Table 15-19. Analysis of Absolule Lymphocytes (rhousand/mms) (Continued)

B """" let‘erence ofAdJ. Mean _
Lo - 3 . ERT . w‘compansom L
: Diqxin‘Cate;gory Voo a0 Mean®. Ad,y. Mean"’ S (95%CL)  p-Value!
Comparison 1,211 1.75 1.75 ' ' o
Background RH 381 1.75 1.77 0.02 -- 0.671
Low RH 239 1.72 1.71 —0.04 - 0.383
High RH 239 1.79 1.78 0.03 -- 0.575
Low plus High RH 478 1.75 1.74 =0.01 -- 0.839

Transformed from natural logarithm scale.

® Adjusted for percent body fat at the time of the blood measurement of dioxin.
“ Difference of means after transformation to original scale; confidence interval on difference of means not presented
because analysis was performed on natural logarithm scale.
4 P-value is based on difference of means on natural logarithm scale.

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

;f(ﬂ MODEL 3. RANCH HANDS AND COMPARISONS BY E'IOXIN CATEGORY AI)JUSTED
e - " : - DifferenceofAd] Mean _

i T L T R R _V&Compansons S
Comparison _ 1,210
Background RH 380 0.04 -- 0.356
Low RH 238 -0.02 -- 0.572
High RH 239 -0.02 -- 0.572
Low plus High RH 477 -0.02 -- 0.457

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 15-19. Analysis of Absolute Lymphocytes (thousand/mm®) {Continued)

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

1987 Dioxin Category Summary Statistics | Analysis Results for Lag; (1987 Dioxin 31

: 1987 mo'xin. Com o S . . : Mean‘ s , A ':fRJ - SION (std.El'l’Or)b F-Value

Low 288 1.71 0;002 0.009 (0.008) 0.239
Medium 287 1.76

High 284 1.79

* Transformed from natural logarithm scale.
b Slope and standard error based on natural logarithm of absolute lymphocytes 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 DIOXIN ~ADJUSTED - .. -

.. 1987 Dioxin Category Summary Statisties .~ J -

. Analysis Results for Log, (1987 Dlosia +

. _:.: ]987 e

_ S T e T L e T Adasted Sloy I R
o oDieximo o et AdjMean® f 0 IR R (Stdﬁmr)ge p-Yalue

Low 387 173 "0.050 0.007 (0.009) 0455
Medium 286 1.79

High 284 1.79

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

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

15.2.2.1.18 Absolute Monocytes

The Model 4 unadjusted analysis of absolute monocytes revealed a marginally significant positive
association with 1987 dioxin levels (Table 15-20(g): p=0.059, slope=0.007). This association was
nonsignificant after adjustment for covariates (Table 15-20¢(h): p=0.125). All analysis results from
Models 1 through 3 also were nonsignificant (Table 15-20(a~f): p>0.10 for all other analyses).
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Table 15-20. Analysis of Absolute Monocytes (thousand/mm®)

(a) MODEL 1: RANCH HANDS VS. C‘OMPARISONS UNA\DJUSTED

Occupaﬁonnl ----- Lo e Dlﬂ'erenée ufMeans

Category . Growp . . .n - 0 Meant C@SHCLY . pValaet .
All Ranch Hand 866 0.477 —0.004 -- 0.648
Comparison 1,249 0.481
Officer Ranch Hand 341 0.463 —0.008 -- 0.594
Comparison 493 0.471
Enlisted Flyer = Ranch Hand 151 0.470 —0.037 -- 0.118
Comparison 187 0.507
Enlisted Ranch Hand 374 0.492 0.011 -- 0.455
Groundcrew Comparison 569 0.482

® Transformed from square root scale.

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

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

(b) MGDEL 1z RANCH HANDS VS._C‘(}MPARISONS_"_ ADJ’USTED

w7 "Difference of Adj Means

Oecupat:ona! e ' R
~Category- fL_ T_f:----r:t:-";Gm,l!p Lo Mean (OS%CL) U pValue®
All Ranch Hand 864 0.471 —0.006 -- 0.544
Comparisen 1,248 0.476
Officer Ranch Hand 340 0.461 -0.007 -- © 0620
Comparison 493 0.468
Enlisted Flyer Ranch Hand 151 0.452 -0.037 - 0.106
Comparison 187 0.490

Enlisted Groundcrew Ranch Hand 373 0.489 0.008 -~ 0.590 !
Comparison 568 0.481 {

2 Transformed from square root scale.

P Difference of means afier transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on square root scale.
© P-value is based on difference of means on square root scale.
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Table 15-20. Analysis of Absolute Monocytes (thousand/mm®) (Continued)

() MODEL 2;. RANCH HANDS - INITIAL DIOXIN - UNADJUSTED

. Initia) Dioxin Category Summary Statistics Amiysis Resuits for Log; (Imﬁal Droxin)"
Initnal Dmxm L Mean Ad_| Mean‘“’ R o, Error)" : p’-V__alu_e' o
Low 160 0.468 0.469 0.003 0.003 (0.006) 0.568
Medium 162 0.528 0.528
High 156 0.472 0.470

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

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

) MODEL 2 RANCH HANDS - iNI’I’.(AL _DIGXIN _- ADJ USTEI)

Imt:al Dioxin Category ﬁummary Statisﬁcs Anaiysis Rmu!ts for Logz (Initial Dioxin)
B} ' L e : ' Adj Slope
lnmal Dmxin S A 't RE (St Emr)"
Low 159 0.463 0.041 0.000 (0.006)
Medium 162 0.508
High 156 0.446

Transformed from square root scale.
Slope and standard error based on square root of absolute monocytes versus log; (initial dioxin).

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

Differem:e of Ad; Mean

O S g B S vs.Comparisons R
S Dioxi Category Shocinm UL PMean® T Ad). Mean®™ L (95%. €AY - piVained
Comparlson 1,211 0.480 0.480
Background RH 381 0.459 0.464 —0.016 -- 0.221
Low RH 239 0470 0.469 -0.011 - 0.480
High RH 239 0.508 0.502 0.022 -- 0.136
Low plus High RH 478 0.489 0.486 0.006 -- 0.606

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

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

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

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

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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Table 15-20. Analysis of Absolute Monocytes (thousand/mms) {(Continued)

(t’) MODEL 3:. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY. ~ ADJUSTED

: . Difference of Adj. Meéan
' T o I : . : V&Compansons e :
-'Dibxin-Catpgbry SR SR Adj. Mean® LES%CIY . p-Value®

Comparison -~ 1210 0.479

Background RH 380 0.464 ~0.015 -~ 0.223
Low RH 238 0.464 ~0.015 -- 0.319
High RH 239 0.499 0.020 -- 0.193
Low plus High RH 477 0.482 (.003 -- (.822

* Transformed from square root scale.

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

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

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

® MODEL 4: RANCH HANDS 1987 ])IOXIN UNADJU‘STED

L1987 Dioxin Category Summary Statistics - - Analysis lels forl.og;(ﬁ‘%? Dmxin +1)"
198'7 I U S z AdjustedSloEe o
. l)ioxm . R '5'f‘f'5'Me'aFll:' Con e R T {8t Error) p'Value i
Low 288 0.458 0.004 0.007 (0.004) 0.059
Medium 287 0.467
High 284 0.503

2 Transformed from square root scale,
® Slope and standard error based on square root of absolute monocytes 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 DIOXIN ~ ADJUST]‘D A e D R
s 1987 Dioxin Category Summary Stansuce, R | Analysas Resulw for Logz (1987 Dloxm + 1) :

| Amwted Sloge X
O 450 0.032 0.007 (0.004) 0. 125
Medinum 286 0.458
High 284 0.493

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

Note: Low = <7.9 ppt; Medium =>7.9-19.6 ppt; High =>19.6 ppt.
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15.2.2.1.19 Absolute Eosinophils (Nonzero Measurements)

For participants who had a positive number of absolute eosinophils, all analyses in Models 1 through 4
were nonsignificant (Table 15-21(a-h): p>0.10 for all analyses).

Table 15-21. Analysis of Absolute Eosinophils (thousandlmma) (Nonzero Measurements)

Dm'erence of Means

__Q_mipg_tiom; T R e " —

; :.. Category ; Gronp ’ll . IR ; i Sl (95%(:[}" p_va]ue

All Ranch Hand 760 0.159 —0.002 -- 0.684
Comparison L096 0.161

Officer Ranch Hand 305 0.160 0.007 -- 0.422
Comparison 448 0.153

Enlisted Flyer =~ Ranch Hand 134 0.162 «~0.002 -~ 0.895
Comparison 165 0.164

Enlisted Ranch Hand 321 0.157 -0.011 -- 0.183

Groundcrew Comparison 483 0.167

# 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.

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

: 'mfference of Ad];Means

- Occupa!.ionai i Bl e
7 Category L Gron s 95% CIY O paValue®
All Ranch Hand 758 —0.003 -- 0.576
Comparison 1,095
Officer Ranch Hand 304 0.007 -- 0.347
Comparison =~ 448
Enlisted Flyer Ranch Hand 134 —0.003 -- 0.806
Comparison 165
Enlisted Groundcrew Ranch Hand 320 —0.013 -- 0.106

Comparison 482

Transformed from natural logarithm scale.

® Difference of means after transformation to original scale; confidence interval on difference of means not
presented because analysis was performed on natural logarithm scale.
¢ P-value is based on difference of means on natural logarithm scale.
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( Table 15-21,

Analysls of Absolute Eosinophils (thousand/mm®) (Nonzero Measurements)
{Continued)

N

(c) MODEL 2: RANCH HANDS lNlTIAL DIOX]N - UNADJUSTED

Iuitwl Dtoxin Category Summary Stati*:ﬁcs _ Analysis Resuits for Logz (Imﬁal D:oxm)" o
S o S Siope . SRR
Inmal i)mxm SR TE L -Mé_mi_" o Adj Mean L RE (Std. Error) '.;:‘-Ygluef_'
Low 139 0.155 0.155 0.001 0.005 (0.025) 0.836
Medium 144 0.154 0.154
High 134 0.157 0.157

Transformed from natural logarithm scale.
Ad]usted for percent body fat at the time of the blood measurement of dioxin.
© Slope and standard error based on natural logarithm of absolute eosinophils versus log; (initial dioxin)

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

(d): MODEL 2; RANCH HANDS -iINIT]AL 'DIOXIN -ADJ UST'ED

Iniﬁa.l f)mxin Category Summary Statistics Amlysss Resalts ror Lngz elnitxal Dioxin)
IR e ~Adj.Slope . ' .
Init:al D:oxm S W Adj Mean A :R_’:-u_ '_ (Sul Ermr)" o "p-.Value -
Low 138 0.151 0.009 0.012 (0.029) 0.670
Medium 144 0.150
High 134 0.155
( ; * Transformed from natural logarithm scale.

® Slope and standard error based on natural logarithm of absolute eosinophils versus log, (initial dioxin),

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
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Table 15-21. Analysis of Absolute Eosinophliis (thousand/mm") {(Nonzero Measurements)
(Continued)

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

_ | _ " Difference of Adj. Mean _
DioinCategory - © . m = ' Mean' . AdjiMean® . (95%CLF. p-Value®
Comparison ' 1,064 0.161 0.161 '
Background RH 337 0.162 0.163 0.002 -- 0.805
Low RH 206 0.156 0.155 —0.006 -- 0.513
High RH 211 0.155 0.154 -0.007 -- 0.434
Low plus High RH 417 0.155 0.155 —0.006 —- 0.346

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

° Difference of means after transformation to original scale; confidence interval on difference of means not presented
because analysis was performed on natural logarithm scale.
4 P_value is based on difference of means on natural logarithm scale.

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

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

<) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -~ ADJUSTED

_ S .-_":Dilter\gmefo!':_&dj.}i\(l@ﬂ'*j"f: S
' Dioxin Category .+ " . . _ AdjiMean® o 0 (95% G p-Value®
Comparison 1,063 0.153
Background RH 336 0.156 0.003 -- 0.677
Low RH 205 0.147 -0.006 -- 0.447
High RH 211 0.144 -0.009 -- 0.229
Low plus High RH 416 0.146 -0.007 -- 0.194

* 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 15-21. Analysis of Absolute Eoslnophlls (thousand/mm ) (Nonzero Measurements)
{Continued}

(g) MODEL 4: RANCH. HANDS 1987 DIOXIN ~ UNADJ USTED -

.-1987. Dioxin Category Summary Statzsncs cei e Analysis Results for Log, (1987. Dmxm -1-1)b

1987Di0xm cem © Mean® 0 i T ~ Slope(Std. Error)” * p-Value -
Low 256 0.164 0.001 -0.017 (0.017) 0.330
Medium 250 0.156
High 248 0.155

Transformed from natural logarithm scale.
S]ope and standard error based on natural logarithm of absolute eosinophils 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 I)IOXIN ADJUSTI.,})

1987 Dioxin Category Summary Stahshcs = Amiysxs Results for Logz (1987 l)mxin + l)
1”87 R A+ L :_- R AﬂxiuSWdSl()ge G -
Dmxm AR S qu Mean e RE (Std. Error) : =in_al_ue"-5";
Low 255 0.156 0.028 —0.010 (0.020) 0.608
Medium 249 0.149
High 248 0.148

Transformed from natural logarithm scale.
® Slope and standard error based on natural logarithm of absolute eosinophils versus log, (1987 dioxin + 1).

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

15.2.2.1.20 Absolute Eosinophils (Zero versus Nonzero)

The percentage of participants with no absolute eosinophils present was not significantly associated with
exposure group or dioxin in any of the Model 1 through 4 analyses (Table 15-22(a~h): p>0.37 for all
analyses).

Table 15-22. Analysis of Absolute Eosinophils (Zero vs. Nonzero)

-;-(a) MODEL 1. RANCH-HANDS V8 1COMPARISQNS UNADJUSTED

All Ranch Haud 866 106 (12 2) Lo0 (0 77 1 30) 0.995
Comparison 1,249 153 (12.3)

Officer Ranch Hand 341 36 (10.6) 1.18 (0.74,1.86) 0.493
Comparison 493 45 (9.1)

Enlisted Flyer ~ Ranch Hand 151 17 (11.3) 0.95 (0.49,1.86) 0.885
Comparison 187 22(11.8)

Enlisted Ranch Hand 374 53 (14.2) 0.93 (0.64,1.34) 0.689

Groundcrew Comparison 569 86 (15.1)

1/_\\
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Table 15-22. Analysis of Absolute Eosinophlls (Zero vs. Nonzero} (Continued)

(b))MODEL 1: RANCH HANDS V8. COMPARISONS ADJUSTED

_ _ A(hustedllelatwelhsk e
-Occupaﬁonal-(;atggary (95%.CL) - ol e L peValee
All 1.01 (0.77,1.31 ) 0.970
Officer 1.18 (0.74,1.87) 0.489
Enlisted Flyer 0.95(0.49,1.87) 0.893
Enlisted Groundcrew 0.92 (0.64,1.34) 0.674

: (n) MODEL 2 RAN CH HANBS - INTI‘ML DIOXIN o UNA.DJUSTED

T B Number(%) Eshmated Relauve Risk : e
S Dioxin . omo “Zero ©o(95% LY o o ----p-Val.u__e o
Low 160 21 (13.1) 0.95 077,117 0.630
Medium 162 18 (11.1)
High 156 22 (14.1)

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

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

(d) MODEL 2: RANCH HANDS ~ -INITIAL DIOXIN - ADJUSTED IR

Analy"
usted'kelaﬂve R_ls_k <
esmCL

T 0 07518 ' 0531

® Relative risk for a twofold increase in initial dioxin,

 Dioxin Category -

Comparison 1211 147 (12.)

Background RH 381 44 (11.6) 0.96 (0.67,1.38) 0.833
Low RH 239 33 (13.8) 1.15 (0.77,1.73) 0.487
High RH 239 28 (11.7) 0.95 (0.61,1.46) 0.798
Low plus High RH 478 61 (12.8) 1.04 (0.76,1.44) (.789

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

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

Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
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- Table 15-22. Analysis of Absolute Eosinophils (Zero vs. Nonzero) (Continued)

(.

® MODEL 3: RANCH HANDS AND COMPARIS()NS BY DIOXIN CATEGORY -~ ADJUSTED

e e s el Adjustedkelahvek_isk S -
Dlomeategory o e T (95% LY e ' _'p-Value- -
Comparison 1,210 o
Background RH 380 1.07 (0.74,1.55) 0.705
Low RH 238 1,16 (0.77,1.76) 0.467
High RH 239 0.82(0.53,1.27) 0.376
Low plus High RH 477 0.98 (0.71,1.35) 0.885

* Relative risk and confidence interval relative to Comparisons.

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

(g) MODEL 4: RANCH HANDS 1987 DIOXIN - UNADJUE;TED
1987 l)loxm Category Summary S(augﬁcs 5 ﬂ T

19_*87‘--’ : Number { %)
Dioxin~" Zere R UL _ bernl _ 2
Low 32 (11.1) I 05 10 91 1 20) 0.528
AN Medium 37(12.9)
\_‘ ’ _High 36(12.7)

® 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 . ... ..

Sla e O5%CI* . 0 pValue
857 0.99 (0.84,1.16) 0.894

* Relative risk for a twofold increase in 1987 dioxin.

7N
d ;
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15.2.2.1.21 Absolute Basophils (Nonzero Measurements)

For participants who had a positive number of absolute basophils, no significant relations were observed

between basophils and exposure group or dioxin in Model 1 through 4 analyses (Table 15-23(a-h):
p>0.18 for each analysis).

Table 15-23. Analysis of Absolute Basophils (thousand/mm®) (Nonzero Measurements)

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

" Oteupatiomal T - Differenceof Meams
~Category " iGrowp 0 e Mean® T @sg Y oo p<Valoe® .

All Ranch Hand 373 0.078 -0.002 -- 0.315
Comparison 580 0.080

Officer Ranch Hand 149 0.076 -0.001 -- 0.838
Comparison 232 0.077

Enlisted Flyer = Ranch Hand 75 0.079 -0.003 -- 0.577
Comparison 87 0.082

Enlisted Ranch Hand 149 0.079 —0.003 -- 0.322

Groundcrew Comparison 261 0.082

* Transformed from natural logarithm scale.

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

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

‘\__,/;

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

.- “Ocenpational . : . Adjusted ... Difference of Adj, Means __ S

o Category L UGrogp o im0 Mean® G OS%CLY 7 pValnet

All Ranch Hand 372 0.072 —0.002 -- 0.280
Comparison 580 0.074

Officer Ranch Hand 148 0.071 ~0.001 -- 0.669
Comparison 232 0.073

Enlisted Flyer Ranch Hand 75 0.072 -0,002 -- 0.682
Comparison 87 0.074

Enlisted Groundcrew Ranch Hand 149 0.073 -0.003 -- 0.326

Comparison 261 0.076

* Transformed from natural logarithm scale.

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

¢ P-value is based on difference of means on natural logarithm scale.
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Table 15-23. Analysis of Absolute Basophlls (thousand/mm°®) (Nonzero Measurements)

(Continued)
{¢} MODEL 2: 'RANCH HANDS ~ INITIAL DIOXIN —~ UNADJUSTED - R
Im‘hal I)mxm Category Qummary Stat:s*tics ' Anaiys:s Remlts for Log; (fnit:al onxm)

g e e D .7 Slepe .

Imnal Dmxm -'-n S Mean’ Adj Mean j-R2 e (St Et'l‘ol,')c ' p-V»_;alue
Low 62 0.077 0.078 0.013 0.009 (0.022) 0.685
Medium 58 0.075 0.076
High 81 0.081 0.080

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 absolute basophils versus log; (initial dioxin).

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

{d) MODEL: 2:: RAN CH HANDS - INITIAL BIOXIN - ABJUSTED

Imtmi Dmxm Category Summary Statxsﬁcs Annlys:a Results for L_o_gz {Imnal D:oxin)
e e o RIS 5- - Adj.Slope L
Initia! Dnoxm A TR Adj_.'M_ean-“ o -fR’; BRI (Std. Evror)® - p~Value
Low 61 0.073 0.082 —0.003 (0.026) 0.917
Medium 58 0.070
_High 81 0.073

Transformed from natural logarithm scale.

® Slope and standard error based on naturat logarithm of absolute basophils versus log, (initial dioxin).

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

(e) M()DEL 3 RANCH HANDS AND COMPARISONS BY DIOXIN CA'I‘EGDRY v UNADJ USTED

"."i)ioxiii.Cétegbry G e U Mean 3Adj;5M§an""-": : (95% CILy "p‘-Yalue". :
Comparison 562 0.080 0.080
Background RH 168 0.077 0.078 -0.002 -- 0.410
Low RH 92 0.076 0.076 -0.004 -- 0.222
High RH 109 0.080 0.080 0.000 -- 0.930
Low plus High RH 201 0.078 0.078 —-0,002 -- 0.482

4 Transformed from natural logarithm scale.

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

because analysis was performed on natural logarithm scale.

4 P_value is based on difference of means on natural logarithm scale.

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

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

15-85




Table 15-23. Analysis of Absolute Basophils (thousand/mm® ) (Nonzero Measurements)
{Continued)

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

- Difference of Adj. Mean -~ "

J.; R _r.._.:f e :fi' L . v&Comparjsons
; 'Dio@@ih’-()’sutégdry' S S 'Adj..M‘_e;m‘_ SRR ¢} 2 o A PValue®
Comparison 562 0.075
Background RH 168 0.074 —0.001 -- 0.657
Low RH 91 0.071 —0.004 -- 0.183
High RH 109 0.073 -0.002 -- 0.563
Low plus High RH 200 0.072 -0.003 -- 0.220

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.

; (g) MODEL 4 RANCH HANDS i 198? l)IOXIN - UNADYUSTE%

e [ 1 Dmxin Category Summary Siaﬁstics; : | Amlysas Results l’ar Logz (1987 D]oxin +1}" : :
1987 Dioxin & . T T S Mean® _R‘i- Slope (Srd.Ermr)” p-Value T
Low 132 0.076 <0.001 0.006 (0.014) 0.674
Medium 109 0.079
High 128 0.078

* Transformed from natural logarithm scale.
® Slope and standard error based on natural logarithm of absolute basophils versus log; (1987 dioxin + 1).

Note: Low = <7.9 ppt; Medium = >7.9~19.6 ppt; High = >19.6 ppt.
- (h) MODEL 4: RANCHi?:IANDS . 1987 BIOXiN ADJUSTEB

Tow T3 0.060 T0.07 ~0.006 (0.016) 0716
Medium 108 0.072
High 128 0.067

Transformed from natural logarithm scale.
® Slope and standard error based on natural logarithm of absolute basophils versus log; (1987 dioxin + 1).

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

15.2.2.1.22 Absolute Basophils (Zero versus Nonzero)

Unadjusted and adjusted Model 1 analyses of the percentage of participants with no absolute basophils
revealed a significant difference between Ranch Hand and Comparison enlisted groundcrew (Table
15-24(a,b); p=0.068, Est. RR=1.28; p=0.065, Adj. RR=1.28, respectively). A greater percentage of
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Ranch Hand than Comparison enlisted groundcrew had no absolute basophils. All other Model 1
contrasts were nonsignificant (Table 15-24(a,b): p>0.10 for each remaining contrast).

Table 15-24. Analysis of Absolute Basophils (Zero vs. Nonzero)
(a) MODEL 1s RANCH I-IANDS V8. (‘OMPARISONS UNADJ“USTED

Occupauona! S RO ;:-Number {%) _:Est. Relative}bsk S
Category Group PR }1'--; Sl . Zexo . L 05% L) - p-Value ..

All Ranch Hand 866 493 (56. 9) 115 (0.96,1.36) 0.126
. Comparison 1,249 669 (53.6)

Officer Ranch Hand 341 192 (56.3) 1.15 (0.87,1.51) 0.338
Comparison 493 261 (52.9)

Enlisted Flyer ~ Ranch Hand 151 76 (50.3) 0.88 (0.57,1.35) 0.565
Comparison 187 100 (53.5)

Enlisted Ranch Hand 374 225 (60.2) 1.28 (0.98,1.67) 0.068
Groundcrew Comparison 569 308 (54.1)

{b) MODEL L RANCK HANDS VS. { OMPARISONS ADJ USTED

Oecupationa! Category ' o 9S%CLY S piValue
All 116 (0.97.1.38) 0.106
Officer 1.16 (0.88,1.53) 0.303
Enlisted Flyer | 0.87 (0.57,1.34) 0.529
Enlisted Groundcrew 1.28 (0.98,1.68) 0.065

'Iiima] '

(95%(::)" e

_ D;oxin BRI B e, j R S R eVl
Low 160 98 (61.3) 0.84 (0.73,0.97) 0.015
Medium 162 104 (64.2)

_High 156 75 (48.1)

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.
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Table 15-24. Analysis of Absolute Basophils (Zero vs. Nonzero) {Continued)

(d} MODEL 2 RANCH HANDS INITIAL DIOXIN - ADJUSTED

Analyms Results for. Log; (Imunl Dmxm)

AdjustedRelativeRmk <y R
W O5%CLF o pValoe o
477 0.81 (0.68,0.95) 0.012

* Relative risk for a twofold increase in initial dioxin.

e

RANCH HANBS AND COMPAR}SONS BY ____IOXIN CATEG@RY-—{UNADJUSTED

. e el Number (%} Est. Relative Risk ey L n
DiﬂxinCamgnry EEERR T R ©odere o = .._.';{95%(31.)"’ PR PR p-Value_ ;
Comparlson 1,211 649 (53.6)
Background RH 381 213 (55.9) 1.09 (0.86,1.38) 0.459
Low RH 239 147 (61.5) 1.39(1.04,1.84) 0.025
High RH 239 130 (54.4) 1.04 (0.78,1.37) 0.796
Low plus High RH 478 277 (58.0) 1.20 (0.97,1.49) 0.098

Relat:ve risk and confidence interval retative 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 1200

Background RH 380 1.11 (0.87,1.41) 0.395
Low RH 238 1.47 (1.10,1.95) 0.009
High RH 239 1.00 (0.75,1.33) 0.979
Low plus High RH 477 1.21 (0.97,1.50) 0.091

? 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 15-24. Analysis of Absolute Basophils (Zero vs. Nonzero) (Continued)

_(g) MODEL 4: RANCH HANDS 1937 DIOXIN UNADJUSTED O i
1987 Dioxin. Category Summry Statlstics L e .- Analysis Results for Log, (1987 Dloxm + l)

1987 . o0t T Number (%) Esumated Relative Risk -~ '
Diexin U . Zero. L es%CLy !':p-V.aI_ne.
Low 288 156 (54.2) 0.97 (0.88,1.06) 0.496
Medium 287 178 (62.0)
High 284 156 (54.9)

* Relative risk for a twofold increase in 1987 dioxin.

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

(h) MODEL 4' RANCH HANDS - 1987 DIOXIN - ADJUST!

Annlysi,s Results for Tog, (1987 Dloxin + 1)
Adjnmd RelativeRisk . oo o
OS%CL . . pVame
0.94 (0.84,1 .05) 0.257

 Relative risk for a twofold increase in 1987 dioxin.

Model 2 analyses displayed a significant association between initial dioxin and the percentage of
participants with no absolute basophils, both with and without adjustment for covariates (Table
15-24(c,d): p=0.015, Est. RR=0.84; p=0.012, Adj. RR=0.81, respectively). As initial dioxin increased,
the percentage of participants with no absolute basophils decreased.

A significant difference in the proportion of participants with no absolute basophils was observed
between Ranch Hands in the {ow dioxin category and Comparisons in both Model 3 unadjusted and
adjusted analyses (Table 15-24(e,f): p=0.025, Est. RR=1.39; p=0.009, Adj. RR=1.47, respectively).
Also, the contrast of Comparisons with Ranch Hands in the low and high dioxin categories combined was
marginally significant in both the unadjusted and adjusted analyses (Table 15-24(e,f): p=0.098,

Est. RR=1.20; p=0.091, Adj. RR=1.21, respectively). Ranch Hands in these dioxin categories had a
higher percentage of participants with no absolute basophils than did Comparisons. All other Model 3
contrasts, as well as the Model 4 analysis results, were nonsignificant (Table 15-24(e-h): p>0.25 for all
analyses).

15.2.3 1.ongitudinal Analysis

Longitudinal analyses were conducted on platelet count 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 longitudinal analyses 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 platelet count. The longitudinal analyses for 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.
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Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete )
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for

developing the condition because the condition already existed at the time of the first collection of data

for the AFHS (1982). Only participants considered normal at the 1982 examination were considered to

be at risk for developing the condition; 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 41).

Summary statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations.

The longitudinal analyses for platelet count in its discrete form 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 for the platelet count in its continuous form examined the paired difference
between the measurements from 1982 and 1997. These paired differences measured the change in
platelet count over time. Each of the three models used in the longitudinal analysis was adjusted for age
and platelet count as measured in 1982 (see Chapter 7, Statistical Methods). A square root transformation
was applied to platelet count for analytic purposes. ‘

15.2.3.1 Laboratory Variable

1523.1.1  Platelet Count (Continuous) )

A decrease was seen in both Ranch Hands and Comparison means between the baseline examination and
the 1997 follow-up. The largest portion of the decrease was observed between 1992 and 1997, The
change in platelet count means between 1982 and 1997 was examined for associations with group status
and dioxin. In the Model 1 analysis, the change in platelet count means between 1982 and 1997 was
significantly different between Ranch Hand and Comparison officers (Table 15-25(a): p<0.001). The
difference was marginally significant in Ranch Hand and Comparison enlisted flyers (Table 15-25(a):
p=0.100). For both occupations, Ranch Hands have decreased more than Comparisons over the 15-year
time period. The difference was nonsignificant when Ranch Hands and Comparisons were examined
across all occupations. No significant associations were observed between platelet count and dioxin in
Model 2 (Table 15-25(b): p=0.401). In the Model 3 analysis, there was a marginally significant
difference in the change in platelet count means between the background Ranch Hand dioxin category
and Comparisons (Table 15-25(c)). The decrease in means between 1982 and 1997 was greater for Ranch
Hands in the background dioxin category (66.0 thousand/mm®) than for Comparisons (58.6
thousand/mm®*).
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Table 15-25. Longitudinal Analysis of Platelet Count (thousand/mm°) {Continuous)

(2)MODEL 1: RANCH HANDS VS. COMPARISONS -~ s
Lo L - G - Meafl“l(n) Exam. I)if{erenceof . _
Occupational L e el B .-: Examination e Mean o Exam, Mean . .- G ;
_ Category - Group: - 1982 - 1985 1987 . 1992 1997 - Change® - Change ' ‘p:Value®
All "~ Ranch Hand 273.8 267.8 260.7 250.7 207.2 -66.6 -7.8 0.203
(807) (788) (779) (782) (807)
Comparison  261.7 263.7 2553 2444 202.9 _58.8
(966) (946) (937) (944) (966)
Officer Ranch Hand 2624 2583 2520 2393 1969 —65.4 -13.5 <0.001
(307)  (302) (298) (299) (307)
Comparison  256.9 2625 253.1 2433 2050 -519
(376) (370) (362) (370) (376)
Entisted RanchHand 281.8 273.6 2657 2550 2133 —685 4.1 0.100
Flyer (147) (144) (142) (144) (147)
Comparison  258.2 2534 2426 2351 1937 —644
(143) (142) (141) (140) (143)
Enlisted Ranch Hand 2805 2738 2663 259.2 2137 —-66.7 —4.0 0.462
Groundcrew (353) (342) (339) (339) (353)
Comparison 2669 268.3 2613 2484 2042 —627
(447)  (434) (434) (434) (447)

* Transformed from square root scale.
 Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of square root of platelet count; results adjusted for square root of platelet count 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 15-25. Longitudinal Analysis of Platelet Count (rhousand/mms) {Continuous)
(Continued)

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

" Tnitial Dioxin Category Summiary Statistics

"] Anslysis Resulis for Tog; (ioftial Dioxiy’

L Mean‘l(n) G | LR S RTERR COR

et e s Examingion” e o Adjusted Slope " © o o
Low 266.5 265.1 2517.6 247.0 204.0 0.039 (0.046) 0.401

(152) (148) (150 (147) (152)
Medium 277.4 268.2 262.8 2529 208.0

(159) (156) (155) (155) (159)
High 284.9 274.8 268.5 259.6 217.6

(147) (144) (142) {144y .  (147)

* Transformed from square root scale.
® Results based on difference between square root of 1997 platelet count and square root of 1982 platelet count

versus log, (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin,
square root of 1982 platelet count, and age in 1997.

Notes: 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 15-25. Longitudinal Analysis of Platelet Count (thousand/mm°) (Cantinuous)
(Continued)

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

el o Mean'(n _ Exan: . Difference of
" Dioxin- . . oo Examination o Mean 0 Exam.Mean i
Category .- 1982 . . 1985 . 1987 .. 1992 . 1997 ... Change® ~ Change p-Value®
Comparison 2619 2640 2557 2450 2033 -58.6
(938) 921) (911) 917)  (938)
Background  270.3 2652 2575 2474 2043 —-66.0 -74 0.071
RH (343) (335) (327) (331)  (343)
Low RH 268.0 2640 2589 2473  204.0 —-64.0 5.4 0.544
(228) (221) (223) (220  (228)
High RH 2843 2745 2668 2587 2155 -68.8 102 0.965
(230) (227 (224) (226)  (230)
Low plus 276.1 2693 2628  253.1 209.7 —66.4 -7.8 0.676
_HighRH (458) (448) (447) (446)  (458)

* Transformed from square root scale.

® Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of square root of 1997 platelet count; results adjusted for percent body fat at the date
of the blood measurement of dioxin, square root of 1982 platelet count, and age in 1997.

Notes: 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.

15.2.3.1.2  Platelet Count (Discrete)

The longitudinal analysis of 1997 platelet count in its discretc form was conditioned on participants who
had a normal platelet count in 1982. In the Model 1 analyses, no significant difference was observed in
the percentage of abnormally low platelet counts between Ranch Hands and Comparisons when all
occupations were combined (Table 15-26(al): p=0.681). Ranch Hand officers had a significantly higher
percentage of abnormal low measurements than did Comparison officers (Table 15-26(al): Adj.
RR=2.71, p=0.046), and Ranch Hands enlisted flyers had a significantly smaller percentage of abnormal
low measurements than did Comparison officers (Table 15-26(al): Adj. RR=0.09, p=0.023). No
significant differences were observed between Ranch Hands and Comparisons in the percentage of
abnormally high measurements, although the sparse number of abnormally high measurements in 1997
precluded meaningful statistical analysis by occupation.
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Table 15-26. Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and Abnormal
High vs. Normal)

(al) MODEL 1; RANCH HANDS VS. COMPARISONS

All Ranch Hand 2(0.3) 1(0.1) 0(0.0) 3 (0.4) 21 (2.6)
867 788 779 782 807

Comparison 7(0.7) 2(0.2) 3(0.3) 6(0.6) 3031
9266 946 937 944 966

Officer Ranch Hand 1(0.3) 1(0.3) 0 (0.0) 2.7 14 (4.6)
307 302 298 299 307

Comparison 3(0.8) 0(0.0) 0(0.0) 3 (0.8) 7019
376 370 362 370 376

Enlisted Flyer Ranch Hand 000 0(0.0) 0.0 0.0 1(0.7)
147 144 142 144 147

Comparison 00.0) 1(0.7) 2(1.4) 1(0.7) 10 (7.0)
143 142 141 140 143

Enlisted Groundcrew  Ranch Hand 1(0.3) 0(0.0) 0 (0.0} 1{0.3) 6 (1.7
353 342 339 339 353

Comparison 4(0.9) 1(0.2) 1(0.2) 2(0.5 1329
447 434 434 434 447

o Norwmlm 1982 o

o Category . Gromp . nin1997 in1g L GSRCLR pvaluet

All Ranch H, 799 20 (2.5) 0.88 (0.49,1.59) 0.681
Comparison 950 27 (2.8)

Officer Ranch Hand 305 13 (4.3) 2.71(1.02,7.23) 0.046
Comparison 372 6(1.6)

Enlisted Flyer Ranch Hand 146 1(0.7) 0.09 (0.01,0.71) 0.023
Comparison 141 10 (7.1)

Enlisted Ranch Hand 348 6(1.7) 0.71 (0.26,1.94) 0.501

Groundcrew Comparison 437 11 (2.5)

® Relative risk, confidence interval, and p-values are in reference to a contrast of 1982 and 1997 results; resulis
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 platelet count in 1982 (see Chapter 7, Statistical Methods).
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Table 15-26. Longltudinal Analysis of Platelet Count {(Abnormal Low vs. Normal and
Abnormal High vs, Normal) (Continued)

(22) MODEL 1: RANCH HANDS VS. COMPARISONS
' ' T Namber (%) Absormal Hight()

o Category. - TGrowp T L1982 o IUI988 1987 - 19920 1997

All Ranch Hand 6(0.7) 12(1.5) 16(2.1) 9(1.2) 4(0.5)
807 788 779 782 807

Comparison 20.9) 13 (1.4) 13(1.9) 8(0.9) 4(0.4)
966 245 937 944 966

Officer Ranch Hand 1(0.3) 3(L.0) 4(1.3) 0 0.0 1(0.3)
307 302 298 299 307

Comparison 1(0.3) 3(0.8) 5(i.4) 3(0.8) 3(0.8)
376 370 362 370 376

Enlisted Flyer Ranch Hand 1(0.7) 320D 4 (2.8) 1(0.7) 1(0.7)
147 144 142 144 147

Comparison 2(1.4) 3(2.1) 1(0.7) 2(1.4) 1(0.7
143 142 141 140 143

Enlisted Groundcrew  Ranch Hand 4 (1.1) 6(1.8) B(2.4) B (24) 2 (0.6)
353 342 339 339 353

Comparison 6(1.3) 7(1.6) 7(1.6) 3(0.7) 0 (0.0)
. 447 434 434 434 447

roup

All Ranch Hand 799 3(0.4) 1.81 (0.30,10.89) 0.516
Comparison 950 2€0.2)

Officer Ranch Hand 305 1(0.3) - 0.999°
Comparison 372 2(0.5)

Enlisted Flyer Ranch Hand 146 1(0.7) o 0.999"
Comparison 141 0 (0.0

Enlisted Ranch Hand 348 1(0.3) - 0.912°

Groundcrew Comparison 437 0 (0.0)

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

® P-value not presented because of the sparse number of participants with an abnormal high platelet count; results
not adjusted for age in 1997.

-~ Results not presented because of the sparse number of participants with an abnormal high platelet count.

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 platelet count in 1982 (see Chapter 7, Statistical Methods).
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Table 15-26. Longltudinal Analysls of Platelet Count (Abnormal Low vs. Normal and
Abnormal High vs. Normal) (Continued)

(bl) MODEL 2 RANCH HANDS — INITIAL DIOXIN

Numbex (%), Ahnormal Lowl(n)

: e e e T Examinaﬁon -
© o IniialDioxim. . . 1983 . -.:..198.511_.'- '5 S 1987 1992 1997
Low 1(0.7) 0 (0.0} 0 (0.0) 1(0.7) 3(2.0)

152 148 150 147 152
Medium 0 (0.0} 0 (0.0) 0 (0.0) 0(0.0) 4 (2.5)

159 156 155 155 159
High 0(0.0) 0(0.0) 0 (0.0 0 (0.0 1(0.7)

147 144 142 144 147

- initial !)mxin Category Summary Statistics

Analysns Results for Logz (Imtial Dloxin)“ :

Nortml in 1982

(95% C1)*

Adj Relative R;sk o

Low .

R OBIED

0 586
Medium 158
High 146

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.

Notes: 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 platelet count in 1982 (see Chapter 7,

Statistical Methods).

_'f;(bZ) MO’DEL 2 RANCH HANDS ~INITIAL DIQXIN

Number (%) Abnérmal Highf(n}

L R e U el I e Emnﬂnauon__ s T
- Anitial Dioxin - 1982 1985 - 1987 199z 1997
Low 140.7) 1.7 TR0 100.7) 0 (0.0)

152 148 150 147 152
Medium 1 (0.6) 2(13) 4 (2.6) 3(1.9) 1(0.6)
159 156 155 155 159
High 1(0.7) 3(2.1) 3(2.1) 4(2.8) 1(0.7)
147 144 142 144 147
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o Table 15-26. Longitudinal Analysis of Platelet Count (Abnormal Low vs. Normal and

Q ‘,i Abnormal High vs. Normal) {Continued)
lmt:al l)xoxin Cawgory Summary Statistics . A Analysis Resu!ts fo_r._Leg;. (knitial Dioxin)* ..
: s = Normalin 1982 R R R T

Initlal nin 1997 Numher %) Abnormai Adj Relahve R:sk R TV I
Dioxin Croen v Highin 1997 _-'ﬂ; {95% CJ) L peValie!

Low 150 000 1.28 (0.32,5.19) 0.726

Medium 158 1(0.6)

High 146 0(0.0)

* 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.

Notes: 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. Suminary 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 examinattons.
Statistical analyses are based only on participants who had a normal platelet count in 1982 (see Chapter 7,
Statistical Methods).

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

' mber (%) Abnorma! Low!(n)
L RTINS o Exsunination fo T i
(5 . “Diox Cstegory STTgeeE . 1985 . . 1981 . . 1983 .. a97 .
S ’Companson U 6(0.6) 10D 2(0.2) 4 (0.4 28 (3.0)
938 921 911 917 938
Background RH 1(0.3) 1{0.3) 0¢0.0) 2 (0.6) 12 (3.5)
343 335 327 331 343
Low RH 1(0.4) 0 (0.0) 0 (0.0) 1(0.5) 6(2.6)
228 221 223 220 228
High RH 0(0.0) 0(0.0) 0(0.0) 0 (0.0 2(0.9)
230 227 224 226 230
Low plus High RH 1(0.2) 0(0.0) 0 (0.0) 1(0.2) 8(1.8)
458 448 447 : 446 458
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Table 15-26, Longitudinal Analysils of Platelet Count (Abnormal Low vs, Normal and
Abnormal High vs. Normal) (Continued) | )

. Normalim 1982
U Ad) Relative Risk -

UL e T e i o ‘Abmorimal L TR
- Dioxin Category " " ‘nim1997° ¢ - Lowinl997 <. 95 CLy® “p-Value® 0
Comparison 923 26 (2.8) -
Background RH 339 12 (3.5) 1.33 (0.66,2.69) 0.424

Low RH 226 5(2.2) 0.70 (0.26,1.8%) 0.471

High RH 228 2(0.9) 0.32 (0.07,1.36) 0.122

Low plus High RH 454 7(1.5) 0.47 (0.19,1.18) 0.107

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

Notes: 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 ppL.

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 platelet count in 1982 (see Chapter 7,
Statistical Methods). A )

(<2) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN C.

L) A
-+ Examinatio

Comparison - 13 (1.4) 13(1.4) 8(0.9) 404
921 911 217 938

Background RH 3(0.9) 5(1.5) 6(1.8) 1(0.3) 2 (0.6)
343 335 327 331 343

Low RH 1(04) 2(0.9) 4(1.8) 2(0.9) 0(0.0)
228 221 223 220 228

High RH 2(0.9) 4(1.8) 6 (2.7 6(2.7) 2 (0.9)
230 227 224 226 230

Low plus High RH 3(0.7 6(1.3) 10(2.2) 3(1.8) 2 (0.4)
458 448 447 446 458
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Table 15-26. Longitudinal Analysis of Piatelet Count (Abnormal Low vs. Normal and
Abnormal High vs. Normal) (Continued)

_Normal in 1982 .
S _ : Lo Number (%) T s e 0t
R © .+ Abnormal High' . Adj Relative Risk =~ :
Dioxin Category " ninl19%7 " m1997 . o059 CL® o7 pValue®.

Comparison 923 202 '
Background RH 339 2 (0.6} 2,17 (0.30,15.65) 0.442
Low RH 226 0(0.0) -- 0.999°
High RH 228 1(04) 379(0.32,45.31) 0.293
Low plus High RH 454 1(0.2) -- 0.999°

* Relative risk and confidence interval relative to Comparisons.

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

¢ P-value not presented because of the sparse number of participants with an abnormal high platelet count; results
not adjusted for age in 1997,

--: Results not presented because of the sparse number of participants with an abnormal high platelet count.

Notes: 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 platelet count in 1982 (see Chapter 7,
Statistical Methods).

Model 2 analyses did not show a significant association of initial dioxin with either abnormally low or
abnormally high platelet counts (Table 15-26(b1) and (b2): p>0.58 for each analysis). The Model 3
analyses of categorized dioxin also did not show any significant associations with abnormal platelet count
levels (Table 15-26(c1) and (c2): p>0.10 for all analyses).

153 DISCUSSION

As indices of the three peripheral blood lines—RBCs, WBCs, and platelets—the hematologic variables
analyzed are widely used in clinical medicine and are relied upon heavily to reflect disease not only of the
hematopoietic system, but in other organ systems as well. Although lacking specificity, abnormalities in
the hemoglobin, hematocrit, and total WBC count often serve as a sensitive first alert to the presence of a
host of infection, inflammatory, and neoplastic disease states across multiple organ systems and point to
the need for further investigation.

As elements essential to normal coagulation, the platelets have a short half-life and are most subject to
decreased survival in a wide range of diseases, toxic chemical exposures, and in the presence of numerous
over-the-counter and prescription medications. The broad range of normal for the platelet count (130
thousand/mm’ to 400 thousand/mm?’) is such that subtle changes in platelet survival can occur and not be
identified as abnormal. Only extreme variations in the platelet count—less than 50 thousand/mm® and
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greater than 800 thousand/mm’~—are associated with the classic complications of spontaneous bleeding or
blood clot formation.

Similar to the 1987 and 1992 examinations, most of the significant results were limited to the platelet and
WBC analyses. Ranch Hand enlisted flyers and groundcrew had higher mean platelet counts than
Comparisons, but the differences in the means (14.9 thousand/mm’ and 9.3 thousand/mm’, respectively)
cannot be considered biologically meaningful.

Few of the serum dioxin analyses yielded significant results. In a pattern consistent with a dose-response
effect, a positive association was noted between the mean platelet count and initial dioxin levels in the
low, medium, and high categories. When adjusted for covariates, the associations were no longer
significant. Similarly, in the model using 1987 dioxin levels, Ranch Hands with the highest levels of
serum dioxin had significantly higher mean platelet counts than did Comparisons, but after adjustment for
covariates, the association was not significant. Once again, the difference in the means was relatively
small (never more than 14 thousand/mm’). In the discrete analyses, which can be considered more
relevant clinically, no significant group or occupational differences were noted, nor was there any
evidence for a dioxin effect.

In the 1987 examinations, the mean WBC and platelet counts and the erythrocyte sedimentation rates
were higher in Ranch Hands than Comparisons, raising the possibility of a subclinical inflammatory
response associated with prior dioxin exposure. In the current study as in 1992, no significant group
differences were noted in any of these indices. The unadjusted analyses of the WBC and platelet
variables and, as noted in Chapter 9, of erythrocyte sedimentation rate, have yielded results consistent
with a subtle dose-response effect in relation to both initial and 1987 dioxin levels. After adjustment for
covariates, none of the findings remained significant.

Dependent variable-covariate associations confirmed numerous observations that have been well-
established in clinical practice. In cigarette smokers, cellular hypoxia related to carboxyhemoglobin
formation and systemic arterial desaturation in obstructive airway disease combine to raise the
hemoglobin and hematocrit in comparison to nonsmokers. The increased incidence of chronic bronchitis
in smokers is often associated with an elevation in the total WBC count. Of participants smoking at least
one pack per day, 16.1 percent had abnormally elevated WBC counts, versus a prevalence of 1.4 percent
in nonsmokers (p=0.001). Older participants were found to have statistically significant reductions in the
total RBC, hemoglobin, and hematocrit associations that may reflect the increased incidence of chronic
disease associated with age.

Race-related associations were noted. When compared to non-Black participants, Black participants had
statistically significant reductions in the RBC indices, findings that may relate to the increased incidence
of glucose-6-phosphate dehydrogenase (G-6-PD) deficiency and of hemoglobin variants (S and C)
associated with heterozygous sickling disorders. Blacks were found to have a greater prevalence of
abnormally low RBC counts than non-Blacks (7.8% vs. 4.6%), although the difference in the means (4.99
thousand/mm’ vs. 4.95 thousand/mm’) is not statistically significant and is not likely clinically
meaningful.

The longitudinal analyses documented a reduction in the total platelet count in each group and across all
occupational strata. As documented in the 1987 follow-up report, Ranch Hands continue to have a greater
reduction in the total platelet count over time than do Comparisons, although the current means (207.2
thousand/mm’ vs. 202.9 thousand/mm’) are nearly equal.
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In conclusion, analyses of 13 hematologic variables yielded no significant group differences between the
Ranch Hand and Comparison cohorts, and these results are consistent with the 1992 follow-up
examination. In those participants most heavily exposed, the slight increase in the platelet count
referenced above may still reflect a subtle biologic effect of dioxin exposure. Apart from platelet count,
there appears to be little evidence to support a relation between dioxin exposure and adverse effects to the
hematopoietic system.

154 SUMMARY

The hematology assessment included analyses of 13 variables each from the laboratory examination. For
each variable, associations with group {Model 1), initial dioxin (Model 2), categorized dioxin (Model 3),
and 1987 dioxin (Model 4) were assessed. Continuous and discrete analyses were performed for each cell
count variable as well as for prothrombin time. RBC morphology, as well as blood count variables, was
also analyzed. In addition, due to the large number of nonzero measurements for absolute neutrophils
(bands), absolute eosinophils, and absclute basophils, investigations on these variables consisted of two
analyses. First, a discrete analysis was performed on the proportion of zero measurements, and second, a
continuous analysis was performed on the nonzero measurements.

154.1 Model 1: Group Analysis

As shown in Table 15-27, in both the unadjusted and adjusted analyses of the cell count variables, only
the analyses of platelet count revealed significant group differences. In the continuous analysis, group
differences were significant for each occupation but not significant when examined across all
occupations. The platelet count mean was higher for Comparison officers and higher for Ranch Hands in
both enlisted flyers and enlisted groundcrew. In the discrete analysis of platelet count, unadjusted and
adjusted results also revealed consistent results. Significant group differences in the percentage of
abnormally low platelet counts were found within the officer and enlisted flyer strata. For officers, more
Ranch Hands than Comparisons exhibited an abnormally low platelet count. Conversely, for enlisted
flyers, more Comparisons than Ranch Hands had an abnormally low platelet count.

Table 15-27. Summary of Group Analysis (Model 1} for Hematology Variables (Ranch Hands vs.
Comparisons)

T UNADJUSTED.

a

ST Y ardabl
Laboratory
Red Blood Cell (RBC) Count (C) ns ns ns NS
Red Blood Cell (RBC) Count (D)
Abnormal Low vs. Normal NS ns NS ns
Abnormal High vs. Normal ns ns NS ns
White Blood Cell (WBC) Count (C) NS NS ns NS
White Blood Cell (WBC) Count (D)
Abnormal Low vs. Normat NS NS NS NS
Abnormal High vs. Normal NS ns NS NS
Hemoglobin (C) NS ns ns NS
Hemoglobin (D)
Abnormal Low vs, Normal NS NS NS ns
Abnormal High vs. Normal ns NS NS ns
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Table 15-27. Summary of Group Analysis (Model 1) for Hematology Variables {Ranch

Hands vs. Comparisons) (Continued) )
... UNADJUSTED R
LS e e T T Enlisted ~Enlisted .

o Variable -~ . AR Officer ©  Flyer - Groundcrew
Hematocrit (C) ns ns ns . & NS
Hematocrit (D)

Abnormal Low vs. Normal NS ns NS ns

Abnormal High vs. Normal ns ns NS ns
Platelet Count (C) NS -0.012 +0.005 +0.004
Platelet Count (D)

Abnormal Low vs, Normal ns +0.021 —0.032 ns

Abnormal High vs. Normal NS ns NS NS
Prothrombin Time (C) ns NS ns ns
Prothrombin Time (D) NS NS ns NS
RBC Morphology (D) ) NS NS NS NS
Absolute Neutrophils (Segs) (C) NS ns ns NS
Absolute Neutrophils (Bands) (Nonzero NS NS ns N§=*
Measurements) (C) .
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) ns ns +0.029 ns
Absolute Lymphocytes (C) NS NS ns NS
Absolute Monocytes (C) ns ns ns NS
Absolute Eosinophils (Nonzero Measurements) (C) ns NS ns ns R
Absolute Eosinophils {(Zero vs. Nonzero) (D) NS§ NS ns ns )
Absolute Basophils (Nonzero Measurements) (C) ns ns ns ns
Absolute Basophils {Zero vs. Nonzero) (D) NS NS ns NS*

Note: NS*: Marginaily significant (0.05<p<0.10).
NS or ns: Not significant (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 for discrete analysis; difference of means negative for continuous analysis.

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 relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.

-
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Table 15-27. Summary of Group Analysis (Model 1) for Hematology Variables (Ranch

Hands vs. Comparisons) (Continued)

ADJUSTED _ g
T e R S0 Edlisted Enlisted
S - Variable AN Officer ~ -~ Flyer = - Groundcrew -
Laboratory
Red Bloed Cell (RBC) Count {C) ns ns ns NS
Red Blood Cell (RBC) Count (D)
Abnormal Low vs. Normal NS ns NS ns
Abnormal High vs. Normal ns ns NS ns
White Blood Cell (WBC) Count (C) NS NS ns NS
White Blood Cell (WBC) Count (D)
Abnormal Low vs. Normal NS NS NS NS
Abnormal High vs. Normal ns ns ns ns
Hemoglobin (C) ns ns ns NS
Hemoglobin (D)
Abnormal Low vs, Normal NS NS NS ns
Abnormal High vs, Normal ns NS - -
Hematocrit (C) ns ns ns NS
Hematocrit (D)

Abnormal Low vs, Normal NS ns NS ns
Abnormal High vs. Normal ns -~ - --
Platelet Count (C) NS ~0.014 +0.003 +0.011

Platelet Count (D)

Abnormal Low vs. Normal ns +0.022 -0.029 ns

Abnormal High vs, Normal NS ns NS NS
Prothrombin Time {(C) ns NS ns ns
Prothrombin Time (D) NS NS -- NS
RBC Morphology (D) NS NS NS NS
Absolute Neutrophils (Segs) (C) NS ns ns NS
Absolute Neutrophils (Bands) (Nonzero Measurements) (C) NS NS ns NS*
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) ns ns +0.026 ns
Absolute Lymphocytes (C) NS NS ns ns
Absolute Monocytes (C) ns ns ns NS
Absolute Eosinophils (Nonzero Measurements) (C) ns NS ns ns
Absolute Eosinophils (Zero vs. Nonzero) (D) NS NS ns ns
Absolute Basophils (Nonzero Measurements) (C) ns ns ns ns
Absolute Basophils (Zero vs, Nonzero) (D) NS NS ns NS*

Note: NS* or ns*: Marginally significant (0.05<p<0.10).
NS or ns: Not significant (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 for discrete analysis; difference of means negative for continuous anatysis.

--t Analysis not performed because of the sparse number of participants with an abnormality.

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 relative risk less than 1.00 for discrete

analysis or difference of means negative for continuous analysis.
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The unadjusted and adjusted results from the analyses of the blood count variables also were similar. The
continuous analyses of absolute neutrophils (bands) revealed a marginally significant higher mean for
Ranch Hands within the enlisted groundcrew stratum. A greater percentage of zero measurements were
found among Ranch Hand enlisted flyers than among Comparison enlisted flyers. For the analysis of
absolute basophils, the difference in the proportions of zero measurements was marginally significant and
higher for Ranch Hands than for Comparisons within the enlisted groundcrew stratum.

15.4.2 Model 2: Initial Dioxin Analysis

Unadjusted analyses of the cell count variables revealed several significant associations with initial
dioxin, as shown in Table 15-28. The continuous analyses of WBC count, hemoglobin, hematocrit, and
platelet count each showed a significant, positive relation with initial dioxin. After adjustment for
covariate information, each association was nonsignificant. Other significant results include the discrete
unadjusted and adjusted analyses of WBC count, revealing a decrease in the proportion of abnormally fow
WBC counts as initial dioxin increased.

Table 15-28. Summary of Initial Dioxin Analysis (Model 2) for Hematology Variables (Ranch

Hands Only)

T e T e Admed
Laboratory ' -
Red Blood Cell (RBC) Count (C) NS ns
Red Blood Cell (RBC) Count (D)

Abnormal Low vs, Normal ns ns

Abnormal High vs. Normal ns ns
White Blood Cell (WBC) Count (C) +0.035 NS
White Blood Cell (WBC} Count (D)

Abnormal Low vs. Normal ~0.012 -0.043

Abnormal High vs. Normal ns ns
Hemoglobin (C) +0.023 NS
Hemoglobin (D)

Abnormal Low vs. Normal ns* ns

Abnormal High vs. Normal NS NS
Hematocrit (C) +0.021 NS
Hematocrit (D)

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

Platelet Count (C) +0.012 NS
Platelet Count (D)

Abnormal Low vs, Normal ns ns

Abnormal High vs. Normal NS ns
Prothrombin Time (C) ns NS
Prothrombin Time (D) ns ns
RBC Momphology ns NS
Absolute Neutrophils (Segs) (C) NS NS
Absolute Neutrophils (Bands) (Nonzero Measurements) (C) ns -(}.040
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) ns ns
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Table 15-28. Summary of Initial Dioxin Analysis (Model 2) for Hematology Variables
(Ranch Hands Only) (Continued)

L . Variable .- A L . Unadjusted . - . . Adjus_t_ed .
" Absolute Lymphocytes (C) ~ NS* - NS*
Absolute Monocytes (C) NS NS
Absolute Eosinophils (Nonzero Measureiments) (C) NS NS
Absolute Eosinophils (Zero vs. Nonzero) (D) ns ns
Absolute Basophils (Nonzero Measurements) (C) NS ns
Absolute Basophils (Zero vs. Nonzero) (D) : -0.015 -0.012

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.
—: Relative risk<1.00; slope negative for continuous analysis.

" 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 relative risk less than 1.00 for discrete analysis or slope
negative for continuous analysis.

Among the blood count variables, the result from the unadjusted analysis of absolute neutrophils (bands)
was nonsignificant. After adjustment for covariates, a significant negative association was revealed,
where neutrophils decreased as initial dioxin increased. A marginally significant and positive association
between initial dioxin and absolute lymphocyte count was found in both the unadjusted and adjusted
analyses. In addition, a significant negative association between initial dioxin and the proportion of zero
measurements was revealed in both the unadjusted and adjusted analyses of absolute basophils.

15.4.3 Model 3: Categorized Dioxin Analysis

Several contrasts that were marginally significant or significant in the unadjusted categorized dioxin
analyses of the cell count variables and RBC morphology became nonsignificant or marginally significant
in the adjusted analyses. A summary of the results of the categorized dioxin analysis is provided in Table
15-29. The contrast of Ranch Hands in the low dioxin category with Comparisons for RBC count was
marginally significant without adjustment for covariates but nonsignificant after adjustment. When
Ranch Hands in the high dioxin category were contrasted with Comparisons in the unadjusted, continuous
analysis of WBC count, a significant difference was revealed. In the adjusted analysis the result was
nonsignificant. The unadjusted contrast of Ranch Hands in the low dioxin category, with Comparisons in
the discrete analysis of WBC count resulted in a significant difference, although the difference was
marginally significant in the adjusted analysis. Continuous hemoglobin analysis revealed a marginally
significant difference between Ranch Hands in the high category and Comparisons. In addition, analysis
of RBC morphology revealed a marginally significant difference between Ranch Hands in the low dioxin
category and Comparisons. After adjustment for covariates for both hemoglobin and RBC morphology,
the results were nonsignificant. Except for the low Ranch Hand contrast for RBC count, each of the
aforementioned contrasts displayed either a greater percentage of Ranch Hands with an abnormality or
Ranch Hands with a higher cell count mean.
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Table 15-29. Summary of Categorized Dioxin Analysis (Mode! 3) for Hematology Variables (Ranch
Hands vs. Comparlsons)

o _ . UNADﬂﬁTED S :
Backgmund - ~fow . - High- Low p!us Hsgh
LT ~Ranch Bands: RanchHands Ranchﬂands . Ratch Hands
AR Variable SR . i ; s Compansons C VB, Comparasom s, Companwns vs Compansons
Laboratory -
Red Blood Cell (RBC) Count (C) ns ns* NS ns
Red Blood Cell (RBC) Count (D)
Abnormal Low vs. Normal NS NS ns ns
Abnormal High vs. Normal ns ns ns ns
White Blood Cell (WBC) Count (C) ns ns +0.029 NS
White Blood Cell (WBC) Count (D)
Abnormal Low vs. Normal . NS +0.027 ns NS
Abnormal High vs. Normal ns ns NS NS
Hemoglobin (C) ns ns NS§=* NS
Hemoglobin (D)
Abnormal Low vs. Normal NS NS ns ns
Abnormal High vs. Normal NS ns ns ns
Hematocrit (C) ns ns NS NS
Hematocrit (D))

Abnormal Low vs. Normal ns ns ns ns
Abnormal High vs. Normal ns ns ns ns
Platelet Count (C) ns ns +<0.001 +0.017

Platelet Count (D}
Abnormal Low vs. Normal NS ns ns* ns*
Abnormal High vs. Normal NS ns NS ns
Prothrombin Time (C) NS ns ns ns
Prothrombin Time (D) NS NS ns ns
RBC Morphology NS N§* NS NS
Absolute Neutrophils (Segs) (C) ns ns +0.028 NS
Absolute Neutrophils (Bands) NS NS* NS +0.029
(Nonzero Measurements) (C)
Absolute Neutrophils (Bands) (Zero ns NS ns ns
vs. Nonzero) (D)
Absolute Lymphocytes (C) NS ns NS ns
Absolute Monocytes (C) ns ns NS NS
Absolute Eosinophils (Nonzero NS ns ns ns
Measurements) (C)
Absolute Eosinophils (Zero vs. ns NS ns NS
Nonzero) (D)
Absolute Basophils (Nonzero ns ns NS ns
Measurements) (C) :
Absolute Basophils (Zero vs. NS +0.025 NS NS*
Nonzero) (D)

15-106




N

Table 15-29. Summary of Categorized Dioxin Analysis (Model 3) for Hematoiogy
Variables (Ranch Hands vs. Comparisons) (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.
--: Analysis not performed because of the sparse number of participants with an abnormality.

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 relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.

: E : ADJUSTED e S REICE
Baekground }L.ow e T Bigh' Z_ Low plus ngh
S Ranch Hands: Ranch Hands: - Rauch Hands - Ranch'Hands.
S Vanabie S sy Comparisons . * 'vs..Comparisons ~ vs. Compansons “ws. Comparisons
Laboratory
Red Blood Cell (RBC) Count (C) NS ns ns ns
Red Blood Cell (RBC) Count (D)
Abnormal Low vs. Norinal NS ns NS ns
Abnormal High vs. Normal ns ns NS ns
White Blood Cell (WBC) Count (C) NS ns NS ns
White Blood Cell (WBC) Count (D)
Abnormal Low vs. Normal NS NS* ns NS
Abnormal High vs. Normal ns ns NS ns
Hemoglobin (C) ns ns NS NS
Hemoglobin (D)
Abnormal Low vs. Normal NS ns ns ns
Abnormal High vs. Normal NS -- ns -
Hematocrit (C) ' ns ns NS ns
Hematocrit (D)

Abnormal Low vs. Normal NS ns NS ns
Abnormal High vs. Normal -- -- ns -~
Platelet Count (C) ns NS +0.002 +0.038

Platelet Count (D)
Abnormal Low vs. Normal NS ns ns* ns*
Abnormal High vs. Normal ns -- NS -
Prothrombin Time (C) NS ns ns ns
Prothrombin Time (D) NS NS ns ns
RBC Morphology NS NS NS NS
Absolute Neutrophils (Segs) (C) NS ns NS NS
Absolute Neutrophils (Bands) NS NS* NS +0.038
{Nonzero Measurements) (C)
Absolute Neutrophils (Bands) (Zero NS NS ns ns
vs. Nonzero) (D)
Absolute Lymphocytes (C) NS ns ns ns
Absolute Monocytes (C) ns ns NS NS
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Table 15-29. Summary of Categorized Dioxin Analysis (Model 3) for Hematology PR

Varlables (Ranch Hands vs. Comparisons) {Continued) { ) |
R L . ADJUSTED = . = o s
" Background = . Low - .7 High' - - Low plas High |
“powinyo v, . RanchHands' ~ ‘RanchHands = RanchHands - Ranch Hands
_ _Variable . .. vs.Comparisons  vs. Comparisons - vs. Comparisons © vs, Comparisons
Absolute Eosinophils (Nonzero NS ns ns ns |
Measurements) (C) !
Absolute Eosinophils (Zero vs. NS NS ns ns
Nonzero) (D)
Absolute Basophils (Nonzero ns ns ns ns
Measurements) (C)
Absolute Basophils (Zero vs. NS +0.009 NS NS#*
Nonzero) (D}

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.
--: Analysis not performed because of the sparse number of participants with an abnormality.

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 relative risk Iess than 1.00 for discrete o )
analysis or difference of means negative for continuous analysis. ;

Results from the analyses of platelet count, both in the continuous and discrete forms, were consistent in
the unadjusted and adjusted analyses. Significantly higher mean platelet counts were observed for Ranch
Hands in the high and in the low and high dioxin categories combined than for Comparisons. The
discrete analysis of platelet count revealed a marginally significant lower percentage of abnormally low
platelet counts for Ranch Hands in the high and in the low and high dioxin categories combined than for
Comparisons.

The analysis of the blood count variables revealed significant results for absolute neutrophils (segs) and
absolute neutrophils (bands) in the continuous form and absolute basophils (zero versus nonzero
measurements). A significant difference between Ranch Hands in the high dioxin category and
Comparisons was found in the unadjusted analysis of absolute neutrophils (segs). The result was
nonsignificant in the adjusted analysis. In both the unadjusted and adjusted analyses of absolute
neutrophils (bands) in the continuous form, a marginally significant difference of means was found
among Ranch Hands in the low dioxin category and Comparisons. Also, a significant absolute neutrophil
(bands) mean difference was found among Ranch Hands in the low and high dioxin categories combined
and Comparisons for both the unadjusted and adjusted analyses. Results were consistent in the
unadjusted and adjusted analyses of absolute basophils (zero versus nonzero measurements). A
significant difference in the proportion of zero absolute basophil measurements was found among Ranch
Hands in the low dioxin category and Comparisons. A marginally significant difference was found when
contrasting the low and high Ranch Hand dioxin categories with Comparisons. Both results indicate that
more Ranch Hands than Comparisons had a zero absolute basophil measurement. R
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15.4.4 Model 4; 1987 Dioxin

In the unadjusted analyses, several significant and marginally significant results were found. The results
are summarized in Table 15-30. Except for the analysis of the discrete form of WBC, each result became
nonsignificant in the adjusted analysis. The significant association between continuous WBC count and
1987 dioxin was positive, as were the associations with continuous platelet count and absolute neutrophils
(segs). Significant negative associations between 1987 dioxin and the percentage of abnormally low
counts were revealed in the discrete analyses of WBC count, hemoglobin, and platelet count. In addition,
a marginally significant negative association was found for the percentage of abnormally high
hemoglobin counts and 1987 dioxin. For the blood count measures, a marginally significant positive
association was found between absolute monocytes and 1987 dioxin.

Table 15-30. Summary of 1987 Dioxin Analysis (Model 4) for Hematology Variables (Ranch

.'/-\\-\'.

Hands Only) .
ol _ T Variable . T : . Unadjusted = - - ~ Adjusted -

Laboratory
Red Blood Cell (RBC) Count (C) NS ns
Red Blood Cell (RBC) Count (D)

Abnormal Low vs. Normal ns ns

Abnormal High vs. Normal NS NS
White Blood Cell (WBC) Count (C) +0.013 NS
White Blood Cell (WBC) Count (D)

Abnormal Low vs. Normal -0.020 -0.032

Abnormal High vs. Normal ns ns
Hemoglobin (C) NS NS
Hemoglobin (D)

Abnormal Low vs. Normal -0.049 ns

Abnormal High vs. Normal ns* ns
Hematocrit (C) NS NS
Hematocrit (D)

Abnormal Low vs. Normal ns ns

Abnormal High vs. Normal NS NS
Platelet Count (C) +0.005 NS
Platelet Count (D)

Abnormal Low vs. Normal -0.028 ns

Abnormal High vs. Normal ns ns
Prothrombin Time (C) ns ns
Prothrombin Time (D) ns ns
RBC Morphology NS NS
Absolute Neutrophils (Segs) (C) +0.017 NS
Absolute Neutrophils (Bands) (Nonzero Measurements) (C) NS NS
Absolute Neutrophils (Bands) (Zero vs. Nonzero) (D) ns ns
Absolute Lymphocytes (C) NS NS
Absolute Monocytes (C) NS* NS
Absolute Eostnophils (Nonzero Measurements) (C) ns ns
Absolute Eosinophils (Zero vs. Nonzero) (D) NS ns
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Table 15-30. Summary of 1987 Dloxin Analysis (Model 4) for Hematology Variables
(Ranch Hands Only) (Continued)

D _ Variable . S . Unadjusted . - Adjusted
Absolute Basophils (Nonzero Measurements) (C) NS ' ns
Absolute Basophils (Zero vs. Nonzero) (D) 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.
+: Slope nonnegative for continuous analysis.
—: Relative risk <1.00 for discrete analysis.

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 relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.

15.5 CONCLUSION

Five cell count measures, six measures of absolute biood counts, a coagulation measure, and RBC
morphology were analyzed for the hematology assessment. In the analyses of these variables, only
platelet count exhibited significant dose-response associations with the indices of dioxin exposure. Ranch
Hands enlisted flyers and groundcrew exhibited slightly but significantly higher mean platelet counts than
did Comparisons. Ranch Hands in the high dioxin category also exhibited a significantly higher mean
platelet count than Comparisons in the continuous analysis. The results in the 1997 follow-up study
parallel the findings of the 1987 and 1992 follow-up studies. In conclusion, apart from platelet count,
there appears to be little evidence to support a relation between prior dioxin exposure and hematopoietic
toxicity.
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16 ENDOCRINE ASSESSMENT

16.1 INTRODUCTION

16.1.1 Background

The essential role of membrane and intracellular receptors in human endocrine function has been firmly
established and extensively studied (1). In animal models, much of the basic research into the mechanism
of dioxin endocrine toxicity has focused on the dioxin-binding aryl hydrocarbon (Ah) receptor, which has

simnilarities to the endocrine receptors that mediate function of the thyroid, adrenal, and gonadal hormones
(2-5).

Animal research has documented that the thyroid is a target organ for dioxin toxicity, although the
mechanism has not been defined clearly (6-11). In other studies, dioxin-induced changes in thyroid
indices (serum thyroxine [T,], tritodothyronine [T5], and thyroid stimulating hormone [TSH1) were
directionally different with species and strain specificity (12, 13). The mechanism by which dioxin
interacts with or regulates thyroid function in experimental animals remains under investigation. In -
competing for thyroid hormone binding sites in target organs (14) or by accelerating the metabolism of
thyroid hormones by hepatic enzyme induction (15), dioxin administration can induce a mildly
hypothyroid state associated with elevated levels of TSH.

How these experimental studies relate to the effect of dioxin on human thyroid function has not been
established. The most recently published morbidity reports on the workers exposed to dioxin during a
chemical factory explosion in Germany in 1953 included thyroid disorders in the analyses. Across all
exposure categories, an increased incidence of thyroid disease was found in workers relative to referents
(16). Thyroid disease occurred in 11 of 158 in the exposed cohort but in only two of 161 referents. The
heterogeneous mix of thyroid disorders—four cases of thyrotoxicosis, four cases of goiter, two cases of
hypothyroidism, and one other unspecified disorder—weighs against a possible relation with dioxin
exposure. In the analyses of laboratory measurements from the same exposed population, the authors
found positive associations between each of the exposure indices and selected tests of thyroid function,
T4, and thyroxine binding globulin (17). Unfortunately, the most widely used measure of thyroid
function—serum TSH-—was not included in the analyses.

The finding in laboratory animals of physicochemical similarities between the dioxin-binding Ah and
glucocorticoid receptors (5, 18) has prompted further investigation into the interaction of dioxin with
other steroid hormones. A review by Couture, et al. (19) provided a comprehensive summary of the
research into the developmental toxicity and teratogenicity of dioxin in experimental animals.

Experimental studies have documented numerous adverse male reproductive effects in laboratory animals
exposed to dioxin, including reduced testicular weight, impaired spermatogenesis, decreased testicular
testosterone secretion, and atrophy of the androgen-sensitive seminal vesicles and epididymis (20-24).
Although dioxin administration is associated with diminished testosterone secretion in rats (23, 25, 26),
the mechanism is unknown and may involve the hypothalamic-pituitary axis. In rats, dioxin inhibits the
secretion of luteinizing hormone (LH) by the pituitary gland, an effect associated with androgen
deficiency (27, 28). In other experiments, dioxin inhibited the response of the pituitary to gonadotropin-
releasing hormone secreted by the hypothalamus (29).
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Additional experiments have explored the effects of dioxin on the pituitary and hypothalamus (30, 31).
The use of microsurgical techniques in female rats revealed that dioxin toxicity is aggravated by
hypophysectomy, with a sparing effect noted upon administering either corticosterone or thyroid hormone
(30). Another study defined a biochemical basis for the effect of dioxin on prolactin levels controlled by
the adenohypophysis in female rats (32). Studies on the effects of dioxin on the pituitary-adrenal axis
have documented significant suppression of corticosterone production by the adrenal gland (33) and
defined a biochemical basis for the apparent reduction in bioactivity of adrenocorticotropic hormone
secreted by the pituitary (34).

The National Institute for Occupational Safety and Health (NIOSH) has conducted several long-term
epidemiological studies of factory workers who experienced significant occupational exposure to dioxin
in chemical production plants (35, 36). In their most recently published report (37), serum levels of three
endocrine indices—testosterone, LH, and follicle stimulating hormone (FSH)—were examined in relation
to current and calculated initial serum dioxin levels in 248 participants. Current serum dioxin levels were
positively and significantly related to both LH and FSH and inversely related to testosterone. In contrast
to the NIOSH results, a recent report of the Air Force Health Study (AFHS) population found no relation
between the body burden of dioxin and reproductive or endocrine indices, including serum testosterone,
FSH, LH, sperm counts and morphology, and anatomic abnormalities of the testes (38).

The possibility that dioxin might affect glucose metabolism in humans was first raised in 1981 with the
publication of an occupational study that reported an unusually high prevalence of abnormal glucose
tolerance tests (40%) and a 20-percent incidence of diabetes in chemical production workers exposed to
dioxin (39). The results of analyses pertinent to glucose metabolism based on serum dioxin data collected
during the 1987 and 1992 AFHS examinations recently have been published (40). In the 1987
examination, Ranch Hand participants with the highest serum dioxin levels were nearly three times as
likely to have elevations in fasting blood sugar than were Comparisons (41). In the 1992 examination,
Ranch Hand participants with high levels of serum dioxin had significantly higher fasting and 2-hour
postprandial glucose results than those with lower levels of serum dioxin (42), an effect that was shown to
be independent of the serum triglyceride level (43). In nondiabetic Ranch Hands, serum insulin, like the
2-hour postprandial glucose, was positively and significantly associated with current serum dioxin levels.
In contrast, in diabetic participants, a consistent inverse dose-response effect was found in all models
relating serum insulin to current serum dioxin. Although cause and effect have not been established,
these results provide further evidence for an association between glucose intolerance and dioxin levels
and raise the possibility that, in a subset of those predisposed to diabetes, dioxin may impair insulin
production.

Whether dioxin exposure is in fact a risk factor for the development of diabetes remains controversial.
Recent reports from NIOSH noted statistically significantly associations between the prevalence of
diabetes and elevated fasting blood sugar with increasing serum dioxin levels (44), although the authors
could not exclude confounding by the traditional diabetic risk factors of age, obesity, and family history
of diabetes. Other epidemiological studies, some of which have included serum dioxin levels in the
analyses, have failed to find an association between glucose intolerance and exposure to dioxin (16, 17,
45).

In the most recent publication by the Institute of Medicine, a special section is devoted to the subject of
dioxin exposure as a risk factor for the development of diabetes (46). Based on its comprehensive review
of the literature, the committee concluded that “at this time, there is inadequate/insufficient evidence to
determine whether an association exists between herbicide or dioxin exposure and increased risk of
diabetes.”
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16.1.2 _Summary of Previous Analyses of the Air Force Health Study

16.1.2.1 1982 Baseline Study Summary Results

A laboratory evaluation of the endocrine system was used for analysis in the baseline examination in
1982. Five measures of endocrine status were assessed: T, percent uptake, Ty, free thyroxine index
(FTD), testosterone, and 2-hour postprandial glucose.

Results showed significant group differences for T; percent uptake (abnormally low), predominantly in
Ranch Hands 40 years old or younger. The highest percentage of abnormalities was in participants with
high body fat. No group difference was noted for elevated 2-hour postprandial glucose values and, as
expected, the prevalence of abnormal values was associated with increased age and higher body fat.
Lower testosterone values also were associated with increased age and higher body fat. Higher mean
testosterone values were significantly more prevalent in the Ranch Hand group. Significant mean shifts
were not noted for the T; percent uptake, T, and the FTL

These data, coupled with the animal literature on the profound influence of the endocrine system on
lethality and body fat metabolism following dioxin exposure, clearly underscored the importance of a
more comprehensive evaluation of the endocrine system.

16.1.2.2 1985 Follow-up Study Summary Results

Questionnaire and review-of-systems data for past thyroid disease were similar in both the Ranch Hand
and Comparison groups. These historical data were confirmed by a medical records review. Physical
examination findings were necessarily limited to data from palpation of the thyroid gland and testicles;
the unadjusted results showed no significant group differences.

Evaluation of the endocrine system was conducted primarily by laboratory testing. The thyroid test
battery consisted of T; percent uptake and TSH, as determined by radioimmunoassay techniques.
Testosterone, initial cortisol, differential cortisol (the difference between the initial and 2-hour cortisol
levels), and 2-hour postprandial glucose levels also were analyzed. The T; percent uptake data showed no
group differences for either mean values or frequency of abnormally low or high values. TSH resuits
revealed a significantly higher mean level in the Ranch Hand group, but this difference was not detected
by discrete analysis of the proportions of abnormally high TSH resuits.

The mean level of testosterone remained significantly elevated for Ranch Hands, as contrasted with
Comparisons, in the 10 to 25 percent body fat category, but this difference was not reflected in the
discrete analyses. For the few participants with less than 10 percent body fat (six Ranch Hands, four
Comparisons), mean testosterone levels were lower for Ranch Hands than for Comparisons.

Two timed cortisol specimens showed no significant group differences in mean values or the percentage
of participants with abnormalities. The difference between the timed cortisol results, termed the
“differential cortisol,” showed no significant group differences for non-Blacks or Blacks born before
1942, but Black Ranch Hands born in or after 1942 had a lower mean differential cortisol level than did
their Comparisons.

Group means of 2-hour postprandial glucose levels were not statistically different, but discrete analyses
revealed that there was a significantly higher frequency of glucose-impaired (at least 140 mg/dl, but less
than 200 mg/dl) Comparisons than Ranch Hands. A variable comprising known diabetics and individuals
classified as diabetic by the glucose tolerance test showed no difference between the Ranch Hand and
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Comparison groups. The covariates age, race, and body fat were significantly associated with diabetes in if‘\ )
this analysis. .

16.1.2.3 1987 Follow-up Study Summary Results

The endocrine assessment did not disclose any statistically significant differences between the Ranch
Hand and Comparison groups. The percentage of participants who indicated problems with current
thyroid disease was similar between groups, as were the percentages with thyroid and testicular
abnormalities determined by palpation at the physical examination. The Ranch Hand TSH mean was
marginally significantly higher than the Comparison TSH mean. Ranch Hand and Comparison mean
levels were similar for T; percent uptake, FSH, testosterone, and 2-hour postprandial glucose. The
percentage of Ranch Hands with abnormal values for these five laboratory variables was higher than the
percentage of Comparisons with abnormal values; however, the difference in the percentage of abnormal
values between Ranch Hands and Comparisons was not statistically significant for these five laboratory
variables. In addition, analyses were performed on a composite diabetes indicator. A participant was
considered diabetic for this indicator if he had a verified history of diabetes or had a 2-hour postprandial
glucose level of at least 200 mg/dl. The difference in the percentage of Ranch Hands and Comparisons
considered diabetic, as determined through this composite diabetes indicator, was not significant.

16.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results

The endocrine assessment found a strong positive association between initial dioxin and diabetes

prevalence and testes abnormalities; however, the analyses of current dioxin levels in Ranch Hands and

Comparisons indicated that the increased risk was apparent only for Ranch Hands in the high current
dioxin category (>33.3 parts per trillion [ppt]). These Ranch Hands also had significantly higher mean ] )
levels of TSH, fasting glucose, and 2-hour postprandial glucose than background Comparisons, as well as e
lower mean levels of T3 percent uptake and testosterone. The discrete analyses of these variables found a

significant increase in abnormally elevated fasting glucose levels and diabetic 2-hour postprandial glucose

levels as both initial dioxin and current dioxin increased.

16.1.2.5 1992 Follow-up Study Summary Results

The assessment of the endocrine system included an extensive evaluation of thyroid, pancreatic, and
gonadal functions and their relation to dioxin exposure. Analyses of thyroid functions did not identify
significant differences between Ranch Hands and Comparisons, Similarly, the prevalence of diabetes in
the two populations was not significantly different, although significant positive associations were found
between time to the onset of diabetes and both lipid-adjusted and whole weight dioxin levels, as measured
in 1987. '

Significant glucose metabolism resnlts were confined to the current serum dioxin analyses. These results

suggested a possible mechanism for dioxin effect on glucose metabolism and the development of

diabetes. Diabetic Ranch Hands with high levels of current serum dioxin had significantly higher fasting

glucose levels than those with lower levels of dioxin. Nondiabetic Ranch Hands, on the other hand,

exhibited an inverse association between fasting glucose and current serum dioxin and a positive

association between 2-hour postprandial glucose and current serum dioxin. Serum dioxin levels were

significantly related to elevated insulin levels in nondiabetic, but not in diabetic Ranch Hands. This was

suggestive of a dioxin effect on glucose metabolism with a heightened release of insulin in Ranch Hands

with a fully responsive pancreas. When this pancreatic response is no longer effective, elevated glucose _

levels lead to the clinical diagnosis of diabetes and loss of the dose-response between dioxin and insulin. )
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Analyses of gonadal functions detected a significant inverse dose-response relation between current
serum dioxin and total serum testosterone in Ranch Hands. These results supported those described in the
Serum Dioxin Analysis of the 1987 Follow-up Examination, but the clinical meaning was uncertain.

In conclusion, although the existence of endocrine disorders was comparable in Ranch Hands and
Cormparisons, the assessment of glucose metabolism showed the possibility of adverse effects from dioxin
in relation to glucose intolerance and insulin production. :

16.1.3 Parameters for the 1997 Endocrine Assessment_

16.1.3.1 Dependent Variables

Questionnaire, physical exarination, and laboratory data collected at the AFHS 1997 follow-up
examination were used in the endocrine assessment. The self-reported information collected from the
1997 questionnaire was subsequently verified and analyses were based on the verified data.

16.1.3.2 Medical Records Data

The 1997 questionnaire posed a general screening question on thyroid function and disease. Each
participant was asked the following question during the in-person health interview: - “Since the date of the
last interview, has a doctor told you for the first time that you had thyroid problems?” All affirmative
responses were verified by a medical records review and added to previously reported and verified
information on the thyroid function from the 1982 baseline examination and the 1985, 1987, and 1992
follow-up examinations for each participant. Thyroid disease was classified according to the International
Classification of Diseases, 9" Revision, Clinical Modification (ICD-9-CM) diagnostic codes. The ICD-9-
CM codes for thyroid disease encompassed 240.0-246.9. Based on the verified data, history of thyroid
disease was classified as “yes” or “no.” Participants with a pre-Southeast Asia (SEA) history of thyrmd
disease were excluded from the analys;s of thyroid disease hlstory '

Similar information was asked of each participant regarding diabetes. This information also was verified
and combined with previous information. ICD-9-CM codes 250.00-250.93 were used to classify diabetes.
Participants with a verified history of diabetes were combined with those participants with a 2-hour -
postprandial glucose level of 200 mg/d] or greater at the 1997 physical examination and classified as
“yes” for a compesite diabetes indicator variable. Those participants without a verified history of

diabetes and with a 2-hour postprandial glucose level of less than 200 mg/d! at the 1997 physical

* examination were classified as “no.” This composite diabetes indicator, derived from a medical records
review and laboratory results, was analyzed as part of the endocrine assessment. Participants classified as
“yes” were designated as diabetics and participants classified as “no” were designated as nondiabetics.

After the data were analyzed, medical records of all participants designated as diabetic, based on medical
records, were reviewed to determine diabetic type (1 or 2). One participant (a Ranch Hand veteran) was
diagnosed as having type 1 (insulin-dependent) diabetes and the remainder were diagnosed as having type
2 (adult onset) diabetes. A reanalysis with the single Ranch Hand with type 1 diabetes excluded ylelded
the same results as those already presented.

As part of the 1997 questionnaire, questions were asked of diabetics regarding the use of insulin, oral
diabetes medication, and diet. This self-reported information was verified and a dlabetlc severity index
was constructed and analyzed for all participants. This index was categorized as “requiring insulin,” “oral
hypoglycemic,” “diet only,” or “no treatment” for diabetics and “no diabetes” for nondiabetics.
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