. The date on which a participant was first diagnosed with diabetes was used to measure a time to diabetes
onset by determining the number of years between the date of diagnosis and the end date of the last tour
of duty in SEA. Time to diabetes onset for those participants who have not been diagnosed with diabetes
was the number of years between the 1997 examination date and the end date of the last tour of duty in
SEA. This method of determining time to diabetes onset also was used for participants with a 2-hour
postprandial glucose level of 200 mg/d] or greater at the 1997 physical examination but not yet diagnosed
with diabetes.

Participants with a pre-SEA history of diabetes were excluded from the analyses of the composite
diabetes indicator, diabetic severity, and time to diabetes onset.

16.1.3.2.1 Physical Examination Data

The physical examination of endocrine function included manual palpation of the thyroid gland and

testes. Thyroid abnormalities consisted of enlarged gland, tenderness, presence of nodules, or
thyroidectomies. Testicular abnormalities consisted of atrophied or absent testes. Participants with a pre-
SEA history of thyroid disease and participants who are currently taking thyroid medication were -
excluded from the analysis of the thyroid gland. For the analysis of testicular abnormalities, participants
with pre-SEA orchiectomies or participants with a Imssmg testlcle because of an undescended testicle or a -
congenital absence were excluded.

16.1.3.2.2 Laboratory Examination Data

For the 1997 follow-up examination, 14 laboeratory variables were analyzed statistically in the endocrine
assessment for all participants. TSH (uIU/ml), thyroxine (pg/dl), LH (mIU/ml), FSH (mIU/ml), and total
testosterone (ng/dl) were conducted using Ciba Coring ACS 180 equipment. Abbott IMX® equipment
was used to measure o-1-C hemoglobm (percent) and estradiol (pglml) Measurements for fasting
glucose (mg/dl) were taken using Dade RxL® equlpment Fasting urinary glucose analyses were
conducted by dipstick methods using Bayer Atlas® equipment. Anti-thyroid antibodies were analyzed
using passive hemagglutination assay. Free testosterone (pg/ml) was conducted by radioimmunoassay.

In addition, the analyses of 2-hour postprandial glucose (mg/dl), serum insulin (uWIU/ml), and the presence
of 2-hour postprandial urinary glucose were restricted to nondiabetics only. Measurements for 2-hour
postprandlal glucose (mg/dl) were taken using Dade RxL® equipment. Analyses for 2-hour postprandlal
urinary glucose were conducted by dipstick methods using Bayer Atlas® equipment. Abbott IMX®
equipment was used to measure seram insulin. The IOO-gram glucose load for the postprandial assays
was standardized by the use of Glucola® and was not given to diabetics unless requested by the
participant.

All laboratory variables were analyzed in both discrete and continuous forms except for anti-thyroid
~ antibodies, fasting urinary glucose, and 2-hour postprandial urinary glucose. These variables were
analyzed as discrete variables only and categorized as “present” or “absent.”

TSH and serum insulin were categorized as “abnormally low,” “normal,” and “abnormally high.” The

results for 2-hour postprandial glucose were coded as “normal” and “impaired.” All other laboratory

- results were dichotornized as “normal” or “abnormal” (abnormally high for all variables, except for
thyroxine, total testosterone, and free testosterone, which were class1ﬁed accordlng to abhormally low

values).’ . .
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Participants with thyroidectomies, a pre-SEA history of thyroid disease, or who are taking thyroid
medication were excluded from the analyses of TSH, thyroxine, and anti-thyroid antibodies. For total and
free testosterone, participants with orchiectomies (pre-SEA or post-SEA), participants with a missing
testicle becausd of an undescended testicle or a congenital absence, and participants currently taking
testosterone medication were excluded. Participants with pre-SEA diabetes were excluded from the
analysis of fasting glucose, fasting urinary glucose, and a-1-C hemoglobin. Participants who were
diabetic (pre-SEA and post-SEA) or participants with a 2-hour postprandial glucose level greater than or
equal to 200 mg/dl were excluded from the analyses of 2-hour postprandial glucose, 2-hour postprandial
urinary glucose, and serum insulin.

As described above, a 100-gram glucose load for the gostprandial assays was standardized by the use of
Glucola®. Somie participants were not given Glucola® by request. A subset of these participants was not
classified as didbetic through a medical records review; their 2-hour postprandial glucose was less than
200 mg/dl without consuming the Glucola®. Consequently, these participants could not be classified as
diabetic or nondiabetic for the composite diabetes indicator and were considered to have an unknown
diabetic status. ' These participants were excluded from analyses of 2-hour postprandial glucose, 2-hour
postprandial urinary glucose, and serum insulin.

16.1.3.3 Covatiates

The endocrine assessment included the effects of age, race, and military occupation in the adjusted
analyses of all variables. To adjust for the effects of stress on endocrinologic measures, personality type
was used as an additional covariate for past thyroid disease, thyroid gland abnormalities, TSH, thyroxine,
and anti-thyroid antibodies. Age, race, occupation, personality type, and body fat were included in the
adjusted analyses of the testes-related variables (testicular examination, total testosterone, and free
testosterone). A covariate characterizing family history of diabetes was included for the diabetes-related
variables, along with age, race, military occupation, personality type, and body fat. These dependent
variables included the composite diabetes indicator, diabetic severity, time to diabetes onset, fasting and
2-hour postprandial glucose, fasting and 2-hour postprandial urinary glucose, serum insulin, and a-1-C
hemoglobin.

Age, race, and military occupation were determined from military records. Personality type was
determined frorh the Jenkins Activity Survey administered during the 1997 follow-up examination and
was derived from a discriminant-function equation based on questions that best discriminate men judged
to be type A from those judged to be type B (47). Positive scores reflected the type A direction; negative
scores reflected|the type B direction. Personality type was dichotomized as type A or type B.

Body fat was calculated from a metric body mass index (48); the formula is

Weight(kg) | 1 264.13.305.

Body Fat (i )= ;
ody Fat(in percent) [Height (m) ]J

Each participan:t was asked in the 1997 questionnaire whether anyone in his immediate family ever had
diabetes or sugdr diabetes. A family history of diabetes covariate was constructed from this question and
used in adjusted analyses of all diabetic-related dependent variables.

16.1.4 Statistig;al Methods

Table 16-1 sum;tnarizes the statistical analysis that was performed for the endocrine assessment. The first
part of this tabl¢ describes the dependent variables and identifies the covariates and the statistical
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methods. The second part of this table further de
continuous form whenever

{e.g., military occupation),

possible for all adjusted anal
or if a categorized form was needed to dev.
covariate was categorized as shown in Table 16-1. Table 16
participants with missing dependent variable and covariate
excluded because of medical conditions is given,

scribes the covariates. A covariate was used in its )
yses. If the covariate was inherently discrete et
elop measures of association, the ‘
-2 provides a summary of the number of |
ata. In addition, the number of participants |

Table 16-1. Statistical Analysis for the Endocrine Assessment

Dependent Variables

S s Diatal Data A : . Analysis and
Variable (Units) “Source” Form . Cutpoints .~ Covariates* - -Exclusions® = Methods - |
Past Thyroid Disease MR-V D Yes e (a) U:LR
No ALR
Composite Diabetes MR-V/ D * Diabetic: Verified (2) (b) U.LR
Indicator LAB History or 2200 ALR
mg/dl 2-hr. post- L:LR
prandial glucose
+ Nondiabetic:
Otherwise
Diabetic Severity MR-V D Requiring Insulin ) (b) U:PR
Oral Hypoglycemics A:PR
Diet Only ' }
No Treatment
No Diabetes
Time to Diabetes MR-V/ C -- (2) (b) U:ST
Onset (vears) LAB/ . A:ST
MIL
Thyroid Gland PE D Abnormal 4] {c) U.LR
Normal A:LR
Testicular PE D Abnormal (3) (d) U.LR
Examination Normal ALR
: ‘PR,GLM
TSH (uIU/ml LAB D/IC Abnormal Low: <0.35 (1) (e) U:PR,
“ ) Normal: 0.35-5.5 A:PR,GLM
Abnormal High: >5.5 I..:PR,GI_I;I\I::I
i LAB D/C Low: <4.8 (D (e) U.LR,G
thyroxine (L) (kg/dh Normal: 4.8 A:LR,GIM
Anti-Thyroid LAB D Present (1) (e) U:LR
Antibodies Absent ALR
Fasting Glucose LAB D/C High: >110 (2) (b) U:LR,GLM
(mg/dl) Normal: <110 A:LR,GLM !
L:.LR,GLM :
2-Hour Postprandial LAB D/C Impaired: 140-<200 (2) () U.LR,GLM
Glucose (mg/dl) Normal: <140 A:LR,GLM
L:.LR,GLM
=
1 r'j{‘!
16-8




Table 16-1. :Sratistical Analysis for the Endocrine Assessment (Continued)

(1): age, race, military occupation, personality type.

(2): age, race, military occupation, personality type, body fat, family history of diabetes.

(3): age, race, mjlitary occupation, personality type, body fat.

(4): age, race, military occupation.

®Exclusions: ;

(a): participants with a pre-SEA history of thyroid disease.
(b): participants with a pre-SEA history of diabetes.

(c): participants with a pre-SEA history of thyroid disease, participants currently taking thyroid medication.
(d): participants with a pre-SEA orchiectomy, participants with a testicle absent (undescended or congenital

absence). ;

L ©. -Statistical
Sen o e i s . Date - . Data - . - . - . .Analysis and
~-Variable (Unjts) - Source  Form © Cutpoints - Covariates®  Exclusions® . - Methods
Fasting Urinary "~ LAB D Present Q) (b)  ULR
Glucose Absent ALR
2-Hour Postprandial LAB D Present (2) H LR
Urinary Glucose Absent ALR
Serum Insulin LAB D/C Abncrmal Low: <18 (2) (H U:PR,GLM
(uIU/ml) Normal: 18-56 A:PR,GLM
Abnormal High: >56
@-1-C Hemoglobin LAB D/C High: >7.7 (2) (b) U:.LR,GILM
(percent) ' Normai: £7.7 ALR,GLM
Total Testosterohe LAB D/C Low: - (3) () U:LR,GLM
(ng/d]) <241 (Ages 45-49) A:LR,GLM
<230 (Age 250) L:LR,GLM
Normal:
2241 (Ages 45-49)
; 2230 {Age 250)
Free Testosterong LAB D/C Low: <6 3) ) U:LR,GLM
(pg/ml) : Normal: 26 A:LR,GILM
Estradiol (pg/ml) LAB DiC High: >50 (4) None U:LR,GLM
Normal: <50 A'LR,GLM
LH (mIU/ml) LAB D/C High: >9.3 4 None U:LR,GL.M
. Normal: 9.3 A:LR,GLM
FSH (mIU/ml) LLAB D/C High: >15 (4) None U:LR,GLM
: Normal: <15 ALR,GLM
*Covariates:

(e): participants With a pre-SEA history of thyroid disease, participants with a thyroidectomy, participants currently

taking thyroid medication.

(f): all diabetics (pre- and post-SEA), participants whose diabetic status was unknown at the 1997 physical

examination.

(g): participants ;\vith an orchiectomy (pre-SEA or post-SEA), participants with a testicle absent (undescended or

congenital absenge), participants currently taking testosterone medication.
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Table 16-1. Statistical Analysis for the Endocrine Assessment (Continued)

Covariates
Variable (Units) " DataSource _ DataForm . Colpoints_
Age (years) MIL D/C Born 21942
Born <1942
Race MIL D Black
Non-Black
OGccupation MIL D Officer
Enlisted Flyer
Enlisted Groundcrew
Personality Type PE D A direction
B direction
Body Fat (percent) PE D/C Obese: >25%
Lean or Normal: <25%
Family History of Diabetes Q-SR D Yes
No
Abbreviations
Data Source: LAB: 1997 laboratory results
MIL: Air Force military records
MR-V: Medical records (verified)
PE: 1997 physical examination
Q-SR: 1997 health questionnaire (self-reported)
Data Form: C: Continuous analysis only

Statistical Analysis:

Statistical Methods:

D: Discrete analysis only
D/C: Discrete and continuous analyses for dependent variables; appropriate form for analysis
(either discrete or continuous) for covarijates

U: Unadjusted analysis
A: Adjusted analysis
L: Longitudinal analysis

GLM: General linear models analysis

LR: Logistic regression analysis

PR: Polytomous logistic regression analysis
ST: Survival time analysis

Cutpoints for total testosterone were age-dependent. Consequently, normal and abnormal levels for total
testosterone were constructed according to a participant’s laboratory value and age at the physical
examination. The age-specific cutpoints are listed in Table 16-1; the reference ages for these cutpoints
are given in parentheses following the cutpoints.

The analysis of time to diabetes onset was based on a regression analysis of time to onset in which time to
onset was modeled as a linear combination of exposure variables and covariates. Further details on the
statistical procedures used for the analysis of time to onset are discussed in Chapter 7, Statistical

Methods.
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Table 16-2. Number of Partlclpants Exciuded or with Missing Data for the Endocrine Assessment

: T “Dioxin — . -
e v 'Gmup- R {Ranc.h I{ands Only) Cahegorized'l)ioixin :
! ETR o Varmble Ranch R =, “Ramch oo '
FEN Vam:able ) ~Use-  'Hand = Compansm: --{m;:al S 1?87_ - Hand Companson
Composxte Dlalpetes Indlcator DEP 9 18 5 7 7 17
Diabetic Severity DEP 9 18 5 7 7 17
Time to Diabetés Onset DEP 9 18 5 7 7 17
Testicular Examination DEP 1 0 0 1 1 0
2-hour Postpran?dial Glucose DEP 1 2 1 1 1 2
2-hour Postprandial Urinary DEP 3 5 2 3 3 5
Glucose : ‘
Serum Insulin DEP 1 2 1 1 1 2
Personality Type Cov 3 0 1 3 3 0
Family History lof Diabetes cov 7 12 4 7 7 12
Pre-SEA Thyroid Disease EXC 7 5 4 7 7 5
Pre-SEA Diabe:tes EXC 2 1 2 2 2 |
Taking Thyroic[ Medication EXC 24 44 13 24 24 44
Diabetic or Diabetic Status EXC 156 228 113 152 152 217
Unknown :
Pre-SEA Orchlectomy EXC 2 2 1 2 2 2
Thyr01dectomy' EXC 12 15 5 12 12 15
Pre- or Post-SEA Orchiectomy EXC 8 5 4 8 8 5
Testicle Undesdended or EXC 6 13 3 6 6 13
Congenitally Absent
( J Taking Testostérone EXC 6 7 3 5 5 7
Medication

Note: DEP = Dependent variable.
COV = Covariate.
EXC = Exclusion.
870 Rarich Hands and 1,251 Comparisons,
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin,
863 Raﬂch Hands and 1,213 Comparisons for categorized dioxin.

16.2 RESULTS

16.2.1 De en'ent Variable-Covariate Associations

The associations between the dependent variables examined in the endocrine assessment and the
covariates usedi in the adjusted analysis were investigated. The results are presented in Appendix F, Table
F-8. These assbciations are pairwise between the dependent variable and the covariate and are not
adjusted for any other covariates. Participants were excluded from each of the analyses as given in Table
16-1. Stat:stlcally significant associations are discussed below.

The covariate t¢sts of association for past thyroid disease revealed a significant positive association with
age (p=0.020). .

Q:, A participant with a verified history of diabetes or a 2-hour postprandial glucose level of greater than or
----- equal to 200 mg/d] was considered diabetic in the composite diabetes indicator variable. The covariate
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tests of association revealed age (p=0.001), race (p=0.011), personality type (p=0.001), body fat
(p=0.001), and family history of diabetes (p=0.001) to be associated significantly with the composite
diabetes indicator. The percentage of diabetic participants increased with age. A higher percentage of
Black participants than non-Black participants were diabetic (25.6% versus 16.4%). The percentage of
diabetic participants was higher for participants with type B personalities than participants with type A
personalities (19.5% versus 13.0%). A higher percentage of obese participants were diabetic than lean
and normal participants (28.6% versus 12.1%). A greater percentage of participants with a family history

of diabetes were diabetic, relative to participants with no family history of diabetes (24.9% versus
14.1%).

Tests of covariate association revealed age (p=0.001), race (p=0.023), personality type (p=0.001), body
fat (p=0.001), and family history of diabetes (p=0.001) to be significantly associated with diabetic
severity. The percentage of nondiabetic participants was greater for younger participants, non-Blacks,
those with a type A personality, lean participants, and participants with no family history of diabetes. The
percentages of older participants who used no treatment, diet, oral hypoglycemics, and insulin to treat
diabetes were 6.2, 2.5, 7.5, and 2.6, respectively. Percentages for younger participants were smaller than
for older participants for all forms of treatment. The analysis of race showed that for Black participants,
7.2 percent used no treatment, 2.4 percent used diet only as a form of treatment, 11.2 percent used oral
hypoglycemics, and 3.2 percent used insulin. For all forms of treatment, the percentages of non-Black
participants were smaller than for Black participants. Covariate analyses revealed that 4.3 percent, 1.1
percent, 3.5 percent, and 2.1 percent of participants with type A personalities used no treatment, diet, oral
hypoglycemics, and insulin, respectively, to treat their disorder. For participants with type B
personalities, 6.3 percent, 2.1 percent, 6.8 percent, and 1.9 percent, respectively, used these methods in
the treatment of diabetes. Of the obese participants, 9.9 percent used no treatment, 2.1 percent used diet
as a form of treatment, 10.2 percent used oral hypoglycemics, and 2.1 percent used insulin, The
percentages of lean or normal participants using these methods were less for each form of treatment, Of
the participants with a family history of diabetes, 7.5 percent used no treatment, 2.2 percent used diet to
treat their disorder, 9.1 percent used hypoglycemics, and 3.5 percent used insulin. The percentages of
participants with no family history of diabetes using these methods were less for each form of treatment.

Time to diabetes onset was associated significantly with age {(p<0.001), race (p=0.007), personality type
(p<0.001), body fat (p<0.001), and family history of diabetes (p<0.001). Time to diabetes onset
decreased significantly with increases in age and body fat. Black participants had a shorter time to
diabetes onset than did non-Black participants. Participants with type A personalities had a significantly
longer time to diabetes onset than did participants with type B personalities. Participants with a family
history of diabetes had a significantly shorter time to diabetes onset than did participants with no family
history of diabetes.

Abnormalities of the thyroid gland were significantly associated with occupation (p=0.019). Officers had
the highest percentage of participants with abnormal thyroid glands (1.9%), followed by enlisted flyers
(0.6%), then enlisted groundcrew (0.5%).

Tests of covariate association showed the percentage of abnormal testicular examinations to be ‘
significantly associated with age (p=0.001) and occupation (p=0.021). Older participants had a higher
percentage of abnormal testicular examinations than did younger participants (6.2% versus 1.4%).
Officers had the highest percentage of abnormal testicular examinations (5.2%), followed by enlisted
flyers (5.1%), then enlisted groundcrew (2.8%).

TSH in its continuous form increased significantly with age (p<0.001). Race and occupation alsp were
significant (p<0.001 and p=0.007). Non-Black participants had a higher mean TSH level than did Black
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participants (11!87 pIU/ml versus 1.38 uIU/ml). Officers had the highest mean TSH level (1.94 pIU/ml),
followed by er{llisted groundcrew (1.78 PIU/ml), then enlisted flyers (1.77 pIU/ml). No significant
covariate assogiations were seen with TSH in its discrete form,

Thyroxine in its continuous form was significantly associated with occupation (p<0.001). Enlisted flyers
had the highest mean thyroxine level (7.26 pg/dl), followed by enlisted groundcrew (7.20 pg/dl), then
officers (6.81 (g/dl). Tests of covariate associations with thyroxine in its discrete form revealed no
significant assodciations,

Fasting glucosé in its continuous form increased with age (p<0.001) and body fat (p<0.001). Qccupation
(p=0.039),.per$onality type (p=0.001), and family history of diabetes (p<0.001) also were associated
significantly with fasting glucose. Enlisted flyers had the highest mean fasting glucose level (104.1
mg/d1), followed by enlisted groundcrew (101.8 mg/dl), then officers (100.4 mg/dl). Participants with
type B personalities had a higher mean fasting glucose level than did participants with type A
personalities (102.9 mg/dl versus 99.6 mg/dl). Participants with a family history of diabetes had a higher
mean fasting glucose level (107.1 mg/dl) than did those participants with no family history of diabetes
(99.8 mg/dl). |

Fasting glucosg in its discrete form increased with age (p=0.001) and body fat (p=0.001). Race
{p=0.040), perdonality type (p=0.001), and family history of diabetes (p=0.001) also were significant in
the tests of covfariate association. Black participants had a greater percentage of high fasting glucose
levels than did non-Black participants (24.2% versus 16.7%). A greater percentage of high fasting
glucose values jwas seen for participants with personality type B (19.4%) versus personality type A
(13.6%). Participants with a family history of diabetes had a higher prevalence of high fasting glucose
levels (25.2% versus 14.4%). '

Two-hour postprandial glucose was analyzed only for nondiabetics. Two-hour postprandial glucose in its
continuous form increased with age (p<0.001) and body fat (p<0.001). Occupation (p=0.014), personality
type (p=0.035); and family history of diabetes (p=0.003) also were significant. Enlisted flyers had the
highest mean 2-hour postprandial glucose level (109.7 mg/dl), followed by enlisted groundcrew (104.8
mg/dl), then officers (103.5 mg/dl). Participants with type B personalities had a higher mean 2-hour
postprandial glucose level than did participants with type A personalities (106.3 mg/d] versus 103.3
mg/dl). Participants with a family history of diabetes had a higher mean 2-hour postprandial glucose
level (108.9 mg/dl) than those with no family history of diabetes (104.0 mg/dl).

Tests of covari%lte association for 2-hour postprandial glucose in its dichotomous form showed age
(p=0.001), race (p=0.007), body fat (p==0.001), and family history of diabetes (p=0.024) to be significant.
The percentage of participants with 2-hour postprandial glucose results classified as impaired increased
with age and body fat. Non-Black participants had a higher percentage of impaired values than did Black
participants (1(}.4% versus 5.4%). Participants with a family history of diabetes had a higher prevalence
of impaired values than did participants with no family history of diabetes (19.5% versus 14.7%).

The presence oi’ fasting urinary glucose was significantly associated with occupation (p=0.029),
personality type (p=0.004), body fat (p=0.001), and family history of diabetes (p=0.012), The prevalence
of participants Wwith fasting urinary glucose present increased with body fat. Enlisted groundcrew had the
highest percenthge of positive fasting urinary glucose results (5.2%), followed by enlisted flyers (5.0%),
then officers (218%). A greater prevalence of participants with fasting urinary glucose present was seen
for participants|with personality type B (5.2%) versus personality type A (2.6%). Participants with a
family history of diabetes had a higher prevalence of positive fasting urinary glucose results than did
participants wili:h no family history of diabetes (6.1% versus 3.5%).
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Two-hour postprandial urinary glucose was analyzed only for nondiabetics. The presence of 2-hour
postprandial urinary glucose was significantly associated with occupation (p=0.033). Enlisted flyers had
the highest prevalence of positive 2-hour postprandial urinary glucose results (26.7%), followed by
enlisted groundcrew (24.9%), then officers (20.1%).

Serum insulin was analyzed only for nondiabetics. Serum insulin in its continuous form increased
significantly with age (p<0.001) and body fat (p<0.001). Occupation (p=0.001), personality type
(p=0.006), and family history of diabetes (p=0.001) also were significant. Enlisted flyers had the highest
mean serum insulin level (52.55 plU/mt), followed by enlisted groundcrew (50.58 pIU/ml), then officers
(43.67 pIU/ml). Participants with type B personalities had a higher mean serum insulin level than
participants with type A personalities (50.42 uIU/ml versus 44.72 pIU/ml). Participants with a family
history of diabetes had a higher mean insulin level (54.32 pIU/ml) than those with no family history of
diabetes (46.28 pIU/ml).

Serumn insulin in its discrete form was significantly associated with age (p=0.003), occupation (p=0.024),
personality type (p=0.018), body fat (p=0.001), and family history of diabetes (p=0.001). Younger
participants had a higher percentage of abnormally low and a lower percentage of abnormally high serum
insulin levels than did older participants. Officers had the highest percentage of abnormally low serum
insulin levels (14.9%) and the lowest percentage of abnormally high serum insulin levels (37.4%).
Participants with personality type A had a higher percentage of abnormally low serum insulin levels
(14.9%} and a lower percentage of abnormally high serum insulin levels (38.4%) than did participants
with personality type B. Obese participants had a lower percentage of abnormally low serum insulin
levels (2.5%) than did lean or normal participants (16.4%). Lean or normal participants had a lower
percentage of abnommally high serum insulin levels (32.0%) than obese participants (71.0%). Participants
with no family history of diabetes had a higher prevalence of abnormally low serum insulin levels
(14.2%) than did participants with a history of diabetes (8.5%). The prevalence of abnormally high serum
insulin values was greater for participants with a family history of diabetes than for participants with no
history of diabetes (49.6% versus 39.4%).

Age and body fat significantly increased with ¢-1-C hemoglobin in its continuous form {p<0.001 for
each). Race, occupation, personality type, and family history of diabetes also were significant (p<0.001
for each). Black participants had a significantly higher mean a-1-C hemoglobin level than did non-Black
participants (7.07 percent versus 6.45 percent), Enlisted flyers had the highest mean o-1-C hemoglobin
level (6.61 percent), followed by enlisted groundcrew (6.58 percent), then officers (6.33 percent).
Participants with personality type B had a higher mean ¢-1-C hemoglobin level than did participants with
personality type A (6.57 percent versus 6.36 percent). Participants with a family history of diabetes had a
higher mean o-1-C hemoglobin level than did participants with no family history of diabetes (6.73
percent versus 6.40 percent).

The discrete form of a-1-C hemoglobin paralleled the continuous analysis. Age (p=0.001), race
(p=0.001), occupation (p=0.002), personality type (p=0.001), body fat (p=0.001), and famnily history of
diabetes (p=0.001) were all significantly associated with o-1-C hemoglobin in the tests of covariate
association. The covariate categories with the highest mean levels also had the greatest percentage of
abnormal high o-1-C hemoglobin levels. '

Total testosterone in its continuous form decreased with age and body fat (p<0.001 each). Occupation

also was significant (p=0.043). Officers had the lowest mean total testosterone level (410.7 ng/dD),
followed by enlisted groundcrew (429.7 ng/dl), then enlisted flyers (433.4 ng/dl).
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Tests of covarlatc association for total testosterone in its dichotomous form showed body fat to be
significant (p=0.001). Obese participants had a higher percentage of low testosterone levels than did lean
or normal participants (15.3% versus 4.7%).

Free testosterone in its continuous form decreased with age and body fat (p<0.001 each). Occupation
{p<0.001) and personality type (p=0.001) also were significant. Officers had the lowest mean free
testosterone level (13.12 pg/ml), followed by enlisted flyers (13.99 pg/mi), then enlisted groundcrew
(14.65 pg/mi). Pamc1pants with type B personalities had a lower mean free testosterone level than did
participants with type A personalities (13.68 pg/ml versus 14.37 pg/ml). Free testosterone in its discrete
form decreased significantly with age (p=0.001) and body fat (p=0.002).

Both the continnous and discrete forms of estradiol were significantly associated with race (p=0.008 and
p=0.013, respectively). Black participants had a higher mean estradiol level as well as a higher
percentage of high estradiol values than non-Blacks. The mean estradiol level was 44.26 pg/ml for
Blacks and 40.15 pg/ml for non-Blacks. For Blacks, 37.5 percent had high estradiol levels, whereas 27.0
percent of non- Blacks had high estradiol levels.

LH in both its continuous and discrete forms increased significantly with age (p<0.001 and p=0.001,
respectively).

FSH in its contihuous form increased significantly with age (p<0.001). Occupation was also significantly
associated with [IFSH (p=0.008). Officers had the highest mean FSH level (6.31 mIU/ml), followed by
enlisted ﬂyers (6.00 mlU/mi), then enlisted groundcrew (5.75 miU/ml).

Similarly, FSH in its dichotomous form was significantly associated with age (p=0.001) and occupation
(p=0.001). Oldér participants had a greater percentage of high FSH values (11.2%) than did younger
participants (4.0%). Officers had the hi ghest percentage of high FSH results (10.4%), followed by
enlisted flyers (9.2%), then enlisted groundcrew (5.5%).

16.2.2 Exp_osu,rgi Analysis

The following section presents results of the statistical analysis of the dependent variables shown in Table
16-1. Four modcls were examined for each dependent variable. The analyses of these models are
presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 and 7,
respectively. Thesc analyses were performed both unadjusted and adjusted for relevant covariates.
Model 1 exammed the relation between the dependent variable and group (i.e., Ranch Hand or
Comparison). In this model, exposure was defined as “yes” for Ranch Hands and “no” for Comparisons
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison
contrast. These;three contrasts compared Ranch Hands and Comparisons within each occupational
category (i.e., ofﬁccrs enlisted flyers, and enlisted groundcrew). As described in previous reports and in
Table 2-8, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by
enlisted flyers, nhcn officers.

Model 2 cxplor¢d the relation 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, the 1992 level was used to estimate the initial dioxin level. If a participant did not have
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical
adjustment for the percentage of body fat at the time of the participant’s blood measurement of dioxin
was included inj thls model to account for body-fat-related differences in elimination rate (49).

16-15




Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin
measures. These two categories are referred to as “low Ranch Hand” and “high Ranch Hand.” Two
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands
with 1987 serum dioxin levels at or below 10 ppt are referred to as the “background Ranch Hand”
category. Dioxin levels in 1992 were used if the 1987 level was not available, and dioxin levels in 1997
were used if the 1987 and 1992 levels were not available. The four categories——Comparisons,
background Ranch Hands, low Ranch Hands, and high Ranch Hands—were used in Model 3 analyses.
The relation between the dependent variable in each of the three Ranch Hand categories and the
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation
of the dependent variable in the combined Iow and high Ranch Hand categories relative to Comparisons,
aiso was conducted. This combination is referred to in the tables as the “low plus high Ranch Hand”
category. As in Model 2, a statistical adjustment for the percentage of body fat at the time of the
participant’s blood measurement of dioxin was included in this model.

Model 4 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992
dioxin measurement, the 1997 measurement was used to determine the dioxin level.

16.2.2.1 Medical Records Variables

16.2.2.1.1 Past Thyroid Disease

All unadjusted and adjusted analyses for Models 1 through 4 were nonsignificant (Table 16-3(a~h):
p>>0.17 for each analysis).

Table 16-3. Analysis of Past Thyroid Disease
ANCH HANDS ¥S. COMPARISONS - UNADJUSTED
] r -Est. Rela

e Ris

pValue ‘

. Catego up o CYes Lesmen)

All Ranch Hand 863 65 (7.5) 0.89 (0.64,1.22) 0.456
Comparison 1,246 105 (84)

Officer Ranch Hand 338 29 (8.6) 0.91 (0.56,1.48) 0.704
Comparison 492 46 (9.3)

Enlisted Flyer = Ranch Hand 150 15 (10.0) 1.37(0.64,2.94) 0.415
Comparison 187 14 (7.5)

Enlisted Ranch Hand 375 21 (5.6) 0.69 (0.40,1.18) 0.171

Groundcrew Comparison 567 45 (71.9)

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

T T AdjsedRelafveRisk O e

- Occupational Category -~~~ o @8%CE) 0 U T 0 e ale T

All 0.89 (0.64,1.22) 0.459

Officer 0.91 (0.56,1.48) 0.701

Enlisted Flyer 1.37 (0.64,2.94) 0.419

Enlisted Groundcrew 0.70(0.41,1.19) 0.189
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Table 16-3. hnalysis of Past Thyroid Disease (Continued)

. {c) MODEL 2. RANCH: HANDS ~INITIAL DIO)HN UNM)JUSTED

Initxaf] Dioxin Category Summary Staustics

" Analysis Results for Log; (Initial Dwxin)‘.

R R Number (%) - Estimated Relative Risk :
lnitlal Dioxan o S Yes. L 95% G '-p-«_Value
Low ' 160 12 (7.5) 1.13 (0.88,1.45) 0.360
Medium 160 9 (5.6)
High ; 158 14 (8.9)

? Ad]usted for percent body fat at the time of the blood measurement of dioxin.

® Relative risk for a twofold increase in initial dioxin.

Note: Low = 27*?—63 ppt; Medium = >63--152 ppt; High = >152 ppt.

(d) MODEL 2.g RANCH HANDS ~ INITIAL _n’_' XIN ~ ADJUSTED. .

377 50 0.8 T80

0.245

i
® Relative risk foi‘ a twofold increase in initial dioxin.

(e) MODEL 3 | RANCH. HANDS AND- COMPARISONSi Yfil)IOXlN CATEGORY - UNADJUSTED '

7 ST e Nnmber(%) Est. Relative Risk: -~ .. P
: Dmmeamgory R M “Yes A9 CAY L fp-Value C
Comparison ; 1,208 102 (8.4)
Background RH 378 30(7.9) 0.97 (0.64,1.49) 0.906
LowRH : 237 15 (6.3) 0.73(0.41,1.27) 0.263
High RH ; 241 20 (8.3) 0.94 (0.57,1.56) 0.825
Low plus High RH 478 35(7.3) 0.83 (0.55,1.24) 0.362

® Relative risk and confidence interval relative to Comparisons.

® Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH= Ranph Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

16-17




Table 16-3. Analysis of Past Thyrold Disease {Continued)

{f) MODEL 3 RANCH HANDS AND O()MPARISONS BY DIOXIN CATEGORY ‘ADJ USTED

S S L AdJustedRelau\re Risk .. :
D:oxm Category SRR LE DU C{95% C.L ' - ..jp-‘!nlue e
Companson 1,208
Background RH 376 0.92 (0.60,1.42) 0.707
L.owRH 237 0.70(0.40,1.22) 0.209
High RH 240 1.07 (0.64,1.81) 0.792
Low plus High RH 477 0.87 (0.57,1.30) 0.490

* Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt

High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

:(g) MODEL 4 RANCH HANDS 1987 DIOXIN UNADJUSTED

. Analysis Resul!s for Log2 (198‘7 l}ioxin +. 1): 5

i987 Dmxin Category Summary Stausﬁcs
T BRI Number (%) Esl:mated Relative Risk -
1937 Dmxm cUlhme e Yes f;_;-:-; N 95% CL". . - .’__.p-V_n_]ue' -
Low 287 25 @7 1.01 (0.85,1.20) 0.892
Medium 285 19 (6.7) R
High 284 21 (1.4) | )

* Relative risk for a twofold increase in 1987 dioxin.

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

(h) M(JDEL 4 RANCE!L iIA‘NDS - 198’? DI&XIN mADJUSTED

esults for Log; (198'7 Dioxin + 1)5_'-- S

R L ,f}'\.&jhstedkelaﬁvekisk Dl N
T N N '. R E (95% CI)' i3 :R'Vfal“e N
853 1.10(0.89,1.36) 0.358

® Relative risk for a twofold increase in 1987 dioxin.

16.2.2.1.2 Composite Diabetes Indicator

The composite diabetes indicator variable was a dichotomous classification of whether a participant was

considered diabetic or not. A participant with a verified history of diabetes or a postprandial glucose level

of greater than or equal to 200 mg/d]l was considered diabetic for these analyses.

The Model 1 unadjusted and adjusted analyses did not show a significant difference in the number of
diabetic participants between Ranch Hands and Comparisons across all occupations or within each

occupational stratum (Table 16-4(a,b): p>0.49 for each analysis).
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Table 16-4. Ahalysis of Composite Diabetes Indicator

(a) MOEL 1 RANCH HANDS V8. (‘OMPARISONS UNADJUSTED el Tae
Occupattanal N ' ¢ sl Number {%) " Est. Relatwe Risk -0
“Category 1. . Gmup; ;'Z'- B O Diabet:c RIS -1:% off I p-Value
AII " Ranch Hand 859 145 (16.9) 0.99 (0.79,1.25) 0.960
Comparison 1,232 209 (17.0)
Officer Ranch Hand 337 52(15.4) 1.08 (0.73,1.59) 0.709
. Comparison 490 71 (14.5) .
Enlisted Flyer = Ranch Hand 148 27 (18.2) 0.86 ¢(0.50,1.48) 0.583
" Comparison 184 38 (20.7)
Enlisted Ranch Hand 374 66 (17.6) 0.98 (0.70,1.38) 0915
Groundcrew Comparison 558 100 (17.9)
. (b) MODEL L RA,NCH HANDS VS. (‘OMPARISGNS ADJUSTED
o .-Adjustedkelaﬁve stk:_ ;,'j.j : j'
Occupat: 959 CL) .
All 1.04 (0.81,1.33)
Officer ! 1.08 (0.72,1.63)
Enlisted Flyer : 0.82 (0.45,1.47)

Enlisted Groundcrew

1.11(0.77,1.61)

Low

157 33 008 111094130
Medium 158 35 (22.2)
High 160 39 (24.4)

* Adjusted for percent body fat at the time of the blood measurement of dioxin.
® Relative risk for a twofold increase in initial dioxin,

Note; Low = 2712—63 ppt; Mediom = >63-152 ppt; High = >152 ppt.

@MODEL 2;.

RANCH HA"NI)S »élNITIAL DIOXIN '-'ADJUSTED

470

136(1 09 1 69)

* Relative risk for a twofold increase in initial dioxin.
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Table 16-4. Analysis of Composite Diabetes Indicator (Continued)

(e) MODEL 3: RAN CH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~UNADJUSTED - e
L . Number (%) . Est. Relative Risk DS o

Dmxm Category R I _l_)mhehc . L 95%.CALY -p-Vatue s
Comparlson 1,195 ) 199 (16.7) ) '
Background RH 379 37 (9.8) 0.67 (0.45,0.98) 0.041 |
Low RH 235 49 (20.9) 1.27 (0.88,1.84) 0.202 ‘
High RH 240 57 (23.8) 1.33 (0.94,1.90) 0.111 \
Low plus High RH 475 106 (22.3) 1.30(0.99,1.72) 0.064 ‘

Relatlve risk and confidence interval relative to Comparisons.
> Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin £ 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

_3( D MODEL 3: RANCH: HANDS AND COMPARISONS BY DIOXIN CATEGORY ADJUSTED

B A AdjustedRelatweRisk BRI
Dmnn(’)ategory o ;*_'jn ERET Leseen o p-Valne
(,ompanson 1,183
Background RH 375 0.69 (0.46,1.02) 0.065
Low RH 232 1.22 (0.83,1.79) 0.311 i ) ‘
High RH 238 1.47 (1.00,2.17) 0.048
Low plus High RH 470 1.34 (1.00,1.80) 0.049

* Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt,
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

{g) MODEL 4: ‘RANCH I-IANDS_m 19s7moxm_ UNADJUSTED i
187 i .‘Results forLo ‘(31987 Daoxinu)

1987 Djoxin . im0 T Nesmeny
Low 286 22 (7 7) 1.35 (1 20,1.52) <O 001
Medium 284 54 (19.0)

__ngﬁ 284 67 (23.6)

? Relative risk for a twofold increase in 1987 dioxin.

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.
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(\ Table 16-4. Analysis of Composite Diabetes Indicator (Continued)

(bh) MODEL 4;: RANCH ﬁANDs 19s7 PIOXIN - ADJUS'I‘}&D
B Analyms Results for Log; (1987 Dioxm+ 1.

- TeE . AdJmtedReintlveRisk SRR Feyte e
e (95% CL)* RN i opeValue
+ 843 1.43 (1.21 168) <0.001

* Relative risk for a twofold increase in 1987 dioxin.

The unadjusted Model 2 analysis did not reveal a significant relation between initial dioxin and the
percentage of diabetic participants (Table 16-4(c): p=0.231). After adjusting for covariates, the results
became s1gmficant (Table 16-4(d): Adj. RR=1.36, p=0.005). The percentages of diabetic participants in
the low, mcdlum, and high initial dioxin categories were 20.4, 22.2, and 24.4, respectively.

The unadjusted Model 3 analysis of the composite diabetes indicator revealed significant differences
between Ranch Hands in the background dioxin category and Comparisons, as well as between Ranch
Hands in the Iow plus high dioxin category and Comparisons (Table 16-4(e): Est. RR=0.67, p=0.041;
Est. RR=1.30, p—O 064, respectively). After adjusting for covariates, three significant contrasts were
revealed: Ranéh Hands in the background dioxin category versus Comparisons (Table 16-4(f):

Adj. RR=0.69,! p—-O 065), Ranch Hands in the high dioxin category versus Comparisons (Table 16-4(f):
Adj. RR=1.47,ip=0.048), and Ranch Hands in the low plus high dioxin category versus Comparisons
(Table 16-4(f):: Adj. RR=1.34, p=0.049). The percentage of diabetic Comparisons was 16.7, versus 9.8
------ percent for Ranich Hands in the background dioxin category, 23.8 percent of Ranch Hands in the high
( dioxin category, and 22.3 percent for Ranch Hands in the low plus high dioxin category.

The unadjusted and adjusted Model 4 analyses each revealed a significant positive association between
1987 dioxin and the percentage of diabetic participants (Table 16-4(g,h): Est. RR=1.35, p<0.001;

Adj. RR=1.43,:p<0.001, respectively). The percentages of diabetic participants in the low, medium, and
high 1987 dioxiin categories were 7.7, 19.0, and 23.6, respectively.

16.2.2.1.3 Didbetic Severity

The unadjusted Model 1 analysis of diabetic severity revealed marginally significant or significant
differences between the percentage of Ranch Hands and Comparisons taking oral hypoglycemics (Table
16-5(a): Est. RR—O 71, p=0.097) and requiring insulin (Table 16-5(a): Est. RR=2.04, p=0.026). The
percentage of participants taking oral hypoglycem;cs was 4.4 for Ranch Hands versus 6.3 for
Comparisons. The percentage of participants requiring insulin in the Ranch Hand group was 2.8 versus
1.4 in the Comparison group. Stratifying by occupation revealed a margmally significant difference
between the percentagc of Ranch Hand and Comparison officers requiring insulin (Table 16-5(a): Est.
RR=2.53, p=0.054). For Ranch Hand officers, 3.6 percent required insulin versus 1.4 percent for
Comparison officers. After adjustmg for covariates, a significant difference in the percentage of Ranch
Hands and Corpparisons requiring insulin was observed (Table 16-5(b): Adj. RR=2.20, p=0.017). In
addition, marginally significant differences were seen between the percentage of Ranch Hands and
Comparisons requiring insulin in both the officer stratum and the enlisted groundcrew stratum (Table 16-
5(b): Adj. RR=2.39, p=0.074; Adj. RR=2.52, p=0.084, respectively).

The unadjusted Model 2 analysis of diabetic severity did not reveal a significant relation between initial

( \ dioxin and the severity of diabetes (Table 16-5(c): p=0.25 for each contrast). After adjusting for
covariates, the fpercentage of Ranch Hands taking oral hypogiycemic and requiring insulin was associated
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significantly with initial dioxin (Table 16-5(d): Adj. RR=1.41, p=0.062 for oral hypoglycemics; Adj.
RR=2.47, p=0.001 for requiring insulin). The percentages of Ranch Hands taking oral hypoglycermics in
the low, medium, and high initial dioxin categories were 5.1, 6.3, and 8.8, respectively. The percentages
of participants requiring insulin in the low, medium, and high initial dioxin categories were 2.5, 3.8, and
3.8, respectively.

The Model 3 unadjusted analysis revealed a significant difference between the percentage of Ranch
Hands in the background dioxin category and Comparisons who took oral hypoglycemics to control
diabetes (Table 16-5(¢): Est. RR=0.27, p=0.006). For Ranch Hands in the background dioxin category,
1.3 percent used oral hypoglycemics versus 6.0 percent of Comparisons. Three Ranch Hand dioxin
categories were significantly different from the Comparisons in the percentage of participants requiring
insulin: Ranch Hands in the low dioxin category versus Comparisons (Table 16-5(e): Est. RR=2.43,
p=0.042), Ranch Hands in the high dioxin category versus Comparisons (Table 16-5(¢): Est. RR=2.40,
p=0.046), and Ranch Hands in the low plus high dioxin category versus Comparisons (Table 16-5(e):
Est. RR=2.41, p=0.013). The percentages of requiring insulin Ranch Hands in the low dioxin category,
high dioxin category, and low plus high dioxin category were 3.4, 3.3, and 3.4, respectively, versus 1.4
percent for Comparisons.

The adjusted Model 3 analysis revealed a marginally significant difference between the percentage of
Ranch Hands in the high dioxin category and Comparisons who used diet only to control diabetes (Table
16-5(f): Adj. RR=2.32, p=0.089). For Ranch Hands in the high dioxin category, 2.9 percent used diet
alone to treat their diabetes versus 1.4 percent of Comparisons. A significant difference between the
percentage of Ranch Hands in the background dioxin category and Comparisons who took oral
hypoglycemics was observed (Table 16-5(f): Adj. RR=0.28, p=0.008). Three Ranch Hand dioxin
categories were significantly different from the Comparisons in the percentage of participants that
required insulin: Ranch Hands in the low dioxin category (Table 16-5(f): Adj. RR=2.41, p=0.050),
Ranch Hands in the high dioxin category (Table 16-5(f): Adj. RR=3.46, p=20.009), and Ranch Hands in
the low plus high dioxin category (Table 16-5(f): Adj. RR=2.90, p=0.004).

The unadjusted Model 4 analysis of diabetic severity revealed a significant positive association between
1987 dioxin and the percentage of diabetics who used no treatment for diabetes (Table 16-5(g):

Est. RR=1.28, p=0.010). A positive association between 1987 dioxin and the percentage of diabetics
using oral hypoglycemics also was observed (Table 16-5(g): Est. RR=1.58, p<0.001). Adjusting for
covariates revealed significant or marginally significant positive associations with 1987 dioxin for all four
contrasts: no treatment (Table 16-5(h): Adj. RR=1.23, p=0.097), diet only (Table 16-5(h):

Adj. RR=1.49, p=0.048), oral hypoglycemic (Table 16-5(h): Adj. RR=1.85, p<0.001), and requiring
insulin (Table 16-5(h): Adj. RR=1.38, p=0.084).
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Table 16-5. Analysis of Diabetic Severity

@) MODE

ot gly ndi 95% C1.)
All Ranch Hand 859 730 (85.0) 49(5.7) 18(2.1) 38(44) 24 (2.8) } No Treatment 1.07(0.73,1.57) 0.721
Comparison 1,232 1,054 (85.6) 66 (5.4) 18(15) 77(6.3) 17 (1.4) | Diet Only 1.44(0.75,2.79)  0.275
Oral Hypo-
glycemic 0.71 (0.48,1.06)  0.097
Requiring
Insulin 2.04(1.09,3.82) 0.026
Officer Ranch Hand 337 289 (85.8) 16 (4.7) 8(24) 12(3.6) 12 (3.6) | No Treatment  0.94 (0.49,1.80)  0.859
Comparison 490 426 (86.9) 25(5.1) 6(1.2) 26¢5.3) 7 (1.4) | Diet Only 1.97 (0.67,5.72) 0215
Oral Hypo-
glycemic 0.68 (0.34,1.37) 0.281
Requiring
Insulin 2.53(0.98,6.50) 0.054
Enlisted Ranch Hand 148 125 (84.5) 9{6.1) 2(1.4) 9(6.1) 3(2.0) | No Treatment  0.78 (0.33,1.87)  0.579
Flyer Comparison 184 152 (82.6) 14 (7.6) 2(1.1) 12(6.5) 4 (2.2) | Diet Only 1.22(0.17,8.76)  0.846
Oral Hypo-
glycemic 0.91¢0.37,2.23) 0840
Requiring
Insulin 0.91 (0.20,4.15) 0905
Enlisted Ranch Hand 374 316 (84.5) 24 (6.4) 82.1) 17(.5) 9(2.4) | No Treatment  1.34 (0.76,2.36)  0.314
Groundcrew  Comparison 558 476 (85.3) 27(48) 10(1.8) 39(7.0) 6 (1.1) | Diet Only 1.21 (0.47,3.09)  0.697
Oral Hypo-
glycemic 0.66(0.37,1.18)  0.160
Requiring
Insulin 2.26 (0.80,6.41)  0.125
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Table 16-5. Analysis of Diabetic Severity (Continued)

All No Treatment 1.10(0.74,1.62) 0.642
Diet Only 1.52(0.78,2.96) 0.219
Oral Hypoglycemic 0.73(0.48,1.11) 0.137
Requiring Insulin 2.20(1.15,4.20) 0.017
Officer No Treatment 0.96 (0.50,1.86) 0.902
Diet Only 2.04 (0.69,5.99) 0.195
Oral Hypoglycemic (.68 (0.33,1.39) 0.288
Requiring Insulin 2.39 (0.92,6.20) 0.074
Enlisted Flyer No Treatment 0.71 (0.29,1.72) 0.445
Diet Only 1.09 (0.15,7.93) 0.931
Oral Hypoglycemic 0.75(0.29,1.91) 0.544
Requiring Insulin 1.22(0.24,6.24) 0.811
Enlisted Groundcrew No Treatment 1.48 (0.83,2.66) 0.185
Diet Only 1.32 (0.51,3.41) 0.572
Oral Hypoglycemic 0.76 (0.41,1.41) 0.384
Requiring Insulin 2.52 (0.88,7.23) 0.084
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157 131(834) 110000 3019 861
Medium 158 128(810) 9(57) 5(32) 10 (6.3)
High 160 124(775) 12(1.5)  4(25) 14 (8.8)

4 (2.5)
6(3.8)
6(3.8)

No Treatment 1.14 (0.87,1.49)

Diet Only 1.12(0.74,1.71)
Oral Hypoglycemic 1.13 (0.87,1.48)

Requiring Insulin 1.23 (0.86,1.76)

2 Adjusted for percent body fat at the time of the blood measurement of dioxin.

b Relative risk for a iwofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

470 No Treatment
Diet Only
Oral Hypoglycemic

Requiring Insulin

{

1.29(0.93,1.78)
1.25(0.74,2.11)
1.41 (0.98,2.01)
2.47(1.43,4.25)

0.121
0411
0.062
0.001

*Relative risk for a twofold increase in initial dioxin.
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Table 16-5. Analysis of Diabetic Severity (Continued)

oxin Category

Comparison 1,105 1,026 (85.9) 63 (5.3) 17 (1.4) 72 (6.0) Taa
Background RH 379 344.(90.8) - 16 (4.2) 6(1.6) 5(1.3) 8 (2.1)
Low RH 235 195 (83.0) 13 (5.5) 521 14 (6.0) 8 (3.4)
High RH 240 188 (78.3) 19 (7.9) 7(2.9) 18 (7.5) 8 (3.3)
Low plus High RH 475 383 (80.6) 32(6.7) 12 2.5) 32(6.7) 16 (3.4)

.. Dioxin Cate;

Comparison

Background RH 0.91 (0.51,1.61) 0.749 1.23(0.48,3.17) 0.668 0.27 (0.11,0.69) 0.006 1.55(0.66,3.63) 0.318
Low RH 1.04 (0.55,1.94) 0912 149 (0544113 0.437 0.92 (0.49,1.72) 0.795 243(1.03,572) 0.042
High RH 1.43 (0.83,2.47) 0.202 2.00(0.81,4.92) 0.131 1.08 (0.61,1.91) 0.799 2.40(1.02,5.65) 0.046
LowplusHighRH  1.22 (0.77,1.92) 0.394 1.73 (0.81,3.70) 0.156 1.00 (0.63,1.58) 0.988 2.41(1.204.83) 0.013

“ Relative risk and confidence interval relative to Comparisons.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Tabie 16-5. Anaiysis of Diabetic Severity (Continued)

. C.omparisb_!.!. NEE
Background RH 375 0.92 (0.51,1.65) 0.771 1.24 (0.47,3.30) 0.661
Low RH 232 0.95 (0.50,1.80) 0.878 1.55 (0.55,4.34) 0.408
High RH 238 1.58 (0.89,2.81) 0.122 2.32(0.88,6.12) 0.089
Low plus High RH 470 1.23 (0.77,1.95) 0.385 1.90(0.87,4.15) 0.108
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Background RH 375 0.28 (0.11,0.71) 0.008 1.42 (0.59,3.45) 0.435
Low RH 232 0.89 (0.46,1.71) 0.726 2.41(1.00,5.82) 0.050
High RH 238 1.17 (0.63,2.18) 0.624 3.46(1.36,8.81) 0.009
Low plus High RH 470 1.02 (0.63,1.63) 0.931 2.90(1.40,5.99) 0.004

*Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-5. Analysis of Diabetic Severity {(Continued)

Tow 286 264(923) 11(38) 2(0.7) 30D 6(2.1) | No Treatment 128 (1.06,1.55) 0010

Medium 284 239 (84.2) 17 (6.0) 8(2.8) 12 (4.2) 8(2.8) Diet Only 1.27 (0.94,1.72) 0.120
High 284 224 (78.9) 20(7.0) 8(2.8) 22(1.1) 10 (3.5) Oral Hypoglycemic  1.58 (1.28,1.94) <0.001

Requiring Insulin 1.15 (0.87,1.50) 0.323

? Relative risk for a twofold increase in 1987 dioxin.

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

845 No Treatment 123(096,1.58)
Diet Only : 1.49 (1.00,2.20)
Oral Hypoglycemic 1.85(1.37,2.49)
Requiring Insulin 1.38(0.96,2.00)

“ Relative risk for a twofold increase in 1987 dioxin.
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16.2.2.1.4 Time to Diabetes Onset

The time to digbetes onset from time of duty in SEA did not differ significantly between Ranch Hands

and Comparisons in the Model 1 unadjusted and adjusted analyses (Table 16-6(a,b): p=0.39 for each
analysis).

Table 16-6. Analysis of Time to Diabetes Onset (years)

'__(a} MODEL I RANCH HANDS Vs, (‘OMPARISONS UNADJUSTED

i n O

All ~Ranch Hand 859 9013 (0.035)
Comparison 1,232
Officer Ranch Hand 337 -0.008 (0.077) 0.916
Comparison 490
Enlisted Flyer Ranch Hand 148 0.064 (0.075) 0.390
: Comparison 184 '
Enlisted Groundcrew Ranch Hand 374 0.015 (0.041) 0.715
- Comparison 558

? Coefficient and standard error for group in a survivat time analysis model, using a censored Weibull distribution.
A negative coetficient implies that the time to diabetes onset is shorter for Ranch Hands than for Comparisons.
> P-value based én the group coefficient in a survival time analysis model, using a censored Weibull distribution.

(b) MODEL I: RANCli IIANDS VS (‘QMPARISONS -~ ADJUSTED .

i _;,Occupationa] ’ e e :_ ;--f. Ad;‘ (,oeﬁiclentf':'-._. o ol T AE
Catego.ry . Gl‘nup l'l. & (Stﬂ. Error)’ R ST : p-Value"

AII - Ranch Hand 850 0.006 (0.035) 0.871
Comparison 1220

Officer Ranch Hand 335 =0.001 (0.079) 0.993
' Comparison 488

Enlisted Flyer Ranch Hand 145 0.066 (0.077) 0.390
Comparison 178

Enlisted Groundcrew Ranch Hand 370 -0.018 (0.043) 0.666
. Comparison 554

*Coefficient andistandard error for group in a survival time analysis model, using a censored Weibull distribution.
A negative coefﬁment implies that the time to diabetes onset is shorter for Ranch Hands than for Comparisons.
® p-value based on the group coefficient in a survival time analysis model, using a censored Weibuil distribution.
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Table 16-6. Analysis of Time to Diabetes Onset (years) (Continued)

(¢ MODEL 2: RANCH HANDS < INITIAL DIOXIN - UNADJUSTED .. .= ... .. .° . .

Initial Dioxin’ Category Summary Staustics o S Analysxs Resul!s for Log; {Iniﬁal I)mxm)“

C e e e e Slope o EU
imﬁaiDmxm IR R -n.f' o (S Emr)" L . -'P;-Value;
Low 157 -0.0214 (0.023) 0.356
Medium 158
High 160

* Adjusted for percent body fat at the time of the blood measurement of dioxin.

b Slope and standard error based on time to diabetes onset versus log, (initial dioxin) in a survival time analysis
model, using a censored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as
initial dioxin increases.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
A{d) MODEL 2 RANCH HANDS - INi’I'IAL DIOXIN - ADJUSTED e

[mtis] Dwxin Category Summary Statisncs _ T Analysis Results for Logz {lmtial Bloxm)
LR R e _Z-EZ AdfustedSlope_ B e ‘

Imhal Dioxin o -3}3_ B T _'n_'fjf:f. - (Std. Error)® - e L p-Value

Low 156 —{).074 (0.030) 0.013

Medium 154 :

High 160
* Slope and standard error based on time to diabetes onset versus log; (inifial dioxin) in a survival time analysis
model, using a censored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as
initial dioxin increases. \ )

Note: Low =27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
(¢) MODEL 3:. RANCH HANDS AND COMPARISONS BY:DIOXIN CATEGORY - UNADJUS’I‘ED

Coeffuent

- .~.:p-Ynl__n_e.

. - - (Std. fElf_ml')"’
Comparison 1,195
Background RH 379 (.143 (0.058) 0.013
Low RH 235 -0.058 (0.051) 0.254
High RH 240 —0.058 (0.048) 0.233
Low plus High RH 475 —0.058 (0.039) 0.134

: Ad_]usted for percent body fat at the time of the blood measurement of dioxin,

® Coefficient and standard error for Ranch Hand versus Comparison contrast in a survival time analysis model, using
a censored Weibull distribution. A negative coefficient implies that the time to diabetes onset is shorter for the
Ranch Hand category than for Comparisons,
¢ P-value based on the Ranch Hand versus Comparison contrast in a survival time analysis model, using a censored
Weibull distribution.

Note: RH = Ranch Hand.
Comparisen: 1987 Dioxin £ 10 ppt.
Background (Ranch Hand): 1987 Dioxin £ 10 ppt.
Low {(Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-6. Analysis of Time to Diabetes Onset (years) (Continued)

-{f) MODEL 3.i RANCH ILANDS AND CQMPARISONS BY DIOXIN: CATEGORY ADJUSTED

 AdjCoeffictent” -~ 00

Dmxm (»ategory ' __:"j [ RS (1% Error) o ’ p-Va]ue
Comparlson _ 1,183
Background RH 375 0.134 (0.059) 0.024
Low RH 232 —-0.065 (0.052) 0.214
High RH : 238 - —0.085 (0.051) 0.100
Low plus High RH 470 —0.075 (0.040) 0.061

* Coefficient and standard error for Ranch Hand versus Comparison contrast in a survival time analysis model, using
a censored Weibull distribution. A negative coefficient implies that the time to diabetes onset is shorter for the
Ranch Hand catégory than for Comparisons.
® P-value based on the Ranch Hand versus Comparison contrast in a survival time analysis model, using a censored
Weibull distribution.

Note: RH = Rarch Hand.
Comparison: 1987 Dioxin £ 10 ppt.
Backgrouhd (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

) ;ymmau« RANCH HANDS - 1987 DIOXIN - ‘UNADJUSTED . .

987--onxin{:a ory Summary'Stahstucs alysi Results t‘or Logz (1987 Dmxm +1)

-1987!)mxin g S T R . T .
Low , 286 ——0 098 (0. 021) <0. 001
Medium 284

High 284

* Slope and standard error based or time to diabetes onset versus log; (1987 dioxin + 1) in a survival time analysis
model, using a censored Weibull distribution. A negative stope implies that the time to diabetes onset is shorter as
1987 dioxin increases.

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

Low ™ 783 | 20,118 (0.027)

Medium 283
High | 280

* Slope and stanciard error based on time to diabetes onset versus log, (1987 dioxin + 1) in a survival time analysis
model, using a cénsored Weibull distribution. A negative slope implies that the time to diabetes onset is shorter as
1987 dioxin increases.

Note: Low = 579 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.
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The Model 2 unadjusted analysis did not reveal a significant relation between initial dioxin and time to
diabetes onset (Table 16-6(c); p=0.356). After adjusting for covariates, the results became significant
(Table 16-6(d): adjusted slope=—0.074, p=0.013). The time to diabetes onset was shorter for Ranch
Hands with higher initial dioxin levels.

The Model 3 unadjusted and adjusted analyses each revealed a significant difference in time to diabetes
onset between Ranch Hands in the background dioxin category and Comparisons (Table 16-6(e,f):
p=0.013, unadjusted; p=0.024, adjusted). The time to diabetes onset was significantly longer for Ranch
Hands in the background dioxin category than for Comparisons. The adjusted Model 3 analysis also
revealed two other marginally significant contrasts: Ranch Hands in the high dioxin category versus
Comparisons (Table 16-6(f): p=0.100) and Ranch Hands in the low plus high dioxin category versus
Comparisons (Table 16-6(f): p=0.061). In each of these two contrasts, the time to diabetes onset from
time of duty in SEA was shorter for the Ranch Hand category than for the Comparison category.

The unadjusted and adjusted Model 4 analyses each revealed a significant association between time to
diabetes onset and 1987 dioxin (Table 16-6(g,h): slope=-0.098, p<0.001; adjusted slope=—0.118,

p<0.001, respectively). In each analysis, the time to diabetes onset was shorter for Ranch Hands with
higher 1987 dioxin levels.

16.2.2.2 Physical Examination Variables

16.2.2.2.1 Thyroid Gland

All unadjusted and adjusted analyses in Models 1 through 4 showed no significant associations with
dioxin (Table 16-7(a~h): p>0.11 for each analysis).

Table 16-7. Analysis of Thyroid Gland
‘(a) MODEL 1:' RANCH HANDS VS. COMPARISONS ~UNADJUSTED. .. ...

. :Occupational

All Ranch Hand 843 6 (0.7)
Comparison 1,203 16 (1.3)

Offrcer Ranch Hand 328 4(1.2) 0.52 (0.16,1.63) 0.260
Comparison 470 11 (2.3)

Enlisted Flyer =~ Ranch Hand 144 1(0.7) 1.27 (0.08,20.41) 0.868
Comparison 182 1(0.5)

Enlisted Ranch Hand 371 1(0.3) 0.37 (0.04,3.32) 0.374

Groundcrew Comparison 551 4 (0.7

(6) MODEL 1: RANCH HANDS VS. COMPARISONS ADJUSTED .-

R S e e Adjusted Relative Risk o s T
. Occupational Category . .~ .0l (@5G%CE) . o . p-Value
All 0.54(0.21,1.39) ' 0.183
Officer 0.53 (0.17,1.67) 0.276
Enlisted Flyer 1.23 (0.08,19.88) 0.883
Enlisted Groundcrew 0.38 (0.04,3.39) 0.384

Note: Results are not adjusted for race because of the sparse number of participants with an abnormal thyroid gland.
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Table 16-7. Analysis of Thyroid Gland (Continued)

(c) MODELZ ‘RANCH HANDS ~ INITIAL DIOXIN - UNADJUSTED

Imtwl' Dmxxn Caiegory Summary Statistics = 1 Analys:s Results for Log, (Imtnal Dloxm)"' o
' ; S Number (%) . ¥ Estimated Rc_lauve Risk . o s
;lm_tial Dz__ox:n- 5 om0 T . Abnormat o @s%cLy - p-Value'._:_ T
Low 157 1(0.6) 0.95 (0.32,2.81) 0.923
Medium 158 0{0.0)
High _ 152 1(0.7)

Adjusted for percent body fat at the time of the blood measurement of dioxin.
P Relative risk for a twofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

(d) MODEL 2: 'RANCH HANDS INITIAL. DIOX]N ADJUSTED

Ana]ysas Resulls for. Log, (Initial Dmxin)

AT Adjuswctkelahvellxsk A
o e OS% CL LS .. p-Value
466 1.01 (0.32,3.17) 0.981

“ Relative risk for a twofold increase in initial dioxin.

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with an
abnormal thyroid gland.

() MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED}-:;.;; iR

Lo e Number (%) Est.Re!aﬁve Rusk _ AN
Dioxm Category :- S Abnormal o (98% CL* _' RANTAEE p_-Va_lue’
Companson 1,165 16 (1.4)
Background RH 369 4 (1.1) 0.82 (0.27,2.47) 0.718
LowRH . 233 1 (0.4) 0.31 (0.04,2.32) 0.253
High RH 234 1(0.4) 0.30(0.04,2.27) 0.242
Low plus High RH 467 2 (0.4) 0.30 (0.07,1.32) 0.112

s Relatlve risk and confidence interval relative to Comparisons.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison; 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ran¢h Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt,
High (Ranch Hanrd): 1987 Djoxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-7. Analysis of Thyroid Gland (Continued)

i MODEL 3: RANCH HA.NDS AND COMPARISONS BY: DIOXIN CATEGORY ADJUSTED e

S L Adjnsted Relauve _R_ls_k S S
D:oxin Category R SR L (95%0[.)‘ AP .;Z-- .p-_v_a]ue'-" )

Comparison 1,165

Background RH 367 0.65 (0.21,2.01) 0.457

LowRH 233 0.29 (0.04,2.19) 0.229

High RH 233 0.56 (0.07,4.62) 0.550

Low plus High RH 466 0.40 (0.09,1.81) (.234

* Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

Results are not adjusted for race because of the sparse number of participants with an abnormal thyroid gland,

(g) MODEL 4 RANCH HANDS 1987 I)I()XIN UNADJUSTED i R
I _ A4 Analysis: Rasulis for Logz (198‘? l)noxin + l)
Esti ted Relnﬁve Rlsk

1987Dioxin - Abnonﬁal

Low 279 3(1.1) 0.85 (0.47,1.5 1) 0.562
Medium 280 2(0.7)
_High 277 1(04)

* Relative risk for a twofold increase in 1987 dioxin.

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

(h). MOIDEL 4:. RANC}I HANBS - 1987 moxm ADJUSTED

O 1705 (030236) 088

* Relative risk for a twofold increase in 1987 dioxin.

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with an abnormal thyroid
gland.

16.2.2.2.2 Testicular Examination

The unadjusted and adjusted Model 1 and 2 analyses of testicular examination were nonsignificant (Table
16-8(a—d): p>0.10 for each analysis).
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Table 16-8. Analysis of Testicular Examination

(2) MODEL 1 RANCH HANDS VS, (‘OMPARISONS UNADJUSTED

Ocmpatmnn! '. R Number(%)

_ L Est.Reiau\'eRisk" L ?
Category - ;Gr_pup o m. - Abmormal .. - (®5%CL) - . pValue
All " Ranch Hand 861 39(4.5) 1.20(0.78,1.85, ) 0.409
Comparison 1,237 47 (3.8)
Officer Ranch Hand 336 16 (4.8) 0.86 (0.45,1.62) 0.635
Comparison 490 27 (5.5)
Enlisted Flyer ~ Ranch Hand 148 9 {6.1) 1.42 (0.54,3.79) 0.478
Comparison 184 8(4.3)
Entlisted Ranch Hand 377 14 (3.7) 1.77 (0.81,3.87) 0.152
Groundcrew Comparison 563 12 (2.1)

(b) MOBEL 1: 'RANCH HANDS VS, (“OMPARISONS AD.}fUSTED

: G Adiustedfkeianvekisk e R D
Occupatiomﬂ Catzgory = (95% CL).. '_3 Lol peNakue
Al 1.20 (0.77,1.87) - 0.427
Officer 0.84 (0.44,1.62) 0.611
Enlisted Flyer - 1.31 (0.48,3.55) 0.595
Enlisted Groundcrew 1.96 (0.88,4.39) 0.101

{¢) MODEL 2:: RANCH HANDS — INITIAL DIOXIN - UNADJUSTED P e
( / R mCategorySummarySmnsum Cf .Z;Ana!ysiskesults{orLog;(lmtmll)ioxm)“ '
R i Do umbex(%) 'ﬁmMRelnﬂveRisk BRETE
~ Initial Dioxin. -~ om0 7 0 A Bnormal - L OERCEY T e _::,.‘p,wm
Low 158 10(6.3) 0.93 (0.66,1.29) 0.653
Medium 162 8 (4.9)
_High 158 6 (3.8)

2 Ad]usted for percent body fat at the time of the blood measurement of dioxin.
® Relative risk for a twofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High =>152 ppt.

(d) MODEL 2; RANCH HANDS ~ INITIAL DIOXIN - ADJUSTED — ~ . =~

S 95%CLY

e 108 (072.1.61) 0714

? Relative risk for a twofold increase in initial dioxin.
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Table 16-8. Analysls of Testicular Examination {(Continued)

{e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ UNADJ USTED

o '_ Number (%) . Est. Relative Risk o .
: Dmmn Lategory oo '_n .. Abnormal " _' (95% C l)“' R p-Val|_._|e
Comparison 1,199 a7 (3. 9) o '
Background RH 376 14 (3.7) 0.89 (0.49,1.65) 0.722
Low RH 237 15 (6.3) 1.68 (0.92,3.06) 0.091
High RH 241 937 1.00 (0.48,2.07) 0.994
Low plus High RH 478 24 (5.0) 1.29 (0.77,2.16) 0.333

2 Relatlve risk and confidence interval relative to Comparisons.
Ad_]usted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

'-(it) MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED

e Ad;ustbd Relative Risk - S e
Dioxm Category L w T 3_ 95% CI» - . : ,p'-ZVa!,:ue'
C omparison 1,199
Background RH 374 0.84 (0.45,1.58) 0.594
Low RH 237 1.46 (0.78,2.71) 0.236
High RH 240 1.39 (0.63,3.03) 0.415
Low plus High RH 477 1.42 (0.82,2.45) 0.207

* Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin £ 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

.(;,) MODEL 4: RANCH HANDS -

1987 Dmxin Category Summary &tatislics Results for l.ngz (198’7 Diox:n * 1}

Number. (%)

'z Ty e Teoun

. Dioxm T Abnormal - f T esmeny p»Value
Low 284 9(3.2) 1.01(0.81,1.26) 0.903
Medium 284 17 (6.0)

High 286 12 (4.2)

* Relative risk for a twofold increase in 1987 dioxin.

Note: Low = £7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.
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Table 16-8. #na.'ysis of Testicular Examination (Continued)

(k) MODEL 4; RANCH HANDS - 1987 DIOXIN - ADJUSTED . ..
o ' .. Analysis Results for Log, (1987 Dioxin + 1)

D oo Adjusted Relative Risk. T :
Lemo e e ORGP L pValue
851 B 1.09 (0.82,1.44) ' 0545

" Relative risk for a twofold increase in 1987 dioxin.

 The unadjusted Model 3 analysis revealed a marginally significant difference in the percentage of

abnormal testicular examination results between Ranch Hands in the low dioxin category and
Comparisons (Table 16-8(e): Est. RR=1.68, p=0.091). The percentage of participants with abnormal
testicular examination results for Ranch Hands in the low dioxin category was 6.3 versus 3.9 percent for

the Comparisons. After covariate adjustment, the results were not significant (Table 16-8(f): p>0.20 for
each contrast).

The unadjusted and adjusted Model 4 analyses of testicular examination were not significant (Table
16-8(g,h): p>0.54 for each analysis).

16.2.2.3 Laboratory Examination Variables

16.2.2.3.1 TSH (Continuous)

The unadjusted Model 1 analysis of TSH in its continuous form did not reveal any significant mean
differences between Ranch Hands and Comparisons across all occupations or within each occupational
stratumn (Table 16-9(a): p20.13 for each contrast). The adjusted analysis showed no significant overall
group difference between Ranch Hands and Comparisons (Table 16-9(b): p=0.105). Stratifying the
adjusted analysis by occupation revealed a marginally significant difference between Ranch Hands and
Comparisons in the enlisted groundcrew stratum (Table 16-9(b): difference of adjusted means=0.11
plU/ml, p=0.088). The adjusted mean TSH level for Ranch Hand enlisted groundcrew was 1.71 pIU/ml
versus 1.60 uIU/ml for Comparison enlisted groundcrew.

Table 16-9. Analysis of TSH (ulU/ml) (Continuous)

UNADISTID

(») MODEL 1:| RANCH HANDS VS. COMPARISONS -

- Category” - U Growp: e SO U Mean® R 5% CL®. 7 L p-Value®
All Ranch Hand 841 1.88 0.08 -- 0.130
Comparison 1,199 1.81
Officer Ranch Hand 326 2.01 0.12 -- 0.170
Comparison 468 1.89
Enlisted Flyer  Ranch Hand 144 L.72 ~0.10 -- 0.428
Comparison 182 1.82
Enlisted * Ranch Hand 37 1.84 0.11 -- 0.139
Groundcrew Comparison 549 1.73

* Transformed from natural logarithm scale.

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

¢ P-value is based on difference of means on natural logarithm scale.
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Table 16-9. Analysis of TSH (uiU/ml) (Continuous)

(b)Y MODEL 1 RANCH HANDS VS. COMPARISONS ADJUSTED e ERER e e BT

Occupauonal C s Adjnsted Dit‘l‘erence of Adj Means . ;
Category . ... Grou'p TN R o Mean® C(95% CLYY. s peVakoe®

All Ranch Hand 838 1.64 0.07 -- 0.105
Comparison 1,199 1.57

Officer Ranch Hand 325 1.69 0.10 -- 0.178
Comparison 468 1.59

Enlisted Flyer  Ranch Hand 143 148 —0.09 -- 0.370
Comparison 182 1.58

Enlisted Ranch Hand 370 1.71 0.11 - 0.088

Groundcrew Comparison 349 1.60

Transformed from natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.
¢ P-value is based on difference of means on natural logarithm scale,

() MODEL 2 RANCH HANBS o INITIAL DIOXIN UNADJUSTED

- Tnitiat Diosxm Category Swmnary Statisﬁcs

Analysns Results for Log, (Im(ml Dmxin)" "

Iniﬁalmuxm .._:.: "‘f'_l:' 3._:_ - Mean' - .:_ "_-E:-'R:.'. . (Sufifamr)" __: i ,-:p-Va_lue-’; .
Low : 157 1.94 0.002 -0.015 (0.021) 0.475
Medium 158 1.85
High 152 1.78

% ,‘

* Transformed from natural logarithm scale.

b Adjusted for percent body fat at the time of the blood measurement of dioxin.
¢ Slope and standard error based on natural Jogarithm of TSH versus log; (initial dioxin).

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

- .gmta_a_l Dloxm'-ﬁ

Low 157 T 1.53 0.071. 200190024 0433
Medium 157 1.45
High 152 1.39

# [‘ransformed from natural logarithm scale.

>10pe and standard error based on natural ]oganthm of TSH versus log, (initiaf dioxin).

Note: Low = 27-63 ppt; Medium = >63--152 ppt; High = >152 ppt.
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Table 16-9. Analysis of TSH (uilJ/ml) (Continuous)

(e) MODEL 3:"RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY.- UNADJUSTED .

_ - " Difference of Adj, Mean

- Dioxin Category - 7 om0 Mean® Adj.Mean®™ - (959 CLYF CpValee®
Comparison 1,161 1.80 ' 1.80
Background RH 367 1.90 1.91 0.11 -- 0.129
Low RH 233 1.90 1.89 0.09 -- 0.273
High RH 234 1.82 1.81 0.01 -~ 0.942
Low pius High RH 467 1.86 1.85 0.05 -- 0.446

* Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of the blood measurement of dioxin.

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

4 P.value is based on difference of means on natural logarithm scale.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin € 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

®MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED

.'E;Differe_m_:epfédj:.;‘l;_ﬂéah" RIS

. L R . e : R . V&Comparisons - g
DloxinCatﬂgory RS | SRR o Adj Mean® o ey CP T pvalge
Comparison 1,161 1.57
Background RH 365 1.64 0.07 -- 0.250
LowRH 233 1.64 0.07 -- 0.292
High RH 233 1.62 0.05 -- 0.454
Low plus High RH 466 1.63 0.06 — 0.237

* Transformed from natural logarithm scale.

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

¢ P-value is based on difference of means on natural logarithm scale.

Note: RH = Ranch Hand.
Comparisen: 1987 Dioxin £ 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-9. Analysis of TSH (uiU/mi) {Continuous)

-(g) MODEL 4: “RANCH HANDS ~ 1987 DIOXIN ~UNADJUSTED...... - .. . oo

Analysis Results for Log; (1987 Dioxin +1)

1987 Dioxin Category Summary Statistics

1987 })ioxin e n . - Meﬂl'l‘ . . R‘.’._ e Z:_:E . (Std.El’l‘Ol') - ) p-Vaiue
Low 278 1.88 <0.001 —-0.000 (0.015) 0.977
Medium 279 1.98
High 277 1.77

* Transformed from natural logarithm scale.

b Slope and standard error based on natural logarithm of TSH versus log, (1987 dioxin + 1).

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

(W MODEL 4; RANCH HANDS - 1987 DIOXIN - ADJUSTED

197 Dioxin " Analysis Resultsfor Log; (987 Dioxin 117

S e, L AdjsiedSiope

- 198TDioxin. " om L co e (StdeErroe) p-Value

Low 276 0.008 (0.017) 0.624

Medium 279
_High 276
* Transformed from natural logarithm scale.
b Siope and standard error based on natural logarithm of TSH versus log, (1987 dioxin + 1).
Note: Low = £7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. \)

Unadjusted and adjusted analyses for Models 2, 3, and 4 showed no significant relations between TSH in
its continuous form and dioxin (Table 16-9(c—h): p>0.12 for each analysis).

16.2.2.3.2 TSH (Discrete)

The unadjusted and adjusted Model 1 analyses of TSH in its discrete form did not reveal significant
differences across all occupations (Table 16-10(a,b): p=0.14 for each analysis). After stratifying by
occupation, both the unadjusted and adjusted analyses revealed significant differences in the percentage
of abnormal high TSH values between Ranch Hand and Comparison enlisted groundcrew (Table
16-10(a,b): Est. RR=2.06, p=0.044; Adj. RR=2.11, p=0.037, respectively). Of the Ranch Hand enlisted
groundcrew, 5.1 percent had abnormally high TSH values versus 2.6 percent of the Comparison enlisted

groundcrew,

Unadjusted and adjusted analyses in Models 2, 3, and 4 did not show significant associations between
dioxin and TSH in its discrete form (Table 16-10(c-h): p>0.12 for each analysis).
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Ranch Hand 841

1.6 (0.65,3.98)

10(1.2) 795 (94.5) 36(4.3)
Comparison 1,199 9(0.8) 1,153(96.2) 37(3.1)
Officer Ranch Hand 326 4(1.2) 308 (94.5) 14 (4.3) ¢ 2.92 (0.53,16.01) 0.218 1.20(0.58,2.47) 0.620
Comparison 468 204 449 (95.9) 17 (3.6)
Enlisted Flyer  Ranch Hand 144 321 138 (95.8) 3(2.1) | 1.89¢0.31,11.48) 0.488 0.63 (0.15,2.57) 0.519
Comparison 182 2{(1.1) 174 (95.6) 6(3.3)
>~ Enlisted Ranch Hand 371 3(08) 349 (94.1) 19 (5.1} | 0.91(0.22,3.84) 0.899 2.06(1.02,4.16) 0.044
A Groundcrew Comparison 549 5(0.9) 530 (96.5) 14 (2.6)

~(b)MODEL 1: RANCH HANDS V8

{95

Officer
Enlisted Flyer

Enlisted Groundcrew

2.78 (0.50,15.33)
2.01(0.33,12.28)
0.88 (0.21.3.71)

0.241
0.448
0.859

142 (089.2.28)
1.18 (0.57,2.44)
0.63 (0.15,2.55)
2.11 (1.04,4.28)
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Table 16-10. Analysis of TSH (Discrete) (Continued)

@ MODEL2:

157 1(06) 150(955)  6(38) 1.40 (0.73.2.71)
Medium 158 0{00) 154(975) 4(25)

High 152 3(2.0) 142 (93.4) 7 (4.6)

0311 1.27 (0.89,1.79) T0.183

* Adjusted for percent body fat at the time of the blood measurement of dioxin.
® Relative risk for a twofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

467 1.62 (0.82,3.20) 0161

1.29 (0.90,1.85) 0.160

* Relative risk for a twofold increase in initial dioxin.

Note: Results are not adjusted for occupation and personality type because of the sparse number of Ranch Hands with an abnormaily low TSH level,

f—v
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Comparison 1,16 9(0.8)

1,116 (96.1) 36 (3.1)
Background RH 367 6 (1.6) 344 (937  17(4.6) 2.27 (0.80,6.50) 0.125 1.46 (0.80,2.64) 0214
Low RH 233 1(0.4) 225 (96.6) 73.0) 054 (0.074.31) 0.564 0.97 (0.43,2.22) 0.951
High RH 234 3(1.3) 221 (94.4) 10(4.3) 1.60 (0.43,6.02) 0.485 1.47 (0.72,3.02) 0.294
Low plus High RH 467 4(0.9) 446 (95.5) 17(3.6) 0.93 (0.25,3.48) 0.919 1.20 (0.66,2.17) 0.553

a L . .
Relative risk and confidence interval relative o Comparisons.

® Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.

Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.

High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-10. Analysis of TSH (Discrete) (Continued)

méom.l.aarisoﬁ ..-...- 1,161
Background RH 365 2.33 (0.79,6.87) 0.125 1.43(0.78,2.62) 0.244
Low RH 233 0.52 (0.06,4.15) 0.536 0.98 (0.43,2.24) 0.963
High RH 233 1.51 (0.39,591) 0.550 1.58 (0.74,3.35) 0.236
Low plus High RH 466 0.89 (0.24,3.33) 0.858 1.24 ((.68,2.28) 0.481

"Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.

Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.

High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

Tow

5

14(5.0)

278 4(1.
Medium 279 3 (1.1) 3) 10 (3.6)
High 277 3(L1) 264 (95.3) 10 (3.6)

0.97 (0.63.1.48)

0.881

0.98 (0.78.1.24)

® Relative risk for a twofold increase in 1987 dioxin.

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.
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831 ~1.08 (0.64,1.83)

® Relative risk for a twofold increase in 1987 dioxin,




16.2.2.3.3 Thyroxine (Continuous)

The unadjusted and adjusted Models 1 and 2 analyses of thyroxine in its continuous form were not
significant (Table 16-11(a,b): p>0.12 for each analysis).

Table 16-11. Analysis of Thyroxine (ug/dl) (Continuous)

“(a) MODEL 1' RANCH HANDS V8. COMPARISONS UNADJ USTED -

Occupmional T c DiifereaceofMuns_
Category Gmup Sy 5 -'Mﬁan;, Lo ': O5%BCLP -

Al Ranch Hand 841 707 0.03--
Comparison 1199 7.04

Officer Ranch Hand 326 6.76 ~0.08 - 0.373
Comparison 468 6.84

Enlisted Flyer  Ranch Hand 144 7.28 0.03 - 0.818
Comparison 182 7.24

Enlisted Ranch Hand 371 7.27 0.12 - 0.154

Groundcrew Comparison 549 7.15

* Transformed from square root scale.
® Difference of means afier transformation to original scale; confidence interval on difference of means not
p1 ‘esented because analysis was performed on square root scale.

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

(b) MODEL 1 RANCH HANDS VS COMPARISONS ADJUSTED

Category P __ . :I'i_:._.:.

Al Ranch Hand 838 6.96 ~0.03- T 0.565
Comparison 1199 6.93

Officer Ranch Hand 325 6.58 -0.08 - 0.370
Comparison 468 6.66

Enlisted Flyer  Ranch Hand 143 7.12 0.04 - 0.774
Comparison 182 7.08

Enlisted Ranch Hand 370 7.19 0.13 - 0.129

Groundcrew Comparison 549 7.06

? Transformed from square root scale.

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

¢ P-value is based on difference of means on square root scale.
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Table 16-11. Analysis of Thyroxine (ug/dl} (Continuous) (Continued}

() MODEL: 24 RANCH HANDS - INIT!AL DIBXIN UNADJUS’I‘ED

Imtml Dioxin Categury Summary Stahstxcs _' | | Analysis Resutts for Log, (Imtml Dioxm)”
1y o e slpe. oy
Initisl Dmxm n Mean ' Ad_] Mean CTRY (St_d. Brror) . - p-Vaiue -
Low 157 7.11 7.12 0.012 0.010 (0.008) 0.250
Medium 158 7.15 7.16
High 152 7.28 7.26

* Transformed from square root scale.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.
¢ Slope and standard error based on square root of thyroxine versus log, (initial dioxin).

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

'(d) MODEL 2; RANCH HANDS - -INITIAE DIOXIN ~ ADJUSTEI)_
Init:al Dioxin Caﬁegory Summary Smﬁsﬁcs L Ana!ys Results for Logz {Initlal Dioxm)

e e e e AdSlope S i
Initm!___ oxin '-n_f Adj Mean i A R’ PSS : (Std. Emr}" '3:_ p«Value L
Low 157 6.99 0.045 -0.004 (0.010) 0.682
Medium 157 6.39
High 152 6.89

* Transformed from square root scale.
b Slope and standard error based on square root of thyroxine versus log, (initial dioxin).

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

{¢) MODEL 3: RANCH IiANDS AND COMPARISONS BY I)IOX]N CATEGORY - UN&DJ US'IIEDJZ- P

" moxinCategpry e

e  Mean® ! (95% ClL )° L ue?
Comparison 1,161 7.04 7. 04 -
Background RH , 367 6.95 6.95 -0.09 -- 0.221
Low RH 233 7.13 7.13 0.09 - 0.344
High RH 234 7.23 7.23 0.19 - 0.053
Low plus High RH 467 7.18 7.18 0.14 -- 0.059

* Transformed frbm square root scale.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.

“ Difference of means after transformation to original scale; confidence interval on difference of means not presented
because analysis was performed on square root scale.
4 P-value is based on difference of means on square root scale.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt,
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-11. Analysls of Thyroxine (ug/dl) (Continuous) (Continued)

() MODEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ ADJUSTED

Dil’ference of Ad,} Mean

Tl e R e - vs. Comparisons. " - .
. ‘Dioxin Category = -~ . a0 - -Adj. Mean®. Co (95% CLY . piValue®
Comparison 1,161 6.93
Background RH 365 6.93 0.00 -- 0.969
Low RH 233 7.02 0.09 -- 0.344
High RH 233 6.98 0.05 - 0.646
Low plus High RH- 466 7.00 0.07 -- 0.357

* Transformed from square root scale.

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

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

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin £ 10 ppt.
Background (Ranch Hand): 1987 Dioxin £ 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

_(g) MODEL 4: RANCH HANDS -1987. DIOXIN UNADJUSTED.

3.987 DioxinCamgory Summary Statisties. - f 00 Analys:s Resu!ts forLog;{lQS’? Dioxm +fl)
198‘7‘onxin n R ::Me’é_n‘_' S U RE (Std. Ermr)" o p~Value
Low 278 ' 6.95 0.008 ‘ 0.015 (0.006) 0.009
Medium 279 7.03
High 277 725

. ']‘ransformed from square root scale.
.lope and standard error based on square root of thyroxine versus log, (1987 dloxm + 1.

Note: Low = <7.9 ppt; Medium = >7.9—19.6 ppt; High = >19.6 ppt.

(Ih) MODEL‘I RANCH HANDS 1987 DI{)XIN ADJUSTED SR

_ rySummary Stat;sucs Anaiysis Results torLog;(l%? D:axin+ 1)
: AP ' Adjusted-ﬁloge '
.- 1987 Dioxin.: AL - Ay Mean‘ S A (St Brror)”
Low 276 6.92 0.047 -0.001 (0.007) 0 862
Medium 279 6.91
_High 276 6.91

® Transformed from square root scale.
* Slope and standard error based on square root of thyroxine versus log; (1987 dioxin + 1),

Note: Low = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.
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The unadjusted Model 3 analysis of thyroxine in its continuous form revealed two marginally significant
contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in the low plus
high dioxin category versus Comparisons (Table 16-11(e): difference of means=0.19 pg/dl, p=0.053;
difference of means=0.14 pg/dl, p=0.059, respectively). The adjusted analysis did not reveal any
significant contrasts (Table 16-11(f): p>0.34 for each contrast).

The Model 4 unadjusted analysis revealed a significant positive association between thyroxine and 1987
dioxin {Table 16-11(g): adjusted slope=0.015, p=0.009). After covariate adjustment, the results became
nonsignificant (Table 16-11(h): p=0.862)

16.2.2.3.4 Thyroxine (Discrete)

All unadjusted and adjusted analyses for Models 1 through 4 showed no significant relations between
dioxin and thyroxine in its discrete forin (Table 16-12(a-h): p>0.14 for each analysis).

Table 16-12. Analysis of Thyroxine (Discrete)

(@) MODEL 1* RANC‘H HANDS VS (‘OMPARISONS UNADJUSTED

Occupauonal R S0 Numberi{%)- - . Est. Relatwe Risk

“Category - - _Group’_ R CLew - (@5%CLY o p-..Valué_”'.

All Ranch Hand 841 23(2.7) 1.03 (0.60,1. 77) 0.928
Comparison 1,199 32(2.7)

Officer Ranch Hand 326 13 4.0 1.17 (0.56,2.47) 0.674
Comparisen 468 16 (3.4)

Enlisted Flyer ~ Ranch Hand 144 32.1) 1.27 (0.25,6.39) 0.772
Comparison 182 3(1.6)

Enlisted Ranch Hand 371 7(1.9) 0.79 ¢0.31,2.01) 0.624

Groundcrew Comparison 549 13 (2.4)

RISONS -ADJ USTED

Adjusted Relatxvekisk R e

All I .04 (0.61,1 .80) : 0.875
Officer . 1.21 (0.57,2.55) 0.622
Enlisted Flyer 1.24 (0.25,6.24) 0.796
Enlisted Groundcrew 0.80 (0.32,2.02) 0.636

;j;(c) MODEL 2 "RANCH HANDS i INI’I'IAL DIOXIN UNADJUSTED

Aualys:s Rmults for Log, (Initlal Diaxin}‘- RS

- inkd Dmxm Category Summary S ﬁsucs e
: L R “Numiber. (%) | S Es!lmated Relative Risk ~ -
. Initmil)wxin RS E Z'-i._ L ow S SO5% CLY p-Value_. L
LOW 157 3(1.9) 1.22 (0.79,1.89) 0.375
Medium 158 1(0.6)
_High 152 6(3.9)

* Adjusted for percent body fat at the time of the blood measurement of dioxin.
® Relative risk for a twofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
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Table 16-12. Analysis of Thyroxine (Discrete) {Continued)

{d) M()DEL2, RANCHHANDS INITIALDIOXIN ~ADJUSTED .- EER R SR f:__.;..':E'E;E.:E:

Do SR Amlysis Results for Log, (Inttml Dloxin)
R o “Adjusted Relative Risk w

S o T sy pValwe
466 51 (0.67,2.60) 0.143

? Relative risk for a twofold increase in initial dioxin.

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a low thyroxine level.

(e) MODEL 3. _RANCH RANDS AND COM?ARISONS BY DIOXfN CATEGORY - UNADJUS’PED -

SRS Number{%) T Est RelaGve Risk
D;oxut Category R R “Low S (95% CL)™ [ _:p-Value

Comparison 1,161 31 2D

Background RH 367 13 (3.5) 1.40(0.72,2.71) 0.325

Low RH 233 3(1.3) 0.47 (0.14,1.55) 0.215

High RH 234 7(3.0) 1.08 (0.47,2.49) 0.858

Low plus High RH 467 10 (2.1 0.71 (0.33,1.54) 0.390

Relauve risk and confidence interval relative to Comparisons.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin £ 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

(D MODEX 3;

RANCH HANDS AND. COMPARISONS BY. DIOXIN CATEGGRY - ADJUSTED

AT

: ioxin Catego )
( omparison 1,161
Background RH ' 365 1,23 (0.63,2.42) 0.545
Low RH 233 0.45 (0.14,1.49) 0.192
High RH 233 1.53 (0.62,3.73) 0.354
Low plus High RH 466 0.83 (0.38,1.82) 0.641

* Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-12. Analysis of Thyroxine (Discrete) {Continued)

(g) MODEL 4: RANCH HANI)S -1987 DIOXIN - UNADJUSTED

1987 Bioxm Category Summary Stausl;lcs ;. Analysis Results for Log, (1987 D:oxm +1)
A Numher (%), . Estlmated Relative Risk Lo :
1987Dioxm : m S Low R L es%CI® . L '."p-V.alue
Low 278 8(2.9) 0.97 (0.73,1.29) 0.825
Medium 279 B (2.9)
_High 277 7 (2.5)

* Relative risk for a twofold increase in 1987 dioxin.

Note: Low = £7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

(h) MODEL 4: RANCH HANDS . 1987 DIOXIN - ADJUST!‘D

alysis Results for Logz (1987 l)mxm * 1)

e Lo Adiusted Relative B}’Sk el e
831 1.14 (0.79,1.64) 0.487

* Relative risk for a twofold increase in 1987 dioxin,

16.2.2.3.5 Anti-Thyroid Antibodies

All unadjusted and adjusted analyses for Models 1 through 4 were nonsignificant (Table 16- 13(a~h):
p>0.43 for each analysis).

Table 16-13. Analysis of Anti-Thyroid Antibodies

(a) MODEL 1:; RANCH HANDS VS, COMPARISONS WADJUSTED

Ooeupational ESL Relative: Risk e e
Category - Ioup resen (95% CLy - + -peValue
All Ranch Hand 841 5(0.6) 1.02 (0.32,3.22) 0.975
Comparison 1,199 7 (0.6)
Officer Ranch Hand 326 2{0.6) 0.72 (0.13,3.93) 0.701
Comparison 468 4(0.9)
Enlisted Flyer  Ranch Hand 144 2(14) 2.55 (0.23,28.40) 0.447
Comparison 182 1(0.5)
Enlisted Ranch Hand 371 1(0.3) 0.74 (0.07,8.18) 0.805
Groundcrew Comparison 549 2 (0.4)
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Table 16-13. Analysis of Anti-Thyrold Antibodies (Continued)

(h) M.ODEL 1. RANCH HANDS VS. COMPARISONS - ADJUSTED

_ DA Adjusted Re]auvemsk T
Owupahonn] Category PRI - {95% C.1) - SR T “peValpe . o
All 1.01 (0.32,3.21) ' 0.981
Officer 0.73 (0.13,4.02) 0.717
Enlisted Flyer 2.62 (0.24,29.23) 0.434
Enlisted Groundcrew 0.73 (0.07,8.06) 0.796

Note: Results are not adjusted for race because of the sparse number of participants with anti-thyroid antibodies
present.

(¢) MODEL“Z";jRANCH HANDS }NITIAL DI(}XIN UNAZDJUSTED SRR L
S s Tndtial ’Dioxin Categury Sununary Statisacs ';.-:- '-i"-gj: o Analysis” Resultsfor Lngz (Initlal D:oxin}' T
LT : Hstimated ile!auvekisk PR T R
Initialﬁ:oxm ST T Y skt £ 05 T (959% CAY? S '?'E?J;pNg;uq* T
Low 157 0 0.0 0.93 (0.30,2.89) 0.905
Medium 158 2(1.3)
_High 152 0 (0.0}

* Adjusted for percent body fat at the time of the blood measurement of dioxin.
® Relative risk for a twofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

(8) MODEL 2: ‘RANCH'HANDS - IN{'I‘IAL DIOXIN — AB}USTED

466 101 (0.31,3.23) ' 0.990

* Relative risk for a twofold increase in initial dioxin.

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with anti-
thyroid antibodies present.

(a*) MOBEL 3 RANCH HANBS AND CGMPARISQNS BY DIOXIN CA’I‘EGORY - UNADJUSTED O

: s Number {%) Est. Relative Risk . -
I}mxm Category e - Present .. CA95FCLY
Companson 1,161 7 (0.6)
Background RH 367 3(0.8) 1.20 (0.30,4.69) 0.798
Low RH 233 1(0.4) (.73 (0.09,5.96) 0.768
High RH 234 1(0.4) 0.80 (0.10,6.56) 0.834
Low plus High RH 467 2(0.4) 0.76 (0.16,3.70) 0.736

# F'elatlve risk and confidence interval relative to Comparisons.
> Adjusted for percent body fat at the time of the blood measurement of dioxin.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 16-13. Analysis of Anti-Thyroid Antibodies (Continued)

{fy MODEL 3‘ RANCH HANDS AND COMPARISONS BY: DIOXIN CATEGORY - ADJUSTED

o R K . Adjusted Relatwe Risk. . . - o
Dmmeategnry ol S T (95 G PR -p-jValne SR

Comparison 1,161

Background RH 365 1.07 (0.27,4.26) 0.921

Low RH . 233 0.73 (0.09,5.99) 0.765

High RH 233 1.07 (0.12,9.66) 0.951

Low plus High RH 466 0.88 (0.17,4.46) 0.879

* Relative risk and confidence interval relative to Comparisons.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

Results are not adjusted for race because of the sparse number of participants with anti-thyroid antibodies
present.

(g) M(}DEL 4: RANCH HANDS ~ 1987 DIOXIN ~ UNADJUSTED

R 19871)10xin€alegory8umnmry$mustxcs o Aalysis Ruults for Logg (1987 Bioxin+1)
iR T T T Number %} Estimated: Re!ativekjsk R
-_.§-_1987-'5D10x_i1'3 o TR Presents o | (0%, CLy: p-Value
Low 278 2 (0.7) 0 82 (0.43,1.55) 0.535
Medium 279 2(0.7
High 277 1(0.4)

® Relative risk for a twofold increase in 1987 dioxin.

Note: Low = =7.9 ppt; Medium = »7.9-19.6 ppt; High = >19.6 ppt.

RANCH HANDS - 198’7 LDIOXIN ADJUSTED

'@ MODEL 4

o

s Analysis" esults Ior Logy: (198’? Dsoxm + 1)

'Adjustedkelaﬁvaki ST --::: _
LS CLY T

831 086 (041180 0639

? Relative risk for a twofold increase in 1987 dioxin.

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with anti-thyroid antibodies

present.

16.2.2.3.6 Fasting Glucose (Continuous)

The unadjusted and adjusted Model 1 analyses did not reveal a significant difference in mean fasting
glucose levels between all Ranch Hands and Comparisons or after stratifying by occupation (Table
16-14{a,b): p>0.38 for each analysis).
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Fasting glucose in its continuous form was not significantly associated with initial dioxin in the
unadjusted Model 2 analysis (Table 16-14(c): p=0.174). After adjusting for covariates, the results
became significant (Table 16-14(d): adjusted slope=0.023, p=0.014). The adjusted mean fasting glucose
levels in the low, medium, and high initial dioxin categories were 104.5 mg/dl, 109.2 mg/dl, and 109.5
mg/d], respectively.

The unadjusted and adjusted Model 3 analyses of fasting glucose showed no significant mean differences
between any of the Ranch Hand dioxin categories and Comparisons (Table 16-14(e,f): p>0.10 for each
contrast).

Table 16-14. Analysis of Fasting Glucose (mg/dl) (Continuous)

() MODEL 1: RANCH HANDS VS. C()MPARISONS UNADJUSTED

. M“Paﬁﬂml R S e e o Dsfference ofMaans
Category --_-_:__G_;pgp:,._.-:_- BIREES TR ._:'M_gan'. o 959 CLY

All Ranch Hand 868 101.4 —0.3 -- 0. 745
Comparison 1250 1018

Officer Ranch Hand 339 101.1 1.1 -- 0.468
Comparison 494 100.0

Enlisted Flyer  Ranch Hand 151 103.2 -1.7 -- 0.507
Comparison 187 104.9

Enlisted Ranch Hand 378 101.0 -1.3-- 0.388

Groundcrew Comparison 569 102.3

2 'J[‘ransformcd from natural logarithm scale,

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.
¢ P-value is based on difference of means on natural logarithm scale.

(ib) MODEL 1: ' RANCH HANDS VS COMPAR,’ISONS ADJUSTED

Oocupaﬁonal :
o Catemory U SUGRePT T Tt v Vet % C
All Ranch Hand 859 103.7 0.0 --
Comparison 1,238 103.8
Officer Ranch Hand 337 101.9 09 -- 0.550
Comparison 492 101.0
Enlisted Flyer  Ranch Hand 148 104.1 -1.6-- 0516
Comparison 181 105.7
Enlisted Ranch Hand 374 104.7 0.3 -- 0.819
Groundcrew Comparison 565 105.1

* Transformed from natural logarithm scale.

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

¢ P-value is based on difference of means on natural logarithm scale.
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Table 16-14. Analysis of Fasting Glucose (mg/dl) (1..antlnuaus) (Canrlnued)

(c) MODEL 25 RANCH HANDS ~ INITIAL DIOXIN - UNADJUSTED

[nitial Dwxin Category Summary Staustws Anaiysns Results for Log; (Imtml Dmnn}" o
lnitml Duoxm ' BT DN Meaﬁ“.*- o Adiy Mean"” ;!_%2- (Std. Error}“ "pa-Yalue' j B
Low 159 101.4 102.2 0.102 0.0ll (0.008) 0.174
Medium 161 104.5 104.7
High 160 104.9 103.9

a Transformed from natural logarithm scale.
> Adjusted for percent body fat at the time of the blood measurement of dioxin,
¢ Slope and standard error based on natural logarithm of fasting glucose versus log, (initial dioxin).

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

-{d) MODEL. 2; RANCH: HANBS INITIAL: DIOXIN ABJHSTED

B Ilﬂnafl Dinxin Category Stmnnary Stntisﬂcs . Am!ysis Results tor Logz (Iniﬁal Dmxin)

Imtlal Dwxin n';.' o Adj Mean RN ISR | A (Std Error)” p—Value
Low 158 104.5 0.160 0.023 (0.009) 0.014
Medium 157 109.2
High 160 109.5

: Transformed from natural logarithm scale.
Slope and standard error based on natural logarithm of fasting glucose versus log, (initial dioxin).

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.

. (e) MODEL 3:; RANCH HA.NDS AND COMPARISONS BY {)IOXIN CATEGORY o UNADJUSTED

Dit’l'ereme of AdJ Mean _
v§, Comparisons » S

 Dioxin'Catego

e s Mean® v A Mes
Comparison 1,212 101.7 101.6
Background RH 381 98.4 100.3 -1.3 -- 0.298
Low RH 238 101.4 100.8 —0.8 - 0.618
High RH 242 105.8 103.9 23 .. 0.121
Low plus High RH 480 103.6 102.4 0.8 -- 0.485

Transformed from natural logarithm scale.

Adjusted for percent body fat at the time of the blood measurement of dioxin.
¢ Difference of means after transformation to original scale; confidence interval on difference of means not presented
because analysis. was performed on natural logarithm scale.

4 P-value is based on difference of means on natural logarithm scale.

Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand}: 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial CHoxin < 94 ppt,
High {(Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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