initial dioxin and cranial nerve index without range of motion (Table 11-20(d): p=0.335).

The unadjusted Model 3 analysis of the cranial nerve index without range of motion did
not find a significant difference between any of the Ranch Hand categories and the
Comparison group (Tabie 11-20(e): p>0.11 for all contrasts). The interaction between
categorized dioxin and occupation was included in the adjusted Model 3 analysis (Table 11-
20(d): p=0.017). Appendix Table G-2-5 presents adjusted results stratified by occupation.
In addition to the categorized dioxin-by-occupation interaction, the adjusted analysis
contained age, diabetic class, and insecticide exposure. Without the categorized dioxin-by-
occupation interaction in the final model, the adjusted Model 3 analysis did not show any of
the Ranch Hand categories to be significantly different from the Companson group (Table
11-20(f): p>0.25 for all contrasts).

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
association between current dioxin and the cranial nerve index without range of motion
(Table 11-20(g,h): p>0.68 for all analyses). Each of the adjusted analyses contained age,
occupation, and a diabetic class-by-insecticide exposure interaction.
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Table 11-20.
Analysis of Cranial Nerve Index without Range of Motion

a) MODEL 1: RANCH HANDS VS, COMPARISONS BNANUSTEB

o Percent 3-'}_1?: Est. RelahveRrsk _
OcmpahonalCategory Gmnp _ Abnormal (5% CL) ,,p-Value::

All Ranch Hand 945 4.6 1.30 (0.85,2.00) 0.266
Comparison 1,276 3.5

Officer Ranch Hand 366 3.8 0.86 (0.44,1.71) 0.801
Comparison 499 4.4

Enlisted Flyer Ranch Hand 162 % 3 | 0.69 (0.23,2.09) 0.695
Comparison 203 4.4

Enlisted Groundcrew Ranch Hand 417 5.8 2.44 (1.25,4.78) 0.012
Comparison 574 2.4

_b) MODEL 1: mcnmnsvs cowamsons ADJUSTED

- Adj. Relative Risk : S o
Occupational Category G (R Ty -p—Value‘ - Covariate Remarks®
All 1.21 (0.78,1.87)** 0.395%* GROUP*OCC (p=0.034)

AGE (p<0.001)
Officer 0.79 (0.39,1.57) 0.495 DRKYR (p=0.138)
Enlisted Flyer 0.62 (0.20,1.91) 0.404 INS (p=0.019)

DIAB (p=0.014)
Enlisted Groundcrew 2.36 (1.19,4.71) 0.014

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

** Group-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and p-value
derived from a model fitted after deletion of this interaction.
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Table 11-20. (Continued)
Analysis of Cranial Nerve Index without Range of Motion

Estimated Relative Risl c .
- esxclyY p-Value

Low 174 5.7 1.08 (0.80,1.46) 0.619
Medium 172 2.3
High 169 6.5
d) MOBEL 2 RANCH HANDS — INITIAL DIOXIN — ADJUSTED
e n :.3AnalysisleltsforLog:(Imualenn)° ' '
» Adj. Relatlve Rlsk ©5%CI1)®  pValne Covariate Remarks
515 1.19 (0.84,1.70)** 0.335%* INIT*AGE (p=0.033)

INIT*DIAB (p=0.003)

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

b Relative risk for a twofold increase in initial dioxin.

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

** Log, (initial dioxin)-by-covariate interactions (p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table G-2-5 for
further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-20. (Continued)
Analysis of Cranial Nerve Index without Range of Motion

e) MODEL 3' RANCH HA‘NDS AND COMPARISONS BY DIOXIN CATEGORY WADJUSI'ED :

 Percent " _.‘ZjEst. Relative Risk _
Dioxin Category . _ Abnormal . eswmcL®» paVatne -
Comparison 1,058 33
Background RH 372 4.3 1.32 (0.72,2.43) 0.368
Low RH 259 5.4 1.66 (0.88,3.14) 0.119
High RH 256 4.3 1.31 (0.65,2.62) 0.450
Low plus High RH 515 4.9 1.48 (0.88,2.51) 0.142

0 MODEL 3: RANCH HANDS AND COMPARISONS BY DIOX]N CATEGORY ADJUSTED

_ Adj. Relative Risk : .

Dioxin Category (95% C.Ly* p-Value : Covanate Remarks

Comparison DXCAT*OCC (p=0.017)
AGE (p=0.002)

Background RH 371 1.26 (0.67,2.36)** 0.476** DI?SB (P=0°(-);§Il)

Low RH 259  1.46 (0.76,2.79)** 0.255%* g

High RH 256 1.27 (0.61,2.62)** 0.520%*

Low plus High RH 515  1.37 (0.80,2.35)%* (0.253%+

* Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-5 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-20. (Continued)
Analysis of Cranial Nerve Index without Range of Motion

g)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

. CmmtihoxinCategory -;;'_;_'___._""AmlysnsRﬁnltsforLogz
: Pu'cent Abmmal!(n) i : +
ModeP® | :Lfoiv?*f  Mediom  High || o
4 4.1 Dt 4.1 1.05 (0 84,1. 29) 0.683
(293) (300) (294)
5 4.4 5.1 4.4 1.03 (0.85,1.24) 0.782
(298) (296) (293)
6° 4.4 3.1 4.4 1.02 (0.83,1.24) 0.884
(297) (296) (293)

h)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

: - Analysis Results for Log, (Current D:oxm =+ 1)
: S Adj. Relai:vemsk L S '
ModeFF | n : - (95% C.L)  p-Valoe ' CovanatefRunarks

4 886 0.97 (0.77,1.24) 0.815 AGE (p=0.049)
OCC (p=0.020)
DIAB*INS (p=0.013)

5 886 0.96 (0.79,1.18) 0.713 AGE (p=0.050)
0CC (p=0.017)
DIAB*INS (p=0.013)

64 885 0.96 (0.77,1.19) 0.693 AGE (p=0.050)
0CC (p=0.018)
DIAB*INS (p=0.013)

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

b Relative risk for a twofold increase in current dioxin.

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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‘Physical Examination Variables: Peripheral Nerve Status
Pin Prick

- ‘The unadjusted and adjusted Model 1 analyses of pin prick did not reveal a significant
- difference between the Ranch Hands and Comparisons (Table 11-21(a,b): p>0 19 for all
. contrasts). The adjusted model retained age and diabetic class. -

‘ The unadjusted and adjusted analyses for Model 2 did not reveal a significant
association between initial dioxin and pin prick (Table 11-21(c,d): p>0.60 for both
analyses). The adjusted analysis included diabetic class and an age-by-occupation interaction.

The unadjusted and adjusted Model 3 results of pin prick analyses did not show any of
the Ranch Hand categories to be significantly different from the Comparison group (Table
-11-21(e,f): p>0.36 for all contrasts). Age and diabetic class were significant covariates in

¥ the adjusted analysis.

The unadjusted analyses for Models 4 through 6 revealed a marginally significant

- . positive association between current dioxin and pin prick (Table 11-21(g): p=0.079, Est.

- RR=1.19, 95% C.1.=2[0.98,1.44]; p=0.064, Est. RR=1.18, 95% C.1.=[0.99,1.40]; and
- p=0.079, Est. RR=1.18, 95% C.1.=[0.98,1.42] for Models 4, 5, and 6 respectively).

‘ Each of the adjusted analyses for Models 4 through 6 contained a significant current

¢ dioxin-by-diabetic class interaction (Table 11-21¢h): p=0.006, p=0.014, and p=0.011 for
Models 4, 5, and 6 respectively). Appendix Table G-2-6 presents adjusted results stratified
by diabetic class for each of the three models. In addition to the current dioxin-by-diabetic
class interaction, each of the adjusted analyses for Models 4 through 6 included two
covariate-by-covariate interactions: age-by-occupation and occupation-by-diabetic class. In
contrast to the unadjusted results, the adjusted analyses of Models 4 through 6 did not reveal
a significant association between current dioxin and pin prick when the current dioxin-by-
diabetic class interaction was removed from each of the adjusted models (p>0.18).

The adjusted results for Models 4 through 6 changed when occupation and diabetic class
were removed from the final models. Without occupation and diabetic class, each of the
adjusted analyses revealed a significant positive association between current dioxin and pin

| prick (Appendix Table G-3-7(c): p=0.014, Adj. RR=1.30, 95% C.1.=[1.06,1.59];

p=0.013, Adj. RR=1.26, 95% C.I.=[1.05,1.52]; and p=0.014, Adj. RR=1.28, 95%
C.1.=[1.05, 1.57] for Models 4, 5, and 6 respectively).

Light Touch
For Model 1, the unadjusied and adjusted analyses of light touch did not show a
significant difference between Ranch Hands and Comparisons (Table 11-22(a,b): p>0.13

for all contrasts). The adjusted model included age, diabetic class, and lifetime alcohol
history.
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Table 11-21.
Analysis of Pin Prick

| a) MODEL 1. RANCH HANDS VS. COMPARISONS UNABJUSI’ED

e - G : fj'ff': Pmt ESL Rﬂlﬂhﬂ RISk

Occupaﬁonal Cntegory Gmnp - n :._ Abnomml o T asel '-p-Valne :

All Ranch Hand 908 55 1.02 (0.70,1.48) 0.999
Comparison 1,217 5.4

Officer Ranch Hand 348 5.5 0.99 (0.54,1.82) 0.999
Comparison 473 5.5

Enlisted Flyer Ranch Hand 156 5.1 0.57 (0.24,1.35) 0.275
Comparison 195 8.7

Enlisted Groundcrew Ranch Hand 404 53 1.38 (0.76,2.50) 0.359
Comparison 549 42

b) MODEL 1: RANCHHANDS VS. COMPARISONS — ADJUSTED

o A ReativeRisk Sl |
mmmuum&tegory {95% C1.) p—Valne_-f . Covariate Remarks®

All 0.98 (0.67,1.43) 0.911 AGE (p<0.001)
Officer 0.93 (0.50,1.72) 0.819 ¥ et
Enlisted Flyer 0.56 (0.23,1.34) 0.194
Enlisted Groundcrew 1.36 (0.74,2.48) 0.317

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-21. (Continued)
Analysis of Pin Prick

(95% C.I )’°

Low 163 6.7 0.97 (0.74,1.27) 0.832
Medium 165 6.1
High 163 6.1

d) MOBEL 2' RANCH 'HANDS — INITIAL DIOXIN ADJUSTED
Analys:s Results for I.og, (Inma] Dloxm)"'

S : Ad,) Relauvelhsk
» (95%01.)" :

491 0.92 (0.66,1.28) 0.604 DIAB (p=0.034)
AGE*OCC (p=0.022)

.S:P"V“l“.ﬁ. L Cnvanate Runarks

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-21. (Continued)
Analysis of Pin Prick

~¢) MODEL 3: RANCH EANDS AND COMPARISONS BY DIGX!N CATEGORY — [NADJUSTED_ .

p-Value

Comparison 1,013 5.4

Background RH 361 4.4 0.93 (0.52,1.65) 0.795
Low RH 245 7.3 1.29 (0.74,2.26) 0.363
High RH 246 53 0.86 (0.46,1.62) 0.642
Low plus High RH 491 6.3 1.07 (0.68,1.70) 0.768

f) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CA’I'EG(IRY ADJ'US’I‘E])

, Adj.kdauvekzsk e
DioxinCategory n (95% C.L)y™ p—Vﬁlue- s Covariatekﬂnarlm

Comparison 1,013 AGE (p=0.003)
DIAB (p=0.039)

Background RH 360 0.88 (0.49,1.58)  0.672

Low RH 245 1.19 (0.68,2.08)  0.552

High RH 246 0.92 (0.49,1.75)  0.803

Low plus High RH 491 1.06 (0.67,1.69)  0.804

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-21. (Continued)

Analysis of Pin Prick
) MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED
e Cnrrent Dioxin Category s Analymskaults for I.ogz
Percent Abnorma!!(n) - . (Current Bmxln +1)
% - = o Est.RelatlveRask
‘ModeP Low . Mefium High | BS%CIY . pValee
kS 2.8 8.5 3.3 1.19 (0.98,1.44) 0.079
(285) (284) (283)
i 3.8 6.8 6.0 1.18 (0.99,1.40) 0.064
(292) (279) (281)
6° 3.8 6.8 6.0 1.18 (0.98,1.42) 0.079
(291) (279) (281)

h}MODELSd 5 AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
: Analys:s Results for Log, {Cum:nt Dmxm + 1)

- . Ad} RehtlveR:sk _ :
ModeP | n 5% CI)y p-Value  Covariate Remarks

4 851 1.17 (0.91,1.50)** 0.220+* CURR*DIAB (p=0.006)
AGE*OCC (p=0.025)
OCC*DIAB (p=0.002)

5 851 1.15 (0.93,1.43)** 0.195** CURR*DIAB (p=0.014)
AGE*OCC (p=0.021)
OCC*DIAB (p=0.003)

6¢ 850 1.17 (0.92,1.48)** 0.186** CURR*DIAB (p=0.011)
AGE*OCC (p=0.032)
OCC*DIAB (p=0.003)

2 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
9 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (p <0.05); adjusted relative risk, confidence
interval, and p-value derived from a model fitted after deletion of this interaction; refer to Appendix
Table G-2-6 for further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-22.
Analysis of Light Touch

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

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

All Ranch Hand 908 3.1 1.33 (0.88,2.01) 0.217
Comparison 1,217 3.9

Officer Ranch Hand 348 4.6 1.09 (0.56,2.14) 0.934
Comparison 473 4.2

Enlisted Flyer Ranch Hand 156 4.5 1.10 (0.39,3.10) 0.999
Comparison 195 4.1

Enlisted Groundcrew Ranch Hand 404 5.7 1.68 (0.90,3.14) 0.134
Comparison 549 3.5

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

~ Adj. Relative Risk .
Occupational Category = (95% Cl1) p-Value  Covariate Remarks®
All 1.23 (0.80,1.88) 0.347 AGE (p<0.001)
DIAB (p=0.060)
Officer 0.80 (0.44,1.46) 0.465 DRKYR (p=0.149)
Enlisted Flyer 1.07 (0.46,2.47) 0.874
Enlisted Groundcrew 1.26 (0.73,2.16) 0.413

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-22. (Continued)
Analysis of Light Touch

:_ c) MODEL 2- RANCHHANDS

AL DIOXIN — UNADJUSTED

ioxin)*

_pValue

. essciy

Low 163 4.9 0.97 (0.72,1.29) 0.821
Medium 165 6.7
High 163 4.9

Cova"_riate ‘Remarks

491 0.97 (0.72,1.29) 0.821

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

b Relative risk for a twofold increase in initial dioxin.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-22. (Continued)
Analysis of Light Touch

e} MODEL 3: RANCH HANDS AND COMPARISONS 13‘1 DIOX]N CATEGORY — UNADJUSTED

p—Val'ue’ "

Comparison 1,013 4.1

Background RH 361 4.4 1.23 (0.68,2.23) 0.500

Low RH 245 5.7 1.30 (0.69,2.43) 0.412 |
High RH 246 5.3 1.15 (0.60,2.19) 0.678

Low plus High RH 491 5.5 1.22 (0.74,2.02) 0.433

) MODEL 3' RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — ADJUSTED
: Adj Relative Risk S e

DinxinCategory . m (®5%CIL)* pValue cDma:enm -
Comparison 1,013 AGE (p<0.001)
Background RH 361 1.15 (0.63,2.09)  0.646

Low RH 245 1.22 (0.65,2.28)  0.544

High RH 246  1.33(0.69,2.56)  0.394

Low plus High RH 491 1.27 (0.76,2.10)  0.358

 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-22. (Continued)
Analysis of Light Touch

g2 MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED

Current Dioxin Category :‘“ : Annlys:s Results for Logz ______
: _Percent Abnormal/m) s (Current Dmxm + 1)
e o Est. Relative Risk
Model* Low Medium High || 95% C.1)°> p-Value
4 3.5 6.3 5.3 If 1.12 (0.92,1.38) 0.264
(285) (284) (283)
5 4.1 4.7 6.4 1.14 (0.95,1.36) 0.165
(292) (279) (281)
6° 4.1 4.7 6.4 1.10 (0.91,1.34) 0.335
(291) (279) (281)

Analysxs Results for Logz (Current Dioxin +D

Ad_] Relative Risk
Model® n (95% C.1.)° p-Val'l'l_e Covariate Remarks

4 851 1.15 (0.89,1.48) 0.272 AGE (p=0.013)
OCC*DIAB (p=0.016)

5 851 1.15 (0.93,1.44) 0.192 AGE (p=0.013)
OCC*DIAB (p=0.016)

64 850 1.14 (0.90,1.44) 0.284 AGE (p=0.013)
OCC*DIAB (p=0.016)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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The unadjusted Model 2 analysis did not show a signiﬁcant association between light
touch and initial dioxin (Table 11-22(c): p=0.821). The adjusted results were identical to
- the unadjusted results because no covariates were retained in the final model.

Both the unadjusted and adjusted analyses of light touch for Model 3 detected no
significant contrasts mvolvmg the Comparisons (Table 11-22(e,f): p>0 35 for all contrasts).
Age was significant in the adjusted analysis.

The unad_]usted and adjusted results for Models 4 through 6 revealed no significant
association between current dioxin and light touch (Table 11-22(g,h): p>0.16 for all
analyses). Each of the adjusted models contained age and an occupatlon-by-dlabetlc class
interaction.

The adjusted results for Models 4 and 5 changed when occupation and diabetic class
were removed from the final models. Without these two covariates, the adjusted analyses

revealed a marginally significant and a significant positive association between current dioxin |

and light touch for Models 4 and 5 respectively (Appendix Table G-3-8(a): p=0.079, Adj.
RR=1.22, 95% C.1.=][0.98,1 51] and p=0.049, Adj. RR=1.21, 95% C.1.=[1.00,1.47] for
Models 4 and 5).

Muscle Status

For Model 1, the unadjusted and adjusted analyses did not reveal a significant group
difference in the percentage of abnormalities for muscle status (Table 11-23(a,b): p>0.15
for all contrasts). Age and race were significant covariates in the final adjusted model.

The unadjusted and adjusted Model 2 analyses did not detect a significant association
between initial dioxin and muscle status (Table 11-23(c,d): p>0.63 for both analyses). The
final model contained the covariate age.

The unadjusted Model 3 analysis of muscle status did not show any of the Ranch Hand
categories to be significantly different from the Comparison group (Table 11-23(e): p>0.42
for all contrasts). The adjusted analysis for Model 3 included a significant interaction
between categorized dioxin and insecticide exposure (Table 11-23(f): p=0.024). Appendix
Table G-2-7 displays adjusted results stratified by insecticide exposure. When the .
categorized dioxin-by-insecticide exposure interaction was removed from the final model,
which retained age and race, the adjusted analysis did not show a significant difference
between Ranch Hands and Comparisons (Table 11-23(f): p>0.31 for all contrasts).

The unadjusted and adjusted results for Models 4 through 6 did not revcai a significant

association between current dioxin and muscle status (Table 11-23(g,h): p>0.60 for ail
analyses). Each of the adjusted analyses contained age and race.

Patellar Reflex

The unadjusted Model 1 analysis revealed a significant overall group difference in the
percentage of patellar reflex abnormalities (Table 11-24(a): p=0.043, Est. RR=0.48, 95%
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Table 11-23.
Analysis of Muscle Status

All Ranch Hand 948 3.4 1.32 (0.80,2.16) 0.331

Comparison 1,278 2.6

Officer Ranch Hand 367 3.3 1.51 (0.66,3.45) 0.448
Comparison 501 2.2

Enlisted Flyer Ranch Hand 162 3.1 0.61 (0.20,1.82) 0.526
Comparison 201 50

Enlisted Groundcrew Ranch Hand 419 3.6 1.75 (0.81,3.77) 0.216
Comparison 576 23l

Al 1.31 (0.80,2.14) 0.291 AGE (p=0.010)
Officer 1.50 (0.65,3.44) 0.340 et e
Enlisted Flyer 0.59 (0.20,1.76) 0.340
Enlisted Groundcrew 1.75 (0.81,3.78) 0.158

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-23. (Continued)
Analysis of Muscle Status

peyan
517 1.10 (0.74,1.62) 0.637

AGE (p=0.035)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-23. (Continued)
Analysis of Muscle Status

Comparison 1,062 225

Background RH 373 3.2 1.16 (0.58,2.33) 0.674
Low RH 260 3.1 1.25 (0.56,2.79) 0.590
High RH 257 3.1 1.34 (0.60,3.00) 0.477
Low plus High RH 517 3.1 1.29 (0.69,2.43) 0.427

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

DXCAT*INS (p=0.024)
AGE (p=0.013)
RACE (p=0.015)

Background RH 373 1.08 (0.54,2.19)** 0.821%*
Low RH 260 1.26 (0.56,2.85)%* 0.578%*
High RH 257  1.52 (0.67,3.44)** 0.317**

Low plus High RH 517 1.38:(0D.73:2.61)* N0 327**

? Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-7 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-23. (Continued)

Analysis of Muscle Status
RANCH HANDS — CURRENT DIOXIN T
p-Value

0.99 (0.76,1.28) 0.923

5 3.3 2.7 3.4 0.99 (0.80,1.24) 0.954
(299) (297) (294)

6° 3.4 2.7 3.4 1.00 (0.78,1.27) 0.971
(298) (297) (294)

_ a0 : - l'j-Value'i—-—;:;_. vanatekanarks
4 890 1.06 (0.81,1.40) 0.661 AGE (p=0.006)
RACE (p=0.100)
5 890 1.05 (0.83,1.33) 0.692 AGE (p=0.006)
RACE (p=0.101)
6¢ 889 1.07 (0.83,1.38) 0.604 AGE (p=0.006)
RACE (p=0.095)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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C.1.=[0.25,0.94]). Ranch Hands were half as likely as Comparisons to have abnormal
patellar reflexes (1.3% vs. 2.6%). Stratifying the unadjusted analysis by occupation revealed
‘a significant group difference within the officer stratum (p=0.033, Est. RR=0.25, 95%
C.1.=[0.07,0.86]), in which the percentage of patellar reflex abnormalities was lower for the
Ranch Hands than for the Comparisons (0.8% vs. 3.2%). In the enlisted flyer stratum, the
relative risk was less than 1.00 but not significant (p=0.137, Est. RR=0.17); in the enlisted
groundcrew stratum, the relative risk was greater than 1.00 but not significant (p=0.999,
Est. RR=1.10).

The adjusted Model 1 analysis contained a significant interaction between group and
lifetime alcohol history (Table 11-24(b): p<0.001). Appendix Table G-2-8 presents
adjusted results stratified by lifetime alcohol history. In addition to this interaction, the final
model included age and three covariate-by-covariate interactions: occupation-by-lifetime
alcohol history, lifetime alcohol history-by-diabetic class, and insecticide exposure-by-
diabetic class. After the group-by-lifetime alcohol history interaction was removed, the
adjusted analysis detected a significant overall group difference (Table 11-24(b): p=0.009,
Adj. RR=0.40, 95% C.1.=[0.19,0.83]). Stratifying the adjusted analysis by occupation
revealed significantly fewer abnormalities for Ranch Hands relative to Comparisons within
the officer and enlisted flyer strata (p=0.021, Adj. RR=0.21, 95% C.1.={0.06,0.79] and
. p=0.048, Adj. RR=0.05, 95% C.1.=[0.00,0.98] for officers and enlisted flyers
respectively). -

The unadjusted and adjusted Model 2 results did not reveal a significant association
between initial dioxin and patellar reflex (Table 11-24(c,d): p>0.51 for both analyses).
The final adjusted mode} contained age, lifetime alcohol history, and diabetic class.

For Model 3, the unadjusted analysis of patellar reflex showed a significant contrast

- between background Ranch Hands and Comparisons (Table 11-24(e): p=0.033, Est.
RR=0.11, 95% C.1.=[0.02,0.84]). Background Ranch Hands were considerably less likely
than Comparisons to have abnormal patellar reflexes (0.3% vs. 2.7%). There were fewer
abnormalities in the low, high, and low plus high Ranch Hand categories (1.9% in each) than
in the Comparison group, but the estimated relative risks were not significant (p > 0.30).

Categorized dioxin-by-lifetime alcohol history was a significant interaction in the
adjusted Model 3 analysis of patellar reflex. Appendix Table G-2-8 presents adjusted results
stratified by lifetime alcohol history categories. The adjusted analysis also included age,
diabetic class, and an occupation-by-lifetime alcohol history interaction. Without the
categorized dioxin-by-lifetime alcohol history interaction, the adjusted analysis detected a
relative risk significantly less than 1.00 for the background Ranch Hands (Table 11-24(f):
p=0.025, Adj. RR=0.09, 95% C.1.=[0.01,0.75]) and a relative risk marginally less than
1.00 for the low Ranch Hands (p=0.098, Adj. RR=0.38, 95% C.1.=[0.12,1.19]). When
occupation and diabetic class were removed from the final model, the relative risk for the
low Ranch Hands became nonsignificant (Appendix Table G-3-9(b): p==0.187.

The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between current dioxin and patellar reflex (Table 11-24(g): p>0.13 for each analysis). By
contrast, the adjusted analyses for Models 4 and 5 detected a marginally significant positive
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Table 11-24.
Analysis of Patellar Reflex

 a) MODEL 1: RANCH HANDS VS. COMPARISONS

. p-Value

All Ranch Hand 946 1.3 0.48 (0.25,0.94) 0.043
Comparison 1,276 2.6
Officer Ranch Hand 366 0.8 0.25 (0.07,0.86) 0.033
Comparison 499 3.2
Enlisted Flyer Ranch Hand 162 0.6 0.17 (0.02,1.41) 0.137
Comparison 201 3.5
Enlisted Groundcrew Ranch Hand 418 1.9 1.10 (0.43,2.82) 0.999
Comparison 576 1.7
_ b) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED
Occupational Adj Relative Risk . e :
Category . _(95_% C.I.) p-Value s -_--Covariate Remarks®
All 0.40 (0.19,0.83)** 0.009%* GROUP*DRKYR (p<0.001)
AGE (p<0.001)
Officer 0.21 (0.06,0.79)** 0.021** OCC*DRK(g’R (=0.001)
Enlisted Flyer 0.05 (0.00,0.98)** 0.048** DRKYR*DIAB (p=0.026)
INS*DIAB (p=0.016)
Enlisted Groundcrew 1.10 (0.40,2.99)** 0.854%*

2 Covariates and associated p-values correspond to final model based on all participants with available data.
** Group-by-covariate interaction (p<0.05); adjusted relative risk, confidence interval, and p-value

derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-8 for
further analysis of this interaction.
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Table 11-24. (Continued)

Analysis of Patellar Reflex
c)MODELz 'RAN CHHAN JANDS — IN I’HAL [TAL DIOXIN — UNADJUSTED

. Initial Dioxin Category Summary Statistics |

; 'Amlys;s Results for Log2 amal momr

MitialDioxin n_ Abmormal | = @smcr® = pvaue
Low 174 1.7 0.93 (0.58,1.48) 0.756
Medium 173 2.3
High 170 1.8
~ d) MODEL 2: RANCH HANDS — INITIAL DIOXIN —  ADJUSTED
o Amlys;sResultsforLog,(Inm]Dlom)‘ ' '
Ad,'-.-;enelaﬁvem e
n 95% C.1)° : o '-pevﬁlne - ~ Covariate Remarks
504 1.19 (0.71,2.02) 0.516 AGE (p=0.028)

DRKYR (p=0.056)
DIAB (p=0.132)

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

b Relative risk for a twofold increase in initial dioxin.

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

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

11-115



Table 11-24. (Continued)
Analysis of Patellar Reflex

- e) MGDEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

-‘p‘-ﬁVﬂﬂB

Comparison 1,059 o |

Background RH 371 0.3 0.11 (0.02,0.84) 0.033
Low RH 260 1.9 0.62 (0.24,1.63) 0.334
High RH 257 1.9 0.60 (0.23,1.58) 0.301
Low plus High RH 517 1.5 0.61 (0.29,1.27) 0.188

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

Dloxin : :. .,,Cnvnnate Remarks

Comparison DXCAT*DRKYR (p=0.002)
AGE (p=0.002)

Background RH 363 0.09 (0.01,0.75)** 0.025%* och*})ARBK(\g;?éTé)oon

Low RH 254  0.38 (0.12,1.19)** 0.098** :

High RH 250 0.81(0.29,2.28)%* (.688**

Low plus High RH 504  0.55(0.25,1.22)%* 0.143%*

2 Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interaction (p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-8 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-24. (Continued)

Analysis of Patellar Reflex
g) MODELS 4, 5, AND 6: RANCH HANDS — CURRENT DIOXIN — UNADJUSTED
| . Current Dioxin Category | ~ Analysis Results for Log,
l’ereent Abnormall(n) e - (Current Dwxm + l)
... s Est- Relatwe Risk o
4 0.3 1.0 2.4 1.29 (0,88,1-88) 0.204
(293) (299) (296)
5 0.3 2.0 1.4 1.21 (0.86,1.71) 0.275
(298) (296) (294)
6° 0.3 2.0 1.4 1.33 (0.92,1.92) 0.138
(297) (296) (294)

h)MODELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED

AnalysnsRsultsforIbg,(Cmmt Dioxin * 1
- - Atb Relative Risk , - '
Model’ | n ©5%CI1)®  pValue  Covariate Remarks
4 867 1.55 (0.99,2.41) 0.058 DRKYR (p=0.029)
DIAB (p=0.082)
AGE (p=0.019)
5 867 1.41 (0.94,2.12) 0.098 AGE (p=0.023)
DRKYR (p=0.030)
DIAB (p=0.084)
6 866 1.58 (1.03,2.45) 0.039 AGE (p=0.021)
DRKYR (p=0.034)
DIAB (p=0.077)

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

b Relative risk for a twofold increase in current dioxin.

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppg.
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association between current dioxin and patellar reflex (Table 11-24(h): p=0.058, Adj.
RR=1.55, 95% C.1.=[0.99,2.41] and p=0.098, Adj. RR=1.41, 95% C.1.=[0.94,2.12] for
Models 4 and 5 respectively). The adjusted Model 6 analysis revealed a significant positive
association between current dioxin and patellar reflex (Table 11-24¢h): p=0.039, Adj.
RR=1.58, 95% C.I.=[1.03,2.45]). Each of the adjusted analyses for Models 4 through 6
contained age, lifetime alcohol history, and diabetic class. For Model 4, the adjusted results
changed slightly when diabetic class was removed from the final model. Without diabetic
class, the relative risk became significant (Appendix Table G-3-9(c): p=0.050, Adj."
RR=1.56, 95% C.I.=[1.01,2.41)). '

Achilles Reflex

The unadjusted and adjusted Model 1 analyses did not reveal significant differences
between the Ranch Hands and Comparisons in the percentage of Achilles refiex abnormalities
(Table 11-25(a,b): p>0.25 for all contrasts). The adjusted analysis included age, diabetic
class, and an occupation-by-lifetime alcohol history interaction.

The Model 2 unadjusted results did not show a significant association between initial
dioxin and Achilles reflex (Table 11-25(c): p=0.634). Initial dioxin-by-lifetime alcohol
history was a significant interaction (p=0.030) in the adjusted Model 2 analysis. Appendix
Table G-2-9 presents adjusted results stratified by lifetime alcohol history categories. The
adjusted model also included age, insecticide exposure, and diabetic class. When the initial
dioxin-by-lifetime alcohol history interaction was removed from the final model, the adjusted
analysis did not reveal a significant association between initial dioxin and Achilles reflex
(Table 11-25(d): p=0.612).

The unadjusted Model 3 analysis of Achilles reflex did not show any of the Ranch Hand |
categories to differ significantly with the Comparison group (Table 11-25(e): p>0.35 for all 4
contrasts). The adjusted Model 3 analysis contained a significant interaction between '
categorized dioxin and lifetime alcohol history (Table 11-25(f): p=0.006). Appendix Table 3§
G-2-9 displays adjusted results stratified by lifetime alcohol history categories. In addition to §
the categorized dioxin-by-lifetime alcohol history interaction, the adjusted analysis included |
diabetic class and an age-by-lifetime alcohol history interaction. The adjusted analysis did
not reveal a significant contrast involving Comparisons when the categorized dioxin-by-
lifetime alcohol history interaction was removed from the final model (Table 11-25(f):
p>0.60 for all contrasts), '

For Modeis 4 through 6, the upadjusted and adjusted analyses did not reveal a
significant association between current dioxin and Achilles reflex (Table 11-25(g,h): p>0.41 ]
for all analyses). Each of the adjusted analyses contained age, diabetic class, and an
occupation-by-lifetime alcohol history interaction. - '
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Table 11-25.
Analysis of Achilles Reflex

All Ranch Hand 944 10.0 1.11 (0.83,1.48) 0.519

Comparison 1,270 9.1

Officer Ranch Hand 365 12.1 1.32 (0.85,2.04) 0.257
Comparison 499 9.4

Enlisted Flyer Ranch Hand 162 9.9 0.93 (0.47,1.85) 0.971
Comparison 199 10.6

Enlisted Groundcrew Ranch Hand 417 8.2 0.99 (0.63,1.57) 0.999
Comparison 572 8.2

.. édb iﬁﬂaﬂv&!ﬁSk . ‘75*;”Vi;ﬁ;e?, .
Occupational Category ' (®5%Cl) = pValue  Covariate Remarks®

All 1.05 (0.78,1.41) 0.767 AGE (p<0.001)
: DIAB (p<0.001)

Officer 1.18 (0.75,1.86) 0.486 OCC*DRKYR (p=0.040)

Enlisted Flyer 0.95 (0.47,1.93) 0.893

Enlisted Groundcrew 0.96 (0.59,1.56) 0.868

 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-25. (Continued)
Analysis of Achilles Reflex

‘p-'-ifa.lue

5% CLY
0.95 (0.77,1.18) 0.634
d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
: :.iffiAnalys;s Rt'suits for Log, (Imnal momJ°
' T os% C.l,.' ' pValme  Covariate Remarks
503 1.06 (0.84,1.34)** - 0.612%* INIT*DRKYR (p=0.030)
AGE (p=0.063)
INS (p=0.075)
DIAB (p=0.039)

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

® Relative risk for a twofold increase in initial dioxin.

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

** Log, (initial dioxin)-by-covariate interaction (0.01 <p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-9 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-25. (Continued)
Analysis of Achilles Reflex

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

o  Percent _ Est. Relative Risk =~ -
Bmxm Category s g Abnormal = (@smCIL® ;p_-'value--
Comparison 1,059 9.1
Background RH 371 9.2 1.10 (0.73,1.67) 0.638
Low RH 259 11.6 1.23 (0.79,1.91) 0.352
High RH 257 9.3 0.96 (0.60,1.55) 0.879
Low plus High RH 516 10.5 1.10 (0.77,1.56) 0.610

f) MODEL 3: RANCH HANDS AND COMI’ARISONS BY DIOX]N CATEGORY — ADJUSTED

Ad; Relative Rlsk

-Dinﬁn-cmgory- . on (95% C.Ly* p«Value Covanate Remarks
Comparison 1,040 DXCAT*DRKYR (p=0.006)
' DIAB (p<0.001)
Background RH 363 1.05 (0.68,1.62)** 0.825%* AGE*DRKYR (p=0.009)
Low RH 253 1.01 (0.63,1.61)** 0.972%*
High RH 250 1.11 (0.68,1.81)** 0.684%*
Low plus High RH 503  1.10 (0.76,1.59)** 0.603**

2 Relative risk and confidence interval relative to Comparisons.

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

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

** Categorized dioxin-by-covariate interaction (p <0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-9 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-25. (Continued)
Analysis of Achilles Reflex

(293) (298)
5 8.1 11.2
(298) (295)
6° 8.1 112
(297) (295)

10.1

(296)
10.5
(294)
10.5
(294)

1.02 (0.88,1.18) 0.804

1.02 (0.90,1.16) 0.744
1.00 (0.87,1.15) 0.974

""" Analysrs- lets for Logz {Curmnt onxm +_ I)
Modt! o (95% cir p-’Va_lne - ;:f;-_g . _-._,::;-Cnvaﬁate Remarks

4 866 1.08 (0.89,1.32) 0.411 AGE (p<0.001)
DIAB (p=0.041)

OCC*DRKYR (p=0.031)
5 866 1.06 (0.90,1.25) 0.487 AGE (p<0.001)
DIAB (p=0.041)

OCC*DRKYR (p=0.031)
64 865 1.06 (0.89,1.27) 0.515 AGE (p<0.001)
DIAB (p=0.041)

OCC*DRKYR (p=0.031)

% Model 4: Log, (lipid-adjusted current dioxin +

1).

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

b Relative risk for a twofold increase in current dioxin.

¢ Adjusted for log, total lipids.

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Biceps Reflex

) The unadjusted and adjusted Model 1 analyses of biceps reflex did not show the Ranch
-Hands and Comparisons to differ significantly (Table 11-26{a,b): p>0.31 for all contrasts).

" The estimated and adjusted relative risks for the enlisted flyers were not calculated because

no enlisted flyer Ranch Hands had abnormalities. The final adjusted model contained age

. and diabetic class.

For Model 2, the unadjusted analysis detected a significant inverse association between
~ initial dioxin and biceps reflex (Table 11-26(c): p=0.030, Est. RR=0.47, 95%
C.1.=[0.21,1.06]). After adjusting for occupation, the association between initial dioxin and
biceps reflex became nonsignificant (Table 11-26(d): p=0.389).

: In the unadjusted and adjusted Model 3 analyses, the prevalence of biceps reflex
abnormalities did not differ significantly between any of the Ranch Hand categories and the

Comparison group (Table 11-26(e,f): p>0.17 for all contrasts). Relative risks were not

calculated for the background Ranch Hand versus Comparison contrast because there were no

background Ranch Hands with abnormalities. The adjusted analysis contained the covariate

- age.

... The unadjusted analyses for Models 4 through 6 did not reveal a significant association
~ between current dioxin and biceps reflex (Table 11-26(g): p>0.45 for all analyses). The -
adjusted analyses for Models 4 and 5 were not significant although the adjusted relative risks
for a twofold increase in current dioxin exceeded 1.4 in both final models (Table 11-26(h):
p=0.115, Adj. RR=1.76, 95% C.1.=[0.87,3.55] and p=0.245, Adj. RR=1.43, 95%
C.I1.=[0.78,2.65]). The adjusted Model 6 analysis, which forced total lipids into the model,
found a marginally significant positive association between whole-weight current dioxin and

" biceps reflex (Table 11-26(h): p=0.059, Adj. RR=1.98, 95% C.I.=[0.95,4.14]). Age and
occupation were significant covariates in each of the adjusted models. Removing occupation
from the adjusted Model 6 analysis caused the association between current dioxin and biceps
reflex to become nonsignificant (Appendix Table G-3-11(a): p=0.243).

Babinski Reflex

1 " The unadjusted and adjusted Model 1 analyses did not find a significant group
difference in the percentage of Babinski reflex abnormalities (Table 11-27(a,b): p>0.36 for
[ all contrasts). Relative risks for the officer and enlisted flyer categories were not calculated
L because there were no Ranch Hands with abnormalities in either of these strata. The final
¢ adjusted model contained age and insecticide exposure.

Statistical analyses for Model 2 were not conducted because there was only one Ranch
i Hand in the Model 2 analysis with an abnormal Babinski reflex. This participant was in the
i Jow initial dioxin category. Table 11-27(c) displays percentages of abnormalities by initial
dioxin category. _

The unadjusted and adjusted Model 3 analyses of Babinski refiex did not find a
- significant difference between any of the Ranch Hand categories and the Comparison group
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Table 11-26.

Analysis of Biceps Reflex

Officer

Enlisted Flyer

Enlisted Groundcrew

Comparison 1,280
Ranch Hand 367
Comparison 501
Ranch Hand 162
Comparison 203
Ranch Hand 419
Comparison 576

0.67 (0.27,1.67)

0.524

1.14 (0.35,3.76) 0.999 |
- 0.580
0.46 (0.09,2.27) 0.532

All

Officer

Enlisted Flyer
Enlisted Groundcrew

0.64 (0.26,1.60)
1.05 (0.32,3.51)

0.44 (0.09,2.21)

AGE (p=0.007)
DIAB (p=0.109)

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

--:  Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-26. (Continued)
Analysis of Biceps Reflex

Low 174 2.3 0.47 (0.21,1.06) 0.030

Medium 173 1.7
High 170 0.0

. Adj. Relativ 5% C.1)° p-Val Covariate
517 0.69 (0.29,1.66) 0.389 0CC (p=0.081)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-26. (Continued)
Analysis of Biceps Reflex

Comparison 1,062 1.2

Background RH 373 0.0 = 0.584
Low RH 260 23 1.60 (0.59,4.33) 0.351
High RH 257 0.4 0.24 (0.03,1.89) 0.174
Low plus High RH 517 1.4 0.91 (0.35,2.34) 0.837

Comparison 1,062 AGE (p=0.016)
Background RH 373 -- --

Low RH 260 1.42 (0.52,3.90) 0.492

High RH 257 0.30 (0.04,2.36) 0.251

Low plus High RH 517 0.93 (0.36,2.43) 0.885

4 Relative risk and confidence interval relative to Comparisons.

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

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dloxm 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-26. (Continued)
Analysis of Biceps Reflex

1.10 (0.67.1.81)

(294) (300) (296)

5 0.0 2.0 0.3 1.04 (0.67,1.61) 0.871
(299) (297) (294)

6° 0.0 2.0 0.3 1.20 (0.75,1.92) 0.459
(298) (297) (294)

S — CURRENT DIOXIN — ADJUSTED
; (Cm‘rent Ihoxm + l) '

. Covmt.es-Rﬁnwﬁ

= 890 176 087355 0.115 AGE (p=0.043)
0CC (p=0.092)

5 890 1.43 (0.78,2.65) 0.245 AGE (p=0.044)
OCC (p=0.133)

6° 889 1.98 (0.95,4.14) 0.059 AGE (p=0.035)
OCC (p=0.088)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
" Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-27.
Analysis of Babinski Reflex

All Ranch Hand 948 0.3 0.50 (0.13,1.91) 0.469

Comparison 1,278 0.6

Officer Ranch Hand 367 0.0 - 0.367
Comparison 500 0.6

Enlisted Flyer Ranch Hand 162 0.0 - 0.578
Comparison 202 1.0

Enlisted Groundcrew Ranch Hand 419 0.7 1.38 (0.28,6.86) 0.999
Comparison 576 0.5

 b) MODEL 1:

All AGE (p=0.035)
Officer % - INS (p=0.121)
Enlisted Flyer - -

Enlisted Groundcrew 1.52 (0.30,7.67) 0.614

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

--:  Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-27. (Continued)
Analysis of Babinski Reflex

d) MODEL 2: RANC

. Adj. Relative Risk 95% C.L)

--:  Analysis not conducted due to the sparse number of abnormalities.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-27. (Continued)
Analysis of Babinski Reflex

Comparison 1,061 0.7

Background RH 373 0.5 0.72 (0.15,3.53) 0.684
Low RH 260 0.4 0.55 (0.07,4.54) 0.578
High RH 257 0.0 - 0.408
Low plus High RH 517 0.2 0.28 (0.03,2.37) 0.244

. : Covariate Remarks

Comparison 1,061 AGE (p=0.016)
0CC (p=0.097)

Background RH 373 0.83 (0.16,4.33)  0.826

Low RH 260  0.52 (0.06,4.43)  0.552

High RH 257 & i

Low plus High RH 517 0.25 (0.03,2.13)  0.206

2 Relative risk and confidence interval relative to Comparisons.

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

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-27. (Continued)
Analysis of Babinski Reflex

2 MODELS4 5, AND 6: RANCHHANDS CURRENTDIOXIN UNADJUSTED

{95% CL )h

6(:

(294)
0.7
(299)
0.7
(298)

0.0

(296)
0.0
(294)
0.0
(294)

047 (0.20,1. 13)

0.64 (0.38,1.08)

0.63 (0.36,1.11)

"-=-') MGDELS4 S AND6 - RANCH HANDS — CURRENT DIOXIN — ADJUSTED

Analysis Results for Lng2 (Current D:oxm } _1)
. Relative Risk .
Model{ = o (95% C.I S .p-Value Covanate Remarks
4 890 0.43 (0.19,0.98) 0.039 AGE (p=0.086)
OCC (p=0.014)
5 890 0.59 (0.35,0.98) 0.062 AGE (p=0.073)
OCC (p=0.015)
64 889 0.60 (0.34,1.05) 0.092 AGE (p=0.072)
OCC (p=0.016)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
® Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
d Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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(Table 11-27(e,f): p>0.20 for all coﬁtrasts). Relative risks for the high Ranch Hand
contrast were not computed because there were no abnormalities in the high Ranch Hand
category. The adjusted analysis contained age and occupation.

For Model 4, the unadjusted analysis revealed a marginally significant inverse
association between lipid-adjusted current dioxin and Babinski reflex (Table 11-27(g):
p=0.087, Est. RR=0.47, 95% C.1.=[0.20,1.13]). The unadjusted analyses for-Models 5
and 6 did not find a significant association (Table 11-27(g): p>0.13 for both contrasts).

In the adjusted analyses, the association between current dioxin and Babinski reflex
became significant for Model 4 and marginally significant for Models 5 and 6
(Table 11-27(h): p=0.039, Adj. RR=0.43, 95% C.1.=[0.19,0.98]; p=0.062, Adj.
RR=0.59, 95% C.1.={0.35,0.98]; and p=0.092, Adj. RR=0.60, 95% C.I.=[0.34,1.05]
respectively). Age and occupation were significant in each adjusted model. The associations
became nonsignificant in Models 4 through 6 when occupation was removed from each of the
adjusted analyses (Appendix Table G-3-12(b): p>0.10 in each model).

Vibrotactile Threshold Measurement of Right Great Toe

The unadjusted and adjusted Model 1 analyses for vibrotactile threshold measurement of
the right great toe did not find a significant difference between Ranch Hands and
Comparisons (Table 11-28(a,b): p>0.13 for all contrasts). The final adjusted model
contained age, occupation, and an insecticide exposure-by-diabetic class interaction.

For Mode] 2, the unadjusted analysis did not reveal a significant association between
initial dioxin and vibrotactile threshold measurement of the right great toe (Table 11-28(c):
p==0.218). The adjusted analysis contained an initial dioxin-by-composite exposure to heavy
metals interaction (Table 11-28(d): p=0.002). Appendix Table G-2-10 presents adjusted
results stratified by composite exposure to heavy metals. In addition to this interaction,. the
adjusted analysis included age, lifetime alcohol history, and an occupation-by-worked with
vibrating power equipment or tools interaction. The adjusted analysis did not reveal a
significant association between initial dioxin and vibrotactile threshold measurement of the
right great toe when the initial dioxin-by-composite exposure to heavy metals interaction was
removed from the final model (p=0.438). ' |

The unadjusted Model 3 analysis of vibrotacitle threshold measurement of the right
great toe did not reveal a significant contrast between any of the Ranch Hand categories and
the Comparison group (Table 11-28(e): p>0.38 for all contrasts). The adjusted Model 3
analysis retained a categorized dioxin-by-lifetime alcohol history interaction (Table 11-28(f): -
p<0.001). Appendix Table G-2-10 dispiays adjusted results stratified by lifetime alcohol
history categories. The adjusted analysis also included the covariate age and three covariate-
by-covariate interactions: lifetime alcohol history-by-occupation, insecticide exposure-by-
diabetic class, and diabetic class-by-composite exposure to heavy metals. After removing the
categorized dioxin-by-lifetime alcohol history interaction, the adjusted analysis did not show
any of the Ranch Hand categories to be significantly different from the Comparison group
(Table 11-28(f): p>0.26 for all contrasts).
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Table 11-28.
Analysis of Vibrotactile Threshold Measurement of Right Great Toe (microns)

a) MODEL 1: RANCH HANDS VS. COI\IPARISGNS (}NADJUSTED

.

Diﬂ‘erence of Mfans

95% C.L)® p-’Value“

All Ranch Hand 946 16.66 0.04— 0.957
Comparison 1,277 16.61

Officer Ranch Hand 366 16.97 -1.48-- 0.303
Comparison 499 18.45

Enlisted Flyer Ranch Hand 162 20.18 0.88-- 0.711
Comparison 203 19.29

Enlisted Groundcrew Ranch Hand 418 15.21 0.83-- 0.442
Comparison 575 14.38

b) MODEL 1: RANCH HANDS VS. COMPARISONS ADJUSTED

Category Group ‘m  Mean® ,Means__{S'S% C. I.)" .p-Valne?z;-Covar_iate?Remarks‘

All Ranch Hand 945 16.28 -0.19- 0.798 AGE (p<0.001)
Comparison 1,275 16.48 OCC (p<0.001)

INS*DIAB (p=0.012

Officer Ranch Hand 366 13.32 -1.54- 0.136 @ )
Comparison 499 14.86

Enlisted Ranch Hand 162 17.46 0.23- 0.904

Flyer Comparison 202 17:22

Enlisted Ranch Hand 417 18.62 1.16-- 0.349

Groundcrew Comparison 574 17.46

? Transformed from the natural logarithm scale.

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

¢ P-values based on difference of means on natural logarithm scale.

¢ Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-28. (Continued)
Analysis of Vibrotactile Threshold Measurement of Right Great Toe (microns)

Low 173 17.18 17.06 0.002 -0.0473 (0.0384) 0.218

Medium 172 21.11 21.21
High 170 14.73 14.77

Low 171 17.43%** 0.165 0.0325 (0.0419)** 0.438** INIT*HVMET (p=0.002)
AGE (p<0.001)

Medium 167 23.20%* DRKYR (p=0.057)

{ OCC*PWTOOL

High 165 19.06** (p=0.016)

# Transformed from natural logarithm scale.

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

¢ Slope and standard error based on natural logarithm of vibrotactile threshold measurement of right great toe
versus log, (initial dioxin).

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

** Log, (initial dioxin)-by-covariate interaction (p <0.05); adjusted mean, adjusted slope, standard error, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-10 for
further analysis of this interaction.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-28. (Continued)
Analysis of Vibrotactile Threshold Measurement of Right Great Toe (microns)

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

_ Difference of Adj.
ean vs. Compan'so

 (95% CL)S
Comparison
Background RH 373 15.98 16.47 -0.58—- 0.620
Low RH 258 18.73 18.27 1.22-- 0.384
High RH 257 16.33 16.03 -1.02-- 0.438
Low plus High RH 515 17.49 17.11 0.06-- 0.953

D MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY A’DJUSTED

 Difference of Adj.
e Adj. vas.Compampns' = :
Dioxin Category n  Mean™  (95%CL) P-Vaine _ Covariate Remarks
Comparison 1,040 17.35%* DXCAT*DRKYR (p<0.001)
AGE (p<0.001)

Background RH 365 16.11%* -1.24--%% 0.266** Di‘fﬁ%‘ggfpﬁ_’g%ﬁo}
I.OW RH 253 17.13** '0-22"** 0~864** DIAB*HVMET (p=.0-018)
High RH 250 18.40** 1.05--** 0.448%**

Low plus High RH 503 17.76%* 0.40—-** 0.696**

# Transformed from natural logarithm scale.

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

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

d P-value is based on difference of means on natural logarithm scale.

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

** Categorized dioxin-by-covariate interaction (p <0.05); adjusted mean, difference of adjusted means, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-10 for
further analysis of this interaction.

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-28. (Continued)
Analysis of Vibrotactile Threshold Measurement of Right Great Toe (microns)

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

G rCm'rmt Dlomeategory - AnalyszsRsnltsfoangz
o Mun‘l(n) e (Current Dmxm + 1)
bl dow . Mediem s H@ ] W (Std.:-Ezm")°  p-Value
4 14.96 19.34 16.47 <0.001 0.0017 0.950
(294) (299) (295) (0.0271)
5 14.93 19.32 16.59 <0.001 0.0067 0.772
(299) (295) (294) (0.0232)
6 15.25 19.35 16.27 0.002 -0.0082 0.744
(298) (295) (294) (0.0251)

- h) MODELS 4, 5, AND 6: RANCH HANDS — CURRENTDIOX]N——ADJUSTED

Current Dioxin Categoty e Am]ysas Results for Log,
 Adjusted Mean®/(n) S : {Cummt Dmxm o+ l)
Model® | Low  Medium ‘High | 'R" (Std Error)‘ p-Value Covanate Remarks

- 15.42** 18.41** 18.36%* | 0.171 0.0290 0.326%* CURR*DRKYR (p=0.001)
(290) (292) (286) (0.0295)** CURR*HVMET (p=0.003)

AGE (p<0.001)

OCC (p=0.025)
DIAB*PWTOOL (p=0.041)
5 15.25%% , 18.66™* 1. 18.08*"* " 0.169 0.0243 0.328** CURR*DRKYR (p=0.002)
(294) (289) (285) (0.0249)** CURR*HVMET (p=0.012)

AGE (p<0.001)

OCC (p=0.028)
DIAB*PWTOOL (p=0.045)
6° 15.40%* 18.73*% 18.17%* 1 0.163 0.0178 0.508** CURR*DRKYR (p=0.002)
(293) (289) (285) (0.0269)** CURR*HVMET (p=0.027)

AGE (p<0.001)

0CC (p=0.027)
DIAB*PWTOOL (p=0.046)

2 Transformed from natural logarithm scale.
® Model 4: Log, (lipid-adjusted current dioxin + 1).

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

¢ Slope and standard error based on natural logarithm of vibrotactile threshold measurement of right great toe
versus log, (current dioxin + 1).

4 Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
= Logz (current dioxin + 1)-by-covariate interactions (p =0.05); adjusted mean, adjusted slope, standard error,
-value derived from a model fitted after deletion of these interactions; refer to Appendix Table G-2-10
for glnher analysis of these interactions.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.

11-136



The unadjusted analyses for Models 4 through 6 did not reveal a significant association
- between current dioxin and vibrotactile threshold measurement of the right great toe

_(Table 11-28(g): p>0.74 for all analyses). Each of the adjusted analyses for Models 4

- through 6 contained a current dioxin-by-lifetime alcohol history and a current dioxin-by-

v composite exposure to heavy metals interaction (Table 11-28(h): p=0.001 and p=0.003,
“p=0.002 and p=0.012, and p=0.002 and p=0.027 for Models 4, 5, and 6 respectively).

" Appendix Table G-2-10 displays adjusted results stratified separately by lifetime alcohol
history and composite exposure to heavy metals for Models 4 through 6. In addition to these
interactions, each of the adjusted analyses included age, occupation, and a diabetic class-by-

- worked with vibrating power equipment or tools interaction.

None of the adjusted analyses for Models 4 through 6 detected a significant association
. between current dioxin and vibrotactile threshold measurement of the right great toe when the
- current dioxin-by-lifetime alcohol history and current dioxin-by-composite exposure to heavy
metals interactions were removed from each of the final models (Table 11-28(h): p>0.32 for
-.each analysis). However, the association between current dioxin and vibrotactile threshold

. measurement of the right great toe became significant in Models 4 and 5 and marginally
significant in Model 6 when occupation, diabetic class, and the current dioxin-by-covariate

b - interactions were removed from the final models (Appendix Table G-3-13(c): p=0.020, Adj.
__Slope=0.0609; p=0.025, Adj. Slope=0.0498; and p=0.056, Adj. Slope=0.0463 for

- Models 4, 5, and 6).

Vibrotactile Threshold Measurement of Left Great Toe

The unadjusted and adjusted Model 1 analyses of vibrotactile threshold measurement of
the left great toe did not find a significant difference between Ranch Hands and Comparisons
" (Table 11-29(a,b): p>>0.20 for ail contrasts). The final adjusted model contained age, race,
_‘occupation, and two covariate-by-covariate interactions: lifetime alcohol history-by-
~insecticide exposure and insecticide exposure-by-diabetic class.

- For Model 2, the unadjusted analysis detected a marginally significant inverse
“association between initial dioxin and vibrotactile threshold measurement of the left great toe
. (Table 11-29(c): p=0.061, Est. Slope=-0.0720). An initial dioxin-by-diabetic class and an
initial dioxin-by-composite exposure to heavy metals interaction were retained in the adjusted
Model 2 analysis (Table 11-29(d): p==0.033 and p==0.021 respectively). Appendix Table
G-2-11 presents adjusted results stratified separately by diabetic class and composite exposure
| to heavy metals. The adjusted analysis also included the covariates age, race, and worked
b with vibrating power equipment or tools. Without the initial dioxin-by-diabetic class and
¥ initial dioxin-by-composite exposure to heavy metals interactions, the adjusted analysis did
.. not find a significant association between current dioxin and vibrotactile threshold

- measurement of the left great toe (Table 11-29(d): p==0.833).

_ The unadjusted and adjusted Model 3 analyses of vibrotactile threshold measurement of
the left great toe did not reveal a significant contrast between any of the Ranch Hand

. categories and the Comparison group (Table 11-29(e,f): p>0.18 for all contrasts). The

- adjusted analysis contained age, race, occupation, and a lifetime alcohol history-by-

insecticide exposure interaction.
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Table 11-29.
Analysis of Vibrotactile Threshold Measurement of Left Great Toe (microns)

. pValue

17.12 0.70—- 0.408
16.43

Officer Ranch Hand 366 18.16 0.22-- 0.880
Comparison 500 17.94

Enlisted Flyer Ranch Hand 162 19.98 -0.39-- 0.873
Comparison 202 20.37

Enlisted Groundcrew Ranch Hand 418 15.32 1.21- 0.267
Comparison 575 14.11

AGE (p<0.001)
Comparison 1,254 15.46 RACE (p=0.110)
OCC (p<0.001)
Officer Ranch Hand 362 13.15 -0.25- 0.797 DRKYR*INS
Comparison 492 13.40 (p=0.016)
Enlisted Ranch Hand 156  15.90 -1.14-- 0.540 | INS*DIAB (p=0.038)
Flyer Comparison 200 17.04
Enlisted Ranch Hand 406 18.09 1.52-- 0.205
Groundcrew Comparison 562 16.58

2 Transformed from the natural logarithm scale.

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

¢ P-values based on difference of means on natural logarithm scale.

4 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-29. (Continued)
Analysis of Vibrotactile Threshold Measurement of Left Great Toe (microns)

c) MODEL 2: RANCH HANDS — INITIAL DIOXIN — UNADJUSTED
' Analysis nmy’_s: for u&amﬂ Dioxin)®

e e Slope S S
R (Std. Error)‘ ~ p-Value

0.030 -0.0720 (0.0383) 0.061

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

Imhall)mnn Category - —" : . Amlymsrmsnlls for Log, (Initial Diox_m)"
Initial Dioxin n Mean® R*  (Std. Error)° p-Value  Covariate Remarks
Low 173 18.18** " 0.194 0.0079 0.833%* INIT*DIAB (p=0.033)
(0.0375)** INIT*HVMET (p=0.021)
' AGE (p<0.001)

PWTOOL (p=0.009)

High 170 18.08**

# Transformed from natural logarithm scale.

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

¢ Slope and standard error based on natural logarithm of vibrotactile threshold measurement of left great toe
versus log, (initial dioxin).

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

** Log, (initial dioxin)-by-covariate interactions (0.01 <p<0.05); adjusted mean, adjusted slope, standard
error, and p-value derived from a model fitted after deletion of these interactions; refer to Appendix Table
G-2-11 for further analysis of these interactions.

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-29. (Continued)
Analysis of Vibrotactile Threshold Measurement of Left Great Toe (microns)

- &) MODEL 3. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY — UNA})JUSI'EB'Z .

 Difference of Adj.
Adj. Menn vs. Comparisons

Dioxin Category = 'n Mean® Mean® = (95%CL)S :#?Vaiue"
Comparison 1,060 16.93 16.93

Background RH 373 16.66 17.24 0.31-- 0.797
Low RH 258 19.39 18.80 1.87-- 0.189
High RH 257 16.24 15.94 -0.99-- 0.453
Low plus High RH 515 YIrs 17.31 0.38-- 0.719

- f) MODEL 3: RANCH I-IANDS AND COMPARISONS BY DIOXIN CA’EEGORY ADJUSTED

L  Difference of Adj. _

- = Ad,] Mean vs. Comparisons - . :

Dioxin Category  n  Mean®  (95% C.L)® o p—Valne"’ Covariate Remarks

Comparison 1,042 15.71 AGE (p<0.001)
RACE (p=0.136)

Background RH 366 1545 -0.26— LR S 8 A

Low RH 253 16.32 0.62- 0.603 L ok

High RH 250 16.45 0.75- 0.545

Low plus High RH 503 16.39 0.68-- 0.466

2 Transformed from natural logarithm scale.

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

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

4 P-value is based on difference of means on natural logarithm scale.

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-29. (Continued)
Analysis of Vibrotactile Threshold Measurement of Left Great Toe (microns)

2 ME)DELStl 5, AND 6: RANCH HANDS — CURRENI‘DIOXEIN . UNADJUSTED
b Cun*entl)mmll‘ategory e - Amlysnsl{suhsfurlmgz
: 7 I(n) S B (Current Dlom+ ‘.I) e
Model® |  Low _Medinm o High || ® (Std Error)‘ ';jp-Value
< 15.85 20.05 16.20 <0.001 -0.0106 0.698
(294) (299) (295) (0.0274)
5 15.82 19.62 16.64 <0.001 -0.0056 0.813
(299) (295) (294) (0.0235)
6¢ 16.04 19.65 16.38 0.001 -0.0150 0.557
(298) (295) (294) (0.0254)

~h) MODELS 4, 5, AND 6: RANCH HANDS —'--CURRENT:DIGX]N —ADJUSTED

Current Dioxin Category | : ' Analyms Results for Ldg,
. Adjusted Mean’i(n) - - {Current Dmxm + i)
. | AfSepe
Model” | Low Mechum High 1 R®* (Std. Error)® p-’Value- . Covanate Remarks
4 17.08*%* 19.92%* 19.08** } 0.207 0.0226 0.439%* CURR*DRKYR (p=0.004)
(290) (292) (286) (0.0291)** CURR*DIAB (p=0.019)
CURR*PWTOOL (p=0.005)
AGE (p<0.001)
OCC (p=0.046)

HVMET (p=0.146)

5 |16.63** 19.32%* 18.88** [0.200  0.0167 0.487**  CURR*DRKYR (p=0.002)
(295)  (289) (285) (0.0240)** CURR*PWTOOL (p=0.018)
AGE (p<0.001)
OCC (p=0.026)
HVMET (p=0.133)

6 |16.52%* 19.20** 19.04** [ 0.200  0.0183 0.485**  CURR*DRKYR (p=0.002)

(294)  (289) (285) (0.0262)** CURR*PWTOOL (p=0.016)
AGE (p<0.001)
0CC (p=0.029)
HVMET (p=0.145)

# Transformed from natural logarithm scale.
® Model 4: Log, (li id-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.

¢ Slope and standard error based on natural logarithm of vibrotactile threshold measurement of left great toe
versus log, (current dioxin + 1).

¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
i Lt:}g2 (current dioxin + 1)-by-covariate interaction (p <0.05); adjusted mean, adjusted slope, standard error,
-value derived from a model fitted after deletion of these interactions; refer to Appendix Table G-2-11
for i?mhet analysis of these interactions.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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The unadjusted analyses for Models 4 through 6 did not reveal a significant association
between current dioxin and vibrotactile threshold measurement of the left great toe (Table
11-29(g): p>0.55 for each analysis). Each of the adjusted analyses for Models 4 through 6
contained a current dioxin-by-lifetime alcohol history and a current dioxin-by-worked with
vibrating power equipment or tools interaction (Table 11-29(h): p=0.004 and p=0.005,
p=0.002 and p=0.018, and p=0.002 and p=0.016 for Models 4, 5, and 6 respectively).
Model 4 aiso contained a current dioxin-by-diabetic class interaction (p=0.019).  Appendix
Table G-2-11 presents adjusted results stratified separately by lifetime alcohol history and
worked with vibrating power equipment or tools for Models 4 through 6. Appendix Table
G-2-11 also displays adjusted results stratified by diabetic class for Model 4. In addition to
these interactions, Models 4, 5, and 6 mcluded age, occupation, and composite exposure to
heavy metals.

None of the adjusted analyses for Models 4 through 6 found a significant association
between current dioxin and vibrotactile threshold measurement of the left great toe when the
current dioxin-by-covariate interactions were removed from each of the final models
(Table 11-29¢h): p>0.43 for each analysis). However, the association between current
- dioxin and vibrotactile threshold measurement of the left great toe became significant in
Model 4 and marginally significant in Models 5 and 6 after occupation, diabetic class, and
the current dioxin-by-covariate interactions were removed from the adjusted analyses
(Appendix Table G-3-14(c): p=0.034, Adj. Slope=0.0547; p=0.054, Adj. Siope=0. 0422
and p=0.057, Adj. Slope=0.0454 for Models 4, 5, and 6 respectively).

Physical Examination Variables: CNS Coordination Processes
Tremor

' 'I'hé unadjusted and adjusted Model 1 analyses of tremor did not find a significant
difference between Ranch Hands and Comparisons (Table 11-30(a,b): p>0.10 for all
contrasts). The adjusted analysis contained an age-by-lifetime alcohol history interaction.

Additional unadjusted and adjusted Model 1 analyses for tremor were conducted with
the enlisted flyers and enlisted groundcrew combined into one stratum. This unadjusted
analysis found a marginally significant group difference within the enlisted stratum
- (Appendix Table G-5-3(a): p=0.081, Est. RR=1.95, 95% C.I.=[0.98, 3.89]). Among
enlisted participants, the percentage of abnormalities was higher for the Ranch Hands than
for the Comparisons (Table G-5-3(a): 3.4% versus 1.8%). The adjusted analyses combining
enlisted flyers and enlisted groundcrew did not detect a significant overall group difference
(Appendix Table G-5-3(b): p=0.755). For the enlisted participants, the relative risk
remained marginally significant (Appendix Table G-5-3(b): p=0.094, Adj: RR=1.83, 95%
C.1.=[0.90, 3.69]). The group-by-age and age-by-lifetime alcohol hlStOl‘y interactions were
retained in this adjusted analysis.

The unadjusted and adjusted results for Model 2 did not show a significant association

between initial dioxin and tremor (Table 11-30(c,d): p>0.12 for both analyses) The final
model included an age-by-occupation interaction.
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Table 11-30.
Analysis of Tremor

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

0 . Percemt ‘Est.;naaﬁve;m_ -
ional Catege - Group 'm Abnormal @ (95%CX)  p-Value

948 3.0 1.12 (0.67,1.85) 0.771

367 22 0.54 (0.23,1.23) 0.194

Enlisted Flyer Ranch Hand 162 3.7 3.87 (0.77,19.41) 0.161

Enlisted Groundcrew Ranch Hand 419 33 1.63 (0.74,3.55) 0.304

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

L Al TR .
Occupational Category @ (95%Cl) p-Value Covariate Remarks®

All 1.09 (0.65,1.83) 0.754 AGE*DRKYR (p=0.036)
Officer 0.55 (0.24,1.28) 0.166
Enlisted Flyer 3.84 (0.76,19.35) 0.104
Enlisted Groundcrew 1.49 (0.67,3.33) 0.332

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-30. (Continued)
Analysis of Tremor

: c} MODEL 2‘ RANCH HANDS INITIAL DIGX!N UNADJUSI'ED-
Amlys:s 'Rrsnlts;z‘:for_‘l.ng, (Imbal D:oxm)‘

Esbmated_RdatmR:sk .
| . emcEP . avee
Low 174 1.1 1.28 (0.85,1.94) 0.244
Medium 173 2.9
High 170 3.5

~d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
. Amlys:skmnsforLogzﬁnmawmmv'
Acu Relatlvemsk . Rl . .
n o oemcy -'-fp-Val_ue'  Covariate Remarks :
517 1.47 (0.90,2.40) 0.129 AGE*OCC (p=0.011)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-30. (Continued)
Analysis of Tremor

e MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CA'ITEGORY_‘ — UNADJUSTED

: G o Percent Est Rdauvem i T
§Bmxm Category . . m Abnormal = (95%CIL)® . o ‘:-;p-Valne':-r;;_ :
Comparison 1,062 2.7

Background RH 373 3.2 1.19 (0.60,2.37) 0.623
Low RH 260 0.57 (0.20,1.62) 0.289
High RH 257 3.5 1.27 (0.59,2.73) 0.539
Low plus High RH 517 235 0.92 (0.47,1.78) 0.797

D MODEL 3 RANCH HANDS AND COMPARISONS BY moxm CATEGORY — ADIUSTED
:  Adj. Relative Risk

':Dio;in-(:ategory . om . eEg C)E p-m_p_eé}-- _ Covariate Remarks

Comparison 1,044 AGE (p=0.043)
DRKYR (p=0.145)

Background RH 366  1.16 (0.58,2.33)  0.674

Low RH 254  0.57 (0.20,1.65)  0.303

High RH 250 130 (0.58,2.93)  0.530

Low plus High RH 504 0.91 (0.46,1.81) 0.785

# Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-30. (Continued)
Analysis of Tremor

g)MODEl.S45ANDG--RANCHHA.N])S CURRENTBIOX!N - UNADJUSTED

G b ~ Analysis Results for Log,
. Current Dioxin + n
ModeP | 5% C.1. P o Vaoe

4 X 0.97 (0.73,1.28) 0.819
(294) (300) (296)
5 3.0 2.0 3.4 0.98 (0.78,1.24) 0.898
(299) (297) (294)
6° 3.0 2.0 34 0.96 (0.75,1.24) 0.750
(298) 297) (294)
h)MQDELS4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
G Analymsltesnksfar].ngz((:mmt Dloxm-i- 1)
o e .Ad,;.»;ReLat:veRlsk S :
ModeF | n = (95%CLY p—Valne e Covanate Runarks
4 869 0.95 (0.70,1.29)** 0.735%* CURR*AGE (p= 0.009)
‘ DIAB*DRKYR (p=0.037)
5 890 0.98 (0.78,1.24) 0.898
64 889 0.96 (0.75,1.24)  0.750

4 Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
¢ Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks" column.
** Log, (current dioxin + 1)-by-covariate interaction (p<0.05); adjusted relative risk, confidence interval, and

p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-12 for
further analysis of this interaction.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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For Model 3, the unadjusted and adjusted analyses of tremor did not reveal any of the
. Ranch Hand categories to be significantly different from the Comparison group (Table 11-
_ 30(e f): p>0.28 for all contrasts). Age and lifetime alcohol history were retained in the
:;: - final model. _

; The unadjusted analyses of Models 4 through 6 did not reveal a significant association

- between current dioxin and tremor (Table 11-30(g): p=0.75 for all analyses). Current

. dioxin-by-age was a significant interaction in the adjusted analysis of Model 4

- (Table 11-30(h): p=0.009). Appendix Table G-2-12 presents adjusted results stratified by
age. In addition to the current dioxin-by-age interaction, the adjusted model included a

. diabetic class-by-lifetime alcoho! history interaction. The adjusted Model 4 analysis did not
- find a significant association between current dioxin and tremor after the current dioxin-by-

. age interaction was removed from the final model (Table 11-30(h): p=0.735). For Models
5 and 6, the unadjusted and adjusted results were identical because no covariates were

+ retained -in the final model.

Coordination

The unadjusted and adjusted Model 1 analyses did not reveal a significant group
H‘_ﬁdiffercnoe in the percentage of coordination abnormalities (Table 11-31(a,b): p>0.25 for all
' contrasts). Age was retained in the final adjusted model.

: For Model 2, the uhadjusted and adjusted analyses did not reveal a signiﬁcaht _
- association between initial dioxin and coordination (Table 11-31(c,d): p>0.62 for both
- analyses). The final model contained the covariate age.

The unadjusted and adjusted results for Model 3 did not show a SIgmﬁcant difference in
- the percentage of coordination abnormalities between any of the Ranch Hand categories and
the Comparison group (Table 11-31(e,f): p>0.47 for all contrasts). Age was significant in
- the adjusted analysis.

The unadjusted and adjusted analyses for Models 4 through 6 did not reveal a significant
. association between current dioxin and coordination (Table 11-31(g,h): p>0.72 for all
analyses). Each of the adjusted analyses for Models 4 through 6 contained age.

Romberg Sign

For Model 1, the unadjusted and adjusted analyses did not show a significant group
difference in the percentage of Romberg sign abnormalities (Table 11-32(a,b): p>0.24 for
. all contrasts). Relative risks were not estimated for the enlisted flyer stratum because no
enlisted flyer Ranch Hand had an abnormal Romerg sign. The final adjusted model
contained the covariates age and diabetic class.

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

between initial dioxin and Romberg sign (Table 11-32(c,d): p>0.41 for both analyses).
Age was retained in the adjusted analysis.
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Table 11-31.
Analysis of Coordination

a} MODEL 1: RANCH HANDS VS. COMPARISONS — UNAD.’.IUSTED

.  Percent Est. Relat:velbsk
‘Occupational Category  Group ~ n Abnormal . (95% C.L) p-Value
All Ranch Hand 947 2.2 1.14 (0.63,2.04) 0.781
Comparison 1,278 2.0

Officer Ranch Hand 366 2.2 1.00 (0.40,2.50) 0.999
Comparison 501 22

Enlisted Flyer Ranch Hand 162 1.2 0.49 (0.09,2.56) 0.632
Comparison 201 2.5

Enlisted Groundcrew Ranch Hand 419 2.6 1.70 (0.70,4.14) 0.342
Comparison 576 1.6

,1: RANCH HANDS VS. COMPARISONS — - ADJUSTED _

. 'Am Bl -
Occupational Category _._..(95%{1.1) -.ziip'-Valnev i-%'CovariateRmks’-'-

All 1.13 (0.62,2.03) 0.695 AGE (p<0.001)
Officer 1.00 (0.40,2.53) 0.999
Enlisted Flyer 0.47 (0.09,2.48) 0.374
Enlisted Groundcrew 1.70 (0.69,4.19) 0.251

 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-31. (Continued)
Analysis of Coordination

(95% c.x.)b -

Low 174 2.3 0.90 (0.58,1.39) 0.622
Medium 172 2.9
High 170 2.4

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

516 1.02 (0.65,1.61) AGE (p=0.023)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-31. (Continued)
Analysis of Coordination

e MODEL 3 RANCH HANI)S AND COMPARISONS BY DIOXIN CATEGORY — UNADJUSTED

B Relative Risk
| o ol (95% C.L)® p-Value

Comparison 1,062 22
Background RH 373 1.9 0.83 (0.35,1.96) 0.664
Low RH 259 2.7 1.20 (0.51,2.84) 0.681
High RH 257 2.3 1.09 (0.43,2.74) 0.858
Low plus High RH 516 2.5 1.15 (0.57,2.30) 0.703

f) MODEL 3: RANCH HANDS ‘AND COMPARISONS BY DIOX!N CATEGGRY - ADJUSTED

: ~ Adj. Relative Risk S o
Dioxin Category o e (95% C.Ly* p-Value

Comparison 1,062 AGE (p<0.001)
Background RH 373 0.75 (0.31,1.79) 0.516
Low RH 259 1.12 (0.47,2.69) 0.797
High RH 257 1.41 (0.55,3.58) 0.475
Low plus High RH 516 1.24 (0.61,2.50) 0.556

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-31. (Continued)

Analysis of Coordination
g) MODELS 4, 5, ANDG- RANCHHANDS CURRENT DIOXIN — UNADJUSTED
L _.;j;f o i i Analyaskestﬂtsfor Log,
o ; (Cment Dlom o+ 1)
o i:_ Est.kdatmmsk -
Model* RO RS ;f’p—Val_ue
4 : 0.97 (0.71,1.32) 0.829
(294) (300) (295)
5 1:7 2.4 2 0.99 (0.76,1.29) 0.949
(299) (296) (294)
6° 1./ 24 2.3 0.95 (0.72,1.26) 0.726
(298) (296) (294)
h) MODEIS 4, 5 AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
Analys:sResnltsforLogZ(CmmtDmm+ I} :
Model* 1w . '5*:(95% C I.}" . p-Valne : Covanate Runarks
-+ 889 1.04 (0.75,1.45) 0.809 AGE (p=0.013)
5 889 1.05 (0.79,1.39) 0.734 AGE (p=0.012)
6¢ 888 1.02 (0.75,1.38) 0.919 AGE (p=0.014)

# Model 4: Log, (lipid-adjusted current dioxin + 1).
Model 5: Log, (whole-weight current dioxin + 1).
Model 6: Log, (whole-weight current dioxin + 1), adjusted for log, total lipids.
b Relative risk for a twofold increase in current dioxin.
¢ Adjusted for log, total lipids.
4 Adjusted for log, total lipids in addition to covariates specified under "Covariate Remarks” column.

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = > 128 ppq.
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Table 11-32.
Analysis of Romberg Sign

a) MODEL 1: RANCHHANDS VS. COLIPARISONS UNADJUS’I’ED i

. ent '5f_i_1'1~;t Relative Rlsk. -
Occupational Category @ Group Abnormal - (95%CI1)  p-Value

All Ranch Hand 947 0.5 1.13 (0.34,3.70) 0.999
Comparison 1,279 0.5

Officer Ranch Hand 366 0.5 1.37 (0.19,9.76) 0.999
Comparison 500 0.4

Enlisted Flyer Ranch Hand 162 0.0 - 0.332
Comparison 203 1.5

Enlisted Groundcrew Ranch Hand 419 0.7 4.15 (0.43,40.01) 0.408
Comparison 576 0.2

b)MODEL 1: RANCH HANDS VS. commsous ADJUSTED

~ Adj. Relative Risk S .
OcmpahonalCategory 95% C.1.) - p_—;\falne. Covariate Remarks®

All 1.03 (0.31,3.43) 0.960 AGE (p=0.022)
Officer 1.18 (0.16,8.55) 0.872 s
Enlisted Flyer - LS

Enlisted Groundcrew 3.89 (0.40,38.26) 0.244

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

--: Relative risk, confidence interval, and p-value not presented due to the sparse number of abnormalities.
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Table 11-32. (Continued)
Analysis of Romberg Sign

Ana]ysasResultsforLog,ﬂmtthioxin)

_]_i'stimated Relative R:sk
95% CL)®> _j p—‘Va!ue =
1.14 (0.51,2.51) 0.757

d) MODEL 2: RANCH HANDS — INITIAL DIOXIN — ADJUSTED
- AnalysnsRsultsforLogz(Imtm]Dmnn)‘
. Adu RelativeRisk -
n ©5%CLP  p-Value  Covariate Remarks
516 1.42 (0.63,3.19) 0.414 AGE (p=0.059)

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

b Relative risk for a twofold increase in initial dioxin.

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

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

11-153




Table 11-32. (Continued)
Analysis of Romberg Sign

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

Percent Est. Relative Rtsk S ;
Abnormal . 95%CL® ' ;p-’Value -
0.5
Background RH 373 0.5 1.19 (0.23,6.29) 0.836
Low RH 259 0.4 0.71 (0.08,6.15) 0.755
High RH 257 0.8 1.31 (0.23,7.41) 0.760
Low plus High RH 516 0.6 1.01 (0.23,4.43) 0.994

i 'f) MODEL 3 RANCH HANDS AND COMI’ARISONS BY DIOXIN CATEGORY ADJUSTED

Dmx:mCategory . ”':7}‘-{;,:35{.?? ;_}_ ) | Cdaevaan - |

Comparison 1,061 AGE (p=0.023)
Background RH 373 1.10 (0.21,5.83) 0.912
Low RH 259 0.61 (0.07,5.45) 0.662
High RH 257 1.72 (0.31,9.61) 0.539

Low plus High RH 516 1.06 (0.24,4.70)  0.935

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-32. (Continued)
Analysis of Romberg Sign

g)MODELS4 5 ANBG‘fRANCHBANDS CURRENTDIOX]N—-_

Current Dioxin Category
Percent Abnormalf(n

Model* -_f:-_i*:i-uj;

kS 0.3 0.7 0.7 1. 08 (0 60 l 95) 0.788
(294) (300) (295)

S 0.3 0.3 1.0 1.10 (0.66,1.84) 0.717
(299) (296) (294)

6° 0.3 0.3 1.0 1.05 (0.60,1.83) 0.877
(298) (296) (294)

h) MGDELS =4 5, AND 6: RANCH HANDS — CURRENT DIOXIN — ADJUSTED
; : Ana!ysns Rmults for Lngz (Culrent Dmxm +.1y '

Moclelﬁ m 3(95% C.I‘) . L V:CovanateRarks*

4 889 1.26 (0.66,2. 42) 0.490 AGE (p=0.014)
-] 889 1.25 (0.70,2.22) 0.455 AGE (p=0.013)
64 888 1.20 (0.65,2.24) 0.565 AGE (p=0.014)

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

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

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

¢ Adjusted for log, total lipids.

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppqg.
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Displayed in Table 11-32(e,f), the unadjusted and adjusted Model 3 results did not
reveal any of the Ranch Hand categories to be significantly different from the Comparison
group in the percentage of Romberg sign abnormalities (p>0.53 for all contrasts). The
adjusted analysm contained the covariate age.

The unad;usted and adjusted results for Models 4 through 6 did not reveal a significant
association between current dioxin and Romberg sign (Table 11-32(g,h): p>0 45 for all
analyses). Each of the adjusted analyses contained age.

Gait

The unadjusted and adjusted Model 1 analyses of gait did not show a significant group
difference in percentage of gait abnormalities between Ranch Hands and Comparisons (Table
11-33(a,b): p>0.20 for all contrasts). Age and lifetime alcohol history were significant
covariates in the adjusted analysis.

For Model 2, the unadjusted analysis did not reveal a significant association between
initial dioxin and gait (Table 11-33(c): p=0.598). The interaction between initial dioxin and
age was significant in the adjusted Model 2 analysis (Table 11-33(d): p=0.031). Appendix
Table G-2-13 displays adjusted results stratified by age. The final model also included an
age-by-lifetime alcohol history interaction. Without the initial dioxin-by-age interaction, the
adjusted analysis did not detect a significant association between initial dioxin and gait (Table
11-33(d): p=0.260).

The unadjusted and adjusted analyses of gait for Model 3 did not reveal any of the
Ranch Hand categories to be significantly different than the Comparison group (Table 11-
33(e,f): p>0.18 for all contrasts). The final model contained the covariates age and
lifetime alcohol history.

The unadjusted and adjusted results for Models 4 through 6 did not reveal a significant
association between current dioxin and gait (Table 11-33(g,h): p>0.66 for all analyses).
Each of the adjusted analyses contained age, occupation, and a diabetic class-by-insecticide
exposure interaction.

Central Nervous System (CNS) Index

The unadjusted and adjusted Model 1 analyses of the CNS index did not reveal a
significant difference between the Ranch Hands and Comparisons (Table 11-34(a,b):
p>0.41 for all contrasts). The adjusted model contained the covariates age, race, and
lifetime alcohol history.

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

association between initial dioxin and the CNS index (Table 11-34{c,d): p>0 18 for both
analyses). Age was significant in the final model.
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Table 11-33.
Analysis of Gait

_2) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTED

~ p-Value

All Ranch Hand 948 3.5 1.12 (0.70,1.79) 0.732
Officer Ranch Hand 367 2.7 0.91 (0.40,2.04) 0.973
Enlisted Flyer Ranch Hand 162 3.7 0.83 (0.29,2.38) 0.933

Enlisted Groundcrew Ranch Hand 419 4.1 1.48 (0.74,2.97) 0.351

) MODEL 1: RANCH HANDS VS. COMPARISONS — ADJUSTED

~ Adj. Relative Risk . .
. @5%CL) pValue  Covariate Remarks®

All 1.14 (0.71,1.83) 0.597 AGE (p=0.001)

Officer 0.89 (0.39,2.01) 0.776 oy sty (e
Enlisted Flyer 0.84 (0.29,2.43) 0.753
Enlisted Groundcrew 1.59 (0.78,3.23) 0.205

# Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-33. (Continued)
Analysis of Gait

. (5% CL)®

1.24 (0.86,1.80)**

INIT*AGE (p=0.031)
AGE*DRKYR (p=0.016)

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

b Relative risk for a twofold increase in initial dioxin.

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

** Log, (initial dioxin)-by-covariate interaction (0.01 <p<0.05); adjusted relative risk, confidence interval, and
p-value derived from a model fitted after deletion of this interaction; refer to Appendix Table G-2-13 for
further analysis of this interaction.

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

11-158



Table 11-33. (Continued)
Analysis of Gait

Background RH 373 3.8 1.16 (0.61,2.18) 0.655
Low RH 260 1.9 0.53 (0.20,1.36) 0.184
High RH 257 4.7 1.28 (0.66,2.51) 0.467
Low plus High RH 517 333 0.90 (0.50,1.62) 0.726

MODEL 3: RANCH HANDS AND COMPARISONS B

Y DIOXIN CATEGORY

- - Relative Risk =i e S
Jioxin Category 95% C.1.) ~ Covariate Remarks
Comparison AGE (p=0.007)
DRKYR (p=0.077)
Background RH 366 1.13 (0.60,2.14) 0.706
Low RH 254 0.52 (0.20,1.35) 0.182
High RH 250 1.48 (0.75,2.94) 0.259

Low plus High RH 504 0.96 (0.53,1.73)  0.889

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-33. (Continued)
Analysis of Gait

4 3.4 33 3.7 1.01 (0.79,1.29) 0.945
(294) (300) (296)

5 3.0 3.7 3.7 1.02 (0.83,1.26) 0.854
(299) (297) (294)

6 3.0 37 3.7 1.00 (0.80,1.26) 0.970
(298) (297) (294)

variate Remar!
AGE (p=0.061)
OCC (p=0.099)
DIAB*INS (p=0.033)

5¢
4 889 0.94 (0.71,1.24)

5 889 0.96 (0.76,1.22) 0.753 AGE (p=0.060)
OCC (p=0.107)
DIAB*INS (p=0.033)

6 888 0.95 (0.73,1.22) 0.673 AGE (p=0.061)
0CC (p=0.101)
DIAB*INS (p=0.033)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = =< 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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Table 11-34.
Analysis of Central Nervous System (CNS) Index

2) MODEL 1: RANCH HANDS VS. COMPARISONS — UNADJUSTI .
All Ranch Hand 947 6.0 1.03 (0.72,1.47) 0.950
Comparison 1,279 3.9
Officer Ranch Hand 366 4.9 0.78 (0.43,1.43) 0.515
Comparison 501 6.2
Enlisted Flyer Ranch Hand 162 6.8 1.06 (0.46,2.43) 0.999
Comparison 202 6.4 :
Enlisted Groundcrew Ranch Hand 419 6.7 1.26 (0.74,2.13) 0.470
Comparison 576 5.4

~ Covariate Remarks®

All 1.03 (0.72,1.48)
Officer 0.80 (0.44,1.46)
Enlisted Flyer 1.07 (0.46,2.47)
Enlisted Groundcrew 1.26 (0.73,2.16)

0.875
0.465

0.874
0.413

AGE (p<0.001)
RACE (p=0.096)
DRKYR (p=0.009)

 Covariates and associated p-values correspond to final model based on all participants with available data.
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Table 11-34. (Continued)
Analysis of Central Nervous System (CNS) Index

, AL DIOXIN — ADJUSTED

_ Covariate Remarks

516 1.22 (0.92,1.62) 0.181 AGE (p=0.013)

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

b Relative risk for a twofold increase in initial dioxin.

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

Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
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Table 11-34. (Continued)
Analysis of Central Nervous System (CNS) Index

e) MODEL 3: RANCH HANBS"ANB' COMPARISONS BY DIOXIN CA”

'EGORY — UNADJUSTED

& _ = _ Est. Relative Ris o
'])ioxin' -Ca’tegory" " : A - i ¢ p-Value
Comparison 1,062 6.3

Background RH 373 6.2 1.01 (0.62,1.65) 0.969
Low RH ) 259 4.2 0.64 (0.33,1.24) 0.185
High RH 257 7.4 1.16 (0.68,1.97) 0.589
Low plus High RH 516 5.8 0.89 (0.57,1.40) 0.622

f) MODEL 3. RANCH HANBS AND COMPARISONS BY DIOX]N CATEGDRY ADJUSTED

Relaiwe Risk : ;.- :_- i i
(95% C.1)*° p—Vaine : : :vaanate.sR_emarks' -

Dloxm Category o n .

Comparison 1,044 AGE (p<0.001)
DRKYR (p=0.055)

Background RH 366 0.98 (0.59,1.62) 0.940

Low RH 253 0.64 (0.33,1.23) 0.181

High RH 250 1.30 (0.75,2.26) 0.356

Low plus High RH 503 0.88 (0.56,1.40) 0.593

2 Relative risk and confidence interval relative to Comparisons.

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

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

Note: RH = Ranch Hand.
Comparison: Current Dioxin < 10 ppt.
Background (Ranch Hand): Current Dioxin < 10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
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Table 11-34. (Continued)
Analysis of Central Nervous System (CNS) Index

3'g) MOBELS4 5 AND6 RANCH HANDS — CURRENTBIO UNADJUSTED

Model® | ~ Medium = Higl (95%c1.)b p»Value.
4 6.5 4.3 7.1 1.00 (0.83,1.22) 0.959
(294) (300) (295)
5 5.4 5.4 7.1 1.03 (0.87,1.21) 0.721
(299) (296) (294)
6 5.4 54 7.1 0.99 (0.83,1.18) 0.869
(298) (296) (294)

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

~ Analysis Resi Lng2 (Current Bmxm + n

| Adj. Relative Risk . .
ModeP| n  (®5%CIL®  pVale , ,'Covanate Remarks- e
4 889 0.93 (0.75,1.16) 0.519 AGE (p=0.022)

OCC*INS (p=0.035)

5 889 0.97 (0.81,1.17) 0.766 AGE (p=0.020)
OCC*INS (p=0.036)

64 888 0.92 (0.76,1.12) 0.407 AGE (p=0.028)
OCC*INS (p=0.030)

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

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

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

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

Note: Model 4: Low = < 8.1 ppt; Medium = >8.1-20.5 ppt; High = >20.5 ppt.
Models 5 and 6: Low = < 46 ppq; Medium = >46-128 ppq; High = >128 ppq.
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None of the Ranch Hand categories differed significantly from the Comparison group in
the unadjusted and adjusted Model 3 analyses of the CNS index (Table 11-34(e,f): p>0.18
for all contrasts). The adjusted analysis contained the covariates age and lifetime alcohol
history.

The unadjusted and adjusted results for Models 4 through 6 did not reveal a significant
association between current dioxin and the CNS index (Table 11-34(g,h): p>0.40 for all
analyses). Each of the adjusted analyses included age and an occupation-by-insecticide
exposure interaction.

Longitudinal Analysis
Physical Examination Variables

Longitudinal analyses were conducted on two composite variables, the cranial nerve
index without range of motion and the CNS index, to examine whether changes over time
differed with respect to group membership (Model 1), initial dioxin (Model 2), and
categorized dioxin (Model 3). Models 4, 5, and 6 were not examined in the longitudinal
analyses because current dioxin is the measure of exposure in these models. Current dioxin
changes over time and is not available for all participants for 1985 and 1992. For both
variables, the longitudinal analyses investigated the differences between the 1985 examination
and the 1992 examination to enhance comparability, because SCRF conducted both of these
neurological examinations.

The longitudinal analyses examined relative risks at the 1992 examination for
participants who were classified as “normal” at the 1985 examination. Participants classified
as “abnormal” at the 1985 examination were excluded because the focus of the analyses was
on investigating the temporal effects of dioxin during the period between 1985 and 1992.
Participants classified as “abnormal” in 1985 were already abnormal before this period;
consequently, only participants classified as “normal” at the 1985 examination were
considered to be at risk when the effects of dioxin over time were explored. The rate of
abnormalities under this restriction approximates an incidence rate between 1985 and 1992.
All three models were adjusted for age; Models 2 and 3 also were adjusted for percent body
fat at the time of duty in SEA and change in percent body fat from the time of duty in SEA
to the date of the blood draw for dioxin.

Cranial Nerve Index without Range of Motion

Based on participants with a normal response in 1985, the Model 1 analysis of the
cranial nerve index without range of motion did not reveal a significant overall group
difference (Table 11-35(a): p=0.343). However, stratifying the analysis by occupation
revealed a significant group difference within the enlisted groundcrew stratum (p=0.049,
Adj. RR=2.33, 95% C.1.=[1.00,5.41]) and a marginally significant group difference within
the enlisted flyer stratum (p=0.068, Adj. RR=0.14, 95% C.1.=[0.02,1.16]. For the
enlisted groundcrew, Ranch Hands were more than twice as likely as Comparisons to
develop a cranial nerve index abnormality in 1992 conditioned on normality in 1985 (4.0%
vs. 1.8%). By contrast, the enlisted flyer Ranch Hands were less than one fourth as likely as
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the enlisted flyer Comparisons to have an abnormal cranial nerve index without range of
motion response in 1992 conditioned on normality in 1985 (0.7% vs. 4.4%).

~ The Model 2 longitudinal analysis did not detect a significant association between initial
dioxin and the cranial nerve index without range of motion (Table 11-35(b): p=0.747).
Similarly, the longitudinal analysis of Model 3 did not find a significant difference between
any of the Ranch Hands categorles and the Comparison group (Table 11-35(c): p>0.13 for
all contrasts). .

CNS Index

The Model 1 analysis for participants with a normal CNS index in 1985 did not reveal a
significant group difference based on the 1992 results (Table 11-36(a): p>0.21 for all '
contrasts).

For Model 2, the longitudinal analysis revealed a marginally significant positive
association between initial dioxin and the CNS index (Table 11-36(b): p=0.052, Adj.
RR=1.41, 95% C.I1.=[1.01,1.98]). Based on the Ranch Hands in the Model 2 analysis who
had a normal CNS index in 1985, the percentages of abnormalities in 1992 for the low,
medium, and high initial dioxin categories were 2.5, 3.1, and 6.2 percent respectively.

The Model 3 longitudinal analysis found that Ranch Hands in the low dioxin category
had significantly fewer CNS index abnormalities in 1992 than the Comparison group -
conditioned on normality in 1985 (Table 11-36(c): p=0.042, Adj. RR=0.43, 95%
C.1.=[0.19, 0.97]). Based on participants with a normal CNS index in 1985, the
percentages of participants that had a CNS index abnormality in 1992 were 2.9 percent of the
low Ranch Hand category versus 5.6 percent of the Comparison group.

DISCUSSION

Although definitive diagnosis usually requires laboratory testing beyond the scope of the
current study, the data analyzed in the neurological assessment can be relied upon to detect
the presence, if not the cause, of neurological disease including disorders of the peripheral
nervous system. CNS, cranial, and peripheral nerve variables examined can provide specific
clues to the anatomical site of neurological lesions and clarify the need for additional
diagnostic studies. Pertinent to the current study, the neurological examination is highly
sensitive in detecting the presence of peripheral neuropathy, a suspect clinical condition
related to TCDD exposure.

In clinical practice, it is convenient to divide the neurological assessment into -
examinations of the peripheral and cranial nerves. - The 5 motor, and 4 sensory peripheral
nerve variables and the 13 cranial nerve variables examined provide highly specific clues in
the anatomic site of neurological lesions and clarify whlch addmonal dlagnostlc studles would
be most helpful in establlshmg a diagnosis. :
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Table 11-35.

Longitudinal Analysis of Cranial Nerve Index without Range of Motion

- B Percent Abnormal/(n)

All Ranch Hand 3.7 4.4 4.8
(894) (862) (894)
Comparison 2.3 4.0 3.3
(1,133) (1,096) (1,133)
Officer Ranch Hand 2.9 3.6 4.1
(345) (337) (345)
Comparison 2.1 2.6 3.9
(435) (420) (435)
Enlisted Flyer Ranch Hand 3.2 4.6 3.2
(158) (154) (158)
Comparison 1.6 5.5 4.3
(187) (181) (187)
Enlisted Ranch Hand 4.6 5.1 6.1
Groundcrew (391) (371) (391)
Comparison 2.9 4.7 2.4
(511) (495) (511)
Normal in 1985
‘Occupational S Abnormal Adj. Relative Risk
Category ~ Group  nin1992 inf1992 = (95% C.L)* p-Value®
All Ranch Hand 861 3.4 1.29 (0.76,2.18) 0.343
Comparison 1,107 2.6
Officer Ranch Hand 335 3.9 1.37 (0.62,3.05) 0.439
Comparison 426 2.8
Enlisted Flyer Ranch Hand 153 0.7 0.14 (0.02,1.16) 0.068
Comparison 184 4.4
Enlisted Ranch Hand 373 4.0 2.33 (1.00,5.41) 0.049
Groundcrew Comparison 497 1.8

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1992 results; results
adjusted for age in 1992.

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-35. (Continued)
Longitudinal Analysis of Cranial Nerve Index without Range of Motion

'b) MODEL 2: RANCH HANDS — INITIAL DIOXIN
—— : S

Examination
TEERL T ' 1987 1992
Low 2.4 3.7 6.1
(165) (162) (165)
Medium 3.0 6.8 2.4
(166) (162) (166)
High " 3.9 4.5 6.7
(164) (156) (164)
Initial Dioxin Category Summary Statistics |l Analysis Results for Log, (Initial Dioxin)®
~ Normal in 1985 |
Initial - Percent Abnormalin |  Adj. Relative Risk
Dioxin nin1992 1992 (95% C.L)° p-Value
Low 161 5.6 0.94 (0.63,1.39) 0.747
Medium 161 1.2
High 158 4.4

* Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

® Relative risk for a twofold increase in initial dioxin.
Note: Low = 39-98 ppt; Medium = >98-232 ppt; High = >232 ppt.
Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985

and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-35. (Continued)
Longitudinal Analysis of Cranial Nerve Index without Range of Motion

c} MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Percent Abnormali{n)

‘ - ~ Examination
Dby e 1937 = T
Comparison 2:1 4.3 3.2
(980) (960) (980)
Background RH 4.6 3.5 4.6
(351) (342) (351)
Low RH 3.2 5.4 e
(247) (242) (247)
High RH 2.8 4.6 4.4
(248) (238) (248)
Low plus High RH 3.0 5.0 5.1
(495) (480) (495)
Normalmlgss__:__f”' L
o o Percent Abnormal  Adj. Relative Risk
_Dioxin Category  nin 1992 - in1992 95% CL*® pVale
Comparison - 959 2.5
Background RH 335 3.0 1.16 (0.54,2.47) 0.702
Low RH 239 4.6 1.75 (0.84,3.66) 0.134
High RH 241 2.9 1.27 (0.54,3.03) 0.584
Low plus High RH 480 3.8 1.53 (0.82,2.87) 0.183

2 Relative risk and confidence interval relative to Comparisons.

b Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

Note: RH = Ranch Hand.
Comparison: Current Dioxin <10 ppt.
Background (Ranch Hand): Current Dioxin <10 ppt.
Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.
High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.
Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-36.

Longitudinal Analysis of Central Nervous System Index

 2a) MODEL 1: RANCH HANDS VS. COMPARISONS
e - _ : Examination
Category - Group 1985 1987 1992
All Ranch Hand 4.0 5.9 6.1
(908) (882) (908)
Comparison 2.7 4.7 oy
(1,149) (1,121) (1,149)
Officer Ranch Hand 29 3.5 5.1
(351) (343) (351)
Comparison 1.4 4.2 6.1
(443) (431) (443)
Enlisted Flyer Ranch Hand 6.3 52 7.0
(158) (154) (158)
Comparison 43 4.9 53
(188) (184) (188)
Enlisted Ranch Hand 4.0 83 6.5
Groundcrew (399) (385) (399)
Comparison 3.3 8l 5.6
(518) (506) (518)
Normal in 1985
Occupational S . Abnormal  Adj. Relative Risk
Category ~ Group nin1992  n1992 = (95% C.I)* - p-Value®
All Ranch Hand 872 4.1 0.78 (0.51,1.20) 0.252
Comparison 1,118 5.2
Officer Ranch Hand 341 3.8 0.64 (0.32,1.28) 0.212
Comparison 437 5.7
Enlisted Flyer Ranch Hand 148 4.7 0.93 (0.34,2.58) 0.892
Comparison 180 5.0
Enlisted Ranch Hand 383 4.2 0.87 (0.45,1.67) 0.679
Groundcrew Comparison 501 4.8

# Relative risk, confidence interval, and p-values are in reference to a contrast of 1985 and 1992 results; results

adjusted for age in 1992.

Note: Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-36. (Continued)
Longitudinal Analysis of Central Nervous System Index

b) MODEL 2: R.ANCH HANDS INH'IAL DIOX!N

Percent Ahnomlal/(n)

Examinatlon
Dioxin e 1985 - 1987 1992
Low 3.6 2.4 4.2
(167) (167) (167)
Medium 3.0 4.9 5.4
(166) (163) (166)
High 3.0 8.0 7.2
(167) (162) (167)
Initial Dioxin Category Summary Statistics ~ Analysis Results for Log, (Initial Dioxin)*
 Normal in 1985 _
Initial ) - Percent Abnornm] in | Adj. Relative Risk
Dioxin nin1992 1992 ©5%cLy p-Value
Low 161 2.5 1.41 (1.01,1.98) 0.052
Medium 161 3.1
High 162 6.2

* Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in

SEA to the date of blood draw for dioxin, and age in 1992.
b Relative risk for a twofold increase in initial dioxin.

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

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial

nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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Table 11-36. (Continued)
Longitudinal Analysis of Central Nervous System Index

c) MODEL 3: RANCH HANDS AND commsom BY moxm CATEGORY
i?ercent Ahnm-mamn)_ =

: Exammatmn
DioxinCategory =~ %8 1987
Comparison 2.6 4.9
(995) (981) (995)
Background RH 4.2 6.0 6.4
(360) (350) (360)
Low RH 2.8 2.0 4.4
(249) (247) (249)
High RH 3.6 8.2 6.8
(251) (245) (251)
Low plus High RH 3.2 5.1 5.6
(500) (492) (500)
Normai n 1985
ey Perct Abnormal Adj.RelahveRmk '
Dioxin Category ~  n ) in 1992 om 95%CL® p-Va.lue
Comparison 969 5.6
Background RH 345 4.4 0.76 (0.42,1.37) 0.358
Low RH 242 2.9 0.43 (0.19,0.97) 0.042
High RH 242 5.0 1.02 (0.53,1.98) 0.943
Low plus High RH 484 3.9 0.68 (0.40,1.17) 0.166

# Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of duty in SEA, change in percent body fat from the time of duty in
SEA to the date of blood draw for dioxin, and age in 1992.

Note:

RH = Ranch Hand.

Comparison: Current Dioxin <10 ppt.

Background (Ranch Hand): Current Dioxin <10 ppt.

Low (Ranch Hand): Current Dioxin > 10 ppt, 10 ppt < Initial Dioxin <143 ppt.

High (Ranch Hand): Current Dioxin > 10 ppt, Initial Dioxin > 143 ppt.

Summary statistics for 1987 are provided for reference purposes for participants who attended the 1985
and 1992 examinations. Statistical analyses are based only on participants who had a normal cranial
nerve index without range of motion in 1985 (see Chapter 7, Statistical Methods).
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3 As indices of CNS function, tremor and coordination are less specific and more subject
~to individual variation in the absence of underlying neurological disease. Tremor, for

- example, may occur as a benign familial trait, may be reflective of alcohol withdrawal, or
.may be a marker of extra pyramidal motor system disease as in Parkinson’s Syndrome. The
“Romberg sign may signal a lesion in the cerebellum but is more often indicative of impaired
osition senseé in the lower extremities or of inner ear disease. Finally, the mental status
~examination is of obvious importance in the CNS assessment and, as in previous examination
- cycles, extensive psychometric studies were conducted and are reported in Chapter 12,

Psychology Assessment.

3 In the adjusted analyses of the med:cal records variables, the prevalence of neurological
- disorders by history was similar in the Ranch Hand and Companson cohorts. In a pattern
- consistent with a positive dose-response and with results reported in the serum dioxin
¥ analysis of the 1987 followup, the diagnosis of other neurological disorders occurred more
- commonly in Ranch Hands with high versus medium and low levels of serum dioxin. After
b adjustment for covariates, however, the associations were no longer statistically significant.
. In contrast, but of doubtful clinical significance, an inverse dose-response was noted in all
. adjusted analyses relating the current serum dioxin to the history of hereditary and
degenerative disorders. Disorders included in this ICD-9-CM category, more common in_
Ranch Hands than in Comparisons in the 1987 examinations, were equally prevalent in the
-current study.

In relation to the extrapolated initial level of serum dioxin, no significant associations
were noted in the adjusted analyses of any of the directly measured physical examination
wvariables. The analyses employing current serum dioxin yielded inconsistent resuits. A
.positive association was noted in relation to the cranial nerve motor variable smile and the
peripheral nerve variables pin prick and patellar reflex, while inverse dose-response patterns
‘were defined for smell and the Babinski reflex.

The dependent variable-covariate analyses confirmed associations well-established in

i clinical practice. Diabetes mellitus was associated with multiple motor and sensory

! manifestations of neurological disease including deficits in pin prick sensation and balance,

i the Romberg sign, and all. of the deep tendon reflexes tested. Consistent with the peripheral
4 -neuropathy common to age, alcoholism, and diabetes, highly significant associations were
noted between these risk factors and abnormalities i in the vibrotactile threshold (of both left
and right great toes).

In summary, data analyzed in the current section reflect a comparable prevalence of
neurological disease in the Ranch Hand and Comparison cohorts and no consistent evidence
for a dose-response effect in relation to the current body burden of dioxin.

SUMMARY

The neurological assessment focused on extensive physical examination data for cranial
nerve function, peripheral nerve status, and CNS coordination processes. Verified histories
of neurological diseases also were examined. Tables 11-37 through 11-40 summarize the
tesults of the group contrast analyses (Table 11-37), the initial dioxin analyses (Table 11-38),
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Table 11-37.
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

Variable Al Officer  Enlisted Fyer Enlisted Groundcrew
Medical Records

Inflammatory Diseases (D) NS NS NS NS
Hereditary and Degenerative NS NS ns NS
Diseases (D)

Peripheral Disorders (D) NS NS NS ns .
Other Neurological Disorders (D) NS NS NS NS
Physical Examination: Cranial

Nerve Function

Smell (D) NS ns NS NS
Visual Fields (D) ns ns - NS
Light Reaction (D) NS ns ns NS*
Ocular Movement (D) NS NS NS NS
Facial Sensation (D) NS -- ns NS
Jaw Clench (D) - = s e
Smile (D) NS ns NS NS
Palpebral Fissure (D) ns ns NS ns
Balance (D) NS NS ns NS
Gag Reflex (D) -- - - -
Speech (D) NS NS NS NS
Palate and Uvula Movement (D) - - - -
Neck Range of Motion (D) NS NS ns NS
Cranial Nerve Index without Range NS ns ns +0.012
of Motion (D)

Physical Examination: Peripheral

Nerve Status

Pin Prick (D) NS ns ns NS
Light Touch (D) NS NS NS NS
Muscle Status (D) NS NS ns NS
Patellar Reflex (D) -0.043 -0.033 ns NS
Achilles Reflex (D) NS NS ns ns
Biceps Reflex (D) ns NS ns ns
Babinski Reflex (D) ns ns ns NS
Vibrotactile Threshold Measurement NS ns NS NS
of Right Great Toe (C)
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Table 11-37. (Continued)
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

s S UNADJUSTED -
gVamble AR Oﬂim  Enlisted Flyer Enlisted Groundcrew
Vibrotactile Threshold Measurement NS NS ns NS
of Left Great Toe (C)
Physical Examination: CNS
Coordination Processes
Tremor (D) NS ns NS NS
Coordination (D) NS NS ns NS
Romberg Sign (D) NS NS ns NS
Gait (D) NS ns ns NS
Central Nervous System Index (D) NS ns NS NS
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk =1.00.

Relative risk <1.00.

Analysis not performed due to sparse number of abnormalities.

NS or ns: Not s1gmﬁcant (p>0.10).

Note: P-value given if p<0.05.

A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 11-37. (Continued)
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

Variable Al Officer  Enlisted Flyer Enlisted Groundcrew
Medical Records

Inflammatory Diseases (D) NS NS NS NS
Hereditary and Degenerative NS NS ns NS
Diseases (D)

Peripheral Disorders (D) NS NS ns ns
Other Neurological Disorders (D) NS NS ' NS NS
Physical Examination: Cranial

Nerve Function

Smell (D) NS ns NS NS
Visual Fields (D) ns ns - NS
Light Reaction (D) NS ns - --
Ocular Movement (D) NS NS - NS
Facial Sensation (D) NS -- ns NS
Jaw Clench (D) - - - -
Smile (D) NS ns NS NS
Palpebral Fissure (D) ns ns NS ns
Balance (D) NS NS -- NS
Gag Reflex (D) - -- - -
Speech (D) NS* NS - NS
Palate and Uvula Movement (D) - - - -
Neck Range of Motion (D) NS NS ns* NS
Cranial Nerve Index without Range **(NS) ns ns +0.014
of Motion (D)

Physical Examination: Peripheral

Nerve Status

Pin Prick (D) ns ns ns NS
Light Touch (D) NS ns NS NS
Muscle Status (D) NS NS ns NS
Patellar Reflex (D) *%(-0.009) **(-0.021) **(-0.048) **(NS)
Achilles Reflex (D) NS NS ns ns
Biceps Reflex (D) ns NS - ns
Babinski Reflex (D) ns -- -- NS
Vibrotactile Threshold Measurement ns ns NS NS
of Right Great Toe (C)

Vibrotactile Threshold Measurement NS ns ns NS

of Left Great Toe (C)
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Table 11-37. (Continued)
Summary of Group Analyses (Model 1) for Neurological Variables
(Ranch Hands vs. Comparisons)

Yariable AN Officer Enlisted Fiyer Enlisted Groundcrew
Physical Examination: CNS

Coordination Processes

Tremor (D) NS ns NS NS
Coordination (D) NS NS ns NS
Romberg Sign (D) NS NS - NS

Gait (D) NS ns ns NS

Central Nervous System Index (D) NS ns NS NS

Continuous analysis.

Discrete analysis.

: Relative risk =1.00.

Relative risk <1.00.

Analysis not performed due to sparse number of abnormalities.

NS or ms: Not significant (p>0.10).

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

**(NS) or **(ns): Group-by-covariate interaction (p <0.05); not significant when interaction is deleted;

refer to Appendix G-2 for further analysis of this interaction.

**(...): Group-by-covariate interaction (p <0.05); significant when interaction is deleted and p-value is given in
parentheses; refer to Appendix G-2 for further analysis of this interaction.

Note: A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means

nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete

analysis or difference of means negative for continuous analysis.

L4A+90

11-177



Table 11-38.

Summary of Initial Dioxin Analyses (Model 2) for Neurological Variables

(Ranch Hands Only)
Variable Unadjusted Adjusted
Medical Records
Inflammatory Diseases (D) NS ns
Hereditary and Degenerative Diseases (D) ns **(ns)
Peripheral Disorders (D) NS NS
Other Neurological Disorders (D) NS ns
Physical Examination: Cranial Nerve
Function
Smell (D) ns ns
Visual Fields (D) - -
Light Reaction (D) NS NS
Ocular Movement (D) ns ns
Facial Sensation (D) NS -
Jaw Clench (D) . £%
Smile (D) NS NS
Palpebral Fissure (D) NS NS
Balance (D) NS NS
Gag Reflex (D) - --
Speech (D) NS NS
Palate and Uvula Movement (D) -- -
Neck Range of Motion (D) ns NS
Cranial Nerve Index without Range of NS **(NS)
Motion (D)
Physical Examination: Peripheral Nerve
Status
Pin Prick (D) ns ns
Light Touch (D) ns ns
Muscle Status (D) ns NS
Patellar Reflex (D) ns NS
Achilles Reflex (D) ns **(NS)
Biceps Reflex (D) -0.030 ns
Babinski Reflex (D) - -
Vibrotactile Threshold Measurement of ns **(NS)
Right Great Toe (C)
Vibrotactile Threshold Measurement of Left ns* **(NS)

Great Toe (C)
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Table 11-38. (Continued)
Summary of Initial Dioxin Analyses (Model 2) for Neurological Variables

(Ranch Hands Only)
Physical Examination: CNS Coordination
Processes
Tremor (D) NS NS
Coordination (D) ns NS
Romberg Sign (D) 5 NS NS
Gait (D) NS **(NS)
Central Nervous System Index (D) NS NS

C: Continuous analysis.

D: Discrete analysis.

-1 Relative risk <1.00.

--: Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

**(NS) or **(ns): Log, (initial dioxin)-by-covariate interaction (p<0.05); not significant when interaction is

deleted; refer to Appendix G-2 for further analysis of this interaction.

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or slope nonnegative for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete analysis or slope
negative for continuous analysis.
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Table 11-39.
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED
Backgmund Ranch Low Ranch  High Ranch = Low plus High
' ~ Handsvs. = Hands vs. ‘Hands vs. Ranch Hands vs.
Variable : : Conuxuumm5~i~ Comparisons Comparisons Comparisons
Medical Records
Inflammatory Diseases (D) NS NS NS NS
Hereditary and Degenerative NS NS ns NS
Diseases (D)
Peripheral Disorders (D) ns NS NS NS
Other Neurological Disorders ns NS +0.040 NS*
(D)
Physical Examination:
Cranial Nerve Function
Smell (D) NS NS ns ns
Visual Fields (D) - - -- --
Light Reaction (D) NS NS NS NS*
Ocular Movement (D) NS NS NS NS
Facial Sensation (D) NS - NS* NS
Comneal Reflex (D) - - - -
Jaw Clench (D) -- - -- -
Smile (D) NS NS NS NS
Palpebral Fissure (D) NS NS ns NS
Balance (D) NS ns NS NS
Gag Reflex (D) - - - -
Speech (D) NS NS* NS* +0.023
Tongue Position Relative to -- -- - --
Midline (D)
Palate and Uvula Movement -- - - -
(D)
Neck Range of Motion (D) NS NS NS NS
Cranial Nerve Index without NS NS NS NS
Range of Motion (D)
Physical Examination:
Peripheral Nerve Status
Pin Prick (D) ns NS ns NS
Light Touch (D) NS NS NS NS
Muscle Status (D) NS NS NS NS
Patellar Reflex (D) -0.033 ns ns ns
Achilles Reflex (D) NS NS ns NS
Biceps Reflex (D) ns NS ns ns
Babinski Reflex (D) ns ns ns ns
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Table 11-39. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

Vanable e

Vibrotactile Threshold ns NS ns

Measurement of Right Great

Toe (C)

Vibrotactile Threshold NS NS ns NS
Measurement of Left Great

Toe (C)

Physical Examination: CNS

Coordination Processes

Tremor (D) NS ns NS ns
Coordination (D) ns NS NS NS
Romberg Sign (D) NS ns NS NS
Gait (D) NS ns NS ns
Central Nervous System Index NS ns NS ns
(D)

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

- Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.
Not applicable for unadjusted analysis.

NS or 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 a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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" Table 11-39. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

. Pukgromd
Vanable .

Ranchrf : Low Ranch High Ranch an plus High

Medical Records

Inflammatory Diseases (D) NS NS ‘NS NS
Hereditary and Degenerative NS NS ns ns
Diseases (D)

Peripheral Disorders (D) ns ns NS NS
Other Neurological Disorders NS NS NS NS
(D)

Physical Examination: Cranial

Nerve Function

Smell (D) **(NS) **(NS) **(ns) **(ns)
Visual Fields (D) -- - -- -
Light Reaction (D) NS NS NS NS*
Ocular Movement (D) NS NS NS NS
Facial Sensation (D) -- -~ -- --
Comeal Reflex (D) - - - -
Jaw Clench (D) - - - -
Smile (D) NS NS NS NS
Palpebral Fissure (D) NS NS ns NS
Balance (D) NS ns NS NS
Gag Reflex (D) -- = ok -
Speech (D) 2 L = L
Tongue Position Relative to = = e =
Midline (D)

Palate and Uvula Movement (D) - - - -
Neck Range of Motion (D) **(ns) **(NS) **(NS) **(NS)
Cranial Nerve Index without **(NS) **(NS) **(NS) *¥(NS)
Range of Motion (D)

Physical Examination:
Peripheral Nerve Status

Pin Prick (D) ns NS ns NS
Light Touch (D) NS NS NS NS
Muscle Status (D) **(NS) **(NS) **(NS) **(NS)
Patellar Reflex (D) **(-0.025) **(ns¥) **(ns) **(ns)
Achilles Reflex (D) **(NS) **(NS) **(NS) **(NS)
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Table 11-39. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Neurological Variables
(Ranch Hands vs. Comparisons)

 Background Ranch Low Ranch  High Ranch  Low plus High
Hands vs. Handsvs.  Handsvs.  Ranch Hands vs.

Variable Comparisons Comparisons Comparisons  Comparisons
Biceps Reflex (D) - NS ns ns
Babinski Reflex (D) ns ns - ns
Vibrotactile Threshold **(ns) **(ns) **(NS) **(NS)
Measurement of Right Great Toe
©
Vibrotactile Threshold ns NS NS NS
Measurement of Left Great Toe
©
Physical Examination: CNS
Coordination Processes
Tremor (D) NS ns NS ns
Coordination (D) ns NS NS NS
Romberg Sign (D) NS ns NS NS
Gait (D) NS ns NS ns
Central Nervous System Index ns ns NS ns

(D)

C: Continuous analysis.

D: Discrete analysis.

-:  Relative risk <1.00 for discrete analysis or difference of means negative for continuous analysis.

--: Not applicable for unadjusted analysis.

NS or ns: Not significant (p>0.10).

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

**(NS) or **(ns): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); not significant when

interaction is deleted; refer to Appendix G-2 for further analysis of this interaction.
**(ns*): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); marginally significant when interaction
is deleted; refer to Appendix G-2 for further analysis of this interaction.
**(...): Categorized dioxin-by-covariate interaction (0.01 <p<0.05); significant (p=-0.025) when interaction is
deleted; refer to Appendix G-2 for further analysis of this interaction.

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 11-40.

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)
_ - oo . Modd6:
~ Model4: ModelS: = Whole-Weight Current
e . Lipid-Adjusted =~ Whole-Weight  Dioxin Adjusted for Total
Variable ~ Current Dioxin  Current Dioxin Lipids
Medical Records
Inflammatory Diseases (D) NS NS NS
Hereditary and Degenerative ns ns ns*
Diseases (D)
Peripheral Disorders (D) NS NS NS
Other Neurological Disorders (D) +0.022 NS* +0.011
Physical Examination: Cranial
Nerve Function
Smell (D) -0.018 -0.015 -0.019
Visual Fields (D) - - -
Light Reaction (D) NS NS NS
Ocular Movement (D) NS NS NS
Facial Sensation (D) NS NS NS
Jaw Clench (D) - - -
Smile (D) NS* NS NS*
Palpebral Fissure (D) NS NS NS
Balance (D) NS NS NS
Gag Reflex (D) -- - -
Speech (D) NS NS NS
Palate and Uvula Movement (D) -- - --
Neck Range of Motion (D) NS NS NS
Cranial Nerve Index without Range NS NS NS
of Motion (D)
Physical Examination: Peripheral
Nerve Status
Pin Prick (D) NS* NS* NS*
Light Touch (D) NS NS NS
Muscle Status (D) ns ns NS
Patellar Reflex (D) NS NS NS
Achilles Reflex (D) NS NS ' NS
Biceps Reflex (D) NS NS NS
Babinski Reflex (D) ns* ns ns
Vibrotactile Threshold Measurement NS NS ns
of Right Great Toe (C)
Vibrotactile Threshold Measurement ns ns ns

of Left Great Toe (C)
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Table 11-40. (Continued)

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)
- ~ Model 6:
_ i : - Madel 5. - - Whole-Weight Current
L ' rprld Amusted Whole-Weight  Dioxin Adjusted for Total
Vanable o : Current Dioxin  Current Dioxin : Lipids
Physical Examination: CNS
Coordination Processes
Tremor (D) ns ns ns
Coordination (D) ns ns ns
Romberg Sign (D) NS NS NS
Gait (D) NS NS NS
Central Nervous System Index (D) NS NS ns

C: Continuous analysis.
D: Discrete analysis.

+: Relative risk =1.00.
-:  Relative risk <1.00.

Analysis not performed due to sparse number of abnormalities.

NS or ns: Not significant (p>0.10).

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

Note: P-value given if p<0.05.

A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or slope nonnegative for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete analysis or slope

negative for continuous analysis.
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Table 11-40. (Continued)

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)
T e AT o e Y T e ADIUSTED
: -- : ~ Model6:

- Model 4: . Model 5: Whole-Weight Current
: o ‘Lipid-Adjusted =~ Whole-Weight  Dioxin Adjusted for Total
Variable S Current Dioxin  Carrent Dioxin Lipids '
Medical Records
Inflammatory Diseases (D) NS NS NS
Hereditary and Degenerative -0.030 -0.033 -0.009
Diseases (D)
Peripheral Disorders (D) **(NS) **(NS) **(NS)
Other Neurological Disorders (D) ns ns ns
Physical Examination: Cranial
Nerve Function
Smell (D) -0.018 -0.015 -0.019
Visual Fields (D) -- - --
Light Reaction (D) NS NS NS
Ocular Movement (D) NS NS NS
Facial Sensation (D) NS NS NS
Jaw Clench (D) - - --
Smile (D) NS* NS NS*
Palpebral Fissure (D) NS NS NS
Balance (D) NS NS NS
Gag Reflex (D) - - -
Speech (D) NS NS NS
Palate and Uvula Movement (D) -- %5 &
Neck Range of Motion (D) NS NS NS
Cranial Nerve Index without Range ns ns ns
of Motion (D)
Physical Examination: Peripheral
Nerve Status
Pin Prick (D) *¥(NS) **(NS) **(NS)
Light Touch (D) NS NS NS
Muscle Status (D) NS NS NS
Patellar Reflex (D) NS* NS* +0.039
Achilles Reflex (D) NS NS NS
Biceps Reflex (D) NS NS NS*
Babinski Reflex (D) -0.039 ns* ns*
Vibrotactile Threshold Measurement **(NS) **(NS) **(NS)
of Right Great Toe (C)
Vibrotactile Threshold Measurement **(NS) **(NS) **(NS)

of Left Great Toe (C)
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Table 11-40. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Neurological Variables

(Ranch Hands Only)

: Model 4: Mode! 5. Whole-Weight Current
e o iLrpid Adjusted i Whole—Welght Dioxin Adjusted for Total
Nagiable . Current Dioxin  Current Dioxin Lipids
Physical Examination: CNS
Coordination Processes
Tremor (D) **(ns) **(ns) **(ns)
Coordination (D) NS NS NS
Romberg Sign (D) NS NS NS
Gait (D) ns ns ns
Central Nervous System Index (D) ns ns ns
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk =1.00.

- Relative risk <1.00.
Analyses not performed due to sparse number of abnormalities.
NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p<0.10).
**(NS) or **(ns): Log, (current dioxin + 1)-by-covariate interaction (p <0.05); not significant when
interaction is deleted; refer to Appendix G-2 for further analysis of this interaction.
Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or a nonnegative slope for
continuous analysis; a lower case “ns” denotes relative risk less than 1.00.
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Table 11-41.

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Neurological Variables

MOdEI G : Nariable: = 0 ; : 3 Covariate

12 Cranial Nerve Index without Range of Motion Occupation :
Patellar Reflex (D) Lifetime Alcohol History

b Hereditary and Degenerative Diseases (D) Occupation
Cranial Nerve Index without Range of Motion Age, Diabetic Class
(D)
Achilles Reflex (D) Lifetime Alcohol History
Vibrotactile Threshold Measurement of Right Composite Exposure to Heavy
Great Toe (C) Metals
Vibrotactile Threshold Measurement of Left Diabetic Class, Composite Exposure
Great Toe (C) to Heavy Metals
Gait (D) Age

3% Smell (D) Insecticide Exposure
Neck Range of Motion (D) Occupation
Cranial Nerve Index without Range of Motion Occupation
(D)
Muscle Status (D) Insecticide Exposure
Patellar Reflex (D) Lifetime Alcohol History
Achilles Reflex (D) Lifetime Alcohol History
Vibrotactile Threshold Measurement of Right Lifetime Alcohol History
Great Toe (C)

4¢ Peripheral Disorders (D) Lifetime Alcohol History
Pin Prick (D) Diabetic Class
Vibrotactile Threshold Measurement of Right Lifetime Alcohol History, Composite
Great Toe (C) Exposure to Heavy Metals
Vibrotactile Threshold Measurement of Left Lifetime Alcohol History, Diabetic
Great Toe (C) Class, Worked With Vibrating Power

Equipment or Tools

Tremor (D) Age

5° Peripheral Disorders (D) Lifetime Alcohol History
Pin Prick (D) Diabetic Class
Vibrotactile Threshold Measurement of Right Lifetime Alcohol History, Composite
Great Toe (C) Exposure to Heavy Metals
Vibrotactile Threshold Measurement of Left Lifetime Alcohol History, Worked
Great Toe (C) With Vibrating Power Equipment or

Tools
6 Peripheral Disorders (D) Lifetime Alcohol History

Pin Prick (D)

Vibrotactile Threshold Measurement of Right
Great Toe (C)

Vibrotactile Threshold Measurement of Left
Great Toe (C)

Diabetic Class

Lifetime Alcohol History, Composite
Exposure to Heavy Metals

Lifetime Alcohol History, Worked
With Vibrating Power Equipment or
Tools

C: Continuous analysis.

D: Discrete analysis.

2 Group Analysis (Ranch Hands vs. Comparison).

® Ranch Hands—Log, (Initial Dioxin).

¢ Categorized Dioxin.

¢ Ranch Hands—Log, (Current Lipid-Adjusted Dioxin + 1).
¢ Ranch Hands—Log, (Current Whole-Weight Dioxin + 1).
f Ranch Hands—Log, (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids.
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the categorized dioxin analyses (Table 11-39), and the current dioxin analyses (Table 11-40).
Table 11-41 lists the group-by-covariate and dioxin-by-covariate interactions that were
encountered in the adjusted analyses of the variables.

Medical R_ecords

Historical data collected at the 1982, 1985, and 1987 examinations were updated with
information collected at the 1992 health interview and grouped by ICD code into four
categories of neurological disorders for analysis: inflammatory disorders (ICD-9 codes 3200-
3269), hereditary and degenerative disorders (ICD-9 codes 3300-3379), peripheral disorders
(ICD-9 codes 3501-3599), and other neurological disorders (ICD-9 codes 3400-3499). The
category of other neurological disorders included mostly diagnoses of unspecified
encephalopathy (73.2%).

- Model 1: Group Analysis

The unadjusted and adjusted analyses found that the prevalence of neurological disorders
did not differ significantly between the Ranch Hand and Comparison groups for any of the
medical records variables. Although not significant, the estimated relative risk of
inflammatory disease was more than 4.00. These results were affected by sparse data, as
there were only six Ranch Hands and two Comparisons with a history of inflammatory
disease.

Model 2: Initial Dioxin Analysis

Estimated initial dioxin exposure was not significantly associated with any of the
historical neurological disorders in both the unadjusted and adjusted Model 2 analyses.

Model 3: Categorized Dioxin Analysis

The Ranch Hand dioxin category versus Comparison group contrasts were not
significant for inflammatory diseases, hereditary and degenerative diseases, or peripheral
disorders. The relative risk of the category of other neurological disorders was significantly
greater than 1.00 in the unadjusted analysis for Ranch Hands in the high dioxin category, but
this finding became nonsignificant after adjusting for age, race, and occupation. Occupation
was highly associated with other neurological disorders and also is associated with dioxin
exposure. Removing occupation from the adjusted model caused the relative risk to become
significant.

Models 4 though 6: Current Dioxin Analysis

The unadjusted analyses of the category of other neurological disorders found a
significant positive association with lipid-adjusted current dioxin in Model 4 and a marginally
significant positive association with whole-weight dioxin in Model 5. The association with

‘whole-weight dioxin became significant after forcing total lipids into the Model 6 analysis.
Similar to the Model 3 results, all of these associations became nonsignificant after adjusting
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for age, race, and occupation. The positive associations became highly significant when
occupation was removed from the final adjusted models.

The unadjusted current dioxin analyses of hereditary and degenerative diseases were all
nonsignificant, but the relative risks became significantly less than 1.00 in Models 4 through
6 after adjusting for covariates, including occupation and diabetic class. When occupation
and diabetic class were removed from the final models, the adjusted results supported the
unadjusted findings, revealmg no significant associations.

The unadjusted and adjusted peripheral disorders results were not significant, but the
adjusted relative risks became significantly greater than 1.0 after removing the occupation
and diabetic class covariates from the final modeis. When current dioxin was adjusted for
age only, the relative risks were significant, but the results became nonsignificant when
adjusting for the age-by-occupation interaction in the final model. - The diabetic class
covariate (whether in or out) had minimal effect on the current dioxin significance level.

Physical Examination Variables

The neurological assessment analyzed 14 cranial nerve function variables (smell, visual
fields, light reaction, ocular movement, facial sensation, jaw clench, smile, palpebral fissure,
balance, gag reflex, speech, palate and uvula movement, neck range of motion, and a cranial
nerve index), 9 peripheral nerve variables (pin prick, light touch, muscle status, vibrotactile
threshold (of left and right great toes), patellar reflex, Achilles reflex, biceps reflex, and the
Babinski reflex) and 5 CNS coordination process variables (tremor, coordination, Romberg
sign (balance), gait, and a CNS summary index) with respect to group differences and
associations with dioxin. There were few abnormalities for many of these vanables, limiting
the power to detect a significant difference.

Model 1: Group Analysis

There were no significant overall group differences for the cranial nerve function
variables. However, the group contrasts stratified by occupation found that the adjusted
relative risk of a cranial nerve index abnormality was significantly greater than 1.00 for
enlisted groundcrew Ranch Hands (p=0.014, Adj. RR=2.36, 95% C.I.=[1.19,4.71)).

- Although not significant, the estimated relative risk was greater than 4 00 for facial sensation
(3 Ranch Hands vs. 1 Companson)

The unadjusted and adjusted analyses of the penpheral nerves found significantly fewer
patellar reflex abnormalities in the Ranch Hand group than in the Comparison group
(p=0.009, Adj. RR=0.40, 95% C.I.=[0.19,0.83]). Stratified by occupation, the adjusted
relative risk of an abnormal patellar reflex was significantly less than 1.00 in the officer and
enlisted flyer categones and greater than 1.00, but not mgmﬁcant in the enlisted groundcrew
category _

The overall group contrasts and the group contrasts stratlﬁed by occupanon were not
significant for the CNS coordination process variables: : :
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Model 2: Initial Dioxin Analysis

The unadjusted Model 2 analyses found a significant negative association between biceps
reflex and estimated initial dioxin exposure, but this finding became nonsignificant after
adjustment for occupation. None of the other physical examination variables was associated
significantly with initial dioxin exposure.

Model 3: Categorized Dioxin Analysis

There were significantly more Ranch Hands in the high dioxin category with facial
sensation abnormalities and speech abnormalities than in the Comparison group (p=0.008,
0.8% vs. 0.0%). The percentage of speech abnormalities also was significantly greater in
the low and low plus high Ranch Hand categories than in the Comparison group. The results
from facial sensation and speech abnormalities must be interpreted with caution because, due
to the sparse number of abnormalities, there was no adjustment for percent body fat at the
time of duty in SEA and change in percent body fat from the time of duty in SEA to the date
of the blood draw for dioxin (incorporated to adjust for possible differential dioxin half-life
elimination) or for any covariates. There also was a marginally significant increase in light
reaction abnormalities for Ranch Hands in the low plus high dioxin category relative to the
Comparison group. The only other significant finding in the unadjusted or adjusted Model 3
analyses was that the relative risk of patellar reflex abnormalities was significantly less than
1.00 for Ranch Hands in the background category.

Models 4 through 6: Current Dioxin Analyses

The unadjusted current dioxin analyses of the cranial nerve function variables found a
significant inverse association with smell in Models 4, 5, and 6. The adjusted results were
identical to the unadjusted findings because no covariates were retained in the final model.
There were no significant associations between current dioxin and any of the other cranial
nerve variables, although smile showed a marginally significant positive association with
current dioxin in the unadjusted and adjusted Model 4 and 6 analyses.

The unadjusted analyses of the peripheral nerve status variables revealed marginally
significant positive associations between current dioxin and pin prick in Models 4, 5, and 6,
and a marginally significant inverse association between lipid-adjusted current dioxin and the
Babinski reflex in Model 4.

The adjusted pin prick analyses yielded equivocal results. The associations with current
dioxin (both lipid-adjusted and whole-weight) were not significant after adjustment for
covariates, including occupation and diabetic class. However, the relative risks became
significantly greater than 1.0 when occupation and diabetic class were removed from the
model, and the current dioxin effect was adjusted only for age. In addition, the adjusted
analyses showed a significant interaction between current dioxin and diabetic class in each of
the adjusted analyses. Stratification of these interactions showed that the relative risk of a
pin prick abnormality was significantly greater than 1.0 for diabetics, while the relative risks
were not significant in both the normal and impaired strata.
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After adjusting for age and occupation, the Babinski reflex analyses found a significant
inverse relationship with lipid-adjusted current dioxin. The inverse association with whole-
weight dioxin was marginally significant in Models 5 and 6.

The unadjusted current dioxin results for patellar reflex were not significant, but after
adjusting for age, lifetime alcohol history, and diabetic class, the associations with lipid-
adjusted dioxin in Model 4 and with whole-weight dioxin in Model 5 became margipally
positive. The association with whole-weight dioxin became significantly positive in the
adjusted Model 6 analysis, which forced total lipids into the model. When diabetic class was
excluded from the final models, the association with lipid-adjusted current dioxin became
significant, while the association with whole-weight dioxin remalned marginally significant in
Model 5 and s1gmﬁcant in Model 6.

There were no significant associations between current dioxin and any of the CNS
coordination process variables.

CONCLUSION

Overall, the neurological assessment found the prevalence of neurological disease to be
comparable between the Ranch Hand and Comparison groups, and showed no consistent
evidence of a dose-response effect with either estimated initial dioxin exposure or current
TCDD levels. In the group contrasts stratified by occupation, Ranch Hand enlisted
groundcrew, the occupation category with the highest current levels of dioxin, had
significantly more cranial nerve index abnormalities than Comparison enlisted groundcrew,
but the serum dioxin analyses did not find a significant dose-response.

For several variables—other neurological disorders, peripheral disorders, hereditary and
degenerative diseases, neck range of motion, pin prick, light touch, vibrotactile threshold,
biceps reflex and Babinski reflex—the results of the current dioxin models adjusted for the
covariates occupation and diabetic class differed from results for followup models that
removed these covariates. Possible explanations for differences include confounding,
collinearity, differential half-life elimination associated with body fat measures related to
diabetic class, and an indirect relationship between current dioxin and the dependent variable
due to adjustment for diabetic class. Chapter 1, Introduction, and Chapter 7, Statistical
Methods, contain Interpretive Considerations sections that discuss these issues in more detail.

The results for the category of other neurclogical disorders were primarily attributable
to the confounding effects of occupation; enlisted personnel were three times as likely to
have an other neurological disorder (mostly unspecified encephalopathy) than were officers.
Thus more importance should be placed on the nonsignificant relative risks adjusted for
occupation than on the significant relative risks that were not adjusted for occupation.

Interpretation of the results for some of the other variables becomes ambiguous because
the diabetic class covariate is both a risk factor for the dependent variable and:also is
associated with body fat measures related to differential half-life elimination. The pin prick
results are particularly difficult to interpret because in addition to the discrepant results
. between occupation and diabetic class (in and out of the model), each of the current dioxin
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analyses found a significant interaction with diabetic class. The interactions displayed
significant positive associations between current dioxin levels (lipid-adjusted and whole-
weight) and pin prick for diabetics, but no significant association for participants classified as

normal and impaired.

While the current dioxin analysis results for these variables may be unclear and
inconclusive, they must be interpreted in conjunction with the other model results, which
found no significant group differences and no significant associations with estimated initial
dioxin (which was adjusted for differential half-life elimination).
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