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The unadjusted Model 4 analysis revealed a significant inverse association between LH in its continuous ,") 
form and 1987 dioxin (Table 16-30(g): slope=--O.030, p=0.042). After adjusting for covariates, the'" 
results became nonsignificant (Table 16-30(h): p=O.l49). 

16.2.2.3.23 LH (Discrete) 

All unadjusted and adjusted analyses in Models 1,2, and 3 showed no significant relation between group 
or dioxin and the discrete form of LH (Table 16-31(a-f): p;':0.28 for each analysis). A marginally 
significant inverse association was seen between 1987 dioxin and LH in the unadjusted Model 4 analysis 
(Table 16-31(g): Est. RR=0.84, p=0.094). After adjusting for covariates, the results became 
nonsignificant (Table 16-31(h): p=0.154). 

Table 16-31. Analysis of LH (Discrete) 

(II) i\fOQm,.l:; ilL\NC""",NDSVS.,COMPARlSONS.., UNADJUSTED' 
()Ccupallonal ,Nu~r (91)) ,Est.lteJative Risk 
careg~ GrouP n High 

All Ranch Hand 870 49(5.6) 
Comparison 1,251 70(5.6) 

Officer Ranch Hand 341 24 (7.0) 
Comparison 494 28 (5.7) 

Enlisted Flyer Ranch Hand 151 6 (4.0) 
Comparison 187 8 (4.3) 

Enlisted Ranch Hand 378 19 (5.0) 
Groundcrew Coml2arison 570 34 (6.0) 

(b) MODEL l;RANC;HHANDSVS. CO!\iPARlSPNS .., ADJJYSn:J). 

~upallonal Ca\egory 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

"l\djosled:Relativ" Risk 
(95%'C;J;) , 

1.02 (0.70,1.50) 

1.24 (0.70,2.20) 
0,86 (0.29,2.55) 
0.88 (0.49,1.59) 

(95%C.I.) 

1.01 (0.69,1.47) 

1.26 (0.72,2.21) 

0.93 (0.31,2.73) 

0.83 (0.47,1.49) 

. ",Value 

0.907 

0.458 
0.782 
0.674 

",Value 

0.971 

0.422 

0.889 

0.538 

<e) MODEL 2:. Ri\N9IiHl\ND$,..OO1'I'# J:)IOXIN - UNAl[),JUSTED ,', , ' :." ... ,. ," 

,lnilia\iDi~!Il caregory .SlImi!IIIrySt811$tiCS .' .... ~.ll:lisullsfilr~ (lJ)ltial'Di~)' "'. 

Initial Dioxin' . 

Low 
Medium 
High 

160 
162 
160 

8 (5.0) 0.93 (0.65,1.32) 
7 (4.3) 
6 (3.8) 

a 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 16-31. Analysis of LH (Discrete) (Continued) 

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

n 

482 

Analysis Results for loG> (Initial Dioxin) 

Adjusted'Reiative Risk 
(95'11> C.L)' 

0.97 (0.65,1.43) 

• Relative risk for a twofold increase in initial dioxin. 

p-VaJue 

0.873 

(e) M()DEL 3: . RANCH HANDSAND COMPARISONS BY.DIOXIN CATEGORY·-: UNADJUSTED 

Nulilber.('II» Est; Relative Risk 
Dioxin Category n' Hlgb (9S%C.L)'" 

Comparison 1,213 67 (5.5) 

Background RH 381 27 (7.1) 1.27 (0.79,2.02) 
LowRH 239 12 (5.0) 0.91 (0.48,1.71) 
HighRH 243 9 (3.7) 0.68 (0.33,1.38) 
Low plus High RH 482 21 (4.4) 0.78 (0.47,1.30) 

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" 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-VaJue 

0.322 
0.770 
0.280 
0.345 

(I) MODEL 3:.RANCH'HANDS AND COMPARISONS BYiDIOXJ:N CATEGORY-ADJUSTED 
, " ',,' , ",' », ,', '", --, -",' .. "" '. --'" ," "",, ,,' ' '--'"'' ", "/.' '",' ",. , 

. DjoxinCate!l0ry n 
.AdjustedRetali~Risk .. 

(j)S'II>C;M' . 

Comparison 1,213 

Background RH 381 1.28 (0.79,2.08) 
LowRH 239 0.83 (0.44,1.58) 
HighRH 243 0.76 (0.36,1.60) 
Low plus High RH 482 0.80 (0.47,1.34) 

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. 
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Table 16-31. Analysis of LH (Discrete) (Continued) 

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

1987 Dioxin Category Sutnroary Stalistics . AIUll.YSis Results ror Log, (1987 Dioxiu + 1) 
Number(%) EstilDllledRelativeRisk . 

1987 Dioxin n High (liS'll, C.L)" . p-V1II1ue 

Low 288 21 (7.3) 0.84 (0.68,1.04) 0.094 
Medium 287 15 (5.2) 
High 288 12 (4.2) 

, 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 - ADJUSTED 

n 

863 

Analysis Results for Logz(I987 Dioxin + 1) 
Adjusted Reiative.Rlsk 

(95% C.I.)' 

0.84 (0.66,1.07) 

• Relative risk for a twofold increase in 1987 dioxin. 

16.2.2.3.24 FSH (Continuous) 

p.V!due 

0.154 

... ) 
. 

The Model I unadjusted analysis of FSH did not show an overall group difference between Ranch Hands ....... ) . .., 
and Comparisons (Table 16-32(a): p=O.666). Stratifying by occupation revealed a marginally significant 
difference between Ranch Hands and Comparisons within the officer stratum (Table 16-32(a): difference 
ofmeans=0.51 mIU/mI, p=O.071). The mean FSH value for Ranch Hand officers was 6.62 rn1U/mI 
versus 6.11 mIU/mI for Comparison officers. The adjusted analysis of FSH revealed no significant 
difference between Ranch Hands and Comparisons across all occupations or within each occupational 
stratum (Table 16-32(b): p>O.ll for each contrast). 

Table 16-32. Analysis of FSH (mlU/ml) (Continuous) 

(a)l.\fO~ltLl:RAN~HHAi\!DSV"S.qOMPAR1'SONS - UNA'bJUSTED 
Oecupational . Dllferenee or Meaus 

Category GI'l!I!P n Mean- . (9S%c.I;)b 

AU Ranch Hand 870 6.05 0.07 --
Comparison 1,251 5.98 

Officer Ranch Hand 341 6.62 0.51--
Comparison 494 6.11 

Enlisted Flyer Ranch Hand 151 6.02 0.03--
Comparison 187 5.99 

Enlisted Ranch Hand 378 5.59 -0.27 --
Groundcrew Comparison 570 5.86 

• Transformed from natural logarithm scale. 

P"VaI.ue' 
0.666 

0.071 

0.941 

0.257 

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 16-32. Analysis of FSH (m/U/ml) (Continuous) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTiD 
Occupational Adjusted Difference of Adj. Means 

Category Group n Meanl (95% C.I.)b p-Valne' 
All Ranch Hand 870 5.92 0.06 -- 0.689 

Comparison 1,251 5.85 

Officer Ranch Hand 341 6.01 0040 -- 0.112 
Comparison 494 5.62 

Enlisted Flyer Ranch Hand 151 5.67 -0.03 -- 0.928 
Comparison 187 5.70 

Enlisted Ranch Hand 378 6.06 -0.21 -- 0.401 
Groundcrew Comparison 570 6.27 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; ,:onfidence 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. 

(c) MODEL 2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTiD 
Iilitla1 Dioxin category Summal"yStatistics . . Analysis Resul." for Log, (IJiltiai Dioxin)" 

. 

lilitialDioxin n Mean' Adj. Mean" 

Low 160 6040 6042 0.008 
Medium 162 5.87 5.87 
High 160 5.64 5.62 

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

Slope 
(Std. Error)' 

-0.035 (0.021) 

, Slope and standard error based on natural logarithm of FSH versus log2 (initial dioxin). 

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

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN -·ADJUSTiD 
, , "" " 

p-Value 
0.099 

. 

Iililial·Dio.xincalegory,SuriimarySlatistics AiiaJ~is.:Il.es!iIl$ for Lqg. (Iuitial Dio]\in) 

luitial.Dioxin n Adj.~· 
.. Adj. Slope 
R' (Sid. Error)" p-Value • 

Low 160 5.82 0.051 -0.007 (0.024) 0.763 
Medium 162 5.50 
High 160 5.53 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of FSH versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 
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Table 16-32. Analysis of FSH (m/U/ml) (Continuous) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BYDIOXlN CATEGORY -UNADJUSTED 

DiffereDce of Adj. MeaD 

, DioxiDCategory II Mean" Adj. Mea"'" 
vs. Comparisons 

(95% CJ.)' p-Valued 

Comparison 1,213 5.97 5.97 

Background RH 381 6.21 6.21 0.24 -- 0.283 
LowRH 239 6.28 6.28 0.3 I -- 0.258 
HighRH 243 5.66 5.66 -0.31 -- 0.229 
Low plus High RH 482 5.96 5.96 -om -- 0.955 

• 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 s; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin $ IO 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. 

(f) MODEL 3: ~CIlHA'NDS ANDCOMPARlSONS BYDlOXIN CATEGORY - ADJUSTED 
DifferenceofAlij. Mean 

DioxinCa~Qry D .. Adj~M4llUI" 
. ...., .ComparisollS 

,(95%c.L)b p-Value' 

Comparison 1,213 5.87 

Background RH 381 6.02 0.15 -- 0.491 
LowRH 239 5.98 0.1I -- 0.668 
HighRH 243 5.83 -0.04 -- 0.855 

Low I2lus Hij!h RH 482 5.90 0.D3 -- 0.877 

• 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. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin:;; IO 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. 
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Table 16-32. Analysis of FSH (mlU/ml) (Continuous) (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUST}j)D 
1987 Dioxin'Category Summary'Statistics Analysis R~ults for Log, (1987 Dioxin +1) 

1987 Dioxin 
Low 
Medium 
High 

n 

288 
287 
288 

Mean' 
634 
6.19 
5.70 

• Transformed from natural logarithm scale. 

R' 
0.003 

Adjusted Slo~e 
(S.td. Error) 

-0.024 (0.015) 

b Slope and standard error based on natural logarithm ofFSH versus log, (1987 dioxin + I). 

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

(h) MODEL 4: RANCH HANDS -1987DlOXIN -ADJUSTED 

p-Value 

0.105 

1987 Dioxin CategorySumtilarySljitiStics AnalysIsR_tSlor Log,.(1987 Dioxin + 1) 
. . 'i' . .' 

1987 Dioxin n 

Low 
Medium 
High 

288 
287 
288 

Adj. Mean' 
6.18 
5.93 
5.97 

• Transformed from natural logarithm scale. 

.' 

R' 
OJl66 

Adjusted Sior 
(Std. Error) 

-0.001 (0.016) 

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

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

p-Value 

0.958 

A marginally significant inverse association was reveal(~d between initial dioxin and FSH in the 
unadjusted Model 2 analysis (Table 16-32(c): slope=-0.035, p=O.099). After adjusting for covariates, 
the results became nonsignificant (fable 16-32(d): p=O.763). 

No significant associations were revealed between FSH and dioxin in the unadjusted and adjusted Models 
3 and 4 analyses (Table 16-32(e-h): p>O.lO for each analysis). 

16.2.2.3.25 FSH (Discrete) 

All unadjusted and adjusted analyses in Models 1 through 4 showed no significant relations between 
dioxin and dichotomized FSH (Table 16-33(a-h): p>O.17 for each analysis). 
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Table 16-33. Analysis of FSH (Discrete) 

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

CatA:gory Group n High 

All Ranck Hand 870 72 (8.3) 
Comparison 1,251 98 (7.8) 

Officer Ranch Hand 341 39 (1l.4) 
Comparison 494 48 (9.7) 

Enlisted Flyer Ranch Hand lSI 17 (11.3) 
Comparison 187 14 (7.5) 

Enlisted Ranch Hand 378 16 (4.2) 
Groundcrew Comparison 570 36 (6.3) 

(bj'MODEL 1: RANCH HANDS VS. COMP.ARISONS- AOJ.VSTJi)D 

Oeeupatlonal Calegory 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

AdjUsted Relative Risk ..• 
(9S%CJ:j 

1.04 (0.75,1.45) 

l.l8 (0.74,1.85) 
1.49 (0.70,3.17) 
0.68 (0.37,1.26) 

Est. Relative Risk 
(95% CJ.) 

1.06 (0.77,1.46) 

1.20 (0.77,1.88) 

1.57 (0.75,3.29) 

0.66 (0.36,1.20) 

(c) M()DEL 2: RANCH HANDS -'INmAL DIOXIN -'UNADJUSTED 

p-VaI"e 

0.794 

0.488 
0.297 
0.221 

p-Value 

0.713 

0.424 

0.235 

0.171 

.••.•..•.. ~lysi .. Results for LQg,(JnItialDioxin)' 

Initial Dioxin 

Low 
Medium 
High 

n 

160 
162 
160 

Number(%) 
·High.· 

13 (8.1) 
14 (8.6) 
9 (5.6) 

Estimated Relatlve.Risk 
...• (95%C.L)b 

0.94 (0.72,1.22) 

• 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:RAN<2H HANDS '- INITIAL DIOXIN - ADJUSTED 

n 
482 

AnaIysis.Res~(or LQg, (InitIaI])Illxin) 

Alljusted Relative Risk 
(95% C.L)' 

1.11 (0.81,1.53) 

a Relative risk for a twofold increase in initial dioxin. 
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Table 16-33. Analysis of FSH (Discrete) (Continued) 

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

Nwnber(%) Est. Relative Risk 
.Dioxin Category n High (95 % .c.r.)'b 

Comparison 1,213 93 (7.7) 

Background RH 381 35 (9.2) 1.22 (0.81,1.84) 
LowRH 239 20 (8.4) 1.1 0 (0.66,1.82) 
High RH 243 16 (6.6) 0.85 (0.49,1.47) 
Low plus High RH 482 36 (7.5) 0.96 (0.64,1.44) 

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;;; 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 

0.341 
0.713 
0.557 
0.860 

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

Adjusted.Relative Risk 
Dioxin Category D (95% C.I.)" 

Comparison 1,213 

Background RH 381 1.10 (0.72,1.69) 
LowRH 239 0.93 (0.55,1.56) 
HighRH 243 Ll6 (0.64,2.08) 
Low plus High RH 482 1.04 (0.68,1.58) 

'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-V.lue 

0.652 
0.781 
0.621 
0.859 

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

1987 .DioXIn Ca~g~ry Sll!Dl118ry Stat:istl~ ..... .·AlIaIyslsR~1$ for L9g, (1987 .DloXln+ 1) 

1987 Dioxin ~ .... 
lilumber(%) EstiriiatedReliltiveRisk .. 

High .. ... .... (95%q.)· !'-Value 

Low 288 
287 
288 

24 (8.3) 0.97 (0.82,1.15) 0.712 
Medium 
High 

28 (9.8) 
19 (6.6) 

'Relative risk for a twofold increase in 1987 dioxin. 

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

16-113 

.. _--_ ... _--_._-""--_._._----_._---_. __ .,--,."._-------.. -~'--.. ----"---'"--;.---'----.--"---.--"----.-.-.--.~--'-'- .. _---_._-.---"--



Table 16-33. Analysis of FSH (Discrete) (Continued) 

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

n 

863 

Analysis Results for Loll> (1987 'DioXin + 1) 
Adjusted Relative Risk 

(9S%C.I.)' 

1.16 (0.93.1.45) 

, Relative risk for a twofold increase in 1987 dioxin. 

!,"Value 

0.188 

-,-=------------=------===-==----=---==----===---
16.2.3 Longitudinal Analysis 

Longitndinal analyses were conducted on the composite diabetes indicator, TSH, fasting glucose, 2-hour 
postprandial glucose, and total testosterone to examine whether changes across time differed with respect 
to group membership (Modell), initial dioxin (Model 2), and categorized dioxin (Model 3). Model 4 
was not examined in the longitudinal analysis because 1987 dioxin-the measure of exposure in these 
models--changes over time and is not available for all participants for 1982 or 1997. 

Discrete and continuous analyses were performed for TSH, fasting glucose, 2-hour postprandial glucose, 
and total testosterone. The longitudinal analyses for all of these variables investigated the difference 
bt,tween the 1982 and 1997 examinations. These analyses were used to investigate the temporal effects of 
dioxin during the IS-year period between 1982 and 1997. 

Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete ..... ) 
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin 
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for 
developing the condition because the condition already existed at the time of the first collection of data 
for the AFHS (1982). Only participants who were normal at the 1982 examination were considered to be 
at risk for developing the diseast,; therefore, the rate of abnormalities under this restriction approximates 
an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the rate at which 
people without a condition develop the condition during a specified period of time (50). Summary 
statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations. 

The longitudinal analysis for the discrete form of the dependtmt variables examined relative risks at the 
1997 examination for participant.s who were classified as normal at the 1982 examination. The adjusted 
relative risks estimated from each of the three models were used to investigate the change in the 
dependent variable over time. All three models were adjusted for age; Models 2 and 3 also were adjusted 
for the percentage of body fat at the time of the blood measurement of dioxin. 

The longitudinal analysis of continuous variables examined the paired difference between the 
measurements from 1982 and 1997. These paired differences measured the change in the dependent 
variable over time. Each of the three models used in the longitudinal analysis was adjusted for age and 
the dependent variable as measured in 1982 (see Chapter 7, Statistical Methods). 

The cutpoints for TSH, fasting glucose, 2-hour postprandial glucose, and total testosterone differed 
between examinations. The cutpoints changed between examinations because a different laboratory was 
used to perform the analysis or because an upgrade in the equipment used caused a change in the 
reference values. These cutpoints were used for determining abnormal and normal classifications for 
each of the respective examinations and are shown in Table 16-34. . ... :) 
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Table 16-34. Normal Ranges from Air Force Health Study Examinations for Dependent Variables 
Used in Endocrine Longitudinal Analysis 

Dependent Variatile 
(Units) 

TSH (J.!IU/ml) 
Fasting Glucose (mg/dl) 

2-hour Postprandial 
Glucose (mg/dl) 
Total Testosterone (ngldl) 

1982 
$10 
Sll5 

(Age < 50) 
SI25 

(Age <: 50) 
SI20 

<:400 

16.2.3.1 Medical Records Variables 

16.2.3.1.1 Composite Diabetes Indicator 

1985 

$3 
SIlO 

SI40 

<:260 

Examination 
1987 1m 1m 
$3 $5.5 $5.5 

SllO Sll5 SlIO 

SI40 SI40 SI40 

<:260 <:260 <:241 
(Age < 50) 

<:230 
(Age> 50) 

A participant was considered diabetic in the composite diabetes indicator variable if he had a verified 
history of diabetes or a 2-hour postprandial glucose level of at least 200 mgldl. 

The Model I analysis of diabetic participants in 1997 who were nondiabetic in 1982 did not uncover a 
significant difference between Ranch Hands and Comparisons across all occupations or within each 
occupational stratum (Table 16-35(a): p<:o.66 for each analysis). 

Table 16-35. Longitudinal Analysis of Composite Diabetes Indicator 

(a) MdDEL 1, . MNCH.HANDS VS.CdM1'AlUSONS 
" ;-,"" 

l'1uniber(%) Dhibeticl(n) .. 

OcCupatioDal iExami1'l'tioa 
Cl!iOgory Group 1982 1985. 1987 .lm 1m . 

All Ranch Hand 30 (3.7) 52 (6.6) 63 (8.1) 100(12.8) 143 (17.7) 
(808) (791) (782) (779) (808) 

Comparison 25 (2.6) 50 (5.3) 64 (6.9) 108 (1J.7) 162 (16.9) 
(959) (940) (931) (926) (959) 

Officer Ranch Hand 13 (4.2) 20 (6.6) 23 (7.7) 38 (12.6) 51 (16.6) 
(308) (304) (300) (301) (308) 

Comparison 10 (2.6) 20 (5.4) 24 (6.6) 43 (11.5) 60 (15.9) 
(378) (371) (365) (373) (378) 

Enlisted Flyer Ranch Hand 5 (3.4) II (7.7) 12 (8.5) 20 (14.2) 26 (17.9) 
(145) (143) (141) (141) (145) 

Comparison 5 (3.5) 7 (5.0) 9(6.4) 18 (13.0) 27 (19.0) 
(142) (141) (140) (138) (142) 

Enlisted Groundcrew Ranch Hand 12 (3.4) 21 (6.1) 28 (8.2) 42 (12.5) 66 (18.6) 
(355) (344) (341) (337) (355) 

Comparison 10 (2.3) 23 (5.4) 31 (7.3) 47 (11.3) 75 (17.1) 
(439) (428) (426) (415) (439) 
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Table 16-35. Longitudinal Analysis of Composite Oiabetes Indicator (Continued) 

Normal in 19112 
Occupational Number(%) Adj. Relative Risk 

ea •• gOry Group ninl997 Diabetic in 1997 (95% CJ.)" p-Value' 
All Ranch Hand 778 113 (14.5) 1.00 (0.76,1.31) 0.993 

Comparison 934 137 (14.7) 

Officer Ranch Hand 295 38 (12.9) 0.94 (0.60,1.49) 0.801 
Comparison 368 50 (13.6) 

Enlisted Flyer Ranch Hand 140 21 (15.0) 0.93 (0.48,1.79) 0.821 
Comparison 137 22(16.1) 

Enlisted Ranch Hand 343 54 (15.7) 1.09 (0.73,1.63) 0.660 
Groundcrew Comparison 429 65 (15.2) 

• Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods). 

(b) MODEL 2:RANCHHANllS -lJIIITIAL DIOXIN 

Initial Dioxin 

Low 

Medium 

High 

Illjtla1 Dioxin 

Low 
Medium 

.Jfigh 

11>;82 
6 (4.0) 
(lSI) 

7 (4.5) 
(155) 

8 (5.2) 
(153) 

ninl997 

145 
148 
145 

Number <%)Dla~cl(n) 

1985 
10 (6.7) 

(149) 
13 (8.6) 
(152) 

16 (10.7) 
(150) 

NuJlil)er(%) 
Diabetic In 1997 

26 (17.9) 
28 (18.9) 
31 (21.4) 

Exa!nlnatloo 
1987 

11 (7.3) 
(151) 

12 (7.9) 
(151) 

21 (14.1) 
(149) 

Adj'RelativeRisk 
\~5%,C.L)~ , 

1.28 (1.04,1.57) 

19n 
23 (16.0) 

(144) 
25 (16.4) 

(152) 
25 (16.9) 

(148) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

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

1997 

32 (21.2) 
(lSI) 

35 (22.6) 
(155) 

39 (25.5) 
(153) 

p-Value 

0.019 

"\1 
\"j 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods). i ... ) 
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(1 Table 16-35. Longitudinal Analysis of Composite Diabetes Indicator (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY 

Number (%) Diabetid(n) 
El(a!llination 

Dioxin Category 1982 1985 1987 1m 
Comparison 24 (2.6) 47 (5.1) 61 (6.7) 103 (11.4) 

(932) (916) (906) (900) 

Background RH 9 (2.6) 13 (13.9) 19 (5.8) 27 (8.1) 
(345) (337) (328) (332) 

LowRH 11 (4.9) 18 (8.1) 18 (8.1) 36 (16.6) 
(226) (221 ) (223) (217) 

High RH 10 (4.3) 21 (9.1) 26 (11.4) 37 (16.3) 
(233) (230) (228) (227) 

Low plus High RH 21 (4.6) 39 (8.6) 44 (9.8) 73 (16.4) 
(459) (451) (451) (444) 

Normal in 19$2 
Number.(%) Adj. Relative Risk 

,Dioxin Category n in 1997 Diabetic in 1997 (95%C.L)" 

Comparison 908 130 (14.3) 

Background RH 336 26 (7.7) 0.55 (0.35,0.88) 
LowRH 215 38 (17.7) 1.11 (0.72,1.71) 
HighRH 223 47 (21.1) 1.61 (1.07,2.42) 
Low plus High RH 438 85 (19.4) 1.34 (0.97,1.86) 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

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. 

1997 
154 (16.5) 

(932) 

35 (10.1) 
(345) 

49 (21.7) 
(226) 

57 (24.5) 
(233) 

106 (23.1) 
(459) 

p-Valneb 

0.012 
0.634 
0.023 
0.079 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods). 

The Model 2 longitudinal analysis revealed a significant positive association between initial dioxin and 
the percentage of diabetic participants (Table 16-35(b): Adj. RR=1.28, p=O.OI9). The percentages of 
diabetic participants in 1997 who were nondiabetic in 1982 were 17.9, 18.9, and 21.4 in the low, medium, 
and high initial dioxin categories, respectively. 

Three significant contrasts were seen in the Model 3 longitudinal analysis of composite diabetes indicator: 
Ranch Hands in the background dioxin category versus Comparisons (Table 16-35(c): Adj. RR=O.55, 
p=O.OI2), Ranch Hands in the high dioxin category versus Comparisons (Table 16-35(c): Adj. RR=1.6 I, 
p=O.023), and Ranch Hands in the low plus high dioxin category versus Comparisons (Table 16-35(c): 
Adj. RR=I.34, p=O.079). The percentages of participants who were nondiabetic in 1982 and diabetic in 
1997 were 7.7, 21.1,19.4, and 14.3 for Ranch Hands in the background dioxin category, Ranch Hands in 
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the high dioxin category, Ranch Hands in the low plus high dioxin category, and Comparisons, 
respectively. 

16.2.3.2 Laboratory Examination Variables 

16.2.3.2.1 TSH (Continuous) 

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin 
and change in mean TSH level (Table 16-36(a-c): p>O.26 for each analysis). 

Table 16-36. Longitudinal Amllysis of TSH bdUlml) (Continuous) 

(a) :MODEL l:.RA.NCH 'HANDS Vs. COMPARISONS 
Mean'/(n) Exam. Difrerence~( 

Oc!:u!!~tiODaI '~lI!ItiOIl. Mean Exam.Mean 
Catet:ory GroU!! . 19(1Z 1985 1987 1m 1997 Cl!angeb ' Change p-Value' 

All Ranch Hand 3.64 1.21 0.91 1.60 1.87 -1.76 -0.06 0.525 
(7.91) (773) (762) (770) (791) 

Comparison 3.49 1.16 0.87 1.56 1.79 -1.70 
(929) (911) (904) (910) (929) 

Officer Ranch Hand 3.78 1.28 0.99 1.73 2.00 -1.78 -0.15 0.700 
(298) (294) (289) (293) (298) 

Comparison 3.47 I.I8 0.89 1.62 1.84 -1.63 
(358) (352) (347) (353) (358) 

Enlisted Ranch Hand 3.46 I.I6 0.84 1.43 1.72 -1.74 0.03 0.440 
nyer (141) (138) (135) (139) (141) 

Comparison 3.66 1.15 0.87 1.53 1.89 -1.77 
(139) (138) (137) (137) (139) 

Enlisted Ranch Hand 3.59 I.I7 0.89 1.56 1.83 -1.76 -0.02 0.263 
Groundcrew (352) (341) (338) (338) (352) 

Comparison 3.45 I.I5 0.84 1.52 1.7I -1.74 
(432) (421) (420) (420) (432) 

• Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
e P-value is based on analysis of natural logarithm of TSH; results adjusted for natural logarithm of TSH in 1982 and 
age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 "xaminations. Summary statistics for I 992 are provided for reference purposes 
for participants who attended the I 982, 1992, and 1997 examinations. 
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Table 16-36. Longitudinal Analysis of TSH (Jllulml) (Continuous) 

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN . 
Initial Dioxin Category Summary Statistics Analysis Results for Log. (IDitia! Dioxin)' 

Mean'l(n) 
Examination 

lnilialDioxin 1982 HISS 1987 
Low 3.62 1.22 0.95 

(151) (148) (150) 

Medium 3.56 1.23 0.91 
(155) (152) (151) 

High 3.59 1.17 0.89 
(145) (142) (140) 

• Transformed from natural logarithm scale. 

1992 
1.60 

(146) 

1.57 
(153) 

1.55 
(142) 

1997 
1.94 

(151) 

1.86 
(155) 

1.80 
(145) 

Adjusted Slope 
(Sid. Error) p-Value 

-0.007 (0.020) 0.717 

b Results based on difference between natural logarithm of 1997 TSH and natural logarithm of 1982 TSH versus 
10gz (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural 
logarithm of 1982 TSH, and age in 1997. 

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 

(e) MOD!'L 3:)tANCH,HANJ)S AND COMPARlSQl"iS BY J)lOXINC,A.11W()RY 
' . " Mean'/(nr Exam. . Di!l'erenee of 

Dioxin . Exa.tion MeaD./. Ex'am.Mean 
ca~ory 1982 1985 1987 1992 1!!97 " 'Change' e ..... p-Value' 

Comparison 3.49 1.16 0.86 1.56 1.79 -1.70 
(901) (886) (878) (883) (901) 

Background 3.69 1.21 0.91 1.63 1.87 -1.81 -0.11 0.934 
RH (334) (326) (316) (324) (334) 
LowRH 3.58 1.23 0.95 1.61 1.90 -1.67 0.03 0.514 

(224) (218) (221) (217) (224) 
High RH 3.60 1.18 0.88 1.54 1.83 -1.77 -0.07 0.681 

(227) (224) (220) (224) (227) 
Low plus 3.59 1.21 0.91 1.57 1.87 -1.72 -0,02 0.492 
High RH (451) (442) (441) (441) (451) 

, Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of natural logarithm of 1997 TSH; results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 TSH, and age in 1997. 

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. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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'Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal TSH level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16·37. LongItudinal Analysis of TSH (DIscrete) (Continued) 

(b) MODEL 2: RANCH HANDS -INITIAL DIOXIN 

Number (%) Higb/(n) 
Examination 

Initial Dio~in 1982 1985 1987 1992 1997 
Low 0(0.0) 1 (0.7) 1 (0.7) 0(0.0) 6 (4.0) 

(151) (148) (150) (146) (lSI) 
Medium 1 (0.6) 3 (2.0) 2 (1.3) I (0.7) 4 (2.6) 

(155) (152) (151) (153) (155) 
High I (0.7) 1 (0.7) 2 (1.4) .5 (3.5) 7 (4.8) 

(145) (142) (140) (142) (145) 

Initial J)ioxin category Sttnunary I1latistlcs '. Ana1~S ~sulls for L9g,(loitial Di<\xin)' 
. Normal h1l982 

Numlier (%) High '1 
Initial Dioxin' nln'l997 In 1997 

Low 151 6 (4.0) 
Medium 154 3 (1.9) 
High 144 6(4.2) 

Adj,~~lativ. Risk 
(95%CJ.)· 

1.16 (0.78,1.72) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

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

p-Value 

0.486 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal TSH level in 1982 (see Chapter 7, Statistical 
Methods). 

(e) MODEL3:RANCHJ{ANDSAND.COMl'A.~ONS$YJ:)rOXlNCATEGQR1';· ., ..... 
,,' " ,", ,_ - ", - __ ''_ - - - no _ _ _ _ __ no, ___ '" - - ", _ -" "_,_,, ," 

.'. ·.NWnlier<~)'BIiiht(n) 
. ., Exanw.ation .. 

_ -;',,',-;'i,', -: 

Dioxin Category 1982 1985 1987 1992 
Comparison 4 (0.4) 14 (1.6) 11 (1.3) 19 (2.2) 

(901) (886) (878) (883) 

Background RH 3 (0.9) 4 (1.2) 5 (1.6) 4 (1.2) 14 (4.2) 
(334) (326) (316) (324) (334) 

LowRH 0(0.0) 2 (0.9) 2 (0.9) I (0.5) 7 (3.1) 
(224) (218) (221) (217) (224) 

HighRH 2 (0.9) 3 (1.3) 3 (1.4) 5 (2.2) 10 (4.4) 
(227) (224) (220) (224) (227) 

Low plus High RH 2 (0.4) 5 (1.1) 5 (1.1) 6 (1.4) 17 (3.8) 
(451) (442) (441) (441) (451) 
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Table 16-37. Longitudinal Analysis of TSH (Discrete) (Continued) 

Dioxin Category 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

Normal jn 1982 

nin 1997 

897 

331 
224 
225 
449 

Number (%) Hlllh 
in 1997 

27 (3.0) 

12 (3.6) 
7 (3.1) 
8 (3.6) 

15 (3.3) 

Adj. Relative Risk 
(9S% C,L)" 

1.10 (0.55,2.22) 
1.01 (0.43,2.35) 
1.42 (0.63,3.22) 
1.20 (0.63,2.29) 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

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-Valu.· 

0.782 
0.984 
0.399 
0.585 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal TSH level in 1982 (see Chapter 7, Statistical 
Methods). 

===----==-------====------====--===-==--------==== 
16.2.3.2.3 Fasting Glucose (Continuous) 

Analysis of Models I through 3 showed no significant relations between dioxin and the change in mean 
fasting glucose between 1982 and 1997 (Table 16-38(a-<:): p>O.14 for each analysis). 

-
Table 16-38. Longitudinal Analysis of Fasting Glucose (mgldl) (Continuous) 

(a) MODEI" l:.RANCHHANllS'VS.COl\fl>ARIsONS .. 

" 'M<!!I/I'/(n) •• Exam: DilTeren<;e of. 
Oeeupatlonal Epml'!,ation Mean Ex.am;M<!!I/I 

Catl'llory Gro"p 1982; 1985 1981 1992 .• · 1997 Chlmge' Clla1ll\O p-Valuee 

All Ranch Hand 97.4 98.9 100.2 104.5 101.7 4.3 -{).3 0.817 
(817) (799) (790) (795) (817) 

Comparison 96.8 98.0 99.8 104.1 101.5 4.6 
(974) (956) (948) (954) (974) 

Officer Ranch Hand 98.1 100.1 lOlA 105.1 101.6 3.5 -0.1 0.962 
(310) (306) (302) (305) (310) 

Comparison 96.9 97.9 100.3 104.4 100.5 3.6 
(380) (374) (368) (375) (380) 

Enlisted Ranch Hand 98.2 98.4 100.5 104.4 102.8 4.6 -1.0 0.693 
Flyer (148) (145) (143) (145) (148) 

Comparison 97.9 99.0 100.3 104.7 103.5 5.6 
(145) (144) (143) (143) (145) 
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Table 16·38. Longitudinal Analysis of Fasting Glucose (mg/dl) (Continuous) (Continued) 

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

M~an"'(n) Exam. Difference of 
Occupational Examination Mean Exam. Mean 

Category Group 1982 1985 1987 1992 1997 Change" Change p-Value' 

Enlisted Ranch Hand 96.5 98.0 99.1 104.1 101.4 4.8 -0.4 0.871 
Groundcrew (359) (348) (345) (345) (359) 

Comparison 9604 97.7 99.3 103.6 101.6 5.2 
(449) (438) (437) (436) (449) 

• Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of natural logarithm of fasting glucose; results adjusted for natural logarithm of fasting 
glucose in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 

(b) MODEL 2: RANCH HANDS- INlTIALDIOXIN . 

Initial Dioxin Category Summary Statis.tics Analysis Results for Log, (Initial Dioxin) 

Mean'f(n) . .. . 

. Examination . Adjusted. Slope 
Initial Dioxin 1982 1985 1987 1992 1997 . (Std. Error) . p-Value 

Low 97.5 99.7 lOlA 105.1 101.5 0.008 (0.007) 0.261 
(153) (150) (152) (148) (153) 

Medium 98.3 99.4 100.7 105.0 104.6 
(158) (155) (155) (155) (158) 

High 99.2 101.3 10304 109.6 105.5 
(153) (150) (148) (150) (153) 

• Transformed from natural logarithm scale. 

. 

b Results based on difference between natural logarithm of 1997 fasting glucose and natllral logarithm of 1982 
fasting glucose versus log2 (initial dioxin); results adjusted for percent body fat at the dat" of the blood measurement 
of dioxin, natural logarithm of 1982 fasting glucose, and age in 1997. 

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-38. LongitudInal AnalysIs of Fasting Glucose (mg/dl) (Continuous) (Continued) 

(c) MODEL 3: RANCH HANDS AND COMPARISONSBl;' DIOXIN CATEGORY 

Mean'/(n) Exam. DilTerence of 
Dioxin E;xamiJl8lion Mean Exam. Mean 

qatego!'Y 1982 1985 1987 1992 1997 Chang." Change p-Value' 

Comparison 96.8 97.9 99.7 103.9 101.3 4.5 
(946) (931) (922) (927) (946) 

Background 96.2 97.3 98.1 101.8 98.6 2.4 -2.1 0.484 
RH (347) (339) (330) (337) (347) 
LowRH 97.9 100.0 100.9 105.3 101.5 3.5 -1.0 0.312 

(229) (223) (226) (222) (229) 
HighRH 98.7 100.1 102.7 107.7 106.3 7.5 3.0 0.146 

(235) (232) (229) (231) (235) 
Low plus 98.3 100.1 101.8 106.5· 103.9 5.5 1.0 0.755 
Hillh RH (464) (455) (455) (453) (464) 

, Transformed from natural logarithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of natlJrallogarithm of 1997 fasting glucose; results adjusted for percent body fat at 
the date of the blood measurement of dioxin, natural logarithm of 1982 fasting glucose, and age in 1997. 

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. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982,1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

-,--------------~--------------==--==~----~----
16.2.3.2.4 Fasting Glucose (Discrete) 

The Model 1 longitudinal analysis of high fasting glucose levels in 1997 did not reveal a significant 
difference between Ranch Hands and Comparisons across all occupations or within each occupational 
stratum (Table 16-39(a): p>O.25 for each analysis). 

16-124 

-------.------.--,.---.--.. ----.-------.--.. --.--.. ----.. -----------· ... -T---

.... ) 

.. ) 

) 



( 
"---' 

( ) 

( 

Table 16·39. Longitudinal Analysis of Fasting Glucose (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Occupational 

Numb,¢r (%) High I(n) 
ExaJlllnation 

Cawgory Group 1982 1985 1987 1992 1997 
All Ranch Hand 37 (4.5) 76 (9.5) 94(11.9) 106(13.3) 149 (18.2) 

(817) (799) (790) (795) (817) 
Comparison 34 (3.5) 88 (9.2) 122 (12.9) 125 (13.1) 158 (16.2) 

(974) (956) (948) (954) (974) 

Officer Ranch Hand 12 (3.9) 27 (8.8) 40 (13.2) 39 (12.8) 54 (17.4) 
(310) (306) (302) (305) (310) 

Comparison 11 (2.9) 33 (8.8) 48 (13.0) 50 (13.3) 58 (15.3) 
(380) (374) (368) (375) (380) 

Enlisted Flyer Ranch Hand 11 (7.4) 16 (11.0) 18 (12.6) 20 (13.8) 28 (18.9) 
(148) (145) (143) (145) (148) 

Comparison 6 (4.1) 14 (9.7) 20 (14.0) 17 (11.9) 25 (17.2) 
(145) (144) (143) (143) (145) 

Enlisted Groundcrew Ranch Hand 14 (3.9) 33 (9.5) 36 (10.4) 47 (13.6) 67 (18.7) 
(359) (348) (345) (345) (359) 

Comparison 17 (3.8) 41 (9.4) 54 (12.4) 58 (13.3) 75 (16.7) 
(449) (438) (437) (436) (449) 

Normalin 1982 

Occupational Number(%)High Adj. ReiativeBlsk 
Ca!,egory Group nin,l997 ;01997 (95% CoL)' p-V:alu.' 

All Ranch Hand 780 116 (14.9) 1.16 (0.88,1.52) 0.303 
Comparison 940 124 (13.2) 

Officer Ranch Hand 298 44 (14.8) 1.18 (0.76,1.85) 0.462 
Comparison 369 47 (12.7) 

Enlisted Flyer Ranch Hand 137 17 (12.4) 0.89 (0.44,1.81) 0.758 
Comparison 139 19 (13.7) 

Enlisted Ranch Hand 345 55 (15.9) 1.26 (0.84,1.89) 0.256 
Groundcrew Comparison 432 58 (13.4) 

• Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982. 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal fasting glucose level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-39. Longitudinal Analysis of Fasting Glucose (Discrete) (Continued) 

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN 

Nult1ber (%) High I(n) 
Examination 

Initial Dioxin 1982 1985 1987 1992 1997 
Low 10 (6.5) \5 (10.0) 21 (13.8) 25 (16.9) 28 (18.3) 

(\53) (150) (152) (148) (\53) 
Medium 9 (5.7) 2\ (13.5) 20 (12.9) 23 (\4.8) 35 (22.2) 

(\58) (155) (155) (\55) (158) 
High 11 (7.2) 20 (13.3) 25 (16.9) 26 (17.3) 38 (24.8) 

(\53) (150) (148) (150) (153) 

Initial )\o"ln Ca~oX"Y SlllUffiIlX"Y SlBtisti"" AnalySis Results for Log, (lnitlalPl9xin)" 

Initial Dioxin 

I~ow 
Medium 
High 

nin 1997 

143 
149 
142 

NOnualln 1?82 . 
NUlUber (%) High I 

in 1997 

\9 (13.3) 
27 (18.1) 
28 (19.7) 

Adj. R~lative.Risk 
(95% C.I;)· . ' .. 

1.26 (1.02,1.56) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

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

. p-Value 

0.029 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, ..... ) 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, \992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal fasting glucose level in 1982 (see Chapter 7, 
Statistical Methods). 

(c)MODEL 3: RANCHHANDS AND COMPARISONS BV;orOXIN q:TEGORY 

Nu .... :(%):Higb/(n) 
li1x8J!lit\atipn 

Dioxin Ca~!lX"Y 1982 1985 '1987 1992 1!l97 
Comparison 32 (3.4) 84 (9.0) 117 (12.7) 120 (12.9) 152 (16.1) 

(946) (931) (922) (927) (946) 

Background RH 7 (2.0) 20 (5.9) 27 (8.2) 31 (9.2) 46 (13.3) 
(347) (339) (330) (337) (347) 

LowRH 14 (6.1) 25 (11.2) 31 (13.7) 38 (17.\) 43 (18.8) 
(229) (223) (226) (222) (229) 

High RH 16 (6.8) 31 (13.4) 35 (15.3) 36 (15.6) 58 (24.7) 
(235) (232) (229) (231) (235) 

Low plus High RH 30 (6.5) 56(12.3) 66 (14.5) 74 (16.3) 101 (21.8) 
(464) (455) (455) (453) (464) 

,) 
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Table 16-39. Longitudinal Analysis of Fasting Glucose (Discrete) (Continued) 

.Dioxin Category 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

Normal in 1982 

Number (%) Higb 
n in 1997 in 199'1 

914 120 (13.1) 

340 40 (11.8) 
215 30 (14.0) 
219 44(20.1) 
434 74(17.1) 

• Relative risk and confidence interval relative to Comparisons. 

Adj. Relative fRisk 
(95% C.I.)'" 

1.04 (0.69,1.55) 
0.89 (0.56,1.42) 
1.58 (1.04,2.39) 
1.19 (0.84,1.68) 

b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

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-Valueb 

0.867 
0.636 
0.033 
0.319 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal fasting glucose level in 1982 (see Chapter 7, 
Statistical Methods). 

The Model 2 longitudinal analysis of fasting glucose revealed a significant positive association between 
initial dioxin and high fasting glucose values (Table 16-39(b): Adj. RR=1.26, p=0.029). In the low, 
medium, and high initial dioxin categories, 13.3 percent, 18.1 percent, and 19.7 percent of participants, 
respectively, who had normal fasting glucose levels in 1982 had high fasting glucose levels in 1997. 

The Model 3 analysis of the change in percentage of abnormal fasting glucose values revealed a 
significant difference between Ranch Hands in the high dioxin category and Comparisons (Table 
16-39(c): Adj. RR=1.58, p=0.033). For Ranch Hands in the high dioxin category, 20.1 percent had 
normal fasting glucose levels in 1982 and high fasting glucose levels in 1997. For Comparisons, 13.1 
percent had normal fasting glucose levels in 1982 and high fasting glucose levels in 1997. 

16.2.3.2.5 2-Hour Postprandial Glucose (Continuous) 

The Model I analysis of the mean change in 2-hour postprandial glucose did not uncover a significant 
difference between all Ranch Hands and Comparisons (Table 16-40(a): p=O.982). Stratifying by 
occupation showed a marginally significant group difference in the officer stratum (Table 16-40(a): 
difference of means=3.8 mg/dl, p=0.096). The Ranch Hand officers had a mean increase of 17.0 mg/dl 
between 1982 and 1997 versus 13.2 mg/dl for the Comparison officers. 

The mean change in 2-hour postprandial glucose between 1982 and 1997 was not significantly associated 
with dioxin in Models 2 and 3 (Table 16-40(b,c): p>0.67 for each analysis). 
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Table 16-40. Longitudinal Analysis of 2-Hour Postprandial Glucose (mg/dl) (Continuous) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Mean'/(n) Exam. Difference of 
Occupational Examilllltion Mean Exam.Mean 

Catjlgory .GrouJ) 198Z 1985 1?87 1992 1997 CbaQgeb CI)ange p-Value' 
All Ranch Hand 89.9 101.8 106.7 102.6 105.5 15.6 0.2 0.982 

(665) (651) (641) (641) (665) 
Comparison 90.2 104.1 106.4 104.0 105.6 15.4 

(797) (781) (775) (773) (797) 

OffIcer Ranch Hand 89.5 104.5 107.0 103.5 106.5 17.0 3.8 0.096 
(257) (254) (250) (251) (257) 

Comparison 88.8 102.6 104.8 102.1 102.1 13.2 
(318) (311) (305) (315) (318) 

Enlisted Ranch Hand 91.7 100.6 108.4 103.8 107.5 15.8 -3.2 0.332 
Flyer (119) (117) (115) (116) (119) 

Comparison 92.8 107.5 108.6 108.9 111.9 19.0 
(liS) (115) (114) (114) (115) 

Enlisted Ranch Hand 89.5 99.8 105.8 101.3 103.8 14.3 -2.0 0.326 
Groundcrew (289) (280) (276) (274) (289) 

Comparison 90.6 104.2 107.1 104.1 106.9 16.3 
(364) (355) (356) (344) (364) 

. 
) • Transformed from natural logarithm scale. 

b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of natural logarithm of 2-hour postprandial glucose; results adjusted for natural 
logarithm of 2-hour postprandial glucose in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985. and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-40. Longitudinal Analysis of 2-Hour Postprandial Glucose (mgldl) (Continuous) 
(Continued) 

(b) MODEL l:RANCHHANDS -INITIAL DIOXIN . 

Initial J)loxlnCategory Summary Statistics AnalySis Results for Loll> (Initial Dioxin)" 

Mean'/(n) 
. Examination A<ijusted Slope 

Initial Dioxin 1982 1985 1987 1992 1997 (Std. Error) p-Value 

Low 90.8 105.4 112.3 102.0 107.8 -0.005 (0.012) 0.670 
( 119) (117) (119) (113) (119) 

Medium 91.1 102.3 105.4 106.6 105.9 
(120) (117) (116) (117) (120) 

High 92.0 99.6 106.5 102.5 107.3 
(114) (112) (110) (112) (114) 

, Transformed from natural logarithm scale. 
b Results based on difference between natural logarithm of 1997 2-hour postprandial glucose and natural logarithm 
of 1982 2-hour postprandial glucose versus logz (initial dioxin); results adjusted for percent body fat at the date of 
the blood measurement of dioxin, natural logarithm of 1982 2-hour postprandial glucose, and age in 1997. 

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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Table 16-40. Longitudinal AnalysIs of 2-Hour Postprandial Glucose (mg/dl) (Continuous) 
(Continued) 

(c) MODEL 3, RANCH HANDS AND·COMPARlSONS BY DIOXIN CATEGORY 

MeaIl"'(n) Exam. Diiference.of 
"'oxin Examinatioh. Mean Exam. Mean 

<;at$lgOry 1982 1~~ 1987 1m 1m Change' C!u!l/ge p-Value' 
Comparison 90.1 103.9 106.5 103.7 105.7 15.6 

(778) (764) (757) (755) (778) 

Background 88.4 101.1 105.4 101.5 103.9 15.5 -0.1 0.991 
RH (310) (303) (294) (297) (310) 
LowRH 91.3 103.9 109.8 103.1 107.6 16.3 0.7 0.689 

(177) (12) (174) (169) (177) 
HighRH 91.2 101.0 106.4 104.3 106.4 15.1 -0.5 0.999 

(176) (174) (171) (173) (176) 
Low plus 91.3 102.5 108.1 103.7 107.0 15.7 0.1 0.795 
Hi!\h RH (353) (346) (345) (342) (353) 

• Transformed from natura110garithm scale. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of natural logarithm of 1997 2-hour postprandial glucose; results adjusted for percent 
body fat at the date of the blood measurement of dioxin, natural logarithm of 1982 2-hour postprandial glucose, and 
age in 1997. 

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 exaolinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

16.2.3.2.6 2-Hour Postprandial Glucose (Discrete) 

The Model 1 analysis of the change in percentage of abnormal 2-hour postprandial glucose levels did not 
reveal a significant difference between Ranch Hands and Comparisons across all occupations (Table 
16-41(a): p=0.795). Stratifying by occupation revealed a significant difference between Ranch Hands 
and Comparison officers (Table 16-41(a): Adj. RR=1.65, p=0.045). For officers with normal2-hour 
postprandial glucose levels in 1982, 17.7 percent of the Ranch Hands and 11.4 percent of the 
Comparisons had impaired 2-hour postprandial glucose levels in 1997. 
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Table 16-41. Longitudinal Analysis of 2-Hour Postprandial Glucose (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

Number (%) Implllredl(n) 
OcaIpatlonlli . Exami!1allon 

category Group 1982 1985 1~87 1992 1997 
All Ranch Hand 40(6.0) 53 (8.1) 88 (13.7) 80 (12.5) 110 (16.5) 

(665) (651) (641) (641) (665) 
Comparison 57 (7.2) 83 (10.6) 84(10.8) 91 (11.8) 132 (16.6) 

(797) (781) (775) (773) (797) 

Officer Ranch Hand 14 (5.4) 23 (9.1) 31 (12.4) 31 (12.4) 50 (19.5) 
(257) (254) (250) (251) (257) 

Comparison 19 (6.0) 27 (8.7) 23 (7.5) 33 (10.5) 41 (12.9) 
(318) (31 I) (305) (315) (318) 

Enlisted Flyer Ranch Hand 9 (7.6) 10 (8.5) 21 (18.3) 12 (10.3) 22 (18.5) 
(II9) (117) (115) (116) (II9) 

Comparison 16 (13.9) 17 (14.8) 17(14.9) 20 (17.5) 25 (21.7) 
(115) (115) (114) (II4) (115) 

Enlisted Groundcrew Ranch Hand 17 (5.9) 20 (7. I) 36 (13.0) 37 (13.5) 38 (13.1) 
(289) (280) (276) (274) (289) 

Comparison 22 (6.0) 39 (11.0) 44 (12.4) 38 (11.0) 66 (18. I) 
(364) (355) (356) (344) (364) 

Nol"lQ!llln ll182 
OcaIpatlonlli ',','" Nllllltiilr.(%) Adj. Relative Risk 

Category ,Group nlnl997 '"Implrired!n,l997 ~S%C.L)" , p-Value' 

All Ranch Hand 625 92 (14.7) 1.04 (0.77,1.41) 0.795 
Comparison 740 106 (14.3) 

Officer Ranch Hand 243 43 (17.7) 1.65 (1.01,2.71) 0.045 
Comparison 299 34 (II.4) 

Enlisted Flyer Ranch Hand IlO 18 (16.4) 0.90 (0.44,1.87) 0.783 
Comparison 99 18 (18.2) 

Enlisted Ranch Hand 272 31 (11.4) 0.73 (0.45,1.18) 0.199 
Groundcrew Comparison 342 54 (15.8) 

• Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal2-hour postprandial glucose level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-41. Longitudinal Analysis of 2-Hour Postprandial Glucose (Discrete) 
(Continued) 

(b) MODEL 2: RANCH HANDS -INITIAL DIOXIN 

Number (%) Impairedl(n) 
~tion 

Initial Dioxin 1982 1985 .W87 1992 1997 
Low 6 (5.0) II (9.4) 21 (17.6) 15 (13.3) 23 (19.3) 

(119) (117) (119) (113) (119) 
Medium 10(8.3) 8 (6.8) 14 (12.1) 18 (15.4) 22 (18.3) 

(120) (117) (116) (117) (120) 
High 7 (6.1) 10 (8.9) 16 (14.5) 14 (12.5) 20 (17.5) 

(114) (112) (110) (112) (114) 

lnitiall)ioxin Cate~orySummary Statistics . . Analysis Results.for Loll:! (Initial Dioxin)' 
. . NOl"malln 1982 

lnitiall)jo";n 

Low 
Medium 
High 

. .. 
0101997 

113 
110 
107 

Nnmber (%)lmpaired 
In 1997 I. 

20(17.7) 
17 (15.5) 
18 (16.8) 

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

1.04 (0.81,1.34) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increase in initial dioxin. 

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

. 

p-Value 

0.765 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see 
Chapter 7, Statistical Methods). 

(crMODEL 3: ·RANCHHAr:IDS AND COMPARISONS BY DIOXIN CATEGORY 

Number. (%)·finpairedl(n) 

Ex/iml'!ation 

l)jQxinCategory 1982 1985 1987 1992 1997 

Comparison 54 (6.9) 80 (10.5) 82 (10.8) 87 (1\.5) 129 (16.6) 
(778) (764) (757) (755) (778) 

Background RH 17 (5.5) 24 (7.9) 37 (12.6) 33 (11.1) 45 (14.5) 
(310) (303) (294) (297) (310) 

LowRH 13 (7.3) 15 (8.7) 26 (14.9) 22 (13.0) 34 (19.2) 
(117) (172) (174) (169) (177) 

HighRH 10 (5.7) 14 (8.0) 25 (14.6) 25 (14.5) 31 (17.6) 
(176) (174) (171) (173) (176) 

Low plus High RH 23 (6.5) 29 (8.4) 51 (14.8) 47 (13.7) 65 (18.4) 
(353) (346) (345) (342) (353) 
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Table 16-41. Longitudinal Analysis of 2-Hour Postprandial Glucose (Discrete) 
(Continued) 

Normal in 1982 

Number(%) Adj. RelativeRlsk 
Dioxin Categpry oiol997 Impaired In 1997 (95% C.I.)'" 

Comparison 724 105 (14.5) 

Background RH 293 37 (12.6) 0.87 (0.58,1.32) 
LowRH 164 28 (17.1) 1.14 (0.71,1.83) 
High RH 166 27 (16.3) 1.24 (0.77,2.01) 
Low plus High RH 330 55 (16.7) 1.19 (0.82,1.72) 

'Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

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' 

0.524 
0.584 
0.382 
0.356 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal2-hourpostprandial glucose level in 1982 (see 
Chapter 7, Statistical Methods). 

The longitudinal analyses in Models 2 and 3 did not reveal a significant association between dioxin and 
the change in 2-hour postprandial glucose levels between 1982 and 1997 (Table 16-4I(b,c): p>0.35 for 
each analysis). 

16.2.3.2.7 Total Testosterone (Continuous) 

The Modell analysis of the change in mean total testosterone did not reveal a significant difference 
between Ranch Hands and Comparisons across all occupations or within each occupational stratum 
(Table 16-42(a): p>0.35 for each analysis). 
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Table 16-42. Longitudinal Analysis of Total Testosterone (ngldl) (Continuous) 

'\1 

""'./ 

(a) MODEL 1: RANCH HANDS VS. COMPAIHSONS 

MaI1\"(n) Exam. biffere .... of 
OccuPl'tional 1!;xamillatlon Mean ~m.Mean 

(:ategory Gro!lp 1982 1985 1987 1992 1997 Cbangeb Change p-VIII,,"' 

All Ranch Hand 640.8 600.6 532.1 509.6 424.1 -216.7 -13.1 0.380 
(800) (780) (773) (775) (800) 

Comparison 626.7 581.6 525.9 498.3 423.1 -203.6 
(953) (936) (929) (929) (953) 

Officer Ranch Hand 601.7 573.8 502.0 490.5 401.9 -199.8 -11.1 0.353 
(302) (295) (294) (295) (302) 

Comparison 601.8 556.0 499.4 475.5 413.1 -188.7 
(371) (367) (361) (365) (371) 

Enlisted Ranch Hand 651.3 611.6 530.9 518.9 446.3 -205.0 -2.8 0.788 
Flyer (143) (140) (138) (140) (143) 

Comparison 634.3 588.3 537.0 508.4 432.0 -202.2 
(140) (139) (138) (138) (140) 

Enlisted Ranch Hand 670.9 619.5 559.4 522.7 434.5 -236.3 -19.5 0.472 
Groundcrew (355) (345) (341) (340) (355) 

Comparison 645.5 601.7 545.2 515.0 428.6 -216.8 
(442) (430) (430) (426) (442) 

, Transformed from the square root of total testosterone. 

J b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of the square root of total testosterone; results adjusted for the square root of total 
testosterone in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. 

,) 
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Table 16-42. Longitudinal Analysis of Total Testosterone (ng/dl) (Continuous) 
(Continued) 

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN 

Initial Dioxin Category Summary,Sta(l~tlcs Analysis Results for Log, (IQitlal Dioxin)" 

Mean"(n) 
, Examination Adjusted Slope 

InitiaJ Dioxin 1982 1985 1987 1992 1997 (Std.!Error) p-Value 

Low 639.7 573.0 515.1 507.1 404.3 0.280 (0. 143) 0.051 
(ISO) (146) (149) (145) (ISO) 

Medium 621.7 559.1 518.1 472.9 394.7 
(157) (154) (154) (154) (157) 

High 616.6 586.4 515.2 486.7 421.6 
(149) (147) (144) (146) (149) 

, Transformed from square root of total testosterone. 
b Results based on difference between the square root of 1997 total testosterone and the square root of 1982 total 
testosterone versus log, (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of 
dioxin, square root of 1982 total testosterone, and age in 1997. 

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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T.~ble 16-42. Longitudinal Analysis of Total Testosterone (ng/dl) (Continuous) 
(Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXlNCA TEGORY 
Mean'/(n) Exam. . Dittere" .. of 

Dlc>xin Exanilnatlon Mean Exam. Mean 
Qategc>ry 1982 I!l8S 1987 1992 1997 Change" Change p-Val'!e' 

Comparison 628.1 581.6 527.1 498.4 423.6 -204.5 
(925) (911) (903) (902) (925) 

Background 662.6 639.4 554.6 540.7 448.7 -213.9 -9.4 0.789 
RH (339) (329) (322) (326) (339) 
LowRH 630.9 564.5 513.9 498.8 400.9 -230.0 -25.5 0.070 

(225) (218) (222) (218) (225) 
HighRH 621.1 580.3 518.4 478.6 412.1 -209.0 -4.5 0.885 

(231 ) (229) (225) (227) (231) 
Low plus 625.9 572.5 516.2 488.4 406.6 -219.3 -14.8 0.287 
Hillh RH (456) (447) (447) (445) (456) 

• Transformed from the square root of total testosterone. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
, P-value is based on analysis of the square root of 1997 total testosterone; results adjusted for percent body fat at the 
date of the blood measurement of dioxin, the square root of 1982 total testosterone, and age in 1997. 

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. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. 

-,---======-----.--------====--------===-==--..... --
The Model 2 longitudinal analysis revealed a marginally significant positive association between initial 
dioxin and change in mean total testosterone levels (Table 16-42(b): adjusted slope=O.280, p=O.051). 

The Model 3 analysis of change in mean total testosterone levels between 1982 and 1997 revealed a 
marginally significant difference between Ranch Hands in the low dioxin category and Comparisons 
(Table 16-42(c): difference of means=-25.5 ng/dl, p=0.070). The mean decrease between 1982 and 1997 
for Ranch Hands in the low dioxin category was 230.0 ng/dl versus 204.5 ng/dl for Comparisons. 

16.2.3.2.8 Total Testosterone (Discrete) 

The longitudinal analysis in Models 1 throngh 3 of low total testosterone levels was not significantly 
associated with group or dioxin (Table 16-43(a-c): p>0.15 for each analysis). 
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Table 16-43. Longitudinal Analysis of Total Testosterone (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS 

AU 

.. Occupational 
Category Group 

Ranch Hand 

Comparison 

Officer Ranch Hand 

Comparison 

Enlisted Flyer Ranch Hand 

Comparison 

Enlisted Groundcrew Ranch Hand 

Comparison 

Occupational 
Ca!egory . . ~roup 

AU Ranch Hand 
Comparison 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

Number (%) LOw I(n) 
Exaniinat;on 

1982 
37 (4.6) 

(800) 
47 (4.9) 

(953) 

15 (5.0) 
(302) 

20 (5.4) 
(371) 

8 (5.6) 
(143) 

8 (5.7) 
(140) 

14 (3.9) 
(355) 

19 (4.3) 
(442) 

1985 
2I (2.7) 

(780) 
24(2.6) 

(936) 

10 (3.4) 
(295) 

14 (3.8) 
(367) 

4 (2.9) 
(140) 

2 (1.4) 
(139) 

7(2m 
(345) 
8 (1.9) 
(430) 

NIlDl1kr(%)LOw 
n in :1997 ..... Inl997 

763 54 (7.1) 
906 64 (7.1) 

287 
351 
135 
132 
341 
423 

21 (73) 
25 (7.1) 
9 (6.7) 
7 (5.3) 

24 (7.0) 
32 (7.6) 

1987 
14 (1.8) 

(773) 
13 (1.4) 

(929) 

6(2m 
(294) 

7 (1.9) 
(361) 

5 (3.6) 
(138) 
1 (0.7) 
(138) 

3 (0.9) 
(341) 

5 (1.2) 
(430) 

1992 
34 (4.4) 

(775) 
50(5.4) 

(929) 

14 (4.7) 
(295) 

19 (5.2) 
(365) 

5 (3.6) 
(140) 

7 (5.1) 
(138) 

15 (4.4) 
(340) 

24 (5.6) 
(426) 

1.00 (0.69,1.46) 

1.03 (0.56,1.87) 

1.28 (0.46,3.54) 

0.94 (0.54,1.62) 

1997 
67 (8.4) 

(800) 
80 (8.4) 

(953) 

27 (8.9) 
(302) 

30(8.1) 
(371) 

11 (7.7) 
(143) 

10 (7.l) 
(140) 

29 (8.2) 
(355) 

40 (9.1) 
(442) 

p-Value' 

0.984 

0.935 

0.637 

0.817 

• Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; results 
adjusted for age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal total testosterone level in 1982 (see Chapter 7, Statistical Methods). 
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Table 16-43. Longitudinal Analysis of Total Testosterone (Discrete) (Continued) 

(b) MODEL 2: RANCH HANDS,...lNlTlAL DIOXIN 

Number (%) LOw /(n) 
Examination 

Ij:dtlal Dioxin 1982 1985 1987 1992 1m 
Low 6 (4.0) 2 (104) 5 (304) 5 (304) 13 (8.7) 

(150) (146) (149) (145) (150) 
Medium 8 (5.1) 6 (3.9) 2 (1.3) 10 (6.5) 18 (11.5) 

(157) (154) (154) (154) (157) 
High 10 (6.7) 3 (2.0) 3 (2.1) 10 (6.8) 16 (10.7) 

(149) (147) (144) (146) (149) 

• 

Analy~is Results for Log, (Initial Dioxin)' 
. '.' . NormaJ in ~982 

lui!lld Dioxin 

Low 
Medium 
High 

nlnl997 
144 
149 
139 

. Number(%)Low 
101m 

10 (6.9) 
16 (10.7) 
14 (10.1) 

Adj.R.latl~. Risk 
(95%C.L)b 

1.04 (0.80,1.35) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 
b Relative risk for a twofold increas" in initial dioxin. 

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

.' p-Value 

0.760 

. 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, \. ) 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for . ./ 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal total testosterone level in 1982 (see Chapter 7, 
Statistical Methods). 

(e) MODEL 3:R:AJIICRH1\.NDSANDCOMPARISO~S~YDIO~ .CATEGORY .' 
Number (%) Low/(n) 

Exumliil!tlon 

Dioxin Category 19.82 1~8S 1987 1992 1m 
(:omparison 45 (4.9) 24 (2.6) 13 (1.4) 49 (504) 78 (804) 

(925) (911) (903) (902) (925) 

Background RH 13 (3.8) 10 (3.0) 4 (1.2) 9 (2.8) 20 (5.9) 
(339) (329) (322) (326) (339) 

LowRH 11 (4.9) 5 (2.3) 7 (3.2) 7 (3.2) 19 (804) 
(225) (218) (222) (218) (225) 

High RH 13 (5.6) 6 (2.6) 3 (1.3) 18 (7.9) 28 (12.1) 
(231) (229) (225) (227) (231) 

Low plus High RH 24 (5.3) 11 (2.5) 10 (2.2) 25 (5.6) 47 (10.3) 
(456) (447) (447) (445) (456) 
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Table 16-43. Longitudinal Analysis of Total Testosterone (Discrete) (Continued) 

Nor!Wllin ~982 

Number(%)Low Ad,i.Relative Risk 
Dioxin Category o i01997 io 199'1 (95'Jh C.L)" 

Comparison 880 64 (7.3) 

Background RH 326 14 (4.3) 0.71 (0.39,1.31) 
LowRH 214 16 (7.5) 0.93 (0.52,1.67) 
HighRH 218 24 (11.0) 1.46 (0.87,2.44) 
Low plus High RH 432 40 (9.3) 1.17 (0.76,1.79) 

• Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

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' 

0.278 
0.812 
0.153 
0.482 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for 
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided 
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical 
analyses are based only on participants who had a normal total testosterone level in 1982 (see Chapter 7, 
Statistical Methods). 

16.3 DISCUSSION 

The historical, physical exantination, and laboratory data analyzed in this chapter provide a 
comprehensive assessment of thyroid, gonadal, and endocrine pancreatic function in the population under 
study. The current laboratory database includes several indices relevant to the possibility that dioxin may 
influence glucose metabolism. The a-I-C hemoglobin measurement reflects the average blood sugar 
over a 3- to 4-month period and is a more accurate index of diabetic control than random or fasting blood 
sugar measurements. In general, participants with diabetes were of the adult-onset variety (Type 2), as 
associated with obesity and characterized by an acquired defect in insulin receptors with elevated serum 
insulin levels. 

Serum levels of TSH, LH, and FSH are indices of pituitary and hypothalantic function, while the T 4 and 
testosterone levels reflect the integrity of the thyroid gland and testicles, respectively. Additional physical 
exantination variables pertinent to endocrine function-·body habitus, ocular signs, and deep tendon 
reflexes-were included in the general and neurological exantinations and are reported in Chapters 9 and 
11, respectively. 

In the analysis of historical variables verified by a medical records review, the prevalence of thyroid 
disorders and diabetes was sintilar in the Ranch Hand and Comparison cohorts (7.5% versus 8.4% and 
16.9% versus 17.0%, respectively). For Ranch Hands, in a pattern consistent with a dose-response, a 
significant positive association was noted between the current body burden of dioxin and the development 
of diabetes, specifically in the later stages requiring oral hypoglycentic and insulin therapy. Ranch Hands 
with higher levels of initial and 1987 serum dioxin were significantly more likely to develop diabetes 
sooner after their exposure than those with lower serum dioxin levels. 
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After analyzing the physical examination and all laboratory indices of thyroid function (T4' TSH, and 
anti-thyroid antibodies), no significant group differences were defined. Consistent with the 1985, 1987, 
and 1992 examinations, Ranch Hands continued to have a slightly higher mean serum TSH than 
Comparisons (1.88 IlIU/mI versus 1.811lIU/mI), but the difference is not statistically significant. By 
discrete analysis, the prevalence of abnormal T 4 results was identical in the two cohorts (2.7%). In the 
assessment of glucose metabolism without regard to dioxin levels, no significant group differences were 
noted in any of the historical or laboratory variables examined, and the history of diabetes by the 
composite indicator was similar in the Ranch Hand and Comparison cohorts. With respect to the 
possibility that dioxin exposure might be a risk factor for the development of diabetes, 1987 serum dioxin 
levels were strongly associated, in a dose-response pattern, with abnormal elevations in fasting blood 
sugar in both discrete and continuous forms and with the occurrence of fasting glycosuria. Similar 
statistical significance (p<O.OOI) was found, by both continuous and discrete analyses, in the association 
of both initial and 1987 serum dioxin with elevations in a-I-C hemoglobin which, as noted above, is a 
more accurate reflection of blood sugar levels over time. 

In the analyses of diabetic severity, Ranch Hands were significantly more likely than Comparisons to 
require insulin for control (2.8% versus 1.4%), particularly in the officer and enlisted groundcrew 
occupational groups (3.6% versus 1.4% and 2.4% versus 1.1 %, respectively). Further, in a dose-response 
pattern, requiring insulin to treat diabetes was significantly more common in Ranch Hands with high 
1987 levels of serum dioxin than in Comparisons. 

In 1992, a significant association was noted between serum insulin and 1987 serum dioxin in 
nondiabetics. In the 1997 examination, after adjustment for covariates, no significant association was 
found between serum insulin and 1987 serum dioxin. 

In the assessment of gonadal function, no significant group differences were defined on physical ::.) 
examination or with respect to the laboratory indices analyzed. Consistent with all previous -
examinations, mean serum levels of free and total testosterone were slightly higher in Ranch Hands than 
in Comparisons but differences were minimal. The unadjusted analysis of total serum testosterone 
yielded results consistent with a dioxin effect: total testosterone decreased as the 1987 dioxin level 
increased in Ranch Hands. After adjustment for covariates, the difference was no longer significant. 
Similar results were noted in the analyses of the biologically active free form of testosterone. 

Dependent variable-covariate analyses confirmed associations that are well established in clinical 
practice. The classic risk factors of age, obesity, and family history of diabetes were strongly and 
positively associated with all diabetic indices. A significant negative association was noted between age 
and testicular size and serum testosterone. Blacks were at significantly greater risk for the development 
of diabetes by the composite indicator and by all laboratory indices of glucose metabolism. 

The longitudinal analyses yielded results that would be anticipated in this aging population with no 
significant group differences defined. The increasing history of diabetes by the composite indicator was 
similar in Ranch Hands and Comparisons (17.7% versus 16.9%, respectively), as were abnormal 
elevations in both fasting and two-hour postprandial blood sugar (18.2% versus 16.2% and 16.5% versus 
16.6%, respectively). Evidence for a dioxin effect was apparent in several analyses. In a dose-response 
pattern, an increasing history of diabetes was noted in Ranch Hands in the low, medium, and high initial 
dioxin categories (17.9%, 18.9%, and 21.4%, respectively; p=0.019), and Ranch Hands in the high serum 
diOJdn category were at significantly greater risk for the development of diabetes relative to Comparisons 
(RR=1.6I, p=0.023). In both cohorts, serum testosterone continues to decrease with advancing years. 

In summary, after 15 years of observation, the prevalence of diabetes, thyroid disorders, and gonadal 
dysfunction remains similar in Ranch Hands and Comparisons, although significant adverse relations 
exist between glucose intolerance and dioxin among Ranch Hands. Although cause and effect have not 
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been established, the results cited above provide additional evidence for an association between diabetes 
and elevated serum dioxin levels. 

16.4 SUMMARY 

Dependent variables to assess thyroid, gonadal, and pancreatic function were examined in the endocrine 
assessment. Each health endpoint was examined for an association with exposure group (Model I), initial 
dioxin (Model 2), categorized dioxin (Model 3), and 1987 dioxin levels (Model 4). Significant results 
based on adjusted analyses are discussed below. 

16.4.1 Model I: Group Analysis 

The adjusted group analysis of diabetic severity showed that a greater percentage of Ranch Hands than 
Comparisons required insulin to treat diabetes when combining all occupations. Stratifying by 
occupation revealed a marginally significant increase in the need for insulin to treat diabetes for Ranch 
Hand officers and enlisted groundcrew. A marginally significant increase in the presence of 2-hour 
postprandial urinary glucose in Ranch Hands was observed when combining all occupations. Stratifying 
the adjusted analysis by occupation revealed Ranch Hand officers had a significantly higher prevalence of 
2-hour postprandial urinary glucose than did Comparison officers. 

Significant results for the thyroid function revealed a significantly greater percentage of abnormally high 
TSH values in Ranch Hand enlisted groundcrew than Comparison enlisted groundcrew. In addition, 
Comparison officers had a significantly lower mean estradiol level than Ranch Hand officers. 

The results of all unadjusted and adjusted Model I analyses are summarized in Table 16-44. 

Table 16-44. Summary of Group Analysis (Model 1 ) for Endocrine Variables (Ranch H/lnds vs. 
Comparisons) 

UNADJUSl1l1D 

Enlisted EDIisted 
Varill'ble -- AlI 0IlIctl' F1~r Gr<)undcrew 

Medical Records 
Past Thyroid Disease (D) ns ns NS ns 
Composite Diabetes Indicator (D) ns NS ns ns 
Diabetic Severity (D): 

No Treatment vs. None NS ns ns NS 
Diet Only vs. None NS NS NS NS 
Oral Hypoglycemics vs. None ns' ns ns ns 
Requiring Insulin vs. None +0.026 NS' ns NS 

Time to Diabetes Onset (C) • NS ns NS NS 

Physical Examination 
Thyroid Gland (D) ns ns NS os 
Testicular Exam (D) NS ns NS NS 
Laboratory 
TSH (C) NS NS ns NS 
TSH (D): 

Low vs. Normal NS NS NS ns 
High vs. Normal NS NS ns +0.044 

Thyroxine (C) • NS ns NS NS 
Thyroxine (D) NS NS NS os 
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Table 16-44. Summary of Group Analysis (Model 1) for Endocrine Variables (Ranch 
Hands vs. Comparisons) (Continued) 

UNADJUSTED 

Enlisted Enlisted 
Variable AU Officer Flyer Groundcrew 

Anti-Thyroid Antibodies (D) NS ns NS ns 
Fasting Glucose (C) ns NS ns ns 
Fasting Glucose (D) NS NS NS NS 
2-Hour Postprandial Glucose (C) NS NS* ns ns 
2-Hour Postprandial Glucose (D) NS NS* ns ns 
Fasting Urinary Glucose (D) ns NS NS ns 
2-Hour Postprandial Urinary Glucose (D) NS +0.034 ns NS 
Serum Insulin (C) NS NS ns ns 
Serum Insulin (D): 

Low VS. Normal ns ns NS ns 
High vs. Normal ns NS ns ns 

a-l-e Hemoglobin (e) ns NS ns ns 
a-l-e Hemoglobin (D) NS NS ns NS 
Total Testosterone (C) , NS ns NS NS 
Total Testosterone (D) NS NS NS NS 
Free Testosterone (C) , NS ns NS NS 
Free Testosterone (D) NS NS NS* ns 
·Estradiol (C) ns -0.003 NS NS 
Estradiol (D) ns ns ns NS 
LH(C) NS NS ns ns 
LH (D) NS NS ns ns 
FSH (C) NS NS* NS ns 
FSH (D) NS NS NS ns 

Note: NS or ns: Not significant (p>O.lO). 
NS* or ns*: Marginally significant (O.OS<p";O.lO). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk ",1.00. 
-: Difference of means negative. 
, Negative difference considered adverse for this variable. 

P-value given if p";O.OS. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

ADJUSTED 
'Enlisted EDI1sted 

Varia"le All Omcer Flyer G~'!dcrew 
Medical Records 
Past Thyroid Disease (D) ns ns NS ns 
Composite Diabetes Indicator (D) NS NS ns NS 
Diabetic Severity (D): 

No Treatment VS. None NS ns ns NS 
Diet Only vs. None NS NS NS NS 
Oral Hypoglycemics vs. None ns ns ns ns 
Requiring Insulin vs. None +0.0\7 NS* NS NS' 

Time to Diabetes Onset (C) , NS ns NS ns 
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Table 16-44. Summary of Group Analysis (Mociel 1) for Endocrine Variables (Ranch 
Hands vs. Comparisons) (Continued) 

ADJUSTED 

Enlisted Enlisted 
Variable All Officer Flyer Groundcrew 

Physical Examination 
Thyroid Gland (D) ns ns NS ns 
Testicular Exam (D) NS ns NS NS 
Laboratory 
TSH (C) NS NS ns NS' 
TSH (D): 

Low vs. Normal NS NS NS ns 
High vs. Normal NS NS ns +0.037 

Thyroxine (C) , NS ns NS NS 
Thyroxine (D) NS NS NS ns 
Anti-Thyroid Antibodies (D) NS ns NS ns 
Fasting Glucose (C) NS NS ns ns 
Fasting Glucose (D) NS NS ns NS 
2-Hour Postprandial Glucose (C) NS NS* ns ns 
2-Hour Postprandial Glucose (D) ns NS ns ns 
Fasting Urinary Glucose (D) ns NS NS ns 
2-Hour Postprandial Urinary Glucose (D) NS* +0.044 ns NS 
Serum Insulin (C) NS NS ns NS 
Serum Insulin (D): 

Low vs. Normal ns ns ns ns 
High vs. Normal ns NS ns ns 

a-1 -C Hemoglobin (C) NS NS ns NS 
a-l-C Hemoglobin (D) NS NS ns NS' 
Total Testosterone (C) • ns ns NS ns 
Total Testosterone (D) NS NS NS NS 
Free Testosterone (C) , NS ns NS NS 
Free Testosterone (D) NS NS NS' ns 
Estradiol (C) ns -0.003 NS NS 
Estradiol (D) ns ns ns NS 
LH(C) ns NS ns ns 
LH(D) NS NS ns ns 
FSH(C) NS NS ns ns 
FSH (D) NS NS NS ns 

Note: NS or ns: Not significant (p>O.lO). 
NS' or ns*: Marginally significant (0.05<p:50.1O). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk;::1 .00. 
-: Difference of means negative . 
• Negative difference considered adverse for this variable. 

P-value given if p:50.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns~1 denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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16.4.2 Model 2: Initial Dioxin Analysis 

A positive association between initial dioxin and diabetes was observed. The need for insulin to treat 
diabetes increased as initial dioxin increased. A marginally significant increase in the percentage of 
Ranch Hands taking oral hypoglycemics also was observed. The time to diabetes onset was significantly 
shorter for Ranch Hands with higher initial dioxin levels. The adjusted analysis of laboratory measures of 
diabetes revealed a positive association between initial dioxin and both fasting glucose and a-I-e 
hemoglobin, in both continuous and discrete forms. 

A marginally significant decrease in low free testosterone levels was observed as initial dioxin increased. 
The results of all unadjusted and adjnsted Model 2 analyses are summarized in Table 16-45. 

_.-===-------=========-----------==----========== 
Table 16-45. Summary of Initial Dioxin Analysis (Model 2) for Endocrine Variables (Ranch 

Hands Only) 

Variable UlIlIdjusJed Adjusted 

Medical Records 
Past Thyroid Disease (D) NS NS 
Composite Diabetes Indicator (D) NS +0.005 
Diabetic Severity (D): 

No Treatment vs. None NS NS 
Diet Only vs. None NS NS 
Oral Hypoglycemics vs. None NS NS* 
Requiring Insulin vs. None NS +0.001 

Time to Diabetes Onset (e) • ns -0.013 
Physical Examination 
Thyroid Gland (D) ns NS 
Testicular Exam (D) ns NS 
Laboratory 
TSH (C) ns ns 
TSH (D): 

Low vs. Normal NS NS 
High vs. Normal NS NS 

Thyroxine (C) , NS ns 
Thyroxine (D) NS NS 
Anti-Thyroid Antibodies (D) ns NS 
Fasting Glucose (C) NS +0.014 
Fasting Glucose (D) NS +0.013 
2-Hour Postprandial Glucose (C) ns NS 
2-Hour Postprandial Glucose (D) ns ns 
Fasting Urinary Glucose (D) NS NS 
2-Hour Postprandial Urinary Glucose (D) ns ns 
Serum Insulin (C) NS NS 
Serum Insulin (D): 

Low vs. Normal ns ns 
High vs. Normal NS NS 

a.-I-e Hemoglobin (C) +0.009 +0.001 

a.-I-e Hemoglobin (D) +0.013 +0.001 
Total Testosterone (C) , +0.047 ns 
Total Testosterone (D) NS NS 
Free Testosterone (C) , +0.003 ns 
Free Testosterone (D) -0.019 ns' 
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Table 16-45. Summary of Initial Dioxin Analysis (Model 2) for Endocrine Variables 
(Ranch Hands Only) (Continued) 

Estradiol (C) 
Estradiol (D) 
LH(C) 
LH(O) 
FSH (C) 
FSH (D) 

Variable 

Note: NS or ns: Not significant (p>0.1O). 
NS* or ns*: Marginally significant (O.05<p:>0.1O). 
C: Continuous analysis. 
0: Discrete analysis. 

Unadjusted 

NS* 
+0.045 

ns 
ns 
ns* 
ns 

+: Relative risk <:1.00 for discrete analysis; slope.nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis . 
• Negative slope considered adverse for this variable. 

P-value given ifp:>0.05. 

Adjllsted 

NS 
NS 
ns 
ns 
ns 
NS 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

16.4.3 Model 3: Categorized Dioxin Analysis 

The percentages of diabetes for Ranch Hands in the high dioxin category and in the low plus high dioxin 
category were significantly greater than for Comparisons. Ranch Hands in the background dioxin 
category had fewer participants taking oral hypoglycemics than did Comparisons. Ranch Hands in the 
low dioxin category used insulin for the treatment of diabetes more often than Comparisons. The 
percentages of Ranch Hands in the high dioxin category and Ranch Hands in the low plus high dioxin 
category requiring insulin also were significantly greater than Comparisons. 

The time to diabetes onset was significantly longer for Ranch Hands in the background dioxin category 
than for Comparisons. Relative to Comparisons, a marginally significant deere.ase in the time to diabetes 
onset was seen for Ranch Hands in the high dioxin category and Ranch Hands in the low plus high dioxin 
category. 

Analysis of laboratory measures of diabetes revealed a significantly higher mean a-I-C hemoglobin level 
for Ranch Hands in the high dioxin category than for Comparisons. A greater percentage of high a-I-C 
hemoglobin values was seen for Ranch Hands in the high dioxin category than for Comparisons. 

The results of all unadjusted and adjusted Model 3 analyses are summarized in Table 16-46. 
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Tllble 16-46. Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables (Ranch 

Hands vs. Comparisons) 

UNADJUSTED 
Background Low High Low plus High 

Ranch 'Hands Ranch Hands Ranch Hands RanchHands 
Variable vs. Comparisons VB.' Comparisons vs. Co~iisons vs.Comp~iisons 

Medical Records 
Past Thyroid Disease (D) ns ns ns ns 
Composite Diabetes Indicator (D) -0.041 NS NS NS' 
Diabetic Severity (D): 

No Treatment vs. None ns NS NS NS 
Diet Only vs. None NS NS NS NS 
Oral Hypoglycemics vs. None -0.006 ns NS NS 
Requiring Insulin vs. None NS +0.042 +0.046 +0.013 

Time to Diabetes Onset (C) • +0.013 ns ns ns 
P'hysical Examination 
Thyroid Gland (D) ns ns ns ns 
Testicular Exam (D) ns NS' NS NS 
Laboratory 
TSH (C) NS NS NS NS 
TSH (D): 

Low vs. Normal NS ns NS ns 
High vs. Normal NS ns NS NS 

) Thyroxine (C) • ns NS NS' NS' 
Thyroxine (D) NS ns NS ns j 

Anti-Thyroid Antibodies (D) NS ns ns ns 
Fasting Glucose (C) ns ns NS NS 
Fasting Glucose (D) ns NS NS' NS 
2-Hour Postprandial Glucose (C) NS NS ns NS 
2-Hour Postprandial Glucose (D) ns NS NS NS 
Fasting Urinary Glucose (D) ns ns NS NS 
2-Hour Postprandial Urinary Glucose (D) NS +0.050 NS NS 
Serum Insulin (C) ns NS NS +0.046 
Serum Insulin (D): 

Low VS. Normal ns ns ns' ns 
High VS. Normal ns NS ns NS 

a-I-C Hemoglobin (e) ns ns +0.005 NS 
O'.-I-C Hemoglobin (D) ns ns +0.006 NS 
Total Testosterone (C) • NS ns NS ns 
Total Testosterone (D) NS NS NS NS 
Free Testosterone (C) • ns -0.022 +0.006 NS 
Free Testosterone (D) ns NS ns ns 
Estradiol (C) ns ns NS ns 
Estradiol (D) ns ns NS ns 
LH(C) NS ns ns ns 
LH(O) NS ns ns ns 
FSH(C) NS NS ns ns 
FSH (D) NS NS ns Ns 

\) 
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Table 76-46. Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Note: NS or ns: Not significant (p>O.1 0). 
NS' or ns': Marginally significant (0.05<p~0.1O). 
C: Continuous analysis. 
D: Discrete analysis. 
+: Relative risk ;::1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk <1.00. 
, Negative difference considered adverse for this variable. 

P-value given ifp~0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative f~r continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

ADJUSTED 
lIackground Low High Low plu.9 IDgb 
RanebHands Rancb Hands RanebHaI)d. . RanebHands 

Variable :vs.Comparisons :vs.Comparisons vs. Comparisons VS. CompariSoIlS 
Medical Records 
Past Thyroid Disease (D) ns ns NS ns 
Composite Diabetes Indicator (D) ns' NS +0.048 +0.049 
Diabetic Severity (D): 

No Treatment vs. None ns ns NS' NS 
Diet Only vs. None NS NS NS' NS 
Oral Hypoglycemics vs. None -0.008 ns NS NS 
Requiring Insulin vs. None NS +0.050 +0.009 +0.004 

Time to Diabetes Onset (C) • +0.021 ns ns' ns' 
Physical Examination 
Thyroid Gland (D) ns ns ns ns 
Testicular Exam (D) ns NS NS NS 
Laboratory 
TSH (C) NS NS NS NS 
TSH (D): 

Low vs. Normal NS ns NS ns 
High vs. Normal. NS ns NS NS 

Thyroxine (C) • NS NS NS NS 
Thyroxine (D) NS ns NS ns 
Anti-Thyroid Antibodies (D) NS ns NS ns 
Fasting Glucose (C) ns ns NS NS 
Fasting Glucose (D) ns NS NS' NS 
2 .. Hour Postprandial Glucose (C) NS NS ns NS 
2 .. Hour Postprandial Glucose (D) ns NS NS NS 
Fasting Urinary Glucose (D) ns ns NS NS 
2 .. Hour Postprandial Urinary Glucose NS' NS' ns NS 
(D) 
Serum Insulin (C) ns NS NS NS 
Serum Insulin (D): 

Low vs. Norma! ns ns ns' ns' 
High vs. Normal ns NS ns ns 

a-I-C Hemoglobin (C) ns ns +0.022 NS 

a-I-C Hemoglobin (D) ns ns +0.008 NS 
Total Testosterone (C) • NS ns ns ns 
Total Testosterone (D) ns ns NS' NS 
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Table 16-46. Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables 
(Ranch Hands vs. Comparisons) (Continued) 

Background 
RancbHands 

Variable vs. Comparisons 
Free Testosterone (C) • NS 
Free Testosterone (D) ns 
Estradiol (C) ns 
Estradiol (D) ns 
LH(C) NS 
LH(D) NS 
FSH(C) NS 
FSH (D) NS 

Note: NS or ns: Not significant (p>O.1 0). 
NS' or ns': Marginally significant (O.OS<p';;O.IO). 
C: Continuous analysis. 
D: Discrete analysis. 

ADJUSTED 
Low ffigh Lowplusffigh 

RancbHands . Ranch Hands RancbHands 
vs. Comparisons vs. ComParisons vs" Comparisons 

ns NS ns 
NS ns ns 
ns NS ns 
ns NS ns 
ns ns ns 
ns ns ns 
NS ns NS 
ns NS NS 

+: Relative risk ~l.OO for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Relative risk <1.00 . 
• Negative difference considered adverse for this variable. 

P-value given if p';;O.OS. 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 

16.4.4 Mode14: 1987 Dioxin Level Analysis 

As 1987 dioxin levels increased. the prevalence of diabetes increased. In addition. the use of diet and oral 
hypoglycemics to treat diabetes increased as 1987 dioxin levels increased. Marginally significant 
increases with 1987 dioxin also were seen for Ranch Hands using no treatment and Ranch Hands who 
required insulin to treat diabetes. The time to diabetes onset was significantly shorter for Ranch Hands 
with higher 1987 dioxin levels. 

Analyses of laboratory examination variables revealed significant positive associations between 1987 
dioxin and both the continuous and discrete forms of fasting glucose and a-I-C hemoglobin. The 
presence of fasting urinary glucose also increased with 1987 dioxin. The results of all unadjusted and 
adjusted Model 4 analyses are summarized in Table 16-47. 

Table 16-47. Summary of 1981 Dioxin Analysis (Model 4) for Endocrine Variables (Ranch 
Hands Only) 

Variable 

Medical Records 
Past Thyroid Disease (D) 
Composite Diabetes Indicator (D) 
Diabetic Severity (D): 

No Treatment vs. None 
Diet Only vs. None 

Unadjusted 
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NS 
+<0.001 

+0.010 
NS 

Adjusted 

NS 
+<0.001 

NS' 
+0.048 
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Table 16-47. Summary of 1987 Dioxin Analysis (Model 4) for Endocrine Variables (Ranch 
Hands Only) (Continued) 

Variable 

Oral Hypoglycemics vs. None 
Requiring Insulin vs. None 

Time to Diabetes Onset (C)' 
Physical Examination 
Thyroid Gland (D) 
Testicular Exam (D) 
Laboratory 
TSH (C) 
TSH (D): 

Low vs. Normal 
High vs. Normal 

Thyroxine (C) • 
Thyroxine (D) 
Anti-Thyroid Antibodies (D) 
Fasting Glucose (C) 
Fasting Glucose (D) 
2-Hour Postprandial Glucose (C) 
2-Hour Postprandial Glucose (D) 
Fasting Urinary Glucose (D) 
2-Hour Postprandial Urinary Glucose (D) 
Serum Insulin (C) 
Serum Insulin (D): 

Low vs. Normal 
High vs. Normal 

a-I-C Hemoglobin (C) 
a-l-C Hemoglobin (D) 
Total Testosterone (C)' 
Total Testosterone (D) 
Free Testosterone (C) • 
Free Testosterone (D) 
Estradiol (C) 
Estradiol (D) 
LH(C) 
LH(D) 
FSH (C) 
FSH (D) 

Note: NS or ns: Not significant (p>O.IO). 
NS* or ns*: Marginally significant (0.05<p~0. 10). 
C: Continuous analysis. 
D: Discrete analysis. 

Unadjusted 

+<0.001 
NS 

-<0.001 

ns 
NS 

ns 

ns 
ns 

+0.009 
ns 
ns 

+<0.001 
+<0.001 

NS 
NS 

+0.004 
ns 

+<0.001 

-0.050 
+0.008 

+<0.001 
+<0.001 
-0.003 
+0.013 

ns 
ns 
NS 
NS 

-0.042 
ns' 
ns 
ns 

+: Relative risk ~1.00 for discrete analysis; slope nonnegative for continuous analysis. 
-: Relative risk <1.00 for discrete analysis; slope negative for continuous analysis . 
• Negative slope considered adverse for this variable. 

P-value given if p~0.05. 

Adjusted 

+<0.001 
NS' 

-<0.001 

NS 
NS 

NS 

NS 
ns 
ns 
NS 
ns 

+0.002 
+0.003 

NS 
NS 

+0.006 
ns 
NS 

ns 
NS 

+<0.001 
+<0.001 

ns 
NS 
ns' 
ns 
NS 
ns 
ns 
ns 
ns 
NS 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis. A lowercase "ns" denotes a relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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11>.5 CONCLUSION 

The assessment of the endocrine system inclnded an extensive evaluation of thyroid, pancreatic, and 
gonadal function and their relation to dioxin exposure. A significantly greater percentage of abnormally 
high TSH values was found in Ranch Hand enlisted groundcrew. 

A positive association between diabetes and initial and 1987 dioxin was observed. Consistent with 
previous reports, the prevalence of diabetes for Ranch Hands with high dioxin levels was significantly 
greater than for Comparisons. A greater percentage of Ranch Hands than Comparisons used insulin to 
control tbeir type 2 diabetes, primarily officers and enlisted groundcrew. The percentage of Ranch Hands 
requiring insulin to control their type 2 diabetes increased with initial dioxin. A greater percentage of 
Ranch Hands in the high dioxin category required insulin to control their type 2 diabetes than did 
Comparisons. The percentage of participants who treated their diabetes through diet only and the 
percentage of participants who used oral hypoglycernics increased with 1987 dioxin level. 

The time to diabetes onset was significantly shorter for Ranch Hands with higher initial and 1987 dioxin 
levels. Both fasting glucose and a-I-C hemoglobin increased in Ranch Hands as initial dioxin and 1987 
dioxin increased. Increased a-l-C hemoglobin levels also were observed for Ranch Hands with high 
dioxin levels. The presence of fasting urinary glucose also increased with 1987 dioxin. 

In summary, current data reveal no relation between gonadal disorders and thyroid function and herbicide 
or dioxin exposure; however, current and past results indicate a consistent and potentially meaningful 
adverse relation between serum dioxin levels and diabetes. A significant dose-response relation was 
found, with Ranch Hands in the high dioxin category exhibiting an increase in disease prevalence 
(relative risk=I.47, 95% confidence interval: [1.00,2.17]). A dioxin-related increase in disease severity, 
a decrease in the time from exposure to first diagnosis, and an increase in fasting glucose and a-l-C 
hemoglobin support this finding. Similar patterns were observed in 1992 and 1987. 
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