The unadjusted Model 4 analysis revealed a significant inverse association between LH in its continuous

form and 1987 dioxin (Table 16-30(g): slope=—0.030, p=0.042). After adjusting for covariates, the
results became nonsignificant (Table 16-30(h): p=0.149).

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): p20.28 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). Afier adjusting for covariates, the results became
nonsignificant (Table 16-31(h): p=0.154),

Table 16-31. Analysis of LH (Discrete)

(a? MODEL 1 RANCH HA‘NDS V8. "COM?ARISONS UNADJUSTED .
i i : Number {%) - _}Est.kelahve Risk S
p it L Hight L W55 CLy JilpeValue
Ranch Hand 870 49 {5.6) Lo (0.69,1.47) 0.971
Comparison 1,251 70 (5.6) ‘
Officer Ranch Hand 341 24 (7.0) 1.26 (0.72,2.21) 0.422
Comparison 494 28 (5.7
Enlisted Flyer  Ranch Hand 151 6 4.0y 0.93(0.31,2.73) 0.889
Comparison 187 8(4.3) :
Enlisted " Ranch Hand 378 19 (5.0) 0.83 (047,149 0.538
Groundcrew Comparison : 570 34 (6.0)

xmmmwmh

=R‘ANCH HANDS VS COMPARISQNS ADJ[US’I‘ED

dlusied Re’lathr RiSk e

s Occupaﬁonnl Category

Al | 7.02 (0.70,1.50)
Officer 1.24 (0.70,2.20)
Enlisted Flyer 0.86 (0.29,2.55)
Enlisted Groundcrew 0.88 (0.49,1.59)

Tow 160 85.0) '0.93 (0.65,1.32) 0,668
Medium 162 7(4.3)
High 160 6(3.8)

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

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

16-106




)

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

-(d) MODEL 2: RANCH HANDS - lNITIAL DIOXIN — ADJUS'I‘ED :
Analyms Resu]ts for Log, (Imnal Dloxm)'.- L

482 0.97 (0.65,1 .43) 0.873

* Relative risk for a twofold increase in initial dioxin.

._--(e) MODEL 3:. RANCH HANDS AND: CGMPARISON‘: BY DIOXIN CATEGORY UNADJ USTED

) ST Number (%) t«Re!auve Risk
Comparison 1,213 67 (5.5)
Background RH 381 27 (1.1) 1.27 (0.79,2.02) 0.322
LowRH 239 12 (5.0) 0.91(0.48,1.71) 0.770
High RH 243 937 0.68 (0.33,1.38) 0.280
Low plus High RH 482 21 (4.4) 0.78 (0.47,1.30) 0.345

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

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

Comparison 1213

Background RH 381 1.28 (0.79,2.08) 0.313
Low RH 239 0.83 (0.44,1.58) 0.573
High RH 243 0.76 (0.36,1.60) 0.475
Low plus High RH 482 0.80(0.47,1.34) 0.392

* 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)

(®) MODEL4 ‘RANCH HANDS 1987 DIOXIN UNADJUSTED

1987 Dioxm Category Snmmary Smt:sucs Analysis Results for. Log; (1987 I)mxm +* 1}
SR Number %) Eshmatecl Relative Risk.~ -~ S
1987 Dioxm R '_ I R ngh OB CLY TR r-p__«Vﬂi}_lt:j. EER
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 = <7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt.

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

T O5RCIY . . T pyaie
863 0.84 (0.66,1.07) 0.154

“ Relative risk for a twofold increase in 1987 dioxin.

16.2.2.3.24 FSH (Continuous)

The Model 1 unadjusted anatysis of FSH did not show an overall group difference between Ranch Hands
and Comparisons (Table 16-32(a): p=0.666). Stratifying by occupation revealed a marginally significant
difference between Ranch Hands and Comparisons within the officer stratum (Table 16~ -32(a): difference
of means=0.51 mIU/ml, p=0.071). The mean FSH value for Ranch Hand officers was 6.62 mIU/ml
versus 6.11 mlU/ml 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>0.11 for each contrast).

Table 16-32. Analysis of FSH {miU/ml) {Continuous)
{a) MODEL 1: RANCH HANDS VS, COMPARISONS - UNADYUSTED

 Ocoupational e mtferemofMeansi '
- Category - Group ©o coune T Mean®™s 95 % Y o L peValy

All Ranch Hand 870 6.05 0.07 - 0.666
Comparison 1,251 5.98

Officer Ranch Hand 341 6.62 0.51 -- 0.071
Comparison 494 6.11

Enlisted Flyer ~ Ranch Hand 151 6.02 0.03 -- 0.941
Comparison 187 5.99

Enlisted Ranch Hand 378 5.59 -0.27 -- 0.257

Groundcrew Comparison 570 5.86

s

! 1 ransformed from natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.
© P-value is based on difference of means on natural logarithmn scale.
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Table 16-32. Analysis of FSH (mlU/ml) (Continuous) (Continued)

{(b) MODEL 1:- RANCH HANDS VS COMPARISONS ADJUS'I‘E!) o
" Occupational B e - Adjusted szference of Adj Meam e
Category Group S | Mean® © U 98% CLY p-Value®

All Ranch Hand 870 592 0.06 -- 0.689
Comparison 1,251 5.85

Officer Ranch Hand 341 6.01 0.40 - 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 =021 -- 0.401

Groundcrew Comparison 370 6.27

* Transformed from natural logarithm scale,

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

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

{¢) MODEL 2: RANCH HANDS -

INITIAL DIOXIN UNADJ USTED L -
: Analysns Results for Logz (lnitial Duoxm)"

‘Initial’ Dioxm Category Summry Stat:sucs
L S ".:': S :’:'f ~Slope i RN
Init:a!Dioxm i Mean S Ad_] Mean I -R":"i S (sm Ermr)‘ S p-Value :
Low 160 6.40 6.42 0.008 -0.035 (0.021) 0.099
Medium 162 5.87 5.87
(” High 160 5.64 5.62

? Transformed from natural logarithm scale.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.
¢ Slope and standard error based on natural logarithm of FSH versus log; (initial dioxin).

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

(d) MODEL 2 RANCH _I{ANDS‘

. Iniﬁa! Dmdn Category Sununary Stahshcs : Analysxsllesults forIAngniﬁal Dloxm)
: S e : : Adj-Slope - 3
ImtialDloxin e ;-; ‘.'j.'nf _;,.;; o Acu Mean iy - (Std. Error)" o p-Va.Iue .
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.
® Slope and standard error based on natural logarithm of FSH versus log; (initial dioxin).

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

{¢) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY ~ UNADJUSTED -

_ _ ‘ _ AR 'D.i_ff.e_mceo_f‘Adj-:Méan PR

e T e e T e e e _oovs. Comparisons - Lo
- «DioxinCategory - - "o m .t . “Mean®. - Adeean"" C o (@8% CLS. o p-Valned
Comparison 1,213 5.97 5.97 '
Background RH 381 6.21 6.21 0.24 -- 0.283
Low RH 239 6.28 6.28 0.31 -- 0.258
High RH 243 5.66 5.66 ~0.31 -- 0.229
Low plus High RH 482 5.96 5.96 ~0.01 - 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.

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

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

RANCH HANDS

- (fy MODEL 3;

AND COMPARISONS BY.

; v Diokin Category.

g RO
Comparison 1,213 5.87

Background RH 381 6.02 0.15 -- 0.491
Low RH 239 5.98 0.11-- 0.668
High RH 243 5.83 -0.04 -- 0.855
Low plus High RH 482 5.90 0.03 .- 0.877

* Transformed from natural logarithm scale.

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

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

Note: RH = Ranch Hand.
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 16-32. Analysls of FSH (miU/ml) (Continuous) (Continued)

(g) MODEL4 RANCH HANDS ~ 1987 DIOXIN ~ UNADJUSTED. .

1987 Dioxin Category Summary Statistics

Analysia Rowiiator Lo 087 Diowinal)

o PR U S Adjusted Slope .~
1987 Dhoxin.- 0 m S0 . Mean". o RE . T(Stdk Error) :" " p-Value
Low 288 6.34 0003  —0.024 (0.015) 0.105
Medium 287 6.19
High 288 5.70

" Transformed from natural logarithm scale.

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

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

(h) MODEL 4: RANCH HANDS - 1987 !)IOXI;N ADJUSTED

1987 Dmxm Category Sumnmry Staﬁsﬁcs

Analysis lets tox' Logz (1987 Bmxm * 1)

B BT - Adusted Slope - )
1987 Dloxm AR T Adj Mean R . (Std. Error) p-Value '
Tow 288 6.18 0.066 ~0.001 (0.016) 0.958
Medium 287 5.93
High 288 5.97

'] ransformed from natural logarithm scale.

® Slope and standard error based on natural logarithm of FSH versus logy (1987 dioxin + 1).

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

A marginally significant inverse association was revealed between initial dioxin and FSH in the

unadjusted Model 2 analysis (Table 16-32(c): slope=—0.035, p=0.099). After adjusting for covariates,
the results became nonsignificant (Table 16-32(d): p=0.763).

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>0.10 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>0.17 for each analysis).
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Table 16-33. Analysis of FSH (Discrete)

(a) MODEL 1: RANCH HANDS V8. COMPARISONS UNADJUSTED .

Occupauonal R I N : Number (%) Est.RelatweRisl. SRR
Category - Group e wme o -High' o (98%CL) ‘p-Value
All Ranch Hand 870 72 (8.3) 1.06 (0.77,1.46) 0.713
Comparison 1,251 98 (7.8)
Officer Ranch Hand 341 39(11.4) 1.20 (0.77,1.88) 0.424
Comparison 494 48 (9.7) _
Enlisted Flyer  Ranch Hand 151 17 (11.3) 1.57(0.75,3.29) 0.235
Comparison 187 14 (7.5)
Enlisted Ranch Hand 378 16 (4.2) 0.66 (0.36,1.20) 0.171
Groundcrew Comparison 570 36 (6.3) -
"i(b)*MOI)EL-fL _RANCH_HANBS VS COMPARISONS ADJUSTED T
: i el d}ustedRelanveRlsk N S S I
{)ecupational Categwy R RGO e e opNalae
Al 1.04 (0.75,1.45) 0.794
Officer 1.18 (0.74,1.85) 0.488
Enlisted Flyer 1.49 (0.70,3.17) 0.297
Enlisted Groundcrew 0.68 (0.37,1.26) 0.221
'-(c) MODEL 2: RANCH HAND% INITIAL DIOXIN UNADJUSTED S 5 ' T
-  Initial I)ioxin Cau:gory Summary Statistics - “Analysis Resuits forLogz(Iniﬁai Dioxin)' ‘n..,__,f)
e *Number-(‘-%} Esﬁmated Relatjve R:sk o
lmhai Dioxin Ry : o oHigh's E(95% CL® : 'p_-Va!ue
Low 160 13(8.1) 0.94 (0.72,1.22) 0.618
Medium 162 14 (8.6)
_High 160 9 (5.6)

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

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

(d) M()DEL 2 _RANCH HANDS ~ INITIAL DIOXIN - ADJUSTED

- (95% c.x.)' o
11 (0.81,1.53)

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

(e MODEL R RANCH HANDS AND COMPARISON‘: BY DIOXIN CATEGORY - UNADJUSTED

L i Number (%) ‘Fst. Relative Risk o
Dloxm Category A . High-~ = ' (95%:.C. L : p-Value .
Companson 1,213 93 (1.7
Background RH 381 35 (9.2) 1.22 (0.81,1.84) 0.341
Low RH 239 20 (8.4) 1.10 (0.66,1.82) 0.713
High RH 243 16 (6.6) 0.85 (0.49,1.47) 0.557
Low plus High RH 482 36 (7.5) (.96 (0.64,1.44) 0.860

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

Note: RH = Ranch Hand.

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

e djusted Relauve Rlsk T L
Dioxm Category S {95% CI p-'Vglue :
Comparison 1,213
Background RH 381 1.10 (0.72,1.69) 0.652
Low RH 239 0.93 (0.55,1.56) 0.781
High RH 243 1.16 (0.64,2.08) 0.621
Low plus High RH 482 1.04 (0.68,1.58) 0.859

* 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.

S

(g) MODEL4 RANCH_HANDS 1987 Dl()XifN UNADJUSTED

{95% o 1,)‘

Tow ' 283 5 (8 3) (IO NEGE
Medium 287 28 (9.8)
High 288 19 (6.6)

2 Relative risk for a twofold increase in 1987 dioxin.

Note: Low = <7.9 ppt; Medium = >7.9—-19.6 ppt; High = >19.6 ppt.
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Table 16-33. Analysis of FSH (Discrete) (Continued)

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

" Analysis Rewults Tor Log, {1987 Dioxin v 1)
et Adjusted Relative Risk il

R T e
863 1.16 (0.93,1.45) 0.188

* Relative risk for a twofold increase in 1987 dioxin.

16.2.3_ Longitudinal Analysis

Longitudinal 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 (Model 1), 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
between the 1982 and 1997 examinations. These analyses were used to investigate the temporal effects of
dioxin during the 15-year period between 1982 and 1997.

Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete RN
dependent variables. The purpose of the longitudinat 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 disease; 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 dependent variables examined relative risks at the
1997 examination for participants 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. i ) '
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Table 16-34. Normal Ranges from Air Force Health Study Examinations for Dependent Variables
Used in Endocrine Longitudinal Analysis

- .. Dependent Variable .~ . . R Examipation - Lo
VU (Um0 1983 oo 1988 19T - o 19, 1997
TSH (uIU/ml) <10 <3 <3 <55 <5.5
Fasting Glucose (mg/dl) <115 <110 <110 <115 <110
(Age < 50)
<125
(Age = 50)
2-hour Postprandial <120 <140 <140 <140 <140
Glucose (mg/dl)
Total Testosterone (ng/dl) 2400 2260 2260 2260 2241
(Age < 50)
2230
(Age 2 50)

16.2.3.1 Medical Records Variables

16.2.3.1.1 Composite Diabetes Indicator

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 mg/dl.

The Model 1 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=0.66 for each analysis).

Tabte 16-35. Longitudinal Analysis of Composite Diabetes Indicator
(a) MODEL 1: RANCH HANDS VS COWARﬁO NS

e () Didbete 1)
“Examination o

" Oceupational

Category  Grwp BB BB D® OB

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) 56(5.3) 64(6.9)  108(IL7) 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(54) 24 (6.6) 43 (11.5)  60(15.9)
(378) (371) (365) (373) (378)

Enlisted Flyer Ranch Hand 5(34) 11(7.7) 12 (8.5) 20(142)  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(125)  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 Diabetes Indicator (Continued)

S e .+ Normalin1982 - . - T
Occupaﬁonnl e : e o B R e Number(%) '__::. Adj-' Relative'fRisk B R
o Category . Group - nin1997 - . Diabeticin1997 ' - (95% CL)*" - 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 205 38(12.9) 0.94 (0.60,1.49) 0.801
Comparison - 368 50(13.6)

Enlisted Fiyer 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
acljusted 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: RANCH HANDS — INITIAL DIOXIN

" Namber (%) Disbetic/tm

Exarination

Low 6 (4.0) 10 (6.7) 11(7.3) 23 (16.0) 32 (21.2)
(151) (149) (151) (144) (151)
Medium 7(4.5) 13 (8.6 12(7.9) 25(16.4) 35 (22.6)
(155) (152) (151) (152) (155)
High 8(5.2) 16 (10.7) 21(14.1) 25 (16.9) 39(25.5)
(153) (150) (149) (148) (153)
1uitial Dioxin Category Summary Statistics

~Nuwber (%)
" Disheticin1997.

Initial Dioxin -

o2 (i Doy

] (9)5%0.1.)" : A
Low 26 (17.9) 128 ¢(1.04,157) 0.019
Medium 28 (18.9)
High 31 (21.4)

* Adjusted for percent body fat at the time of the biood measurement of dioxin and age in 1997.
® Relative risk for a twofold increase in initial dioxin.

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. Statistical
analyses are based only on participants who were not diabetic in 1982 (see Chapter 7, Statistical Methods).
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Table 16-35. Longitudinal Analysis of Composite Diabetes Indicator (Continued)

-(¢)MODEL 3: RANCH HANDS AND COMPARISON'S BY DIOXIN.CATEGORY -

Number (%) D:abeticl(n) Lo
A Lo : Exammanon - R S
‘Dioxin Category IR L1985 1987 ©1992° 1997
Comparison 24 (2.6) 47 (5.1) 61 (6.7) 103 (11.4) 154 (16.5)
(932) {916) (906) {900) (932)
Background RH 9(2.6) 13(13.9) 19 (5.8) 27 (R.1) 35(10.1)
(345) (337) (328) (332) (345)
Low RH 11(4.9) 18 (8.1) 18 (8.1) 36 (16.6) 49 (21.7)
(226) (221) (223) 217) (226)
High RH 10(4.3) 21 (9.1) 26 (11.4) 37 (16.3) 57 (24.5)
(233) (230) (228) (227) (233)
Low plus High RH 21 (4.6) 39 (8.6) 44 (9.8) 73 (16.4) 106 (23.1)
(459) 451) (45 1) (444) (459)
______ i - Normal in 1982 - SRR R S PRI
R e T Number (%) Ad; Relative ,'Rlsk LEREEP DU
- "Dioxin Category " . nin 1997 Digbetic in 1997 T OS%CI™ 7 pValue®
Comparison o 908 130 (14.3)
Background RH 336 26 (1.7 0.55 (0.35,0.88) 0.012
Low RH 215 38(17.71) 1.11 (0.72,1.71) 0.634
High RH 223 47 (21.1) 1.61(1.07,2.42) 0.023
Low plus High RH 438 85 (19.4) 1.34 (0.97,1.86) 0.079

4 Relatlve risk and confidence interval relative to Comparisons.
> 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.

Summary statistics for 1983 are provided for reference purposes for participants who actended 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=0.019). 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=0.55,
p=0.012), Ranch Hands in the high dioxin category versus Comparisons (Table 16-35(c): Adj. RR=1.61,
p=0.023), and Ranch Hands in the low plus high dioxin category versus Comparisons (Table 16-35(c):
Adj. RR=1.34, p=0.079). 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—): p>0.26 for each analysis).

Table 16-36. Longitudinal Analysis of TSH {ulU/ml) (Continuous)

(a) MODEL 1: RANCH HANDS VS. COMPARISONS _ LT,
el SRR A ‘Mean'/(n) ... Difference of

Category - “Group! .. 1982 1985 1987 1992 - Change : . p-Value®
All Ranch Ha 3.64 1.21 0.91 1.60 —0.06 0.525

(791) (773) (762) (770) (791)
Comparison 349 116 087 156 179 -1.70
(929) (911} (904) (910) (929)

Officer RanchHand 378 128 099 173 200 -1.78 —0.15 0.700
{298) (294) (289) (293) (29%)
Comparison 347 118 089 1.62 1.84 -1.63
(358) (352) (347) (353 (358)

Enlisted RanchHand 346 1.16 084 143 172 -1.74 0.03 0.440
Flyer (141)  (138) (135) (139) (141)
Comparison  3.66 115 087 153 1.89 -1.77
(139)  (138) (137) (137) (139)

Enlisted RanchHand 359 1.17 089 156 1.83 -1.76 -0.02 0.263
Groundcrew (352) (341) (338) (338) (352)
Comparison 345 .15 084 152 1.71 -1.74
(432) 421y (4200 (420) (432)

* Transformed from natural logarithm scale.

® Difference between 1997 and 1982 examination means after transformation to original scale.

¢ 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 cxaminations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations.
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Table 16-36. Longitudinal Analysis of TSH (ulu/mi) (Continuous)

(b) MODEL 2: RANCH HANDS ~INITIAL DIOXIN

Imtlal Dioxin. Category Summary Statigtics Analys:s Results for Log; (Imhal Dioxm)"
: . Mean"/(n) w0 NS
e Exmmnatmn SRR AdiustedSlope e e

Initial Dioxin - 1982 . 1985 1987 1952 197 R T “{Sid, Error). T o pAValn'e

Low 3.62 1.22 0.95 1.60 1.94 0007 0020) 0.717
(151) (148) (150) (146) (151)
Medium 3.56 1.23 0.91 1.57 1.86
(155)  (152)  (151)  (153)  (155)
High 3.59 1.17 0.89 1.55 1.80
(145) (142) (140) (142) (145)

* Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of 1997 TSH and natural logarithm of 1982 TSH versus
log; (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. Sumrnary statistics for 1992 are provided for reference
purposes for participants who attended the 1982, 1992, and 1997 examinations,

-(c) MODEL 3: RANCH HANDS ANI) COMPARISONS BY DIOXIN CA‘I'EGORY

086

._1 ..1.6

349

Comparison 1.56 .
(901) (886) (878) (883) (901)

Background  3.69 121 091 1.63 1.87 ~1.81 -0.11 0.934

RH (334) (326) (316) (324) (334)

LowRH 358 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 (.492

High RH (451)  (442)  (44)  (441) (451

* Transformed from natural logarithm scale.
® 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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16.2.3.2.2 TSH (Discrete)

The longitudinal analysis of high 1997 TSH levels for participants who had normal TSH levels in 1982
was not significantly associated with group or dioxin in Models 1 through 3 (Table 16- -37(a—c): p>0.23

for each analysis).

Table 16-37. Longitudinal Analysis of TSH (Discrete)

@MODEL 1: RANCHHANDS V5. COMPARISONS = -

i .zNumber (%) nghf(n)

Occupahonai _ﬂ-::: |

R R L T e Examinat:on s SIS
. Category - ~ Group. . .U 1982 . A985. . 1987 . . .-1892 1997
A.ll Ranch Hand 5(0.6) 2(1.2) 10(1.3) 10 (1.3) 32(4.0)
(791) (773) (762) (770) (791)
Comparison 4(0.9) 14 (1.5) 11(12) 19(2.1) 29 3.1)
(929) (911) (904) (910) (929)
Officer Ranch Hand 207 4(1.4) 5(1.7) 4(1.4) 12 (4.0)
(298) (294) (289) (293) (298)
Comparison 1(0.3) 6(1.7) 5(1.4) 12 (3.4) 11 (3.1)
(359 (352) (347) (353) (358)
Enlisted Flyer Ranch Hand 0(0.0) 1(0.7) 107 2(1.4) 320
(141) (138) (135) (139 (141)
Comparison 1(0.7) 2.4 1(0.7) 1 (0.7 5(3.6)
(139) (138) (137) (137) (139)
Enlisted Groundcrew  Ranch Hand 3(0.9) 4(1.2) 4(1.2) 4(1.2) 17(4.8)
(352) (341) (338) (338) (352)
Comparison 2 (0.5) 6(1.4) 5(1.2) 6(1.4) 13(3.0)
(432) (421) (420) (420) (432)
N N O Normalm 1982 o ST A e
- Occupational | R Number (%) ngh _ '.Acu' R‘e;aﬁu'emsk e
.. ,Ca“gory 3 : eroups il 'n iulm il’llm e @s% CI)& Y P'-Value“
All Ranch Hand 786 28(3.6) 1.23 (0.72,2.10) 0.454
Comparison 925 27(2.9)
Officer Ranch Hand 296 11 (3.7) 1.20(0.51,2.81) 0.675
Comparison 357 11 (3.1)
Enlisted Flyer Ranch Hand 141 321 0.57(0.13,2.45) 0.452
Comparison 138 5(3.6)
Enlisted Ranch Hand 349 14 4.0 1.63 (0.73,3.65) 0.233
Groundcrew Comparison 430 11 (2.6)

? Retative 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. Longltudinal Analysis of TSH (Discrete) {Continued)

{ b) MODEL 2: RANCH. HANDS ~— INITIAL DIOXIN -

o Number (%) High!(n)
oo me oo e oo Examination P
nitiel Dioxin " 1982 T 08S  weer . qep . 1991
Low 0 (0.0) 1¢0.7) 1(0.7) 0{0.0) 6 (4.0}
(151) (148) (150) (146) (151)
Medium 1(0.6) 320 2(1.3) 1(0.7) 4 (2.6)
(155) (152) (151) (153) (155)
High 1 (0.7) 1(0.7) 2(1.4) 5(3.5) 7(4.8)
(145) (142) (140) (142) (145)
!nit:al l)roxm Category Summary Statistics " Analysis Results _rgr-I;@';gzj(rfhiﬁal“DiQ'xih)’ Lo
i : ' Nnrmal in1982 ' SR )

W S o Numb@t.(%)!hgh IR RS
Initial Dioxin - . win: Sin19e7 )5 S pNValge oo
Low 6(4.0) 1. 16 0. 78 1. 72) 0.486
Medium 3(1.9)

High 6(4.2)

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

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. Statistical
analyses are based only on participants who had a normal TSH level in 1982 (see Chapter 7, Statistical
Methods).

I MOD

Comparison T 4(04) 14 (1.6) 11(1.3) 19(22) 29 (3.2)
(901) (886) (878) (883) (901)
Background RH 3(0.9) 4(1.2) 5(1.6) 4(1.2) 14 (4.2)
(334) (326) (316) (324) (334)
Low RH 0 (0.0) 2(09) 2 (0.9) 1(0.5) 7@3.1)
(224) (218) (221) 217 (224)
High RH 2(0.9) 3(1.3) 3(1.4) 5(22) 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. Longltudinal Analysis of TSH {Discrete) {(Continued)

_ Normalin1982. - . - - T T
Dioxin Category. - . ‘mim 1997 0 0 in199T 0 0 (95% QL™ Lo peValue®
Comparison 897 27 (3.0)
Background RH 331 12 (3.6) 1.10(0.55,2.22) 0.782
Low RH 224 7@3.1) 1.01 (0.43,2.35) 0.984
High RH 225 8(3.6) 1.42 (0.63,3.22) 0.399
Low plus High RH 449 15(3.3) 1.20 (0.63,2.29) 0.585

* Relative risk and confidence interval relative to Comparisons,
* 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.

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 1 through 3 showed no significant relations between dioxin and the change in mean
fasting glucose between 1982 and 1997 (Table 16-38(a—): p>0.14 for each analysis).

Table 16-38. Longitudinal Analysis of Fasting Glucose (mg/dl) (Continuous)

(@) MODEL T RANCH HANDS VS, COMPARISONS

__Category: . - Group - 1982
All Ranch Hand 974
(817)
Comparison  96.8
(974)
Officer Ranch Hand  98.1
(310
Comparison 96.9
(380)
Enlisted Ranch Hand  98.2
Flyer (148)
Comparison 97.9
(145)
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Table 16-38. Longltudinal Analysis of Fasting Glucose (mg/dl} (Continuous) (Continued)

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

e . Mean¥(n). - ... Exam. . . Difference of |
QOccupational :° . ... . .- Examination . e, Mean . ExemMean . -
__Category ~ Group - 1982 1985 1987 1992 1997  -Chamge® - Change' - p-Value®
Enlisted RanchHand 965 980 991 104.1 1014 4.8 -0.4 0.871
Groundcrew (359) (348) (345) (345) (359)
Comparison 964 977 993 1036 1016 52
(449)  (438) (437) (436) (449)

* Transformed from natural logarithm scale.

® 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 ~ INITIALDIOXIN

" Tuitial Dioxin Category Summary Statisties |

~fl - Analysis Results for Log, (Initial Dioxin)” - ..

g R ‘Examination = - ERERTACE S Adjusted Slope o
- Initial Dioxin - 1982 - --1985" = 1987 1992 - Q99T fnonT (Std. Error) - p-Value'
Low 97.5 99.7 101.4 105.1 101.5 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 99.2 101.3 103.4 109.6 105.5
(153) (150) (148) (150} (133)

* Transformed from natural logarithm scale.

® Resuits based on difference between natural logarithm of 1997 fasting glucose and natural logarithm of 1982
fasting glucose versus log; (initial dioxin); results adjusted for percent body fat at the date of the blood measurement
of dioxin, natural logarithm of 1982 fasting giucose, 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 atiended 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. Longltudinal Analysls of Fasting Glucose (mg/dl) (Continuous) {Continued)

- v - Exam.. - . Difference of -
Dmxm pation L 0 T Mean .Exam.Mean il
category 1982 1985 19921997 .qna;;ge"- i Chenge 7 peValue®
Comparison 96.8 97.9 99.7 103.9 101.3 435
(946) (931) (922) (927) (946)
Background 96.2 97.3 98.1 101.8 98.6 24 -2.1 0.484
RH (347) (339) (330) 337 (347
Low RH 979 100.0 100.9 105.3 101.5 3.5 ~1.0 0.312
(229) (223) (226) (222) (229)
High RH 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. 1039 55 1.0 0.755
_High RH (464) (455) (455) (453) {464)

* Transformed from natural logarithm scale.

> Difference between 1997 and 1982 examination means after transformation to original scale.

“ P-value is based on analysis of natural logarithm 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 auended 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>0.25 for each analysis).
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Table 16-39. Longitudinal Analysis of Fasting Glucose (Dlscrete)

H{a) MODEL 1: RANCH HANDS VS COMPARISONS

- --;occupaﬁmxff:

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) 30(12.8) 54 (17.4)
(3l (306) (302) (305) 310)

Comparison 11 (2.9 33(8.8) 48 (13.00 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 64.1) 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)

. Nmnallm 1082

Oecupnﬂonnl

“Category Toup: -:n':i_,_l.|41997.-: ERTEURN | 3 199‘7 G {95% C.l.}' s o peWaloe!

All Ranch Hand 780 16 (I 4.9) 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(159) 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 participanis 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 Analysls of Fasting Glucose (Discrete) (Continued)

- (h) MGDEL 2 ‘RANCH HANDS — INITIAL DIOXIN .

Number {%) H;gh I{n) ________
. '.I&ﬂﬁalmqgin' L 1982 19_85' S '_; .'1987--'- I 2 R T
Low 1) (6.5) 15 (10.0) 21(13.8) 25(16.9) 28 (18.3)
(153) (150) (152) (148) (153)
Medium 9(5.7 21 (13.5) 20(12.9) 23 (14.8) 35 (22.2)
(158) (155) (155) (155) (158)
High 11(7.2) 20(13.3) 25(16.9) 26 (17.3) 38 (24.8)
{153) {150) (148) (150) (153)
initla! ])ioxin Category Summary Statistics o 'Ahalysis'!tesuits'fbr'LGg;‘(ImﬁalEDiqxin)‘f_ BN
S Normalini982 .- ol
Lo T Number (%) ngh A(h Relauve'msk DRIE AT S
Initial Dioxin -~ onin 1997 0 T in 1997 - (95%(: l)" sl peN alge
Low 143 19 (13.3) 1.26 1.02,1.56) 0.029
Medium 149 27 (18.1)
High . 142 28 (19.7)

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

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. Statistical
analyses arc based only on participants who had a normal fasting glucose level in 1982 (see Chapter 7,
Statistical Methods).

(c)MODELfS‘ RANCH HANDS AND COMPARISONS BY DIOXIN CATEGOR

i Number(% ,Higbf{n ‘.

i :. e e s Lo :‘- S B BUTE Examaﬁﬂn Bt . .
Dioxin Category’ 1982 1985. . 1987 . 1992 1997
Comparison 32 (3.4) 84(9.0) 117 (12.7) 120 (12.9) 152 (16.1)
(946) (931) (922) (927) (946)
Background RH 72.0) 20(5.9) 27(8.2) 31(9.2) 46 (13.3)
(347) (339) (330) (337) (347)
Low RH 14 (6.1) 25(11.2) 31(13.7) 38 (17.1) 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. Longitudinai Analysis of Fasting Glucose {Discrete) {Continued)

Normalm1982 T T VSR BT S

S T 5 Number{%) Higb - Adj Relative Risk- ..~ - ool

_Dioxin Category ~  ~~ :'nin*1997 . 3:' 199 T o 95% CRYP s peValue? b
Comparison 914 120 (13.1) '
Background RH 340 40(11.8) 1.04 (0.69,1.55) 0.867
Low RH 215 30 (14.0) 0.89 (0.56,1.42) 0.636
High RH 219 44 (20.1) 1.58 (1.04,2.39) 0.033
Low plus High RH 434 74 (17.1) 1.19 (0.84,1.68) 0.319

" Relative risk and confidence interval relative to Comparisons.
® 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.

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 hased 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 1 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=0.982). 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 (mgldl) {Continuous)

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

Mean“l(n) S Exam. 2 leferenee of :
Category e Grouyz . 1?82_ 1985 5; 13}87-- 21992 1997 Change s {Jh_gpge SV aluet
All Ranch Hand 89.9 1018 1067 1026 1055 156 0.2 0.982

(665) (651) (641) (641) (665)
Comparison  90.2 1041 1064 104.0 1056 15.4
(797) (781) (775) (773) (797)

Officer Ranch Hand 895 1045 1070 1035 106.5 17.0 3.8 0.096
(257) (254) (250) (251) (257
Comparison 88.8 1026 1048 1021 102.1 13.2
(318) (311) (305) (315) (318)

Enlisted RanchHand 917 1006 1084 1038 1075 158 -3.2 0.332
Flyer (119 (117)  (115) (116) (119)
Comparison  92.8 107.5 1086 1089 1119  19.0
(115) (115) (114) (114 (115

Enlisted RanchHand 895 998 1058 101.3 1038 14.3 ~2.0 0.326
Groundcrew (289) (2800 (276) (274) (289
Comparison 90.6 1042 107.1 1041 1069 16.3
(364)  (355) (356) (344) (364)

" Transformed from natural logarithm scale.

® 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
attenided 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/di) (Continuous)
( | (Continued)

-(b) MODEL 2: RANCH-HANDS - INITIAL DIOXIN .-

~ Tuitial Dioxin Category Surmary Stafistics " Analysis Results for Log; (iniGal Diexin)®

~ T M@ N T T

ComELL e cExamigation oo LU0 Adjusted Stope o T L :

Initial Diovin ~ 1982 1985 1987 1993 1997 |- (Std:Erro) - pValue

Low 908 1054 1123 1020 1078 ~0.005 (0.012) 0.670

19) (117 (119 (113)  (119)
Medium 911 1023 1054 1066  105.9
(1200 (117)  (116)  (117)  (120)
High 920 996 1065 1025  107.3
114 (112)  (110)  (112)  (114)

* Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of 1997 2-hour postprandial glucose and natural logarithm
of 1982 2-hour postprandial glucose versus log, (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
( 3y 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 H RANCH HANDS. AND COMPARISONS BY DIOXIN: CATEGO,RY
Mean'l(n)

El)ioxin L aruipatio S Emeegn
- Category. 1982 " 1985 1987 1992 997~ Chan ‘Change' p—Value
~ Comparison 90.1 103.9 106.5 103.7 105.7 15.6
(778)  (764)  (I5T)  (155)  (778)
Background 88.4 101.1 105.4 101.5 103.9 15.5 -0.1 0.991
EH 310) (303) (294) 297 (310)
Low RH 91.3 103.9 109.8 103.1 107.6 16.3 0.7 0.689
(177) (12) (174)  (169) (177
High RH 91.2 101.0 106.4 104.3 106.4 15.1 -0.5 0.999
(176) (174 A7) 173 (176)
Low plus 91.3 102.5 108.1 103.7 107.0 15.7 0.1 0.795
High RH (353) (346) (345) (342) (353) )

Transformed from natural logarithm scale.

® 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 giucose; results adjusted for percent
body fat at the date of the blood measurement of dioxin, naturat 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 £ 94 ppt.
High (Ranch Hand): 1987 Dicxin > 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.

16.2.3.2.6 2-Hour Postprandial Glucose (Discrete)

The Model 1 analysis of the change in percentage of abnormat 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 normal 2-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 Postprandlal Glucose (Dlscrete)

(@) MODEL 1: RANCH HANDS VS. COMPARISONS

Oacupational

Cafegory  Grawp T W0E T ":1§"85; T 1987 T '-:-159_2 R

All Ranch Hand — 40(60)  33(.1)  88(137)  80(125) 110(i65)
(665) (651) (641) (641) (665)

Comparison 57(72)  83(10.6) 84(10.8)  91(118) 132 (I6.6)
(797) (781) (775) (773) (797)

Officer Ranch Hand 14(54)  23Q.0)  31(124)  31(124)  50(19.5)
~ 257) (254) 250) @251) (257)

Comparison 1960 2787  23(75)  33(105)  41(i2.9)
(318) 311) (305) (315) (318)

Enlisted Flyer Ranch Hand 9 (76) 1085  21(183)  12(103)  22(18.5)
(119) (117) (115) (116) (119)

Comparison 16(139)  17(148) 17(149) 20175  25QL7)
(115) (115) (114) (114) (115)

Enlisted Grounderew ~ Ranch Hand 1769  20.1)  36(130) 377135  38(I3.1)
(289) (280) @16)  (274) (289)

Comparison 2(60) 39110 44(124)  38(110) 66 (18.1)
(364) (355) 356) (344) (364)

~ oea ipational Adj RelatveRik

- Category: Group - min1997 07 A95F A e pValuet

All Ranch Hand 625 92 (14 7) I 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 (11.4)

Enlisted Flyer Ranch Hand 110 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 normal 2-hour postprandial glucose level in 1982 (see Chapter 7, Statistical Methods).
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Table 16-41. Longltudinal Analysis of 2-Hour Postprandial Glucose (Discrete)
{(Continued)

(b) MODEL 2: RANCH HANDS —INITAL DIOXIN

L e Number(%) Impa:re&(n}
-Ipitial Dioxin 21982 I1988 . jj . ;.198’74- S E992 R
Low 6(5.0) 11(9.4) 21 (17.6) 15(13.3) 23(19.3)
(119) )] (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)
2 Imtzal l):omn Category Summary Statistics B Analys:s Results for Logg (Imt:al Dioxin)'
SR i “Noxmal in'1982 I :
e :5':'Zf".- L T Rl Number(%)flmpaired i Relaﬁvelhsk St e
~ Initial Dioxin . -ninl1997. . ini997 o T (95%_C_I." o UpValue
Low 113 20 (17.7) 1.04 (0.81,1.34) 0.765
Medium 110 17 (15.5)
High 107 18 (16.8)

: Ad]ustcd for percent body fat at the time of the blood measurement of dioxin and age in 1997,
" Relative risk for a twofold increase in initial dioxin.

Note: Low = 27-63 ppt; Medivm = >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. Statistical
analyses are based only on participants who had a normal 2-hour postprandial glucose level in 1982 (see
Chapter 7, Statistical Methods).

& (c) MOBEL 3 RANCH HANDS AND. COMPARISONS BY DIOXIN CATEGORY

- Number (Y} Impaxrédl(n)
LT SRR R R "””Examinaﬁon R R
Comparison 54 (6.9) 80 (10.5) 82 (10.8) 87(11.5) 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)
IowRH 13(7.3) 15 (8.7) 26 (14.9) 22(13.0) 34 (19.2)
17 (172) (174) (169) (71
High RH 10 (8.7) 14 (8.0) 25 (14.6) 25 (14.5) 31(17.6)
(176) (174) (171) (173) (176)
L.ow 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)

oo T Number (%) AdjRelativeRisk o 0
_ DioxinCategory -~ 'min1997° ~ Tmpairedin1997  © O5%CLM " pValge
Comparison 724 105 (14.5)

Background RH 293 37(12.6) 0.87 (0.58,1.32) 0.524
Low RH 164 28 (17.1) 1.14 (0.71,1.83) 0.584
High RH 166 27 (16.3) 1.24 (0.77,2.01) 0.382
Low plus High RH 330 55 (16.7) 1.19 (0.82,1.72) 0.356

* Relative risk and confidence interval relative to Comparisons.
® 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.

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).

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 16-41(b,c): p>0.35 for
each analysis).

16.2.3.2.7 Total Testosterone (Continuous)

‘The Model 1 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 (ng/dl) (Contmuous)
(@) MODEL 1: RANCH HANDS VS. COMPARISONS

Mm‘l(n)
Occupatwnal N Exanﬁijhﬁon _ e " Exam.Mean .
Cat&gory . : ( i :1982 1985 "1987 1992 997 Change" . ’:'3Ciu_i'_hge"“'ﬁ _ ;y—:Val;i_e""'
All Ranch Hand 640.8 600.6 532.1 509.6 4241 -216.7 -13.1 0.380

(800) (780) (773) (775) (800)
Comparison 6267 581.6 5259 4983 4231 -203.6
(953) (936) (929) (929} (953)

Officer Ranch Hand 6017 573.8 502.0 4905 4019 -1998 -11.1 0.353
(302)  (295) (294) (295) (302)
Comparison  601.8 556.0 499.4 4755 4131 -188.7
(371)  (367) (361) (365) (371)

Enlisted RanchHand  651.3 611.6 5309 5189 4463 -205.0 -2.8 0.788
Flyer (143) (140) (138) (140) (143)
Comparison 6343 588.3 5370 5084 4320 -202.2
(140) (139) (138) (138) (l140)

Enlisted Ranch Hand  670.9 619.5 5594 5227 4345 -2363 -19.5 0.472
Groundcrew (355) (345) (341) (340) (359 .
Comparison  645.5 601.7 5452 5150 4286 -2168
(442)  (430)  (430) (426) (442)

" Transformed from the square root of total testosterone. .
® 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 R
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. Longltudinal Analysis of Total Testosterone (ng/di) (Continuous)

{Continued)

(by MODEL 2: RANCH HANDS ~ INIT[AL DIOXIN

Imttal l’):oxin Category Summary Statistics N

Analysas Results for. Logz (Imf.lal Dmxm)h

Mean%/(n) R

B A Examination. . . Adjustedsmpe b N
Initial Dioxin . 1982 19‘35_ 1987 1992 1997 (S1d. Error). p-Value
Low 6397 573.0  S5I5.t 507.1 4043 0.280 (0.143) ' 0.051

(150)  (146)  (149)  (145)  (150)
Medium 6217  559.1 5181 4729 3947

(157)  (154)  (154)  (154)  (15T)
High 616.6 5864 5152 4867 4216

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

Transformed from square root of total testosterone.

® 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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Table 16-42. Longltudinal Analysis of Total Testosterone (ng/dl) (Continuous}

{Continued)
: (c).M()DEL 3: RANCH HANDS AND. COMPARISONS BY. DIOXIN CATEGORY .
e L - Mean*/(n) - Sl UExam 7 Difference of -
. Diox,‘n IR s Exalninaﬁﬁn ...... . : :._ S - Mem ] Exa]n_ ;Iean . : ._
Category 1982 o Q&S o 198 992 L .:--1_997 : Change Change. -;' p-V’aii;e‘
C omparison 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 94 0.789
RH (339) (329) (322) (320) (339)
Low RH 630.9 564.5 5139 49088 400.9 -230.0 -25.5 0.070
(225) (218) (222) (218) (225)
High RH 621.1 580.3 518.4 478.6 412.1 -209.0 -4.5 0.885
(231)  (229)  (225) 227y (231)
Low plus 625.9 5725 516.2 4884 406.6 -219.3 -14.8 0.287
High RH (456) (447) (447) (445) (456)

'l ransformed from the square root of total testosterone.

® 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=0.280, p=0.051).

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/d], 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 through 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, qqmmmso_ﬂs

Number (%) Low l(n)
SRR R : Exammauon f'"_i.. e
' All Ranch Hand 37 (4.6) 21 (2.7) 14 (1.8) 34(4.4) 67 (8.4)
(800) (780) (773) (775) (800)
Comparison 47 (4.9) 24(2.6) 13(1.4) 50(54) 80 (8.4)
(953) (936) (929) (929) (953)
Officer Ranch Hand 15 (5.0) 10(3.4) 6(2.0) 14 (4.7) 27 (8.9)
(302) (295) (294) (295) (302)
Comparison 20 (5.4) 14 (3.8) 7(1.9) 19 (5.2) 30(8.1)
(371) (367) (361) (365) (B71)
Enlisted Fliyer Ranch Hand 8 (5.6) 4(2.9) 5(3.6) 5(3.6) 11 (7.7
(143} (140) (138) (140) (143)
Comparison B (5.7) 2(1.4) 1(0.7) 7 (5.1} 10 (7.1)
(140) (139) (138) (138) (140)
Enlisted Groundcrew  Ranch Hand 14 (3.9) 72.0) 309 15 (4.4) 29 (8.2)
(355) (345) 341) (340) (355)
Comparison 19 (4.3) 8(1.9) 5(1.2) 24 (5.6) 40 (9.1)
{442) (430) (430) (426) {442)

Normglm_lQSZ__ T

All Ranch Ha.nd 763 54¢7.1) 1 00 (0 69, I 46) 0.984
Comparison %06 64 (7.1)

Officer Ranch Hand 287 21(7.3) 1.03 (0.56,1.87) 0.935
Comparison 351 25(7.1)

Enlisted Fiyer Ranch Hand 135 9(6.7) 1.28 (0.46,3.54) 0.637
Comparison 132 7(5.3)

Enlisted Ranch Hand 341 24 (7.0) 0.94 (0.54,1.62) 0.817

Groundcrew Comparison 423 32 (7.6)

* 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 MOI)EL 2: RANCH HANDS - INITIAL, DIOXIN

T ) Nnmber(%)Lowi(n} PR
o : : R ’Exarmnation R S B
~ Inifial Dioxin = 1982 19857 1987 S1992 1997
Low 6 (4.0 2(14) 5(34) 5(3.4) 13 (8.7)
(150) (146) (149) (145) (150)
Medium 8 (5.1 6(3.9) 2(13) 10 (6.5) 18 (11.5)
(157) (154) (154) (154) (157)
High 10 (6.7) 3(2.0) 32.0) 10 (6.8) 16 (10.7)
(149) (147) (144) (146) (149)
Imtml l)mxin Categury Sivmmary Staﬁsﬁcs j'-.g;tnquéis'l_!béul_tsffor I@g;’(l‘:ﬁtial Dioxin)* . .-
i Normaiml982 . S -
S e L o Numher(%) Low : .Ad; Re!auveRisk ORI AT
:h??ﬁ?‘fmbxi_n?“-'?-anin'l;;”?t' S 99T - (95%CL)’ - p-Value .
Low 144 0 (6.9) 1.04 (0.80,1.35) 0.760
Medium 149 16 (10.7)
_High 139 14 (10.1)

: Ad_]usted for percent body fat at the time of the blood measurement of dioxin and age in 1997,

® Relative risk for a twofold increase in initial dioxin.

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. Statistical
analyses are based only on participants who had a normal total testosterone level in 1982 (see Chapter 7,

Statistical Methods).

@ MODEL 3+ _RANCH_HAND: AND COMPARISONS BY DIOXINCATEGORY

: m‘”‘m Z-Cﬂé_a?iry -

1583 1985 , 1992 1997

"Comparison 45 (4.9) 24 (2.6) 13 (1.4) 4954 78 (8.4)
(925) ©11) (903) (902) (925)

Background RH 13 (3.8) 10 (3.0) 4(12) 9(2.8) 20 (5.9)
(339) (329) (322) (326) (339)

Low RH 11 (4.9) 5(2.3) 7(3.2) 7(32) 19 (8.4)
(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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Tablie 16-43. Longitudinal Analysis of Total Testosterone (Discrete) (Continued)

“Nurber (%) Low " Adj. Relative Risk - -

< Normalin 1982:. 1 - oo L

* ‘Dioxin Cafegory -~ 7. ain1997° 0 LT e 1997 0 98 %ICLY . p-Valoe®
Comparison 880 64 (7.3)

Background RH 326 14 (4.3) 0.71 (0.39,1.31) 0.278
Low RH 214 16 (7.5) 0.93 (0.52,1.67) 0.812
High RH 218 24 (11.0) 1.46 (0.87,2.44) 0.153
Low plus High RH 432 40 (9.3) 1.17 (0.76,1.79) 0.482

* Relative risk and confidence interval relative to Comparisons.
® 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.

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Sumnary 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 purpoeses 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 examination, 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-1-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 hypothalamic function, while the T, and
testosterone levels reflect the integrity of the thyroid gland and testicles, respectively. Additional physical
examination variables pertinent to endocrine function—body habitus, ocular signs, and deep tendon
reflexes—were included in the general and neurological examinations 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 similar 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 hypoglycemic 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 (T, TSH, and )
anti-thyroid antibodies), no significant group differences were defined. Consistent with the 1985, 1987, e
and 1992 examinations, Ranch Hands continued to have a slightly higher mean seram TSH than

Comparisons (1.88 uIU/ml versus 1.81 uIU/ml), but the difference is not statistically significant. By

discrete analysis, the prevalence of abnormal T, 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<0.001) was found, by both continuous and discrete analyses, in the association

of both initial and 1987 serum dioxin with elevations in ¢-1-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
dioxin category were at significantly greater risk for the development of diabetes relative to Comparisons
(RR=1.61, 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 i >
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 1), 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 1: 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 1 analyses are summarized in Table 16-44.

Table 16-44. Summary of Group Analysis (Model 1) for Endocrine Variables (Ranch Hands vs.
Compatisons})

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 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 +0.044
Thyroxine (C) * NS ns NS NS
Thyroxine (D) NS NS NS ns
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Tabie 16-44. Summary of Group Analysis {Model 1) for Endocrine Variables (Ranch
Hands vs. Comparisons) (Continued)

e T T T Ealisted . Enlisted
ol G0 Varigbleoo oL Al oo Officer oo - Flyer . Grounderew

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-1-C Hemoglobin (C) ns NS ns ns
0-1-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>0.10).
NS* or ns*: Marginally significant (0.05<p<0.10).
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk 21.00.
—: Difference of means negative,
* Negative difference considered adverse for this variable.

P-value given if p<0.05.

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

R anab!e ......
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 +0.017 N&* NS N&=*
Time to Diabetes Onset (C) * NS ns NS ns
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Table 16-44. Summary of Group Analysis (Model 1) for Endocrine Variables (Ranch

Hands vs. Comparisons) (Continued)

ADJUSTED S
T : _ .« . Enlisted .. Enlisted .
Variable' . LAl 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
o-1-C Hemogilobin (C) NS NS ns NS
o-1-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>0.10),

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

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk 21.00.

~: Difference of means negative.

* Negative difference considered adverse for this variable.

P-value given if p=0.05.

A capital “NS” denotes a relative risk of 1.00 or greater for discrete anaiysis or differences of means
nonnegative for continuous analysis. A lowercase “ns” denotes a relative risk Iess 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 o-1-C
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 adjusted 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)

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 (C) * 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 Insuiin (C) NS NS
Serum Insulin (D):

Low vs. Normal ns ns

High vs. Normal NS NS
0-1-C Hemoglobin (C) +0.009 +0.001
a-1-C 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) o NS* NS
Estradiol (D) +0.045 NS
LH(C) ns ns
LLH (D) ns ns
FSH (C) ns* ns
FSH (D) ns NS

Note: NS orns: Not significant (p>0.10}.
NS* or ng*; Marginally significant (0.05<p=<0.10).
C: Continuous analysis.
D: Discrete analysis,
+: Relative risk 21.00 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.

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 decrease 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 ¢-1-C hemoglobin level
for Ranch Hands in the high dioxin category than for Comparisons. A greater percentage of high o-1-C
hemoglobin values was seen for Ranch Hands inthe high dioxin category than for Comparisons.

The results of all unadjusted and adjusted Model 3 analyses are summarized in Table 16-46.

16-145




Table 16-46. Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Variables (Ranch

Hands vs. Comparisons)

...... t.IN ADJUS'PED o T
; ' Low ;;lus High
7 Ranch Hands -
T w&@mmmpm
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
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 (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
o-1-C Hemoglobin (C) ns ns +0.005 NS
¢-1-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 (D) NS ns ns ns
ESH (C) NS NS ns ns
FSH (D) NS NS ns Ns
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Table 16-46. Summary of Categorized Dioxin Analysis (Model 3) for Endocrine Varlables
(Ranch Hands vs. Comparlsons) (Continued)
Note: NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p<0.10).
C: Continuous analysis.
D: Discrete analysis,
+: Relative risk 21.00 for discrete analysis; difference of means nonnegative for continuous analysis.
—: Relative risk <1.00.
" Negative difference considered adverse for this variable.

P-value given if p<0.05.
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” denotes a relative risk less than 1.00 for discrete
analysis or difference of means negative for continnous analysis.

 LowplusHigh

RR : : _nmh Hinds " Ranch: Hands 7 Ranch'Hands '
) v ‘Variable ¥s, Comparisons . vs; Comparisons * ‘vs, Comparisons . . vs. Comparisons :‘
Medlcal 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) * +(.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 N& NS
Fasting Urinary Glucose (D) ns ns NS NS
2-Hour Postprandial Urinary Glucose NS+ N§* ns NS
D
Serum Insulin (C) ns NS N& NS
Serum Insulin (D):
Low vs. Normal ns ns ns* ns*
High vs. Normal ns NS ns ns
«-1-C Hemoglobin (C) ns ns +0.022 NS
¢t-1-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 Dloxin Analysis (Model 3) tor Endocrine Variables
(Ranch Hands vs. Compansons) {Continued)

Background ~ooilow, L “High TLow plus ngh

T - .f .7 % Ranch Hands. . ‘Ranch Hands____j_ Ranch Hands -Ranch Hands

S : Vanable-_- oo n.ys, Comparisons vs. Comparisons - vs. Comparisom v, Compar;sons
Pree Testosterone <* ' NS ns NS ns
Free Testosterone (D) ns NS ns ns
Eistradiol (C) ns ns§ NS ns
Eistradiol (D) ns ns NS ns
1H(C) NS ns ns ns
1H (D) NS ns ns ns
FSH (O) NS NS ns NS
FSH (D) NS ns NS NS

Note: NS or ns: Not significant (p:»0.10),
NS* or ns*: Marginally significant (0.05<p<0.10).
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 if p£0.03.

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 Iess than 1.00 for discrete
analysis or difference of means negative for continuous analysis.

16.4.4 Model 4: 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 o-1-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 1987 Dioxin Analysis (Model 4) for Endocrine Variables {Ranch
Hands Only)

R “Narlable: i o 00 Unadjusted - o 0 Adjusted o &
Medlcal Records
Past Thyroid Disease (D) NS NS
Compostte Diabetes Indicator (D) +<0.001 +<0.001
Diabetic Severity (D):
No Treatment vs. None +0.010 NS*
Diet Only vs. None NS +0.048
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Hands Only) (Continued)
‘Variable - ' Unadjusted Adjusted - -
Oral Hypoglycemics vs, None +<0.001 +<0.001
Requiring Insulin vs. None NS N&#*
Time to Diabetes Onset (C) * —<0.001 —<0.001
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)* +0.009 ns
Thyroxine (D) ns NS
Anti-Thyroid Antibodies (D) ns ns
Fasting Glucose (C) +<0.001 +0.002
Fasting Glucose (D) +<0.001 +0.003
2-Hour Postprandial Glucose {C) NS NS
2-Hour Postprandial Glucese (D) NS NS
Fasting Urinary Glucose (D) +0.004 +0.006
2-Hour Postprandial Urinary Glucose (D) ns ns
Serum Insulin (C) +<0.001 NS
Serum Insulin (D):
Low vs, Normal —-0.050 ns
High vs. Normal +0.008 NS
<~ .,.fi o-1-C Hemoglobin (C) +<0.001 +<0.001
o-1-C Hemoglobin (D) +<0.001 +<0.001
Total Testosterone (C)* ~0.003 ns
Total Testosterone (D) +0.013 NS
Free Testosterone (C) * ns ns*
Free Testosterone (D) ns ns
Estradiol (C) NS NS
Estradiol (D) NS ns
LH (C) -0,042 ns
LH (D) ns* ns
FSH (C) ns ns
FSH (D) ns NS

Table 16-47. Summary of 1987 DioxIn Analysis (Model 4) for Endocrine Variables (Ranch

Note: NS or ns: Not significant (p>0.10).

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

C: Continuous analysis.
D: Discrete analysis.

+: 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.
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
( 3 negative for continuous analysis.
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16.5 CONCLUSION -

The assessment of the endocrine system included 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 their 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 hypoglycemics 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 0-1-C hemoglobin increased in Ranch Hands as initial dioxin and 1987
dioxin increased. Increased o-1-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 h )
(relative risk=1.47, 95% confidence interval: [1.00, 2.17]). A dioxin-related increase in disease severity, A

a decrease in the time from exposure to first diagnosis, and an increase in fasting glucose and o-1-C

hemoglobin support this finding. Similar patterns were observed in 1992 and 1987,
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