
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 mgldl 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, p~esence 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 mis~ing testicle because of an undescended testicle or a 
congenital ~bsence were excluded. 

16.1.3.2.2 Laboratory Examination Data 

For the 1997 follow-up examination, 141aboratory variables were analyzed statistically in the endocrine 
assessment for all participants. TSH (j.lIU/ml), thyroxine (j.lgldl), LH (mIU/ml), FSH (mIU/ml), and total 
testosterone (ngldl) were conducted using Ciba Corning ACS 180® equipment. Abbott IMX® equipment 
was used to measure a-l-C hemoglobin (percent) and estradiol (pglml). Measurements for fasting 
glucose (mgldl) were taken using Dade RxL ® equipment. Fasting urinary glucose analyses were 
conducted by dipstick methods using Bayer Atlas® equipment. Anti-thyroid antibodies were analyzed 
using passive hemagglutination assay. Free testosterone (pglml) was conducted by radioimmunoassay. 

In addition, the analyses of 2-hour postprandial glucose (mgldl), serum insulin (j.lIU/ml), and the presence 
of 2-hour postprandial urinary glucose were restricted to nondiabetics only. Measurements for 2-hour 
postprandial glucose (mgldl) were taken using Dade RxL ® equipment. Analyses for 2-hour postprandial 
urinary glucose were conducted by dipstick methods using Bayer Atlas® equipment. Abbott IMX® 
equipment was used to measure serum insulin. The 100-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 dichotomized as "normal" or "abnormal" (abnormally high for all variables, except for 
thyroxine, total testosterone, and free testosterone, which were classified according 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 because! of an undescended testicle or a congenital absence, and participants currently taking 
testosterone m"1dication were excluded. Participants with pre-SEA diabetes were excluded from the 
analysis of fasting glucose, fasting urinary glucose, and a-I-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 mlPdl 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 ,f0stprandial assays was standardized by the use of 
Glucola®. Some participants were not given Glucola by request. A subset of these participants was not 
classified as diabetic through a medical records review; their 2-hour postprandial glucose was less than 
200 mg/dl with~ut 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 wen> excluded from analyses of 2-hour postprandial glucose, 2-hour 
postprandial urinary glucose, and serum insulin. 

16.1.3.3 Covariates 

The endocrine ~ssessment 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 IIdditional 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). ~ 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 inclu~ed 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-I-C 
hemoglobin. 

(I 

Age, race, and t)1i1itary occupation were determined from military records. Personality type was 
determined froIt1 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 frqm 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 

. Weightlkg) 
Body Fat(m percent) ,01.264-13.305. 

[Height(m) ] 

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

16.1.4 Statistigal Methods 

Table 16-1 sum/narizes 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 describes the covariates. A covariate was used in its (,,'~ .. ) continuous form whenever possible for all adjusted analyses. If the covariate was inherently discrete (e.g., military occupation), or if a categorized form was needed to develop measures of association, the covariate was categorized as shown in Table 16-1. Table 16-2 provides a summary of the number of participants with missing dependent variable and covariate data. In addition, the number of participants excluded because of medical conditions is given. 

Table 16-1. Statistical Analysis for the Endocrine Assessment 
Dlependent Variables 

StatistiCal Data Data Analysis and Veriable (Units) Souree Form CUtpoints Covarial'" Exclusio,nsb Metbods 
Past Thyroid Disease MR-V 0 Yes (I) (a) U:LR 

No A:LR 
Composite Diabetes MR-VI 0 Diabetic: Verified (2) (b) U:LR 
Indicator LAB History or <!200 A:LR 

mg/di 2-hr. post-- L:LR 
prandial glucose 
Nondiabetic: 
Otherwise 

Diabetic Severity MR-V 0 Requiring Insulin (2) (b) U:PR 
Oral Hypoglycemics A:PR ''', 

Diet Only ) No Treatment 
No Diabetes 

Time to Diabetes MR-VI C (2) (b) U:ST 
Onset (years) LABI A:ST 

MIL 
Thyroid Gland PE 0 Abnormal (I) (c) U:LR 

Normal A:LR 
Testicular PE D Abnormal (3) (d) U:LR 
Examination Normal A:LR 
TSH (IlIU/ml) LAB ole Abnormal Low: <0.35 (I) (e) U:PR,GLM 

Normal: 0.35-5.5 A:PR,GLM 
Abnormal High: >5.5 L:PR,GLM 

Thyroxine (T.) (Ilg/dl) LAB ole Low: <4.8 (I) (e) U:LR,GLM 
Normal: 2:4.8 A:LR,GLM 

Anti-Thyroid LAB 0 Present (I) (e) U:LR 
Antibodies Absent A:LR 
Fasting Glucose LAB ole High: >110 (2) (b) U:LR,GLM 
(mg/dl) Normal: ,,110 A:LR,GLM 

l.:LR,GLM 
2-Hour Postprandial l.AB ole Impaired: 140-<200 (2) (f) U:LR,GLM 
Glucose (mg/dl) Normal: <140 A:LR,GLM 

l.:LR,GLM 

''''\ 
) 

, _.,/ 
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Table 16-1. $tatistical Analysis for the Endocrine Assessment (Continued) 

i Data Data 
Variable (U~ts) Source F-ornl Cutpoints Covariates' 

Fasting Urinary LAB D Present (2) 
Glucose Absent 

2·Hour Postprandial LAB D Present (2) 
Urinary Glucose Absent 

Serum Insulin LAB Die Abnormal Low: <18 (2) 
(I1IU/ml) Normal: 18·56 

Abnormal High: >56 

a·l·e Hemoglobin LAB Die High: >7,7 (2) 
(percent) Normal: ~7,7 

Total Testostero~e LAB Die Low: (3) 
(ng/dl) <241 (Ages 45-49) 

<230 (Age ;:,sO) 
Normal: 
",241 (Ages 45·49) 
",230 (Age ;:,sO) 

Free Testosteron~ LAB Die Low: <6 (3) 
(pg/mJ) Normal: ",6 

Estradiol (pg/ml) LAB Die High: >50 (4) 
Normal: ~50 

LH (mJU/ml) LAB Die High: >9.3 (4) 
Normal: 59.3 

FSH (mJU/ml) LAB Die High: >15 (4) 
Normal: ~15 

aCovariates: 
(l): age, race, military occupation, personality type. 
(2): age, race, m!Htary occupation, personality type, body fat, family history of diabetes. 
(3): age, race, mIlitary occupation, personality type, body fat. 
(4): age, race, mllitary occupation. 

bExclusions: 

Exclusions' 
(b) 

(I) 

(I) 

(b) 

(g) 

(g) 

None 

None 

None 

Statistical 
Analysis and 

Methods 

U:LR 
A:LR 

U:LR 
A:LR 

U:PR,GLM 
A:PR,GLM 

U:LR,GLM 
A:LR,GLM 

U:LR,GLM 
A:LR,GLM 
L:LR,GLM 

U:LR,GLM 
A:LR,GLM 

U:LR,GLM 
A:LR,GLM 

U:LR,GLM 
A:LR,GLM 

U:LR,GLM 
A:LR,GLM 

(a): participants with a pre-SEA history ofthyroid disease. 
(b): participants rith a pre-SEA history of diabetes. 
(c): participants ~ith 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). ' 
(e): participants f"ith a pre-SEA history of thyroid disease, participants with a thyroidectomy, participants currently 
taking thyroid m¢dication. 
(I): all diabetics (pre- and post-SEA), participants whose diabetic status was unknown at the 1997 physical 
examination. 
(g): participants ~ith 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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7'able 16-1. Statistical Analysis for the Endocrine Assessment (Continued) 

Covariates 

Variable (Ullits) Data Source 

Age (years) MIL 

Race MIL 

Occupation MIL 

Personality Type PE 

Body Fat (percent) PE 

Family History of Diabetes Q·SR 

Abbreviations 

Data Source: LAB: 1997 laboratory resul ts 
MIL: Air Force military records 
MR·V: Medical records (verified) 
PE: 1997 physical examination 

Data Form 

DIC 

D 

D 

D 

DlC 

D 

Q·SR: 1997 health questionnaire (self·reported) 

Data Form: C: Continuous analysis only 
D: Discrete analysis only 

Cutpoints 

Born ",1942 
Born <1942 
Black 
Non·Black 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 
A direction 
B direction 
Obese: >25% 
Lean or Normal: :>25% 
Yes 
No 

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

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

Statistical Methods: GLM: General linear models analysis 
LR: Logistic regression analysis 
PR: Polytomous logistic regression analysis 
ST: Survival time analysis 

Outpoints 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 regressiou 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. Nl;lmber of Participants I:xcluded or with Missing Data for the Endocrine Assessment 

Dioxin 
Group (Ranch Hands Only) Categorized Dioxin 

Variable Ranch Ranch 
Variiable 0'" I 

Hand Compari""n Initial 1987 Hand Comparison 

Composite Dia\letes Indicator DEP 9 18 5 7 7 17 
Diabetic Severi~y DEP 9 18 5 7 7 17 
Time to Diabet¢s Onset DEP 9 18 5 7 7 17 . 
Testicular Examination DEP 1 0 0 I I 0 
2-hour Postpra~dial Glucose DEP I 2 I I I 2 
2-hour Postprandial Urinary DEP 3 5 2 3 3 5 
Glucose 
Serum Insulin DEP I 2 I I 1 2 
Personality Type COY 3 0 I 3 3 0 
Family History lof Diabetes COY 7 12 4 7 7 12 
Pre-SEA Thyrdid Disease EXC 7 5 4 7 7 5 
Pre-SEA DiabeleS EXC 2 I 2 2 2 I 
Taking Thyroiq Medication EXC 24 44 13 24 24 44 
Diabetic or Diabetic Status EXC 156 228 113 152 152 217 
Unknown 
Pre-SEA Orchiectomy EXC 2 2 I 2 2 2 
Thyroidectomy! EXC 12 15 5 12 12 15 
Pre- or Post-SEA Orchiectomy EXC 8 5 4 8 8 5 
Testicle U ndes<lended or EXC 6 13 3 6 6 13 
Congenitally Absent 
Taking Testosulrone EXC 6 7 3 5 5 7 
Medication 

Note: DEP = t>ependent variable. 
COY = covariate. 
EXC = Exclusion. 
870 Ra1ch Hands and 1.251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Rarlch Hands and 1,213 Comparisons for categorized dioxin. 

16.2 RESUI.1iS 

16.2.1 Depen1ent 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 assOciations 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. Statisticl(lIy significant associations are discussed below. 

The covariate tests of association for past thyroid disease rev!,aled a significant positive association with 
age (1'=0.020). 

A participant ~ith a verified history of diabetes or a 2-hour postprandial glucose level of greater than or 
equal to 200 mWdl was considered diabetic in the composite diabetes indicator variable. The covariate 
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tests of association revealed age (p=O.OO I), race (p=O.O II), personality type (p=O.OO I), body fat) 
(p=O.OOI), and family history of diabetes (p=O.OOI) 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 paJticipants with no family history of diabetes (24.9% versus 
14.1 %). 

Tests of covariate association revealed age (p=O.OOI), race (p=O.023), personality type (p=O.OOl), body 
fat (p=O.OOl), and family history of diabetes (p=O.OOl) 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 
pt~rcentages 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 
pe,rsonalities, 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, I 0.2 percent used oral hypoglycemics, and 2.1 percent used insulin. The . 
pe,rcentages 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 
trf,at 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<O.OOI), body fat (1'<0.001), and family history of diabetes (p<O.OOI). 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 
hi:;tory 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%). 

Te'sts of covariate association showed the percentage of abnormal testicular examinations to be 
significantly associated with age (p=O.OOI) 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<O.OOI). Race and occupation also were .... ) .. 
significant (1'<0.001 and p=0.007). Non-Black participants had a higher mean TSH level than did Black ... 
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participants (li871!1U/mJ versus 1.38 !JlU/mJ). Officers had the highest mean TSH level (1.94 J..LlU/mJ), 
followed by e~listed groundcrew (1.78 !JlU/mJ), then enlisted flyers (1.77 J..lIU/mJ). No significant 
covariate assoqiations were seen with TSH in its discrete form. 

Thyroxine in its continuous form was significantly associated with occupation (p<O.OOI). Enlisted flyers 
had the highest mean thyroxine level (7.26 J..lg/dl), followed by enlisted groundcrew (7.20 J..lg/dl), then 
officers (6.81 ~g/dl). Tests of covariate associations with thyroxine in its discrete form revealed nO 
significant ass~ciations. 

Fasting glucos¢ in its continuous form increased with age (p<O.OOI) and body fat (p<O.OOI). Occupation 
(p=0.039),.per~onality type (p=O.OOI), and family history of diabetes (p<O.OOI) also were associated 
significantly with fasting glucose. Enlisted flyers had the hig-,hest mean fasting glucose level (104.1 
mg/dl), follow~d 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.\ mg/dl) than did those participants with no family history of diabetes 
(99.8 mg/dl). 

Fasting glucos, in its discrete form increased with age (p=O.OOI) and body fat (p=O.OOI). Race 
(p=0.040), per~onality type (p=O.OOI), and family history of diabetes (p=O.OOI) also were significant in 
the tests of covariate 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 :,was seen for participants with personality type B (19.4%) versus personality type A 
(13.6%). Parti¢ipants with a family history of diabetes had a higher prevalence of high fasting glucose 
levels (25.2% yersus 14.4%). . 

Two-hour postl'randial glucose was analyzed only for nondiabetics. Two-hour postprandial glucose in its 
continuous form increased with age (p<O.OOI) and body fat (p<O.OOI). Occupation (p=O.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 mgIdl), followed by enlisted groundcrew (104.8 
mgldl), then officers (103.5 mg/dl). Participants with type B personalities had a higher mean 2-hour 
postprandial gl?cose level than did participants with type A personalities (106.3 mg/dl versus 103.3 
mg/dl). Participants with a family history of diabetes had a higher mean 2-hour postprandial glucose 
level (108.9 mlVdl) than those with no family history of diabetes (104.0 mg/dl). 

Tests of covari~te association for 2-hour postprandial glucose in its dichotomous form showed age 
(p=O.OOI), ractj (p=0.007), body fat (p=,O.OOI), 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 b~dy fat. Non-Black participants had a higher percentage of impaired values than did Black 
participants (I~.4% versus 5.4%). Participants with a family history of diabetes had a higher prevalence 
of impaired valpes than did participants with no family history of diabetes (19.5% versus 14.7%). 

, 

The presence of fasting urinary glucose was significantly associated with occupation (p=0.029), 
personality typ~ (p=O.OO4), body fat (p,=O.OOI), and family history of diabetes (p=0.012). The prevalence 
of participants With fasting urinary glucose present increased with body fat. Enlisted groundcrew had the 
highest percent1ige of positive fasting urinary glucose results (5.2%), followed by enlisted flyers (5.0%), 
then officers (2l8%). A greater prevalence of participants with fasting urinary glucose present was seen 
for participantsiwith personality type B (5.2%) versus personality type A (2.6%). Participants with a 
family history M diabetes had a higher prevalence of positive fasting urinary glucose results than did 
participants wi~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=O.033). Enlisted flyers had 
the highest prevalence of positive 2-hour postprandial nrinary glucose results (26.7%), followed by 
enlisted groundcrew (24.9%), then officers (20.1%). 

Serum insnlin was analyzed only for nondiabetics. Serum insulin in its continuous form increased 
significantly with age (p<0.001) and body fat (p<O.OOI). Occupation (p=O.OOI), personality type 
(p=O.OO6), and family history of diabetes (p=O.OOI) also were significant. Enlisted flyers had the highest 
mean serum insulin level (52.55 !Jill/ml), followed by enlisted groundcrew (50.58 !Jill/mI), then officers 
(43.67 !Jill/mI). Participants with type B personalities had a higher mean serum insulin level than 
participants with type A personalities (50.42 !Jill/mI versus 44.72IlIU/mI). Participants with a family 
history of diabetes had a higher mean insulin level (54.32 J.1Iu/mI) than those with no family history of 
diabetes (46.28IlIU/mI). 

. ) 
' .... ~ 

Serum insulin in its discrete form was significantly associated with age (p=0.OO3), occupation (p=0.024), 
personality type (p=0.018), body fat (p=O.OOI), and family history of diabetes (p=O.OOI). 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 
04.9%) 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 
kvels (2.5%) than did lean or normal participants (16.4%). Lean or normal participants had a lower 
percentage of abnormally 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 a-I-C hemoglobin in its continuous form (p<O.OOI for 
each). Race, occupation, personality type, and family history of diabetes also were significant (p<O.OOI 
for each). Black participants had a significantly higher mean a-I-C hemoglobin level than did non-Black 
participants (7.07 percent versus 6.45 percent). Enlisted flyers had the highest mean a-I-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 a-I·e 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 a-I-C hemoglobin level than did participants with no family history of diabetes (6.73 
percent versus 6.40 percent). 

The discrete form of a-l-C hemoglobin paralleled the continuous analysis. Age (p=O.OO I), race 
(p=O.OOI), occupation (p=0.OO2), personality type (p=O.OOI), body fat (p=O.OOI), and family history of 
diabetes (p=O.OOI) were all significantly associated with a-l .. C hemoglobin in the tests of covariate 
association. The covariate categories with the highest mean levels also had the greatest percentage of 
abnormal high a-l-C hemoglobin levels. 

Total testosterone in its continuous form decreased with age aud body fat (p<O.OOI each). Occupation 
also was significant (p--O.043). Officers had the lowest mean total testosterone level (410.7 ng/dl), 
followed by enlisted groundcrew (429.7 ng/dl), then enlisted flyers (433.4 ng/dl). 
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Tests of covariite association for total testosterone in its dichotomous form showed body fat to be 
significant (p=O.OOI). Obese participants had a higher percentage of low testosterone levels than did lean 
or normal partiCipants (15.3% versus 4.7%). 

Free testostero'1e in its continuous form decreased with age and body fat (p<O.OOI each). Occupation 
(p<O.OOI) and personality type (p=0.001) also were significant. Officers had the lowest mean free 
testosterone lev!!l (13.12 pglml), followed by enlisted flyers (13.99 pglml), then enlisted groundcrew 
(14.65 pglml). Participants with type B personalities had a lower mean free testosterone level than did 
participants with type A personalities (13.68 pglml versus 14.37 pglml). Free testosterone in its discrete 
form decreased 'significantly with age (p=O.OO I) and body fat (p=O.002). 

Both the continuous and discrete forms of estradiol were significantly associated with race (p=O.008 and 
p=O.013, respeqtively). Black participants had a higher mean estradiol level as well as a higher 
percentage of hIgh estradiol values than non-Blacks. The melm estradiol level was 44.26 pglml for 
Blacks and 40.~5 pglml 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<O.OOI and p=O.OOI, 
respectively). 

FSH in its contipuous form increased significantly with age (p<O.OOI). 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/ml), then enlisted groundcrew (5.75 mlU/ml). 

Similarly, FSH in its dichotomous form was significantly associated with age (p=O.OOI) and occupation 
(p=O.OOI). OId6r participants had a greater percentage of high FSH values (11.2%) than did younger 
participants (4.0%). Officers had the highest percentage of high FSH results (10.4%), followed by 
enlisted flyers (?.2%), then enlisted groundcrew (5.5%). 

16.2.2 Exposure Analysis 

The following s~ction presents results of the statistical analysis of the dependent variables shown in Table 
16-1. Four mo4els were examined for each dependent variable. The analyses of these models are 
presented belo~. Further details on dioxin and the modeling strategy are found in Chapters 2 and 7, 
respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Model I examirjed 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 tp the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands arjd 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., officers, 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, ~hen officers. 

Model 2 explor~d the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hand~ who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin lev~l, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 199Jl 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 inithis model to account for body-fat-related differences in elimination rate (49). 
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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 inclnded 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 low and high Ranch Hand categories relative to Comparisons, 
also 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 I through 4 were nonsignificant (Table 16-3(a-h); 
p>O.17 for each analysis). 

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

<XeupatlonalCat~~ory 

A.ll 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

AdjuStedROlatlveRisk 
(9S%C.I.) 

0.89 (0.64,1.22) 

0.91 (0.56,1.48) 
1.37 (0.64,2.94) 
0.70 (0.41,1.19) 
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p-Value 

0.459 

0.701 
0.419 
0.189 
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Table 16-3. Analysis of Past Thyroid Disease (Continued) 

(e) MODEL 2:! RANCHHANDS ~IN[TIAL DIOXIN ..,UNADJUSTED 

Initi4 Dioxin Category SUmI1Ulry Statistics" ,\ruIIysis ~,slllts for Log, (Initial DioXin)' 

; Number ( %) I, Estil1Ulted Relative RIsk 
Initial Dioxin n Yes (95% C.I.)" 

Low 160 12 (7.5) 1.13 (0.88.1.45) 
Medium 160 9 (5.6) 
High 158 14 (8.9) 

, 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 

(d) MODEL 2~ RANCH HANDS- IN[TIALDIOXIN.., ADJUSTED 
I " ' " 

AnalysisR~tsror Log, (lnltiall>ioxio) 
AdjuSted Relad\ieRIsk " .. ' . 

n (~5%C;L)' • 

477 1.20 (0.88,1.64) 
I 

, Relative risk fo~ a twofold increase in initial dioxin. 

p-Value 

0.360 

p-Value 

0.245 

(e) MODEL 3:tRANCHHANDS AND COMPARISONS By DIOXIN CATEGORY - UNADJUSTED . . , . . . 

Number('lI» Est. Relative Risk 
Dipxin Cattigory n Yes (9S%C.L)" 

Comparison 1,208 102 (8.4) 

Background RH 378 30 (7.9) 0.97 (0.64,1.49) 
LowRH 237 15 (6.3) 0.73 (0.41,1.27) 
HighRH 241 20 (8.3) 0.94 (0.57,1.56) 
Low plus High jl.H 478 35 (7.3) 0.83 (0.55,1.24) 

'Relative risk arid confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

I, 

Note: RH = Ranf;h Hand. 
Comparis~n: 1987 Dioxin::; 10 ppt. 
Backgrou~d (Ranch Hand): 1987 Dioxin::; 10 ppt. 
Low (Ran~h 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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'p-Value 

0.906 
0.263 
0.825 
0.362 
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Table 16-3. Analysis of Past Thyroid Disease (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARlSONS BY DIOXIN CATEGORY -ADJUSTED 

Adjusted Relative Risk 
Dioxi!l Category !l (95% C.I.)' 

Comparison 1.208 

Background RH 376 0.92 (0.60,1.42) 
LowRH 237 0.70 (0.40,1.22) 
High RH 240 1.07 (0.64,1.81) 
Low plus High RH 477 0.87 (0.57,1.30) 

, 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) MOD"EL 4: RANCH HANDS -198'7 DIOXIN -UNADJUSTED 

p-Vlllue 

0.707 
0.209 
0.792 
0.490 

'. 1~87Dioxin Category Summary Statistics A!JaIysisResuits for Loll> (1987 Dio'lin .. 1) 

NlU!lber (%) Estimated Relative Risk 
1987 Dioxin n . Yes . (95% C.L)' 

Low 287 25 (8.7) 1.01 (0.85,1.20) 
Medium 285 19 (6.7) 
High 284 21 (7.4) 

, 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)MODEL4!RANCHHANDS -1987 DIOXIN "0ADJUSTED 

n 

853 

AiJaI~ Resultsr/)l'LoII2(1~1Dioxin+ 1) 
. ACljUstedRel~tiveRlsk 

(9S%C.I.)' 

1.10 (0.89,1.36) 

, Relative risk for a twofold increase in 1987 dioxin. 

16.2.2.1.2 Composite Diabetes Indicator 

p-Vlllue 

0.892 

p-Value 

0.358 

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/dl 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. A~alysis of Composite [)iabetes Indicator 

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

Oe<.'Upational : Number(%) Est. Relative Risk 
Category I Group u Diabetic (95% C.L) 

All BanchHand 8.59 145 (16.9) 0.99 (0.79,1.25) 
Comparison 1,232 209 (17.0) 

Officer Ranch Hand 337 52 (15.4) 1.08 (0.73,1.59) 
Comparison 490 71 (14.5) 

Enlisted Flyer Ranch Hand 148 27 (18.2) 0.86 (0.50,1.48) 
Comparison 184 38 (20.7) 

Enlisted Ranch Hand 374 66(17.6) 0.98 (0.70,1.38) 
Groundcrew Comparison 558 100 (17.9) 

i 

(b)MODELl.i RANCH HANDS VS. COMPARISONS - ADJUSTED 

All 

i 

Occup~~ooaJ Category 

Officer 
Enlisted Flyer 
Enlisted Groun~crew 

Adjilsted'Relative Risk 
(9SllI> C.I.) 

1.04 (0.81,1.33) 

1.08 (0.72,1.63) 
0.82 (0.45,1.47) 
1.11 (0.77,1.61) 

p.Value 

0.755 

0.711 
0.498 
0.572 

p-Value 

0.960 

0.709 

0.583 

0.915 

(C)MODELZ:!I'RANCH.HANDS-INITlALDI()XiN ..... UNAlI>JUSTED . . . . , ' "',,,' ' 

!, Numher,(%).Estimated ltelaliveRiSk 
lnilialDioxinin ... . Diabetic .. .... ·(95% C.E)· .. . p·Value 

Low 157 32 (20.4) 1.11 (0.94,1.32) 
Medium 158 35 (22.2) 
High 160 39 (24.4) 

• Adjusted for p¢rcent body fat at the time of the blood measurement of dioxin. 
b Relative risk fdr a twofold increase in initial dioxin. 

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

(d) M()DELZJRANCHHANDS -OOTIALDIOXIN ,..ADJUSTED 

n1 
470' 

. Analyst~Res\iltsr~~lliJg,(lnlti!ll Dioxin) 
Adjustedltelaliv".Risk 

(9S%C.I;)· ," 

1.36 (1.09.1.69) 

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

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DlOX'.IN CATEGORY -UNADJUSTED 

Number(%) Est. Relative Risk 
Dioxin·Category n Diabetic (95% CJ.)'b -

Comparison 1,195 199 (16.7) 

Background RH 379 37 (9.8) 0.67 (0.45,0.98) 
LowRH 235 49 (20.9) 1.27 (0.88,1.84) 
HighRH 240 57 (23.8) 1.33 (0.94,1.90) 
Low plus High RH 475 106 (22.3) 1.30 (0.99,1.72) 

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

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

p-Value 

0.041 
0.202 
0.111 
0.064 

~!) MODEL 3: RANCHHANDS AND COMPARISONS BYDIOX'IN CATEGORY - ADJUSTED 

Adjusted.ReJative Risk 
'Dioxin Category n (9S%C.l.)' 

Comparison 1,183 

Background RH 375 0.69 (0.46,1.02) 
LowRH 232 1.22 (0.83,1.79) 
HighRH 238 1.47 (1.00,2.17) 
Low Elus Hillh RH 470 1.34 (1.00,1.80) 

• Relative risk and confidence interval relative to Comparisons. 

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

(g) MODEL 4: RANCH IUNDS -1987 DIOXIN - UNADJuS'l'ED . . ... , 

p-Value 

0.065 
0.311 
0.048 
0.049 

. '1987Dioxin CalegOl-ySuhun\lry StatisticS. .. . '~Results toi~'g.(l987DiOldn +1) 

._. ·c. . .•... ..;. .NUiIiber(~). . 
1987Dioxin n . 'Diab~c 

Low 286 22 (7.7) 
Medium 284 54 (19.0) 
High 284 67 (23.6) 

• Relative risk for a twofold increase in 1987 dioxin. 

l1:s!ima4>d.ReJatlve.Risk 
(95'lO C,l.)· 

1.35 (1.20,1.52) 

Note: Low = S;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) 

(h) MODEL 4~RANCH HA:NDS -1987DIOXIN -ADJUSTED 

n 

845 

Analysis Results for Log, (198'7 Dioxin + 1) 
AdjnstedReladve Risk 

(95% C.I.)' 

1.43 (1.21,1.68) 

• Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

<0.001 

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

The unadjuste</ 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 ldw plus high dioxin category and Comparisons (Table 16-4(e): Est. RR=0.67, p=O.04I; 
Est. RR=1.30, p=0.064, respectively). After adjusting for covariates, three significant contrasts were 
revealed: Ran<l:h Hands in the background dioxin category vt~rsus Comparisons (Table 16-4(f): 
Adj. RR=0.69,ip=0.06S), Ranch Hands in the high dioxin category versus Comparisons (Table 16-4(f): 
Adj. RR=1.47"p=0.048), and Ranch Hands in the low plus high dioxin category versus Comparisons 
(Table 16-4(f): Adj. RR=1.34, p--O.049). The percentage of diabetic Comparisons was 16.7, versus 9.8 
percent for Rar)ch 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 unadjusteq 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= 1.3S, p<O.OOI; 
Adj. RR=1.43,iP<0.001, respectively). The percentages of diabetic participants in the low, medium, and 
high 1987 diox!in categories were 7.7,19.0, and 23.6, respectively. 

16.2.2.1.3 DiJ,betic 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=0.71, p=0.097) and requiring insulin (Tabh) 16-5(a): Est. RR=2.04, p=O.026). The' 
percentage of participants taking oral hypoglycemics 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 marginally significant difference 
between the percentage of Ranch Hand and Comparison officers requiring insulin (Table 16-5(a): Est. 
RR=2.53, p=0.OS4). For Ranch Hand officers, 3.6 percent required insulin versus 1.4 percent for 
Comparison officers. After adjusting for covariates, a significant difference in the percentage of Ranch 
Hands and COrj:Jparisons requiring insulin was observed (Table 16-5(b): Adj. RR=2.20, p=0.OI7). In 
addition, marginally significant differences were seen between the percentage of Ranch Hands and 
Comparisons r¢quiring insulin in both the officer stratum and the enlisted groundcrew stratum (Table 16-
5(b): Adj. RRd2.39, p=O.074; Adj. RR=2.S2, p=O.084, respec:tively). 

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): p2:0.25 for each contrast). After adjusting for 
covariates, the percentage of Ranch Hands taking oral hypoglycemic 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=O.OOI for requiring insulin). The percentages of Ranch Hands taking oral hypoglycemics 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 
H:mds in the background dioxin category and Comparisons who took oral hypoglycemics to control 
diabetes (Table 16-5(e): Est. RR=0.27, p=0.OO6). 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(e): 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=O.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=O.OO8). 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=0.OO9), and Ranch Hands in 
the low plus high dioxin category (Table 16-5(f): Adj. RR=2.90, p=0.OO4). 

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=O.OIO). 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<O.OOI). 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 l6-5(h): 
Adj. RR=1.49, p=0.048), oral hypoglycemic (Table 16-5(h): Adj. RR=1.85, p<O.OOI), and requiring 
insulin (Table 16-5(h): Adj. RR=1.38, p=0.084). 
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Table 16-5. Analysis of Oiabetic Severity (Continued) 

All No Treatment 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 0.68 (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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Table 16-5. Analysis of Diabetic Severity (Continued) 

(e) 

Medium 
High 

158 
160 

9 (5.7) 
12 (7.5) 

5 (3.2) 
4 (2.5) 

IO (6.3) 
14 (8.8) 

, -~---' 

6 (3.8) 
6 (3.8) 

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

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

Diet Only 

Oral Hypoglycemic 

Requiring Insulin 

a Relative risk for a twofold increase in initial dioxin. 

1.25 (0.74,2.11) 

1.41 (0.98,2.01) 

2.47 (1.43,4.25) 

No Treaunent 
Diet Only 
Oral Hypoglycemic 

Insulin 

Ll4 (0.87,1.49) 
Ll2 (0.74,1.71) 
Ll3 (0.87,1.48) 
1.23 

0.411 

0.062 

0.001 

---------------

0.332 
0.584 
0.358 
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Table 16-5. Analysis of Diabetic Severity (Continued) 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

Comparison 

Background RH 
LowRI! 
HighRH 

RH 

1,026 (85.9) 

379 344 (90.8) . 
235 195 (83.0) 
240 188 (78.3) 
475 383 (80.6) 

0.91 (0.51,1.61) 
1.04 (0.55,1.94) 
1.43 (0.83,2.47) 

0.749 
0.912 
0.202 

1.22 

16 (4.2) 
13 (5.5) 
19 (7.9) 
32 (6.7) 

1.23 (0.48,3.17) 
1.49 (0.54,4.11) 
2.00 (0.81,4.92) 

a Relative risk and confidence interval relative to Comparisons. 

0.668 
0.437 
0.131 

b 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. 

---~- - --- --------

17 (1.4) 72 (6.0) 

6 (1.6) 5 (1.3) 8 (2.1) 
5 (2.1) 14 (6.0) 8 (3.4) 
7 (2.9) 18 (7.5) 8 (3.3) 

12 (2.5) 32 (6.7) 16 (3.4) 

p;vahle 

0.27 (0.11,0.69) 0.006 1.55 (0.66,3.63) 0.318 
0.92 (0.49,1.72) 0.795 2.43 (L03,5.72) 0.042 
1.08 (0.61,1.91) 0.799 2.40 (1.02,5.65) 0.046 

0.988 2.41 

. ~ .'-../. 
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Table 16-5. Analysis of Diabetic Severity (Continued) 

Background RH 
LowRH 
HighRH 

Comparison 

Background RH 
LowRH 
HighRH 

1,183 

375 
232 
238 
470 

1,183 

375 
232 
238 

0.92 (0.51,1.65) 
0.95 (0.50,1.80) 
1.58 (0.89,2.81) 
I 

0.28 (0.11,0.71) 
0.89 (0.46,1.71) 
1.17 (0.63,2.18) 

• 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. 

---~ ._._----------------------

0.771 
0.878 
0.122 
0.385 

0.008 
0.726 
0.624 

1.24 (0.47,3.30) 
1.55 (0.55,4.34) 
2.32 (0.88,6.12) 

1.42 (0.59,3.45) 
2.41 (1.00,5.82) 
3.46 (1.36,8.81) 

p.Value 

0.661 
0.408 
0.089 

0.435 
0.050 
0.009 
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Table 16-5. Analysis of Diabetic Severity (Continued) 

Medium 
High 

284 
284 

239 (84.2) 
224 (78.9) 

11 
17 (6.0) 
20 (7.0) 

'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 

Diet Only 

Oral Hypoglycemic 

Requiring Insulin 

'Relative risk for a twofold increase in 1987 dioxin. 

~. 

--_.'---"-' .. - ----. ... --

1.85 (1.37,2.49) 

1.38 (0.96,2.00) 

Diet Only 
Oral Hypoglycemic 

Insulin 

1.28 \ l.llO,l.JJ) 

1.27 (0.94,1.72) 
1.58 (1.28,1.94) 
1.15 

0.097 

0.048 

<0.001 

0.084 

0.010 
0.120 

<0.001 



() 16.2.2.1.4 Time to Diabetes Onset 

( 

The time to diabetes onset from time of duty in SEA did not differ significantly between Ranch Hands 
and Comparisons in the Modell unadjusted and adjusted analyses (Table 16-6(a,b): p<!O.39 for each 
analysis). 

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

(a) MODEL Ij I{ANCH HAWS VS. COMPA.RISONS - UNADJUSTED 

Oecupall~na1 Coefficient· 
Catego/"y Grqup n (S~.~)· p-Val""b 

All Ranch Hand 859 0.018 (0.035) 0.603 
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.DJ5 (0.041) 0.715 
Comparison 558 

• Coefficient and. standard error for group in a survival time analysis model. using a censored Weibull distribution. 
A negative coefficient implies that the tim" to diabetes onset is shorter for Ranch Hands than for Comparisons. 
b P-value based ~n the group coefficient in a survival time analysis model. using a censored Weibull distribution. 

(b)MODELli RANCRHANJ)S VS. COMPARISONS. - ADJUSTED 
Occ~Plitl~na1 Adj. Coefficient 

p-Val""b Calegofy Group n (Sid. Error)' 

All Ranch Hand 850 0.006 (0.035) 0.871 
Comparison 1,220 

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.DJ8 (0.043) 0.666 
Comparison 554 

'Coefficient and'standard error for group in a survival time analysis model. using a censored Weibull distribution. 
A negative coeffjcient implies that the time to diabetes onset is shOlter for Ranch Hands than for Comparisons. 
b P-value based on the group coefficient in a survival time analysis model. using a censored Weibull distribution. 
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T,9ble 16-6. Analysis of Time to Diabetes Onset (years) (Continued) 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN ,... UNADJUSTED 

Initial Dioxin Category SUJJUi1ary Statistics AnalysiS Reslilts for Log, (lriltiill Dioxin)' 

lriltial Dioxin n 

Low 157 

Medium 158 
High 160 

Slope 
(Sid. Error)' 

-0.0214 (0.023) 

p-Value 

0.356 

• 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 log2 (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. 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN ..., ADJUSTED . 

Initial DioXin Category SummaryStatlstics .' , Analysis RejipljS for Log, (Initilll Dio>dn) 
. '. .' 

IDitilll Dioxin .. n 

Low 
Medium 
High 

156 
154 
160 

AcljustedSlope 
(Sid. Error)' 

--0.074 (0.030) 

p-Value 

0.013 

• Slope and standard error based on time to diabetes onset versus log2 (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. 

le) MODEL 3: . RANCH HANDS AND COMPARISONS BY'DIOXINCATEGORY -UNADJuSTED 

CoeIIiclent 
Dioxin Category '.-D (SId.IEu"r)" p-VllIue~ 

Comparison 1,195 

Background RH 379 0.143 (0.058) 0.013 
LowRH 235 -0.058 (0.051) 0.254 
HighRH 240 --0.058 (0.048) 0.233 
Low plus High RH 475 -0.058 (0.039) 0.134 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Coefficient and standard error for Ranch Hand versus Comparison contrast in a survival time analysis model, using 
a eensored Weibull distribution. A negative coefficient implies that the time to diabetes onset is shorter for the 
Ranch Hand category than for Comparisons. 
C P-value based on the Ranch Hand versus Comparison contrast in a survival time analysis model, using a censored 
Wei bull distribution. 

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

(f) MODELl:! RANCH HANDS AND COMPARISONS BY IIIOXlN q.TEGORY - ADWSTED 
Adj. Coefficient 

Dioxin (!:ategory n (Std. Error)' p-VaJueb 

Comparison 1,183 

Background Rill 375 0.134 (0.059) 0.024 
LowRH 232 -0.065 (0.052) 0.214 
HighRH 238 -0.085 (0.051) 0.100 
Low plus High RH 470 0.G75 (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 category than for Comparisons. 
b P-value based on the Ranch Hand versus Comparison contrast in a survival time analysis model, using a censored 
Weibull distribution. 

Note: RH = Rarich 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) MOIlEL 41, RANCH.HANDS-1987 DIOXIN - UNADWSTED . . .. ' .' . 

l!l87'Dioxin 

Low 
Medium 
High 

286 
284 
284 

. , , ..' SlOPe,' . '. 
·'(Std. Error)" 

-0.098 (0.021) <0.001 

• Slope and standard error based on time to diabetes onset versus logz (1987 dioxin + 1) in a survival time analysis 
model, using a censored Weibull distribution. A negative slope 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. 

(h) MODEL 4: RANCH HANDS-1987 DIOXIN-ADJUSTED 
.' 

AnaJYlIis.~esults ror~(i!i87Di!lXin +1) '. 

Low 
Medium 
High 

282 
283 
280 

-0.118 (0.027) <0.001 

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

Note: Low = 9.9 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=-O.074, p=O.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=O.013, unadjusted; p=O.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=O.l00) and Ranch Hands in the low plus high dioxin category versus 
Comparisons (Table 16-6(f): p=O.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=-O.098, p<O.OOl; adjusted slope=-0.118, 
p<O.OOI, 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>O.11 for each analysis). 

-'=---------=-----=-----=----==---=---=---
Table 16-7, Analysis of Thyroid Gland 

(a)~OD~l:RANCH H,A,NDS V~. COMPARISONS-UNADJUSTED 

~patl()nal "~ , ~,,,,,',, Nuntber('lIl) Est. RelativeRlilk 
Ca~ory (;",l!1\ n Ab.,mrln8i .. . (95%C;i,)' 

All Ranch Hand 843 6 (0.7) 0.53 (0.21,1.36) 
Comparison 1,203 16 (1.3) 

Officer Ranch Hand 328 4 (1.2) 0.52 (0.16,1.63) 
Comparison 470 II (2.3) 

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

Enlisted Ranch Hand 371 1 (0.3) 0.37 (0.04,3.32) 
Groundcrew Comparison 551 4 (0.7) 

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

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 
(!JS% CJ.) 

0.54 (0.21,1.39) 

0.53 (0.17,1.67) 
1.23 (0.08,19.88) 
0.38 (0.04,3.39) 

p-VaIue 

0.183 

0.276 
0.883 
0.384 

p-Value 

0.171 

0.260 

0.868 

0.374 

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) MODEL 2:, RANCH BANDS - INITIAL DIOXIN - UNADJOSTED 
Initial: Dioxin Category SU11lltl8ry Statistics Analysis Results for Log, (Imtial J)jo~in)' 

Imtial Dioxin " 

Low 
Medium 
High 

n 

157 
158 
152 

Number (%) 
Abnormal 

I (0.6) 
0(0.0) 
I (0.7) 

Estimated Relative Risk 
(95% C.I.)' 

0.95 (0.32,2.81) 

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

n 

466 

Analysis Results for Log, (Imtial Dioxin) 
Adjusted Rcl.tive Risk 

(95% C.L)' 

1.01 (0.32,3.17) 

'Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.923 

p-Value 

0.981 

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

(e) MODEL 3:RANCHHANDS AND COMPARISONS BY mOXIN CATEGORY,.. UNADJOSTED 

Number(%) Est.,Relative Risk 
Dioxin Cafej!ory n Abnormal (95% C.I.)" 

Comparison 1,165 16 (1.4) 

Background RH 369 4 (1.1) 0.82 (0.27,2.47) 
LowRH 233 I (0.4) 0.31 (0.04,2.32) 
HighRH 234 I (0.4) 0.30 (0.04,2.27) 
Low plus High RH 467 2 (0.4) 0.30 (0.07,1.32) 

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

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin :5 10 ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ran~h Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin :5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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p-Value 

0.718 
0.253 
0.242 
0.112 
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Table 16-7. AnalysIs of Thyroid Gland (Continued) 

(I) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Adjusted Relative Risk 
Dioxin Galego!")' n (95%C.I.)' 

Comparison 1,165 

Background RH 367 0.65 (0.21,2.01) 
LowRH 233 0.29 (0.04,2.19) 
High RH 233 0.56 (0.07,4.62) 
Low plus High RH 466 0.40 (0.09,1.81) 

• 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. 

p-Value 

0.457 
0.229 
0.590 
0.234 

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

(g)MODEL 4: RANCH HANDS -1987 DIOXIN - UNADJUSTJ))D . . . . . 

.•. 1987DI\I",lo Category SummaryStatistlcs . . Analjisis Resullsfor L<!gz (1987 Dioxin + 1) 
'. . '. Nwnller (%) EStIlIiiIteciReJativeRisk . 

1987 Dioxin .... n . Abnorm81 (9S%C.I.)· p-Value 

Low 279 3 (1.1) 0.85 (0.47,1.51) 0.562 
Medium 280 2 (0.7) 
High 277 I (0.4) 

• Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = g.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

n 
833 

AnaljisisResuitsforLQgz(l987DilOOn +1) 
Adj~ReJativeRisk 

(9!;%C.L)' 

1.09 (0.50,2.36) 

• Relative risk for a twofold increase in 1987 dioxin. 

","Value 
0.825 

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 I and 2 analyses of testicular examination were nonsignificant (Table 
16-8(a..o): p>O.lO for each analysis). 
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Table 16-8. Analysis of Testicular Examination 

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

Occupational ' NuRiber(%) Est. Relative Risk 
Category Grllup n Abnormal (95% C.I.) 

All Ranch Hand 861 39 (4.5) 1.20 (0.78,1.85) 
Comparison 1,2.17 47 (3.8) 

Officer Ranch Hand 336 16 (4.8) 0.86 (0.45,1.62) 
Comparison 490 27 (5.5) 

Enlisted Flyer Ranch Hand 148 9 (6.1) 1.42 (0.54,3.79) 
Comparison 184 8 (4.3) 

Enlisted Ranch Hand 377 14 (3.7) 1.77 (0.81,3.87) 
Groundcrew Comparison 563 12 (2.1) 

(b) MOD.EL I: RANCH~IANDS VS. COMPARISONS - AD.JUSTED 

Oc!:upatlonal.Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

AdjuSted:Relative Risk 
(9S%'C.L) 

1.20 (0.77,1.87) 

0.84 (0.44,1.62) 
1.31 (0.48,3.55) 
1.96 (0.88,4.39) 

(c) MODEL 2:' RANCH HANDS -INITIAL D.IOXlN -UNADJUSTED 

0.427 

0.611 
0.595 
0.101 

p-Va1ue 

0.409 

0.635 

0.478 

0.152 

A,naiyslsResalts .£or Log, (InlllaIDioxin)' 
. . Number(%) 

Inltilil Dioxin' n . Abnormal 
'. Estimated·Relatlve Risk 

(95%,~.I;)b 

Low 
Medium 
High 

158 
162 
158 

10 (6.3) 
8 (4.9) 
6 (3.8) 

0.93 (0.66,1.29) 

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

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

(d) MOD. .. ·Ili .. L 2;)RANCHHANDS-INITlALDIOXIN -ADJ.l)STED. , -,' -. . . ..' 

11., 

477 

··AnlilysisResaltsitorLog,.(ll!ItlliliDioll!n)., 
AdjUsted ~tlv.Risk 

. (95%,C.L)' 

1.08 (0.72,1.61) 

'Relative risk for a twofold increase in initial dioxin. 
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Table 16·8. Analysis of Testicular Examination (Continued) 

<e) MODEL 3: RANCH HANDS AND COMPARISONS BV DIOXIN CATEGORV - UNADJUSTED 
Number(%) Est. Relative Risk 

Dioxin Category n Abnormal (?s% C.I.)" 

Comparison 1,199 47 (3.9) 

Background RH 376 14 (3.7) 0.89 (0.49,1.65) 
LowRH 237 15 (6.3) 1.68 (0.92,3.06) 
High RH 241 9 (3.7) 1.00 (0.48,2.07) 
Low plus High RH 478 24 (5.0) 1.29 (0.77,2.16) 

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

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

p.Value 

0.722 
0.091 
0.994 
0.333 

(II) MODEL 3: RANCH HANDS ANDcol\.fl>ARISONS BVDIOXIN CATEGORV - ADJUSTED 

Dioxin CategorY 
Adjusted Relative Risk 

n (9S%C.I.)· 

Comparison 1,199 

Background RH 374 0.84 (0.45,1.58) 
LowRH 237 1.46 (0.78,2.71) 
HighRH 240 1.39 (0.63,3.03) 
Low plus Hillh RH 477 1.42 (0.82,2.45) 

a Relative risk and confidence interval relative to Comparisons. 

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

<I:) MODEL 4: RANCH HANJ>S -1987 DIOXiN :.. UNADJUSTED •. • .' 

p-Value 

0.594 
0.236 
0.415 
0.207 

- 1987 DioxinlCategol'}'ISuJ!1l1l8ty gtatlstl¢S ....... .• ' .. ' A!laIySiil~lts for Log, (1987DI""in + 1) . 
. .••. . . ' .. '. ... . ". . . Nllmber (%) .' . Estlm&:ted·RllIatlve;rusk 

1987 Dioxin' n Abno~ . . ..(95% C.L)" . 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 = S7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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c Table 16-8. Analysis of Testiculer Examination (Continued) 

(h) MODEL 4~ RANCH HANDS -1987 DIOXIN - ADJUSTI&D 

n 

851 

Ana~rsis Results for Log, (1987 Dioxin + 1) 
Adjusted Relative ltisk 

(9S%C.L)" 
1.09 (0.82,1.44) 

• Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.545 

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(1): 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 Modell 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 
stratum (Table 16-9(a): p~0.13 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 revealfAi a marginally significant difference between Ranch Hands and 
Comparisons in the enlisted groundcrew stratum (Table 16-9(b): difference of adjusted means=O.11 
/lIU/mI, p=0.088). The adjusted mean TSH level for Ranch Hand enlisted groundcrew was 1.71 /lIU/mI 
versus 1.60 lllU/mI for Comparison enlisted groundcrew. 

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

(0) MODELl:i>RANCHHANDSVS. COMPAlUSONS-UNJ\.D,roSTIl1D 

o.;.,upational ] Dill'erence of Means 
category Gt-oup II Mean' (9S%C.L)b 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 1.72 -0.10 -- 0.428 
Comparison 182 1.82 

Enlisted Ranch Hand 371 1.84 0.11 -- 0.139 
Groundcrew Comparison 549 1.73 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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Table 16-9. Analysis of TSH (1l1U/ml) (Continuous) 

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

<>Ccupatiolial Adjusted . Difference of Adj. Means 
Category Group n M~a (95% C.I.)· p.Value' 

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 1.48 -0.09 -- 0.370 
Comparison 182 1.58 

Enlisted Ranch Hand 370 1.71 0.11 -- 0.088 
Groundcrew Comparison 549 1.60 

• Transformed from natural logarithm scale. . 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
'P-value is based on difference of means on natural logarithm scale. 

(e). MODEL 2; RANCH HANDS -1NITIAL DIOXIN -UNADJUSTED 
~-- -: 

lnItlai Dioxill Categ9ryS~ Statistics .... A);uIlysis Results for Log, (hlitiaIDioldn)O 
. . Slope 

Initial Dioxin n Mean- Adj. Mean" R' .'. <S1d.Error)' p-Value 

Low 157 1.94 1.94 0.002 -0.Q15 (0.021) 0.475 
Medium 158 1.85 1.85 
High 152 1.78 1.78 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Slope and standard error based on natural logarithm of TSH versus log, (initial dioxin). 

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

(d) MODEL 2: RANCH HANDS-.1NITIAL:DIOXIN __ Al>JUSTED ......•.... .. ····i.< ..•.... . 

. . ' . • A.···.·.·· ." . • , ·...Adj • .'SI'Ipo·c . . ... 
InItial Dioxin ··n' '. '. Adj;JI.!~· ." . . ..... :at 

. '..(SId-.Error)" 'l>'Value 

Low 157 1.53 0.071. -0.019 (0.024) 0.433 
Medium 157 1.45 
High 152 1.39 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of TSH versus log, (initial dioxin). 

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

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DlOXINCATEGORY -UNADJUSTED 

Difference or Adj. Mean 

Dioxin Catllllory n 'Meana Adj. Mean" 
vs. Comparisons 

(95% C.I.)' p_Valued 

Comparison 1,161 1.80 1.80 

Background RH 367 1.90 1.91 0.11 -- 0.129 
LowRH 233 1.90 1.89 0.09 -- 0.273 
High RH 234 1.82 1.81 O.oJ-- 0.942 
Low plus HighRH 467 1.86 1.85 0.05 -- 0.446 

• Transformed from natural logarithm scale. 
b 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. 
d 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 IlIOXIN CATEGORY -ADJUSTED 

DilTerence of Adj. Mean 

Dioxin Call1llory n Adj. Mean' 
vs. Comparisons 

(95%C;t)b '. ",Value' 

Comparison 1,161 1.57 

Background RH 365 1.64 0.07 -- 0.250 
LowRH 233 1.64 0.07 -- 0.292 
HighRH 233 1.62 0.05 -- 0.454 
Low plus High RH 466 1.63 0.06 -- 0.237 

• Transformed from natural logarithm scak 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because anal ysis was performed on natural logarithm scale. 
, 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. 
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Table 16-9. Analysis of TSH (pIUlml) (Continuous) 

(g) MODEL 4: RANCH HANDS -1987.DlOXIN - UNADJUSTED 
. 1987.Dioxin Category Summary Statistics Analysis Results ror .Log. (1987 Dioxin +1) 

. . . 

1987 Dio:Kln n '. Mean- R
' Adjusted Sior . 

{Sid. Error) . p-Value 
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 ofTSH versus log, (1987 dioxin + I). 

Note: Low = :Q.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(b) MODEL 4: RANCH flANDS. - 1987 DIOXIN - ADJUSTED . .,. . 

1987 Dioxin Catt:gOry SummaryS",!iSflc$ .....• Analysis Resulj, .. (orLOg, (1987 Dio:Kln .. 1) 
' ... 

1987 Dioxin 
Low 
Medium 
High 

n 

276 
279 
276 

. 

. Adj.Mean' '. 
1.53 
1.62 
1.48 

'. '.. . .' Adjusted SJor 
R' . (SI!!. Error) 

0.046 0.008 (0.017) 

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

Note: Low = 5,7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

0.624 

-------=-------=-----===--=-----===----------------=---
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 I analyses of TSH in its discrete form did not reveal significant 
differences across all occupations (Table 16-10(a,b): p2:0.l4 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 
16-1O(a,b): Est. RR=2.06, p=O.044; Adj. RR=2.11, p=0.037, respectively). Of the Ranch Hand enlisted 
gl'oundcrew, 5.1 percent had abnormally high TSH values versus 2.6 percent of the Comparison enlisted 
gl'oundcrew. 

Unadjusted and adjusted analyses in Models 2, 3, and 4 did not show significant associations between 
dioxin and TSH in its discrete form (Table 16-1O(c-h): p>0.12 for each analysis). 
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Table 16-10. Analysis of TSH (Discrete) 

All Ranch Hand 
Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew 

All 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

1,199 

326 4 (1.2) 
468 2 (0.4) 

144 3 (2.1) 
182 2 (1.1) 

371 3 (0.8) 
S49 S 

2.78 (0.50,15.33) 

2.01 (0.33,12.28) 

795 (94.5) 
1,153 (96.2) 

308 (94.5) 
449 (95.9) 

138 (95.8) 
174 (95.6) 

36 (4.3) 
37 (3.1) 

14 (4.3) 
17 (3.6) 

3 (2.1) 
6 (3.3) 

19 (S.I) 

0.241 

0.448 

1.61 (0.65,3.98) 0.301 

2.92 (0.53,16.01) 0.218 

1.89 (0.31,11.48) 0.488 

0.91 (0.22,3.84) 0.899 

1.18 (0.S7 ,2.44) 

0.63 (0.IS,2.55) 

1.41 (0.88,2.25) 

1.20 (0.58,2.47) 

0.63 (0.15,2.57) 

2.06 (1.02,4.16) 

p.Value 
0.140 

0.648 

O.S13 

0.149 

0.620 

0.519 

0.044 



j 

~ 
I 

1 

I 

Table 16-10. Analysis of TSH (Discrete) (Continued) 

Low 
Medium 4 (2.5) 

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

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

a Relative risk for a twofold increase in initial dioxin. 

------------- --

0.311 1.27 (0_89,1.79) 0.183 

Note: Results are not adjusted for occupation and personality type because of the sparse number of Ranch Hands with an abnormally low TSH level. 
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Table 16-10. Analysis of TSH (Discrete) (Continued) 

Background RH 
LowRH 
HighRH 
Low RH 

367 
233 
234 
467 

6 (1.6) 
1 (0.4) 
3 (1.3) 

4 

344 (93.7) 
225 (96.6) 
221 (94.4) 
446 

17 (4.6) 
7 (3.0) 

10 (4.3) 

17 

a Relative risk and confidence interval relative to Compa..;sons. 

2.27 (0.80,6.50) 
0.54 (0.07,4.31) 
1.60 (0.43,6.02) 
0.93 . 

b 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. 

0.125 
0.564 
0.485 
0.919 

1.46 (0.80,2.64) 
0.97 (0.43,2.22) 
1.47 (0.72,3.02) 
1.20 . 

0.214 
0.951 
0.294 
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Table 16·10. Analysis of TSH (Discrete) (Continued) 

Comparison 1,161 

Background RH 365 2.33 (0.79.6.87) 0.125 

LowRH 233 0.52 (O.06,4.IS) 0.536 
HighRH 233 LSI (0.39,S.91) 0.5S0 
Low RH 466 0.89 

a Relative risk and confidence interval relative to Comparisons. 

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

'Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

1.43 (0.78,2.62) 
0.98 (0.43,2.24) 
I.S8 (0.74,3.35) 

0.244 
0.963 
0.236 
0.481 
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Table 16-10. Analysis of TSH (Discrete) (Continued) 

'Relative risk for a twofold increase in 1987 dioxin. 



16.2.2.3.3 Thyroxine (Continuous) 

The unadjusted and adjusted Models I and 2 analyses of thyroxine in its continuous fonn were not 
significant (Table 16-1 I (a,b): p>O.12 for each analysis). 

Table 16-11. Analysis of Thyroxine (l1g/dl) (Continuous) 

-(a) MODEL 1: RANCH HANDS VS.COi\fPARISONS -' UNADJUSTED 

Occupalionill DilfetenceofMeans 
Category Gro!lP n Mean- ~5% C.I.)" p-Value' 

All Ranch Hand 841 7.07 0.03·- 0.601 
Comparison 1,199 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 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
, IP-value is based on difference of means on square root scale. 

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

~ .. patlonill .,'»": Adjliilted . DilTerence or Adj. Means 
Category .Group. n M~iIri' (9S%C~)' . p-Vl'lue' 

}lll Ranch Hand 838 6.96 0.03·- 0.565 
Comparison 1,199 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 

a Transformed from square root scale. 
b Difference of means after transformation to original scale: confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
C P-value is based on difference of means on square root scale. 
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Table 16-11. Analysis of Thyroxine (JJg/dl) (Contlnl/ous) (Continued) 

(e) MODEL 2iRANCH HANDS- INITlALDWXlN - UNADJUSTED 

Initial Dioxin a.tegol-y Summary Statistics AnalySis Results for LQg, (lnitiBI Dlollin>, 

lnitiW Dioxin n Meanlil Mj. Mean'" R' 
Low 157 7.11 7.12 0.012 
Medium 158 7.15 7.16 
High 152 7.28 7.26 

• Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Slope 
(Std •. Error)< 

0.010 (0.008) 

, Slope and standard error based on square root of thyroxine versus log2 (initial dioxin). 

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

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

p-Value 

0.250 

Initial Dltlxin a.f\1I[91'YSummaI-yStatistics . ' •. Arui\ysis:Resmts lor Log.{lnitiBI Dioxin) .•. 

•• Initial Dioxin • 

Low 
Medium 
High 

n 

157 
157 
152 

• Transformed from square root scale. 

Adj. Mean", .. ' 

6.99 
6.89 
6.89 

·R' 
0.045 

Adj.SlojJe 
(Std. Error)' 

-0.004 (0.010) 

b Slope and standard error based on square root of thyroxine versus log2 (initial dioxin). 

Note: Low = 27~3 ppt; Medium = >63-152 ppt; High = >152 ppt. 

0.682 

(e.) MODEL.3:! RANCH HANDS AND.COMPARlSONS BVJ)[OXINCATEGORV- UNAD.iJUSTED . . . . , , '. 
Difference of· Adj. M<>an 

Adj.!I'Iesn'· 
. vs. Comparisons . 

J\-Valu." .. Dioxin .. Catelllll-y n .. Mesn~ (95% C;.l.)' 
Comparison 1,161 7.04 7.04 

Background RH 367 6.95 6.95 -0.09 -- 0.221 
LowRH 233 7.13 7.13 0.09 -- 0.344 
HighRH 234 7.23 7.23 0.19 -- 0.053 
Low plus High RH 467 7.18 7.18 0.14 -- 0.059 

• Transformed from square root scale. 
b 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. 
d 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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T,9ble 16-11. Analysis of Thyroxine ([J.g/dl) (ContInuous) (Continued) 

(I") MODEL 3: RANCH HANDS AND COMPARISONS.BY DIOXIN CATEGORY - ADJUSTED 

Difference or Adj. Mean 
vso Comparisons 

QlO1dn Cattgory n Adj. Meana (95% C.I.)" p-Value' 
Comparison 1,161 6.93 

Background RH 365 6.93 0.00 -- 0.969 
LowRH 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. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
C 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:> IO ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, IO ppt < Initial Dioxin:> 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

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

1987 Dioxin category Summary Statistics _ -- - --- - Analyilis Results for Log. (1987 moxin+l) - --

1987 Dioxin n Mean-
Slope 

R' (Std. Error)' p-Value 
l.ow 278 6.95 0.008 0.Ql5 (0.006) 0.009 

Medium 279 7.03 

High 277 7.25 

, Transformed from square root scale. 
b Slope and standard error based on square root of thyroxine versus log2 (1987 dioxin + 1). 

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

~~) MODEL 4: RANCH HANDS .;, 1987 DIOXIN - ADJUSTED _ _ ... 

__ 1987 Dioxin C8tegory Suninlary Statistics AualysisResuitsfor Log.(1987Dio~in + 1) 
.. _ _ _ --- -, -- _ _ --- Adjusted Sloe" ---

1987 Dioxin -- nAdj. Mean";R' _- - (Sid. Error) _ -, - p-Value 

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. 
b Slope and standard error based on square root of thyroxine versus log2 (1987 dioxin + 1). 

Note: Low = 9.9 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 /J-gldl, p=0.053; 
difference of means=0.14 /J-gldl, p=0.059, respectively). The adjusted analysis did not reveal any 
significant contrasts (Table 16-11(t): 1'>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=O.O I 5, p=0.009). After covariate adjustment, the results became 
nonsignificant (Table 16- I 1 (h): p=0.862) 

16.2.2.3.4 Thyroxine (Discrete) 

All unadjusted and adjusted analyses for Models I through 4 showed no significant relations between 
dioxin and thyroxine in its discrete fonn (Table 16-12(a-h): p>O.l4 for each analysis). 

Table 16-12. Analysis of Thyroxine (Discrete) 

(a) MODEL I, RANCH HANDS VS. COMPARISONS -UNADJUSTED 

O«upational 
.Category Group 

All Ranch Hand 
Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew Comparison 

.Occupatlonal Categ<lry 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

n 

841 
1,199 

326 
468 

144 
182 

371 
549 

Number(%) 
!..ow 

23 (2.7) 
32 (2.7) 

13 (4.0) 
16 (3.4) 

3 (2.1) 
3 (1.6) 

7 (1.9) 
13 (2.4) 

AdjustediRelativeRisk 
(95% C;l.) 

1.04 (0.61,1.80) 

1.21 (0.57,2.55) 
1.24 (0.25,6.24) 
0.80 (0.32,2.02) 

Est. Relative Risk 
(95% C.I.) 

1.03 (0.60,1.77) 

1.17 (0.56,2.47) 

1.27 (0.25,6.39) 

0.79 (0.31,2.01) 

(e) MODEL2:RANCRHANDS"':INITlAL DIOXIN - UNADJUSTED 

p-Value 

0.875 

0.622 
0.796 
0.636 

p-Value 

0.928 

0.674 

0.772 

0.624 

....... ' . Initial Dioll'in CategorySummarylltll!Jstlcs I .... . An8JysisiResults for Log, (lnltialDlQldn)' . ' .. 
. NUulber (%) Estimated Relative RIsk 

Initial Dioxin n Low (95% C.I.)" 

Low 157 3 (1.9) 1.22 (0.79,1.89) 
Medium 158 1 (0.6) 
High 152 6 (3.9) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b 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) MODEL 2: RANCH HANDS -INITIAL DIOXIN - ADJUSTED 

n 

466 

Analysis Results for L<>g, (Initial Dioxin) 

Adjusted Relali •• Risk 
(95% C.I.)' 

1.51 (0.87,2.62) 

, Relative risk for a twofold increase in initial dioxin. 

p-VaJue 

0.143 

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

(eJ MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN' CATEGORY - UNADJUSTED 

Number(%) Est. Relalive RiSk 
Dl.oxin Category n L<>w (95%C.I.)'" 

Comparison 1,161 31 (2.7) 

Background RH 367 13 (3.5) 1.40 (0.72,2.71) 
LowRH 233 3 (1.3) 0.47 (0.14,1.55) 
HighRH 234 7 (3.0) 1.08 (0.47,2.49) 
Low plus High RH 467 10 (2.1) 0.71 (0.33,1.54) 

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

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

p-Value 

0.325 
0.215 
0.858 
0.390 

(OMODEL 3: .RANCH HANDSANDCOMPAIUSONSBYDIOXlN CATEGORY- ADJUSTED - " ,', ' ,', '- --., 

Adj~'Relativ.1lisk .. 
Dioxin Category ... n· . (95.% C.I.)' 

Comparison 1,161 

Background RH 365 1.23 (0.63,2.42) 
LowRH 233 0.45 (0.14,1.49) 
HighRH 233 1.53 (0.62,3.73) 
Low plus High RH 466 0.83 (0.38,1.82) 

• Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin S; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin S; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin S; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppl. 
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p-Value 

0.545 
0.192 
0.354 
0.641 

.) 
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Table 16-12. Analysis of Thyroxine (Discrete) (ContInued) 

(g) MODEL4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED 

1987 DiOl\in Category Summary Statistics Arl8lysisResults for Log, (1987 Dioxin + 1) 

Number(%) Estimated Relative Risk 
1987 Dioxin n Low (9S% C.L)· 

Low 278 8 (2.9) 0.97 (0.73,1.29) 
Medium 279 8 (2.9) 

High 277 7 (2.5) 

, Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = '5.7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: 'RANCH HANDS -1987 DIOXIN - ADJUSllID 

n 

831 

Analysis Results (orLogz (1987 Dioxiu + 1) 

Acljusted Relative Risk 
(9S%C.I.)· 

1.14 (0.79,1.64) 

'Relative risk for a twofold increase in 1987 dioxin. 

16.2.2.3.5 Anti-Thyroid Antibodies 

,,"Value 

0.825 

,,"Value 

00487 

All unadjusted and adjusted analyses for Models I 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.COMPARISOl'lS -'IJl\IADJUS'rED 

OecupatloDal Numtier(%) Est. Relative Risk 
Category Group n i>reserJt (9S%CL) ,,"Value 

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 (104) 2.55 (0.23,28040) 0.447 
Comparison 182 I (0.5) 

Enlisted Ranch Hand 371 I (0.3) 0.74 (0.07,8.18) 0.805 
Groundcrew Comparison 549 2 (0.4) 
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T~lble 16-13. Analysis of Anti-Thyroid Antibodies (Continued) 

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

Oecupational Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative'Risk 
(95% C.I.) 

1.01 (0.32,3.21) 

0.73 (0.13,4.02) 
2.62 (0.24,29.23) 
0.73 (0.07,8.06) 

p-Value 

0.981 

0.717 
0.434 
0.796 

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

(c:) MODEL.2:RANCHHANDS '- INITIAL. DIOXiN - UNADJUSTED 
Inltiall>ioxin CategorySUmt11l\ry Statistics Analysis Results for ,Log, (lnltiaiDioxlnl* 

'.' . "" 

Inltlall>ioxln . n ' ' ... 

Low 
Medium 
High 

157 
158 
152 

Nurnbi!r (%) 
Present 

0(0.0) 
2 (1.3) 
0(0.0) 

. I 
·EStImatedRelative Risk 

(95% CJ.)b 

0.93 (0.30,2.89) 

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

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

(cl)MODEL2: RANCH HANDS - INITIALDIO:KlN-ADJUS'tED 

n 

466 

.AnillySisResults,for Log, (lhitialDiol<ln) 
AdjllstedRelative RIsk ' 

. ,(95% CL)' 

1.01 (0.31,3.23) 

• Relative risk for a twofold increase in initial dioxin. 

. 

p-Value 

0.905 

p-Value 

0.990 

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

(4!)I»ODEL3~RANcHHA~AJ\IDCOMPAiRISONSBYDIO~ CATE(jO~y';"UI'IADJUS.'f;)l:D 

llijlxinCa\etl0ry 
Nurnber(%) 'Est; Relatlve Risk 

n ~ut (95%CI.)'· 

Comparison 1,161 7 (0.6) 

Background RH 367 3 (0.8) 1.20 (0.30,4.69) 
LowRH 233 1 (0.4) 0.73 (0.09,5.96) 
HighRH 234 1 (0.4) 0.80 (0.10,6.56) 
Low plus High RH 467 2 (0.4) 0.76 (0.16,3.70) 

• Relative risk and confidence interval relative to Comparisons. 
b 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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p-Value 

0.798 
0.768 
0.834 
0.736 
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Table 16-13. Analysis of Anti-Tfryrold Antibod/es (Continued) 

(f) MODEL 3t RANCH RANDS AND COMPARISONS.BV DIOXIN CATEGORV -ADJUSTED 

Adjusted lItelative Risk 
Dioxin Categ!>ry .. (95% C.I.)' 

Comparison 1,161 

Background RH 365 1.07 (0.27,4.26) 
LowRH 233 0.73 (0.09,5.99) 
HighRH 233 1.07 (0.12,9.66) 
Low plus High RH 466 0.88 (0.17,4.46) 

a 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. 

poValue 

0.921 
0.765 
0.951 
0.879 

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

(g) MODl:L 4; RANCH RANDS-1987 DIOXIN - UNADJUSTED . . 

. ..• 1987 ])loxlnCatego.,ySummllry Slatistits . ..' Analysis'Resultsfor Log. (1l!87 Dioxin + 1) 
. .' Number(%) . 

1987.Dioxin n Pri!$!Ut . 

Low 278 2 (0.7) 
Medium 279 2 (0.7) 
High 277 I (0.4) 

• Relative risk for a twofold increase in 1987 dioxin. 

·iEstimate(\'ael"tiv"Rlsk 
(lI!i,% eL)" 

0.82 (0.43,1.55) 

Note: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH RANDS _l987DIOXIN - ADJUSTED 
~ '.:,,', ' ' " "" , ',' --" 

n 

831 

AnalYsisResultsf()riLog.(1~7 Dioxin +1) 
A<ljUSled Relative Risk 

(95%C.I.)' 

0.86 (0.41,1.80) 

, Relative risk for a twofold increase in 1987 dioxin. 

. 
poValue 

0.535 

poValue 

0.689 

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 uot 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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Fasti?g glducMosedinl its conti?uoTusb~lorm6was not significantlyrassociated Wifth initial dioxinhin the) 
unadJuste 0 e 2 analysIs ( a e 1 -14(c): p=0.174). A ter adjustmg or covariates, t e 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/dl, respectively. 

Tile 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,t): p>O.1O for each 
contrast). 

_.====-=------======--======------==------------
Tllble 16-14. Analysis of Fasting Glucose (mgJdl) (Continuous) 

(a) MODEL l:RANC,HHANDS VS. COMPARJSONS - UNAbJUSTED 
Oecupational Diltereneeof Means 
Ca~gory Group. 0 Meao" (95% Col.)" p'Value' 

AlII Ranch Hand 868 101.4 -0.3 -- 0.745 
Comparison 1,250 101.8 

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

Enlisted Flyer Ranch Hand 15] 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 

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

(lb) MODEL l:RANC,HHANDSVS.COMPARl$ONS - ADJUSTED 
Oecupalional . . Acljusted. Dilte.reIlCe.of Aclj.,MeIqis> " 

CategqryGroup' U MMu'; (95%c.I.)b. 
",< 

J>-va!ue' 
A,II Ranch Hand 859 103.7 0.0-- 0.970 

Comparison 1,238 103.8 

Officer Ranch Hand 337 101.9 0.9 -- 0.550 
Comparison 492 101.0 

Enlisted Flyer Ranch Hand 148 104.1 -1.6 -- 0.516 
Comparison 181 105.7 

Enlisted Rauch Hand 374 104.7 -0.3 -- 0.819 
Groundcrew Comparison 565 105.1 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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Table 16-14. Analysis of Fasting Glucose (mg/dl) (Continuous) (Continued) 

(c) MODEL 21 RANCH HANDS -lJIlI1UL DIOXIN - UNADJUSTED .•. 
InitlalDioxin category. Summary Statlstics. Analysis ~"\lUS for Log, (initial Dioxin)6 

lnitlal Dioxin 

Low 
Medium 
High 

n 

159 
161 
160 

101.4 
104.5 
104.9 

Adj. Mean" 

102.2 
104.7 
103.9 

0.102 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Slope 
(Std. Error)' 

0.011 (0.008) 

, 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 HANDS -INITIALDIOXlN - ADJ{3STED . . 

p-Value 

0.174 

lnitlal Dioxin Category S~S~tlstics Analysis Results for Log, (lnitlalJ)ioxin) 
... . .. 

Initial DIoxin n Adj; Meao' .. 

Adj;SIQpe . 
(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. 
b 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. 

(~) MODEL3:RANCHHANJ)S AND COMPARISONS BY.{)lOXIN CA~RY - UNADWSTED 

Difference of Adj. Mean 

Dil)Xin.Call1gorY n Mean' Adj. Me:ao" 
.s. Comperisons 

. (95%CJ.)' ~Vallle' 
Comparison 1,212 101.7 101.6 

Background RH 381 98.4 100.3 -1.3 -- 0.298 
LowRH 238 101.4 100.8 -0.8 -- 0.618 
HighRH 242 105.8 103.9 2.3 -- 0.121 
Low plus High RH 480 103.6 102.4 0.8 -- 0.485 

• Transformed from natural logarithm scale. 
b 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. 
d 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. 
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