
TABLE 16·18. (Continued) 

Analysis of NKCA 5011 Net Response (cpm) 

Ranch Hands· LogZ (Current Dioxin) and Time· Unadjusted 

Mean/(n) 
Cummt Diglin 

Time Slope 
Assuml!tion (Yrs.) Low Medium Hiah (Std. Error)a e-Value 

e) Minimal 
(n=191) $18.6 467.7 376.0 501.4 19.3 (21.8) 
(R2=0.355) (21) (47) (22) 

>18.6 367.8 378.0 405.5 -1.9 (21.7) 
(25) (47) (29) 

f) Maximal 
(n=268) $18.6 438.9 398.6 441.7 9.6 (14.9) 
(R2=0.385) (38) (67) (30) 

>18.6 409.7 394.6 394.7 -13.1 (14.5) 
(24). (67) (42) 

Ranch Hands· LogZ (Current Dioxin) and Time· Adjusted 

Adj. Mean/(n) 
. Cuacnl Dia3io 

Time Adj. Slope 
Assumetion (Yrs.) Low Medium High (Std. Error)a e-Value 

g) Minimal 0.253b 

(n=190) $18.6 516.1 463.9 569.8 21.8 (20.1) 0.278c 

(R2=0.467) (21) (47) (22) 
>18.6 453.5 481.8 472.1 -9.9 (20.4) 0.629c 

(25) (46) (29) 

h) Maximal O.06Ob 
(n=267) $18.6 426.4 391.1 432.5 12.0 (14.1) 0.394c 

(R2=0.465) (38) (67) (30) 
>18.6 437.7 411.4 387.5 -25.6 (13.9) 0.067c 

(24) (66) (42) 

aSlope and standard error based on NKCA 50/1 net response versus 1082 dioxin. 

borest of significance for current dioxin-by-time interaction (current dioxin and time continuous). 
"Test of significance for slope different from 0 (current dioxin continuous, time categorized). 
Note: Mjnjmal--Low: >10-14.65 ppt; Medium: >14.6545.75 ppt; High: >45.75 ppt. 

Maxjmal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt. 

0.480b 

0.380c 

0.932c 

0.277b 

0.521c 

0.368c 

Covariate 
Remarks 

RACE (p=0.068) 
PACKYR (p=0.080) 
ALC (p<O.OO 1) 

ALC (p<O.OOI) 
CSMOK*PACKYR 

(p=0.036) 



TABLE 16·18. (Continued) 

Analysis of NKCA 5011 Net Response (cpm) 

i) Ranch Hands and Comparisons by Current Dioxin Category. Unadjusted 

Current 
Dioxin Difference .of 
Category n Mean Contrast Means (95% C.I.) p-Value 

Background 291 416.7 All Categories 0.266 

Unknown 126 423.3 Unkno'1Vn vs. Background 6.6 (-35.5.48.7) 0.759 
Low 71 373.6 Low vs. Background -43.1 (-95.2.9.0) 0.106 
High 72 387.9 High vs. Background -28.8 (-82.2.24.6) 0,291 

Total 560 (R2=0.347) 

j) Ranch Hands and Comparisons by Current Dioxin Category. Adjusted 

Current 
Dioxin Adj. Difference of Adj. 
Category n Mean Contrast Means (95% C.I.) p-Value 

Background 291 414.2 All Categories 

Unknown 126 425.2 Unknown vs. Background 
Low 70 377.8 Low vs. Background 
High 72 386.3 High vs. Background 

Total 559 (R2=0.377) 

Note: Background (Comparisons): Current Dioxin :;;10 ppt. 
Unknown (Ranch Hands): Current Dioxin :;;10 ppt. ' 
Low (Ranch Hands): 15 ppt < Current Dioxin :;;33.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 

0.299 

11.0 (-30.5.52.6) 0.604 
-36.4 (~87.9.15.1) 0.167 
-27.9 (-80.2.24.5) 0.297 

Covariate 
Remarks 

ALC (p=0.021) 
CSMOK*PACKYR 

(p=0.003) 



NKCA 50/1 Percent Release 

\ ' '" 

Modell: Ranch Harids - LOg2 (Initial Dioxin) 
In the unadjusted analysis of NKCA 50/1 percent release and initial dioxin, the 

association was not sign~ficant under both the minimal and maximal assumptions (Table 
16-19 [a] and [b]: p=;O,g,lp:,and p;:().575). 

Under the minimal assumption, there was a significant interaction between initial dioxin 
and 'current cigareites'm6k1ng and a significant interaction between initial dioxin and lifetime 
alcohol history (Table 16-19 [c]: p=0.036 and p=0.037, respectively). To investigate the 
interactions, the four categories of current smoking (never, former,20 cigarettes or less per 

, day, and over 20 cigarettes per day) were examined with two categories of dichotomized 
lifetime alcohol history (less than or equal to 40 drink-years and greater than 40 drink­
years). ,For Ranch Hands who never smoked, and Ranch Hands who were former smokers 
but had more than 40 drink-years of lifetime alcohol history, there were nonsignificant 
negative associations between NKCA 50/1 percent release and initial dioxin (Appendix Table 
0-1). For the other strata combinations of current cigarette smoking and lifetime alcohol 
history, there were nonsignificant positive associations. ~ithout the two interactions in the 
model, the association between NKCA 50/1 percent rerease and initial dioxin was not 
significant (Table 16-19 [c]: p=0.748). 

Under the maximal assumption, NKCA 50/1 percent release and initial dioxin were not 
significantly associated (Table 16-19 [d]: p=0.714). 

Model2: Ranch Hands - Log2 (Current Dioxin) and Time 
For both the minimal and maximal assumptions, the unadjusted analysis of NKCA 50/1 

percent release did n,ot contain a significant interaction between current dioxin and time since 
tour (Table 16-19 [e] and [f]: p=O.735 and p=0.745, respectively); thus, the slopes did not 
differ significantly between time strata. 

For each assumption, the adjusted analysis of NKCA 50/1 percent release also 
indicated that the current dioxin-by-time interaction was not significant (Table 16-19 [gJ and 
[hJ: p=O.465 and p=0.558, respectively); therefore, the adjllstedslopes did not differ 
significantly between time strata., "", ,',,' , 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
In the unadjusted analysis of the NKCA 50/1 percent release, the overall contrast of the 

four current dioxin categories was not significant (Table 16-19 [iJ: p=0.199). The mean 
NKCA 50/1 percent release for Ranch Hands in the low current dioxin category was 
marginally lower than that of Comparisons in the background current dioxin category 
(p=o.on, 32.4 percent versus 35.9 percent). 

The adjusted analysis of NKCA 50/1 percent release contained a nonsignificant overall 
contrast of the four current dioxin categories (Table 16-19 [j]: p=0.202). 



TABLE 16·19. 

Analysis of NKCA 50/1 Percent Release 

Ranch Hands· Log2 (Initial Dioxin). Unadjusted 

Initial Slope 
Assumption Dioxill n Mean (Std. Error)8 p-Value 

a) Minimal Low 44 34.8 0.228 (0.960) 0.813 
(n=191) Medium 95 32.7 
(R2<0.001) High 52 35.6 

b) Maximal Low 64 36.2 -0.391 (0.695) 0.575 
(n=268) Medium 133 33.8 
(R2=0.OOI) High 71 34.7 

Ranch Hands· Log2 (Initial Dioxin) . Adju~ted 

Initial Adj. Adj. Slope Covariate 
Assumption Dioxin n Mean (Std. Error)a p-Value Remarks 

c) Minimal Low 44 38.5·· 0.293 (0.912)·· 0.748·· INIT·CSMOK (p=0.036) 
(n=190) Medium 94 37.8·· INIT"DRKYR (p=0.037) 
(R2=0.144) High 52 39.7"· RACE (p=0.073) 

. ALC (p<0.001) 

d) Maximal Low 64 35.8 -0.247 (0.674) 0.714 CSMOK (p=0.013) 
(n=267) Medium l32 34.2 ALC (p=0.001) 
(R2=0.060) High 71 34.8 

aSlope and standard error based on NKCA SOIl percent release versus 1082 dioxin. 
··Log2 (initial dioxin)-by-covariate interaction (O.OI<pS,O.OS): adjusted mean, adjusted slope, standard error, and p­

value derived from a model fitted after deletion of this interaction. 
Note: MinimaI--Low: 52-93 ppt: Medium: >93-292 ppt: High: >292 ppt. 

MaximaI--Low: 2S-S6.9 ppt: Medium: >S6.9-218 ppt: High: >218 ppt. 



Assuml!tion 

e) Minimal 
(n=191) 
(R2=0.003) 

f) Maximal 
(n=268) 
(R2=0.002) 

Assuml!tion 

g) Minimal 
(n=190) 
(R2=0.124) 

h) Maximal 
(n=267) 
(R2=0.061) 

TABLE 16-19. (Continued) 

Analysis of NKCA 5011 Percent Release 

Ranch Hands - Log2 (Current Dioxin) and Time - Unadjusted 

Mean/(n) 
Cummt Dioxin 

Time Slope 

~Yrs.~ Low Medium Hi&h (Std. Error~a I!-Value 
" 

0.735b 

S18.6 36.9 32.7 36.6 0.718 (1.498) 0.632c 
(21) (47) (22) 

>18.6 34.5 31.5 35.4 0.047 (1.292) 0.971c 
(25) (47) (29) 

0.745b 

s18.6 36.8 34.3 34.2 -0.062 (1.040) 0.953c 

(38) (67) (30) 
>18.6 35.5 33.4 34.S -0.528 (0.987) 0.593c 

(24) (67) (42) 

Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted 

Adj. Mean/(n) 
Cmmnt llia3in 

Time Adj. Slope Covariate 
(Yrs.) Low Medium Hi&h (Std. Error)a I!-Value Remarks 

0.465b AGE (p=0.104) 
S18.6 38.9 37.6 41.6 1.491 (1.472) 0.313c RACE (p=0.091) 

(21) (47) (22) PACKYR (p=O.064) 
>18.6 38.5 37.3 39.3 0.119 (1.276) 0.926c ALC (p<O.OOI) 

(25) (46) (29) 

0.55Sb CSMOK (p=0.012) 
SIS.6 35.9 34.4 34.0 0.186 (1.009) 0.S54c ALC (p=O.OOI) 

(38) (67) (30) 
>18.6 36.1 34.0 35.1 -0.631 (0.957) 0.51OC 

(24) (66) (42) 

aSlope and standard error based on NKCA 50/1 percent release versus log2 dioxin. 

!>rest of significance for current dioxin-by-time interaction (current dioxin and time continuous). 
cTest of significance for slope different from 0 (current dioxin continuous, time categorized). 
Note: Mipirna!--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt. 

MaxirnaJ--Low: :'5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt. 
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TABLE 16·19. (Continued) 

Analysis of NKCA 50/1 Percent Release 

i) Ranch·Hands and Comparisons by Current Dioxin Category. Unadjusted 

Current 
Dioxin 
Category n Mean 

Background 291 35.9 

Unknown 126 .36.8 
Low 71 32.4 
High 72 34.6 

Total 560 

Contrast 

All Categories 

Unknown vs. Background 
Low vs. Background 
High vs. Background 

(R2=0.008) 

Difference of 
Means (95% C.l.) p-Value 

0.199 

0.9 (-2.2,4.0) 0.562 
-3.6 (-7.4,0.3) 0.072 
-1.3 (-5.2,2.5) 0.499 

j) Ranch Hands and Comparisons by Current Dioxin Category. Adjusted 

Current 
Dioxin Adj. Difference of Adj. 
Category n Mean Contrast Means (95% C.I.) 

Background 291 35.2 All Categories 

Unknown 126 36.6 Unknown vs. Background 1.4 (-1.7,4.5) 
Low 70 32.2 Low vs. Background -3.0 (-6.8,0.9) 
High 72 33.7 High vs. Background -l.S (-5:3,2.3) 

Total 559 (R2=0.049) 

Note: Background (Comparisons): Current Dioxin SIO ppt. 
Unknown (Ranch Hands): Current Dioxin SIO ppt. 
Low (Ranch Hands): 15 ppt <: Current Dioxin S33.3 Wt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 
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Covariate 
p-Value Remarks 

0.202 ALC (p=0.037) 
RACE*CSMOK (p=0.006) 

0.364 CSMOK*PACKYR 
0.132 (p=0.023) 
0.447 



NKCI 50/1 Net Response 

Modell: Ranch Hands- Lolz (lnltl41 Dioxin) 
In the unadjusted analysis of the NKCI 50/1 net response, the association with initial 

dioxin was nonsignificant for both the minimal and maximal assumptions (Table 16-20 [a] and 
[b]: p=O.790 for each). 

Under both assumptions, the adjusted analysis of NKCI 50/1 net response were 
nonsignificant (Table 16-20 [c) and [d]: p=O.551 and p=O.665, respectively). 

Model2: Ranch Hands - Lo'z (Current Dioxin) 11M Time 
In the unadjusted analysis of NKCI50/1 net response, the interaction between current 

dioxin and time since tour was not significant under the minimal assumption (Table 16-20 tel: 
p=O.151). 

Under the maximal assumption, the unadjusted analysis of NKCI 50/1 net response 
contained a marginally significant interaction between current dioxin and time (Table 16-20 
[f]: p=0.056). For Ranch Hands with time of 18.6 years or less, there was a marginally 
significant positive association between NKCI'50/1 net response and current dioxin 
(p=0.080). Within this time stratum, the average NKCI 50/1 net responses were 806.1, 
789.3, and 854.8 cpm for low, medium, and high current dioxin. For Ranch Hands with time 
over 18.6 years, there was a nonsignificant negative association (p=0.312). 

The adjusted analysis of NKCI 50/1 net response contained a significant interaction 
among current dioxin, time, and race (Table 16-20 [g]: p=O.04O) under the minimal 
assumption. To explore the interaction, adjusted analyses were performed for Blacks and 
non-Blacks separately (Appendix Table 0-1). For Blacks, the interaction and time strata 
associations were repOned and are based on sparse numbers within current dioxin and time 
categories. For non-Blacks, the current dioxin-by-time interaction was significant (p=0.033). 
For non-Black Ranch Hands with time of 18.6 years or less, there was a significant positive 
association with current dioxin (p=0.015) and a nonsignificant negative association with 
current dioxin for the other time stratum (p=O,680). A followup model without the interaction 
exhibited a marginally significant currentdioxin-by~time interaction; (Table 16-20 [g]: 
p=0.073). For Ranch Hands with time of 18.6 years or less, there was a significant posi~ve 
association between NKCI 50/1 ner-response s:ndcurrent dioxin (p=0.027). For that time 
stratum, the average NKCI 50/1 net response for low, medium, and high current dioxin were 
808.6,798.7, and 910.7 cpm. For Ranch Hands with more than 18.6 years since their tour, 
there was a nonsignificant negative association (p=O.886). 

In the adjusted analysis of NKCI 50/1 net response under the maximal assumption, 
there was a significant current dioxin-by-time-by-race interaction (p=O.OO8). Similar to the 
interaction analyses under the minimal assumption, adjusted analyses were again performed 
for Blacks and non-Blacks separately. For Blacks, the interaction and the time strata 
associations were reported and are based on sparse numbers (Appendix Table 0-1). For 
non-Black Ranch Hands, there was a significant interaction for current dioxin and time 
(p=0.017). Non-Black Ranch Hands whose time since tour was 18.6 years or less displayed 
a significant positive association between NKCI SO/I' net response and current dioxin 
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TABLE 16·20. 

Analysis of NKCI 5011 Net Response (cpm) 

Ranch Hands· Log2 (Initial Dioxin) • Unadjusted 

Initial Slope 
Assumption Dioxin n Mean (Std. Error)a p·Value 

a) Minimal Low 44 817.2 2.6 (9.7) 0.790 
(n=195) Medium 97 806.2 
(R2=0.896) High 54 830.9 

b) Maximal Low 63 802.9 1.6 (5.8) 0.790 
(n=270) Medium 134 803.7 
(R2=0.898) High 73 801.1 

Ranch Hands • Log2 (Initial Dioxin)· Adjusted 

Initial Adj. Adj. Slope Covariate 
Assumption Dioxin n Mean (Std. Error)a p·Value Remarks 

c) Minimal Low 44 812.2 5.7 (9.6) 0.551 DRKYR (p=O.1l2) 
(n=194) Medium 96 806.4 
(R2=0.903) High 54 838.6 

d) Maximal Low 63 803.5 2.5 (5.7) 0.665 DRKYR (p=0.068) 
(n=269) Medium 133 803.1 
(R2=0.903) High 73 802.2 

&Slope and standard error based 0n0 NKCI 50/1 nel response versus 1082 dioxin. 
Note: Mjnjmal .. Low: 52.93 pp~ Medium: >93·292 ppl; High: >292 ppL 

Maxjmal·-Low: 25·56.9 ppt; Medium: >56.9·218 pp~ High: >218 ppL 
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TABLE 16·20. (Continued) 

Analysis of NKClSO/l Net Response (cpm) 

Ranch Hands • Log2 (Current Dioxin) and Time· Unadjusted 

Assumption 

e) Minimal 
(n .. 195) 
(R2.0.899) 

f) Maximal 
(n=270) 
(R2=0.901) 

Assumption 

g) Minimal 
(n=194) . 

2 . 
(R =0.91(» 

b) Maximal 
(n=269) 
(R2=o.913) 

Mean/(n) 
Current lliaxiD 

Time Slope 
(Yrs;) Low Medium High (Std. Error)B 

SI8.6 830.6 79s.5 887.8 19.4 (14.1) 
(22) . . (49) (23) 

>18.6 818.8 .806.5 791.9 ·9;0 (14.0) 
(24) .(47) (30) 

S18.6 806.1 789.3 854.8 15.8 (8.9) 
(38) (70) (31) 

>18:6 826.7 ; 791.1 785.0 -9.1 (8.9) 
(23) (65) (43) 

Ranch Hands •. Log2(Current Dioxin) and Time· A'djusted 

Adj. Mean/(n) 
Current Dioxin 

Time Adj. Slope 
~Yrs.~ Low Medium High ~Std. Error)a p-Value 

0.073--b 

S18.6 808.6-- 798.7-- 910.7-- 32.6 (14.5)-- . 0.027·_c 

(22) (49) (23) 
>18.6 797.2-- 798,4-- 802.3-- -2 .. 0 (14.0)-- 0.886·-c 

(24) (46) (30) 

* ••• 
S18.6 •••• •••• •••• -·JI'.r. ; • ••• 

(38) (70) (31) 

>18;6 •••• "' ... • ••• , .... ' **** 
(23) (64) (43) 

aSlope and standard error bl!'ed on NKCI SOIl net response versus )082 dioxin. 

~est of significance for current dioxin-by-time interaction (current. dioxin and time continuous). 
"Test of significance for slope different from 0 (current dioxin continuous. time categorized). 

p-Vaiue 

O.lSlb 

0.172'1 

0.524c 

0.056b 

0.08OC 

0.312'1 

Covariate 
Remarks 

CURR -TIME-RACE 
(p=0.040) 

AGE (p=0.102) 
DRKYR(p=0.028) 

CURR -TIME-RACE 
(p=0.008) 

DRKYR(p=0.028) 

--Log2 (current dioxin)-by-time-by-covariate interaction (0.01 <pSO.OS); adjusted mean. adjusted slope. standard error. and 
p-value derived from a model fitted afler deletion of this interaction. 

····LogZ.(current dioxin)-by-time-by-covaria!e interaction (psO.Ol); adjusted mean, adjusted slope. standard error, and p­
value not presented. 

NOle: Mjnjma!--Low: >10-14.65ppt; Medium: >14.65-45.15 ppt; High: >45.75 ppl. 
MaxjmaJ--Low: >S~9.01 ppt; MediUln: :>9.01-33.3 ppt; High: >33.3 ppL 



TABLE 16.20. (Continued) 

Analysis or NKCI 5011 Net Response (cprn) 

i) Ranch Hands and Comparisons by Current Dioxin Category. Unadjusted 

Current 
Dioxin 
Category n Mean 

Background 298 808.9 

Unknown 123 802.3 
Low 72 817.5 
High 74 802.6 

Total 567 

Contrast 

All CategQries 

Unknown vs. Background 
Low vs. Background 
High vs. Background 

(R2..o.819) 

Difference of 
Means (95% C.1.) p-Value 

0.843 

-6.6 (-32.6,19.4) 0.620 
8.6 (-23.1,40.2) 0.596 
-6.3 (-38.5,25.9) 0.701 

j) Ranch Hands and Comparisons by Current Dioxin Category. Adjusted 

Current 
Dioxin Adj. Difference of AQj. Covariate 
Category n Mean Contrast Means (95% C.1.) p-Value Remarks 

Background 298 *.*. All Categories *.*. DXCAT·RACE 
(p=0.016) 

Unknown 123 ** •• Unknown vs. Background **** **** DXCAT·ALC (p<0.001) 
Low 71 *~** Low vs. Background III ••• • ••• RACE·PACKYR 
High 74 III •• ", High vs. Background "'* •• **"'. (p<O.OOI) 

Total 566 (R2=0.845) 
RACE·DRKYR (p=0.018) 
CSMOK·PACKYR 

(p=0.020) 

•••• Categorized current dioxin-by-covariateinteraction (!'SO.OI); adjusted mean, confidence interval, and p-value not 
presented. 

Note: Background (Comparisons): Current Dioxin SIO ppt. 
Unknown (Ranch Hands): Current Dioxin SIO ppL 
Low (Ranch Hands): 15 ppt < Current Dioxin S33.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 
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(p=O.020). For the other time stratum, the association between NKCI 50/1 net response and 
current dioxin was negative and nonsignificant (p=O.271). 

Mod,13: RtuU:h HtuUlI tmd Comptllison. by ClUTlnt Dioxin Category 
The unadjusted analysis of NKCI 50/1 net response indicated that the overall contrast of 

the current dioxin categories for Ranch Hands and Comparisons was nonsignificant (Table 
16-20 [i]: p=O.843). 

The adjusted analysis of NKCI 50/1 net response contained a significant interaction 
between categorized current dioxin and race and an interaction between categorized current 
dioxin and current alcohol use (Table 16-20 [j]: p"(>.016 and p<O.OOI, respectively). 
Because of sparse data on Blacks, the interactions were explored only for non-Blacks having 
one drink: or less per day and non-Blacks having more than one drink: per day. For non-Blacks 
who had one drink: or less per day, the overall contrast of the current dioxin categories was 
nonsignificant (Appendix Table 0-1: p=0.387). For non-Blacks who had more than one drink 
per day, the overall contrast of current dioxin categories was significant (p=O.OlO) and Ranch 
Hands with low current dioxin had a significantly higher NKCI 50/1 average net response 
than did the Comparisons with background current dioxin (p=0.OO2). 

NKCI 50/1 Percent Release 

Modell: Ranch Hands - Log,. (Initial Dioxin) 
For the unadjusted analyses of NKCI 501l percent release, the association with initial 

dioxin was not significant under both assumptions (Table 16-21 [a] and [b]: p=O.894 and 
p=O.758, respectively). 

The adjusted analysis of NKCI 50/1 percent release exhibited nonsignificant 
associations with initial dioxin under both assumptions (Table 16-21 [c] and [d]: p=O.345 
and p=0.421, respectively). 

Model2: Ranch Hands - Log, (Current Dioxin) and Time 
The unadjusted analysis of NKCI 50/1 percent release exhibited a nonsignificant 

interaction between current dioxin and time since tour under the minimal assumption (Table 
16-21 [e]: p=0.176). 

Under the maximal assumption, the unadjusted analysis contained a marginally 
significant interaction between current dioxin and time (Table 16-21 [f]: p=O.063). For Ranch 
Hands with time of 18.6 years or less, there was a marginally significant positive association 
with current dioxin (p=O.077) and a nonsignificant negative association (p=O.355) with 
current dioxin for Ranch Hands with earlier tours of duty. For time of 18.6 years or less, the 
average NKCI 50/1 percent releases for low, medium, and high current dioxin were 65.8, 65.0, 
and 69.7 percent. 

In the adjusted analysis of NKCI 50/1 percent release, there was a significant 
interaction of current dioxin, time, and race (Table 16-21 [g]: p=O.033) under the minimal 
assumption. To explore this interaction, separate analyses were performed for Blacks and 
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TABLE 16·21. 

Analysis of NKCI 5011 Percent Release 

Ranch Hands· Log2 '(Initial Dioxin) • Unadjusted 

Initial Slope 
Assumption Dioxin n Mean (Std. Error)8 p-Value 

a) Minimal Low 44 66.3 0.1 (0.8) 0.894 
(n=195) Medium 97 64.9 
(R2=O.693) High 54 66.9 

b) Maximal Low 63 65.6 0.1 (0.5) 0.758 
(n=270) Medium 134 66.0 
(R2=0.705) High 73 65.6 

Ranch Hands· Log2 (Initial Dioxin) • Adjusted 

Initial Adj. Adj. Slope Covariate 
Assumption Dioxin n Mean (Std. Error)8 p-Value Remarks 

c) Minimal Low 44 65.2 0.8 (0.8) 0.345 AGE (p=0.109) 
(n=194) Medium 96 65.1 DRKYR (p=O.065) 
(R2=0.722) High 54 68.1 

d) Maximal Low 63 65.4 0.4 (0.5) 0.421 AGE (p=0.107) 
(n=269) Medium 133 66.0 PACKYR (p=O.I44) 
(R2=0.728) High 73 66.0 DRKYR (p=O.030) 

aSlope and standard error based on NKCI 50/1 percent release versus log2 dioxin. 
Note: Minjmal··Low: 52·93 pp~ Medium: >93·292 ppt; High: >292 ppL 

Maximal .. Low: 25·56.9 ppt; Medium: >56.9·218 pp~ High: >218 ppL 
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TABLE 16·21. (Continued) 

Analysis of NKCI 5011 Percent Release 

Ranch Hands· Log2 (Current Dioxin) and Time· Unadjusted 

Mean/(n) 
ernie"! IlisllliD 

Time Slope 
Assumption (Yrs.) Low Medium High (Std. Error)a 

e) Minimal 
(n=195) S18.6 67.7 64.5 71.4 1.4 (I.l) 
(R2.0.703) (22). (49) (23) 

>18.6 65.9 64.8 63.7 -0.7 (I.l) 
(24) (47) (30) 

f) Maximal 
(n=270) S18.6 65.8 65.0 69.7 1.3 (0.7) 
(R2=o.714) (38). (70) (31) 

>18.6 67.9 64.7 64.3 -0.7 (0.7) 
(23) (65) (43) 

Ranch Hands· Log2 (Current Dioxin) and Time· Adjusted 

Adj. MeanI(n) 
Current I2ioxiD 

Time Adj. Slope 
Assumption (Yrs.) Low Medium HiSh (Std. Error)a p-Value 

g) Minimal 0.078--b 

(n=194) S18.6 65.6-- 64.3-- 73.2-- 2.6 (1.1)-- 0.025-·c 
(R2=O.758) (22) (49) (23) 

>18.6 63.9*· 63.9-· 64.400 -0.1 (1.1)_0 0.942°oC 
(24) (~6) (30) 

h) Maximal !fI**. 
(n=269) S18.6 ***. **** **.* ,111*** 111*"'. 
(R2 .. 0.756) (38) (70) (31) 

, '**** >18.6 **** **** **IIl* 111*** 
(23) (64) (43) 

aSlope and standard error based on NKCl 5011 percent release versus log2 dioxin. 

hTest of significance for cllll'ent dioxin-by-time interaction (cllll'ent dioxin and time continuous). 
"Test of significance for slope different from 0 (CIIll'ent dioxin continuous, tim. categorized). 

p-Value 

O.l761i 
0.2()6C 

0531c 

0.063b 

0.077C 

0.355c 

Covariate 
Remarks 

CURR -TIME-RACE 
(1)=0.033) 

AGE <1>=0.052) 
DRKYR <1>=0.018) 

CURR ·TIME·RACE 
(p=0.009) 

AGE <1>=0.080) 
PACKYR (p=0.104) 
DRKYR <1>=0.009) 

··Log2 (CIIll'ent dioxin)-by-time-by-covariate interaction (0;01 <pSO.OS); adjusted mean, adjusted slope, standard error, and 
p-value derived from a model fitted after· deletion of interaclion. 

····Log2 (clIll'enl dioxin)-by-time-by-covariate interaction (ps0.01); adjusted mean, adjusted slope, standard error, and p­
value nol presented. 

Note: Mjnjrnal--Low: >10-14.65 ppl; Medium: >14.65-45.75 ppt; High: >45.75 ppl. 
MaxjmaJ--Low: >5-9.01 ppr; Medium: >9.01-33.3 PPI; High: >33.3 ppt 
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TABLE 16·21. (Continued) 

Analysis of NKCI 50/1 Ratio Percent Release 

i) Ranch Hands and Comparisons by Current Dioxin Category. Unadjusted 
Current 
Dioxin 
Categorx n Mean 

BacIcground 298 66.6 

Unknown 123 65.9 
Low 72 66.8 
High 74 65.7 

Total 567 

Contrast 

All Categories 

Unknown vs. Background 
Low vs. Background 
High vs. Background 

(R2=0.499) 

Difference of 
Means (95% C.I.) p-Value 

0.821 

-0.7 (-2.8,13) 0.488 
0.2 (-2.3,2.7) 0.867 

-0.9 (-3.4,1.7) 0.500 

j) Ranch Hands and Comparisons by Current Dioxin Category· Adjusted 
Current 
Dioxin Adj. Difference of Adj. Covariate Category n Mean Contrast Means (95% C.I.) p-Value Remarks 

Background 298 61.9"· All Categories 0.845** DXCAT*RACE 
(p=0.013) Unknown 123 61.5·* Unknown vs. Background -0.4. (-2.4,1.6)** 0.679*· DXCAT*ALC (p=0.021) Low 71 62.3·· Low vs. Background 0.4 (-2.1,2.8)** 0.758·* DXCAT·DRKYR High 74 61.1*· High vs. Background -0.9 (-3,3,1.6)*· 0.488*· (p=0.027) 

RACE·PACKYR Total 566 (R2:0.575) (p<O.OOI) 
CSMOK*PACKYR . 

(p=0.023) 

"Categorized current dioxin.by·covariate interaction (O.OI<pSO.05); adjusted mean, confidence interval, and p.value derived from a model fitted after deletion of this interaction. 
Note: Background (Comparisons): Current Dioxin SIO ppt. 

Unknown (Ranch Hands): Current Dioxin SIO PPL 
L9w (Ranch Hands): 15 ppt < Current Dioxin S33.3 ppt. 
High (Ranch Hands): Current Dioxin >333 ppt. 
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non-Blacks (Appendix Table 0-1). For Blacks, the interaction and time strata associations 
were reported and were based on sparse numbers. For the non-Blacks, the interaction of 
current dioxin and time was significant (p=O.034). For non-Blacks with time of 18.6 years or 
less, there was a significant positive association between NKCI 50/1 percent release and 
current dioxin (p=O.013) and a nonsignificant negative association for time over 18.6 years 
(p=O.733). A followup adjusted model without the current dioxin-by-time-by-race interaction 
displayed a marginally significant interaction between current dioxin and time (Table 16-21 
[g]: p=O.078). For time of 18.6 years or less, there was a significant positive association 
(p=O.025) with current dioxin and a nonsignificant negative association (p=O.942) for time 
over 18.6 years. For the former time stratum, the average NKCI 50/1 percent releases fot 
low, medium, and high current dioxin were 65.6, 64.3, and 73.2 percent. 

Under the maximal assumption, the adjusted analysis also contained a significant 
interaction for current dioxin, time, and race (Table 16-21 [h]: p=O.OO9). To explore this 
interaction, separate analyses were again performed for Blacks and non-Blacks (Appendix 
Table 0-1). For Blacks, the interaction and time strata associations were reported but are 
based on sparse numbers. For the non-Blacks, the interaction of current dioxin and time was 
significant (p=O.OlO). For non-Blacks with time 18.6 years or less, there was a significant 
positive association between NKCI 50/1 percent release and current dioxin (p=0.OO7) and a 
nonsignificant negative association for time over 18.6 years (p=O.396). 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted analysis of NKCI 50/1 percent release indicated that current dioxin 

categories for Ranch Hands and Comparisons were not significantly different (Table 16-21 [i]: 
p=O.821). 

The adjusted analysis ()f NKCI 50/1 percent release contained three significant 
interactions between a covariate and the current dioxin categories. The covariates involved 
in the interactions were race, current alcohol use, and lifetime alcohol history (Table 16-21 [j): 
p=0.013, p=0.021, and p=O.027, respectively). To investigate these interactions, current 
alcohol use was dichotomized into one drink or less per day and over one drink per day and 
lifetime alcohol history WaS dichotomi2;ed as 40 drink-years or less and over 40 drink-years. 
Because of sparse numbers for Blacks, the interactions were explored only for non-Blacks. 

Regardless of their lifetime alcohol history stratum, non-Blacks who had one drink or 
less per day displayed nonsignificant overall contrasts for NKCI 50/1 percent release 
(Appendix Table 0-1). For non-Blacks who had more than one drink per day and had lifetime 
alcohol history of 40 drink-years or less, the overall contrast of current dioxin categories was 
nonsignificant but the low versus background contrast was marginally significant (p=O.067). 
For that contrast, Ranch Hands exceeded the Comparisons on the average NKCI 50/1 
percent release. For non-Blacks who had more than one drink per day and also had. a lifetime 
alcohol history over 40 drink-years, the overall contrast of current dioxin categories was 
nonsignificant. The low verSus background contrast was significant (p=O.033) with the Ranch 
Hands having the higher means for NKCI 50/1 percent release. 

A followup adjusted model without the three interactions was also used to examine the 
NKCI 50/1 ratio percent release values among categories of Ranch Hands and Comparisons. 
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The overall contrast of the four current dioxin categories was nonsignificant (Table 16-21 OJ: 
p=0.845). Individual COntrasts were also nonsignificant. 

lAboratory Examination Variables: Quantitative Studies-Quantitative 
ImmunoglobuUns 

19A 

Modell: Ranch Hands· Log, (lnltial.Dloxln) 
The unadjusted analysis under the minimal assumption exhibited a nonsignificant 

association between IgA and initial dioxin (Table 16-22 [a]: p=O.I09). Under the maximal 
assumption, there was a sigqificant positive association (Table 16-22 [b]: p=O.OO9). The 
unadjusted means for IgA were 195.7,213.1, and 213.7 mg/dl, for the low, medium, and high 
initial dioxin categories. . 

In the adjusted analysis under the minimal assumption, there was a significant positive 
association between IgA and initial dioxin (Table 16-22 (c]: p=O.019). Age and race were 
covariates retained in the model. The adjusted IgA means for low, medium, and high initial 
dioxin were 219.0, 235.8, and 245.7 mg/d!' 

Under the maximal assumption, the adjusted analysis also displayed a significant 
positive association (Table. 16-22 [d]: ,p=0.OO3) with the adjusted IgA means for low, 
medium,and high initial dioxin at 213,5, 229.7. and 234.7mg/d!' 

Modell: Ranch Hands· Logl (Current Dioxin) and Time 
In the unadjusted analysis of IgA under the minimal assumption, the interaction of 

current dioxin and time since tour was not significant (Table 16-22 Ie]: p=O.613); thus, the 
slopes describing the relationship .between 19A and current dioxin did not differ significantly 
between time strata. 

Under the maximal assumption, the unadjusted analysis also contained a nonsignificant 
interaction between current dioXin and time (Table 16-22 [fJ: p=O.594). However, the slope 
for time greater than 18.6 years was positive and was of borderline significance (,,=0.056). 

Within that time strata, the mean levels oflgA were 190.4,225.1, and 220.5 mg/dlfor 
low, medium, and high current dioxin. 

In the. adjusted analysis under the mini~al assUIDPtion, there was a significant 
interactiori .among current dioxin, time, and clJrrent cigarette smoking (Table 16-22 [g]: 
p=O.O 17). The interacti.on was investigatedseparatl,l9- for Ranch Hands who never smoked, 
forrne,rly smoked, sm.oked 20 cigarettes or. less pe,r,day, and smoke,d~)Ver 20 cigarettes per 
day. For each of these smoking strata, the current dioxin~by-time. inte,ractions were .~ot . 
significant. For the first two smoking strata, there were nonsignificant positive associations 
for both times. For the other two smoking strata, there were noqsignificant positive 
associations betweeri IgA and curren( dioxin for time at most 18.6 years and ,!onsignific,lnt 
negative associatidns fot time dver 18.6 years. Without the above interactionin:the model, 
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TABLE 16·22. 

Analysis of IgA (mg/dl) 

Ranch Hands· Log2 (Initial Dioxin) • Unadjusted 

Initial Slope 
Assumption Dioxin n Meana (Std. Error)b p-Yalue 

a) Minima1 Low 127 203.7 0.027 (0.017) 
(n=504) Medium 252 215.4 
(R2=O.005) High 125 218.9 

b) Maximal Low 180 195.7 0.031 (0.012) 
(n=720) Medium 363 213.1 
(R2=O.OO9) High 177 213.7 

Ranch Hands· Log2 (Initial Dioxin) • Adjusted 

Initial Adj. Adj. Slope 
Assumption Dioxin n Meana (Std. Error)b p-Yalue 

c) Minimal Low 127 219.0 0.040 (0.017) 0.019 
(n=504) Medium 252 235.8 
(R2=0.028) High 125 245.7 

d) Maximal Low 179 213.5 0.035 (0.012) 0.003 
(n=715) Medium 360 229.7 
(R2=0.040) High 176 234.7 

aTransformed from natural10garitlun scale. 
bSlope and standard error based on natural10garitlun 19A versus log2 dioxin. 
Note: Mjnjmal .. Low: 52-93 pp~ Medium: >93-292 ppl; High: >292 ppL 

Maxjmal--Low: 25-56.9 ppl; Medium: >56.9-218 pp~ High: >218 ppL 
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Covariate 
Remarks 

AGE (p=0.010) 
RACE (p=O.Oll) 

RACE (p=O.007) 
ALC (p=0.071) 
AGE*PACKYR 

(p=O.015) 

0.109 

0.009 



TABLE 16-22. (Continued) 

Analysis of IgA (mg/dI) 

Ranch Hands· Log2 (Current Dioxin) and Time - Unadjusted 

Meana/(n) 
Current Dmm 

Time Slope 
Assuml!tion . ~Yrs.) Low Medium HiSh (Std. Error)b I!-Value 

e) Minimal 0.613c 

(n=504) SIS.6 211.4 197.2 213.2 0.026 (0.027) 0.33¢ 
(R2=o.01l) (71) (127) (52) 

>IS.6 219.2 227.0 216.7 O.OOS (0.022) 0.725d 
(54) (127) (73) 

f) Maximal 0.594c 

(n=720) SIS.6 202.9 199.1 210.7 O.QlS (O.OIS) 0.31~ 
(R2=0.012) (104) (IS9) (SO) 

>IS.6 190.4 22S.l 220.5 0.031 (0.016) 0.056d 
(77) (171) (99) 

Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted 

. Adj. Mean8/(n) 
Ouren1 Dioxin 

Time Adj. Slope Covariate 
Assuml!tion ~Yrs.) Low Medium Hij!h (Std. Error)b I!-Value Remarlcs 

g) Minimal 0.480*·c CURR·T1ME·CSMOK 
(n=504) SIS.6 226.1·· 216.1·· 240.S·· 0.046 (0.027)·· 0.096··d (p=O.017) 
(R2=0.045) (71) (127) (52) AGE (p=0.021) 

>IS.6 232.5·· 244.3·· 237.5·· 0.021 (0.023)·· 0.352 •• d RACE (p=O.016) 
(54) (127) (73) 

h) Maximal O.68S •• c CURR*TIME·CSMOK 
(n=715) SIS.6 219.5·· 216.3·· 233.5·· 0.027 (O.OIS)·· 0.147 •• d (p=0.043) 
(R2=0.050) (104) (1SS) (79) RACE (p=O.010) 

>IS.6 205.4·· 242.3·· 240.2·· 0.036 (0.016)·· 0.027 •• d ALC <1>=0.071) 
(76) (169) (99) AGE*PACKYR 

(1)=0.030) 

aTransformed from natural logaritlun scale. 
bSlope and standard error based on natural logaritlun JgA versus log2 dioxin. 

CTest of significance for current, dioxin~by~time interaction (current dioxin continuous, time categorized). 
dTest of significance for slope different from 0 (CUlTent dioxin continuous, time categorized). 
o.o.Logz (initial dioxin)-by-covariate interaction (O.01<pSO.05); adjusted mean, adjusted slope, standard error, and p-value 

derived from a model fitted after deletion of this interaction. 
Note: Mjnjmal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt. 

MaxjrnaJ--Low: >5-9.01 ppt; Medium: >9.0\.33.3 ppt; High: >33.3 ppt 
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TABLE 16·22. (Continued) 

Analysis of IgA (mg/dl) 

i) Ranch Ilandsand Comparisons by Current Dioxin Category. Unadjusted 

Current 
Dioxin Difference of 
Category n Meana Contrast MejIlls (95% C.i.t poiValuef 

Background 759 212.1 All Categories 0;013 

Unknown 338 195.1 Unknown vs. Background -17;0- 0.003 
Low 192 210.0 Low vs. Bacllgmund , 
High 179 216.1 High vs. Background 

-2.1- , 0.769 ' 
, 4.0- 0.604 

Total 1,468 (R2 .. 0.007) 

j) Ran'ch Hands and Comparisons by Current pioxin Category· Adjusted 

Current 
Dioxin Adj. Difference of Adj. ' Covariate 
Category n Meana Contrast Means (95% C.I.)e p-Valuef Remarks 

Background; 75~ 219.4 All Categories 0.007 AGE (pooO.OO1) 

336 ' 202.1 ' ' ,~ACE (p.=O.097) 
Unknown Unknown vs. Background -17.3 -- 0.003 CSMOK <p=O.(66) 
Low 190 219.3 Low vs. Background -0.1 -- 0.982 ALe <p-O.137) 
High 178 227.g High vs. Background 8.4- 0.292 

Total 1,463 (R2..0.021) 

"Transformed from 'natural logarithn1"scale. ' 
eDifference of m~ans after transformation to 'original scale;' confidence intetval'on difference of means not given because 
analysis was performed on natural logaritJun scale. 

fP.value is based on difference of means on naturallogaritJun scale. 
Note: Background (ComparisollJ): Current Dioxin s,10 ppt. 

UIiknOWh'~~lIIlchHands): ,Current Dioxin'SIOppt " 
Low(~anol\ "lands): 15 ppt < Current Dio~in :;;$3.3 ppl." 
t\ig" ~Ranc" aands):~urrent DioxiJI,,>33.3 ppt. 
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the interaction of current dioxin and time was not significant (Table 16-22 [g]: p=O.480). For 
time less than or equal to 18.6 years, there was a positive association that was marginally 
significant (p=O.096). 

In the adjusted analysis under the maximal assumption, there was also a significant 
interaction for current dioxin, time, and current cigarette smoking (Table 16-22 [h]: p=O.043). 
Investigation of the interaction waSagaln undertaken separately for the current cigarette 
smoking strata. For former smokers, the current dioxin-by-time interaction was 
nonsignificant. However, for time greater than 18.6 years, there was a significant positive 
association between IgA and current dioxin (Appendix Table 0-1: p=O.OOI) and a 
nonsignificant positive association for time 18.6 years or less (p=O.387). The other smoking 
strata displayed nonsignificant current dioxin·by-time interactions. An adjusted model 
without the cited interaction term contained a nonsignificant interaction between current , 
dioxin and time (Table 16-22 [h]: p=O.688). For time over 18.6 years, there was a positive 
association between IgA and current dioxin that was significant (p=0.027). 

Model3: ,Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted analysis of IgA indicated that the overall contrast of Ranch Hands and 

Comparisons was significant (Table 16-22 [i]: p=0.013). The IgA means for the background, 
unknown, low, and high current dioxin categories were 212.1,195.1,210.0, and 216.1 mgldl. 
The contrast of Ranch Hands in the unknown current dioxin category versus Comparisons in 
the background current dioxin category was significant (p=O.OO3). 

The I\djusted analysis of IgA also exhibited a significant overall current dioxin category 
contrast (Table 16-22 UJ: p=O.007) and a significant contrast for Ranch Hands in the 
unknown current dioxin category versus the Comparisons in the background current dioxin 
category (p=O.003). 

IgG 

Modell: Ranch Hands· Log2 (Initial Dioxin) 
Under the minimal and maltimal assumptions, the unadjusted analysis was not 

significant for an association between IgG and initial dioxin (Table 16-23 [a] and (b]: 
p=0.720 and p=0.195, respectively). , ' 

Under the minimal cohort, the adjusted analysis contained a significant interaction 
between initial dioxin and lifetime alcohol history (Table 16-23 [c]:p=0.037). Exploring the 
interaction by stratification (0 drink-years, over 0 drink-years to 46 drink·years, and above 40 
drink·years), the association between IgG and initial dioxin was positive but not significant 
for each stratum (Appendix Table 0-1). Without the interaction of initial dioxin and lifetime 
alcohol history in the model, the association between IgG and initial Qioxin was not 
significant (Table 16-23 [c]: p=O.502). 

Under the maximal assumption, the adjusted analysis contained a nonsignificant 
association between IgG and initial dioxin (Table 16-23 [d]: p=0.156). 
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TABLE 16-23; 

Analysis of IgG (mg/dI) 

Ranch Hands - Log2 (Initial) - Unadjusted 

Initial Slope 
Assumption Dioxin n Mean& (Std. Error)b p-Value 

a) Minimal Low 127 1,018.0 0.003 (0.009) 0.720 
(n=504) Medium 252 1,013.3 
(R2<0.001) High 125 1,034.2 

b) Maximal Low 180 990.2 0.008 (0.006) 0.195 
(n=720) Medium 363 1,020.2 
(R2=0.OO2) High 177 1,013.0 

Ranch Hands - Log2 (Initial) - Adjusted 

Initial Adj. Adj. Slope Covariate 
Assumption Dioxin n Meana (Std. Error)b p-Value Remarks 

c) Minimal Low 127 1,096.0"" 0.006 (0.009)"· 0.502"· INIT"DRKYR (p=O.037) 
(n=498) Medium 248 1,118,2"" RACE (p<o.oOI) 
(R2=0.147) High· 123 1,132.2"" AGE" ALC (p=O.029) 

CSMOK"PACKYR (p=0.012) 
PACKYR"DRKYR (p<O.OOI) 
ALC·DRKYR (p<0.(01) 

d) Maximal Low 178 1,103.5 0.008 (0.006) 0.156 RACE (p<0.(01) 
(n=71 I) Medium 360 1,128.0 AGE"ALC (p=O.019) 
(R2=0.143) High 173 1,117.7 CSMOKoPACKYR (p=0.007) 

CSMOK"DRKYR (p=0.009) 
PACKYRoDRKYR (p<O.OOI) 
ALC·DRKYR (p<0.(01) 

aTransformed fromnaturallogarithm scale. 
bSlope and standard OlTor based on natural logarithm IgO versus.log2 dioxin. 
·°Log2 (initial dioxin)~by-covariate interaction (0.01 <pS0.05); adjusted mean, adjusted slope, standard elTor, and p-value 

derived from a model fitted after deletion of this interaction. 
Note: Mjnjmal--LOw: ·52-93 pp~ Medium: >93-292 ppt; High: >292 ppL 

Maximai--Low: 25-56;9 ppl; Medium: >56.9-218 pp~ High: >218 ppL 
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TABLE 16·23. (Continued) 

Analysis of IgG (mgldl) 

Ranch Hands· Log2 (Current Dioxin) and Time· Unadjusted 

Meana/(n) 
CtnlPllt l2mio 

Time Slope 
Assuml!tion ~Yrs.~ Low Medium High ~Std. Error~b 

e) Minimal 
(n=504) SIS.6 1 ,04 I.S 1,005.5 1,037.0 0.007 (0.014) 
(R2<0.001) (71) (127) (52) 

>IS.6 994.4 1,023.4 1,023.0 0.003 (0.012) 
(54) (127) (73) 

f) Maximal 
(n=720) SIS.6 997.4 1,021.0 1,028.7 0.009 (0.009) 
(R2=0.004) (104) (IS9) (SO) 

>IS.6 962.6 1,020.3 1,013.7 0.010 (O.OOS) 
(77) (171) (99) 

Ranch Hands· Log2 (Current Dioxin) and Time· Adjusted 

Adj. Meana/(n) 
~tllio3in 

Time Adj. Slope 
Assuml!tion ~Yrs.~ Low Medium HiSh (Std. Error~b I!.Yalue 

g) Minimal 0.429C 
(n=49S) SIS.6 1,116.9 1,105.7 1,132.6 0.014 (0.013) 0.29od 
(R2=0.141) (71) (126) (51) 

>IS.6 1,084.1 1,125.9 1,115.9 0.0007 (0.012) 0.952d 
(54) (124) (72) 

h) Maximal O.SlIc 
(n=711) SIS.6 1,104.2 1,122.6 1,144.4 om I (0.009) O.208d 

(R2=0.144) (103) (ISS) (7S) 
>IS.6 1,085.9 1,133.4 .1,120.0 .0,009 (O.OOS) '0.30Id 

(76) (169) (97) 

"Transformed from natural logarithm scale. 
bSlope and standard error based on natural logarithm IgG versus log2 dioxin. 

orest of significance for current dioxin~by·time interaction (current dioxin and time continuous). 
dTest of significance for slope different from 0 (current dioxin coritinuous, time categorized). 
Note: Minimal--Low: >10·14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt. 

Maximal •• Low: >5·9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt 
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I!.Yalue 

0.S15c 

0.612'1 

o.slod 

0.93Sc 

0.311d 

0.212d 

Covariate 
Remarks 

RACE (p<O.OOI) 
AGE*ALC (p=0.016) 
CSMOK*PACKYR 

(p=O.OIS) 
PACKYR*DRKYR 

(p<0.001) 
ALC*DRKYR 

(p=0.002) 

RACE (p<O.OOl) 
AGE*ALC <1>;=0.019) 
CSMOK*PACKYR 

(p=0.007) 
CSMOK*DRKYR 

(p=O.OIO) 
PACKYR*DRKYR 

(p<0.001) 
ALC*DRKYR 

(p<0.001) 



TABLE 16-23. (Continued) 

Analysis of IgG (mg/dl) 

i) Ranch ,Hands and Comparisons by Current Dioxin Category. Unadjusted 

Current 
Dioxin 
Category n Meana 

Background 759 1.024.2 

Unknowl\ 338. 986.5. 
Low 192 1,0213 
High 179 1.020.4 

Total 1.468 

Contrast 

All Categories 

Unknown vs. Background 
Lowv$. Background 
High vs. Background 

(R2=o.OO5) 

Difference of 
Means (95% C.I.t p-Valuef 

-37:7 -
-2.9--
-3.8-

0.058 

0.008 
0;874 
0.837 

j) RanclfHluldsiilnd Comparisons by Current Dioxin Category. Adjusted 

Current 
Dioxin 
Category 

Background 

Unknown 
Low 
High 

Total 

, .,,' .' 

. ,6,.dj.; 
n Meana 

757 

335 . 
190 
p5' 

1,457 

1.120.3 

Contrast 

All Categories 

(R2.0.082) 

"Transfonned; Crontllaiurli! 'logarithm! sclll •. 

Differenoeof Adj . 
Means (95% C.I.)e p-Valuef 

-33.2-
2.1-
1.8-

0.132 

0.028 
0.915· 
0.927 

. Covariate 
Remarks 

RACE (p<O.OOI) 
DRKYR (p=0.103) 
CSMG>K*PACKYR 
, . (p=0.002) 

eDiff"enc~ QrmOl\liB,,~!6iftransfQl'm.tiqtltoori8i1'alS4)ale; ~denee'interval on difference of.me"", not given because 
analys~ IV4, pel'fQD\l1'd <mn.~\Illog¢t/ut) S4)al~. (' ' 

fP-v8Jue is ~aSedon differeit~ otrite8!lS.On 1U!I1Ir~'logarit/ut) "'ale.·. 
Note: BIII!~urid(Colnpaii~onS): Curiet!!DloxinSl0ppi. ' . 

UriltiibWit (Ranch Hands): OurteniDioxln Sl OPPL' . 
~w (Ranch Hands): 'lS',ppt < €.urrent .Dioxin .S33~3 .ppt. . 
High (Rancjl Hands): Current Dioxin >33.3 ppt. 

..r" ' .' 



Model2: Ranch Hands - Logl (Current Dioxin) and Time 
In the UIUI(ljusted analysis of IgG under the minimal and maximal assumptions, the 

interaction of current dioxin and time since tour was not significant (Table 16-23 [e] and [f]: 
p=O.815 and p=O.938, respectively). The nonsignificant interactions indicated that the slopes 
did not differ significantly between time strata. 

The nonsignificant results of the unadjusted analyses remained nonsignificant in the 
adjusted analyses (Table 16-23 [g] and [h]: p=O.429 and p=O.8l1, respectively) under the 
minimal and maximal assumptions. 

Model3: Ranch Hands and Comparisons by Cumlnt Dioxin Category 
. The unadjusted analysis of IgG displayed a marginally significant overall contrast of 

Ranch Hand and Comparison current dioxin categories (Table 16-23 [i]: p=O.058). The IgG 
means for the background, unknown,low, and high current dioxin categories were 1,024.2 
mg/d!, 986.5 mg/d!, 1,021.3 mg/d!, and 1,020.4 mg/d!. The contrast of Ranch Hands in the 
unknown current dioxin category versus Comparisons in the background current dioxin 
category was significant (p=O.OO8). 

The adjusted analysis of IgG exhibited a nonsignificant overall,category contrast (Table 
16-23 Ul: p=O.l32). However, a significant contrast for Ranch Hands in the unknown 
current dioxin category versus the Comparisons in the background current dioxin category 
(p=0.028) was found with the Comparisons having the higher adjusted IgG. mean. 

IgM 

Modell: Ranch Hands - Logl (Initiol Dioxin) 
Under both the minimal and maximal assumptions, the unadjustlld analysis of IgM 

displayed a nonsignificant association with initial dioxin (Table 16-24 [a] and [b]: p=O.425 
and p=0.471, respectively). 

Under the minimal assumption, the adjusted analysis contained a Significant intetaction 
between initial dioxin and current alcohol use (Table 16-24 [c]: p=0.029). Exploring the 
interaction within drinking stratum, there was a nonsignificant positive association (Appendix 
Table 0-1: p=0.183) for Ranch Hands who had zero to one drink per day. For.Ranch Hands 
who had more than one drink per day to four drinks per day, a Significartt.!1egative association 
was found between IgM and initial dioxin (p=O.024). For Ranch Hands with more than four 
drinks per day, a nonsignificant negative association was found (p=O;21O). Without the 
interaction of initial dioxin and current alcohol use in the model, the adjusted model exhibited 
a nonsignificant association between IgM and initial dioxin (Table 16-24 [c]: p=0.902). 

The adjusted analysis under the maximal assumption displayed a nonsignificant 
association between IgM and initial dioxin (Table 16-24 [d]: p=O.268). 

Model2: Ranch Hands· Logl (Current Dioxin) and Time 

In the unadjusted analysis under both minimal and maximal assumptions, the interaction 
of current dioxin and. time since t()ur was not significant (Table 16-24 [e] and [f]: p=0.725 and 
p .. 0.174, respectively). Thus, the association between IgM .and current dioxin (Le., the 
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Assumption 

a) Minimal 
(n=504) 
(R2=O.001) 

b) Maximal 
(n=720) 
(R2<0.001) 

Assumption 

c) Minimal 
(n=501) 
(R2=0.024) 

d) Maximal 
(n=711) 
(R2=0.026) 

TABLE 16·24. 

Analysis of IgM (mg/dl) 

Ranch Hands· Log2 (Initial Dioxin) . Unadjusted 

Initial Slope 
Dioxin n Meana (Std. Error)b p-Value 

Low 127 113.7 0.014 (0.017) 0.425 
Medium 252 106.8 
High 125 115.2 

I.,ow 180 117.3 -0.009 (0.013) 0.471 
Medium 363 109.6 
High 177 115.4 

Ranch Hands· Log2 (Initial Dioxin) . Adjusted 

Initial 
Dioxin n 

. LOW 127 
Medium 250 
High 124 

Low 178 
Medium 360' 
High 173 

, ; J," 

Adj. 
Meana 

f07.5** 
99.5** 

104.9** 

. 108.0 
102.2 
105.5 

Adj. Slope 
(Std. Error)b p-Value 

Covariate 
Remarks 

0.002 (0.018)** 6.902** INIT* ALC (p=0.029) 
AGE (p=0.100) 
RACE (p=0.049) 

-0.015 (0.013) 0.268 AGE (p=0.048) 
ALC (p;'0.032) 
DRKYR*RACE (p=0.040) 

aTransfanned from natural logarithm scale. 
bSlope andstandardertorllased,01t:ndl\'l'al 'logarithm IgMversus log2 dioxin. 
"Log2 (initial dioxin)-by-covariate intera~tion. (O,Ol:<ps,O.05); adju,sted mean, adjusted slope, standard error, and p. 

value derived. from a modelfilled after delel;oll ,of. this interaction. 
No~:.Mini~'I-'Low: 52'93 ppt; Me,diqm: :'93-292 ppt; High: >292 ppl. . 

! Maxim.I~·Low:2~.5~.9 ppt;:Medium: .>56.9-21~· ppt; High: >218 ppt. 



TABLE 16·24. (Continued) 

Analysis of IgM (mg/dl) 

Ranch Hands· Log2 (Current Dioxin) and Time· Unadjusted 

Meana/(n) 
Cumml DiQxin 

Time Slope 
Assumption (Yrs.) Low Medium High (Std. Error)b 

e) Minimal 
(n=504) .$18.6 121.0 101.0 109.5 0.0006 (0.028) 
(R2=0.OO3) (71) (127) (52) 

>18.6 112.0 111.9 115.7 0.013 (0.023) 
(54) (127) (73) 

f) Maximal 
(n=720) .$18.6 125.4 105.8 111.4 -0.033 (0.020) 
(R2=0.004) (104) (189) (80) 

>18.6 111.6 112.3 117.9 0.004 (0.018) 
(77) (171) (99) 

Ranch Hands· Log2 (Current Dioxin) and Time- Adjusted 

Adj. Meana/(n) 
Cnmml Dic3in 

Time Adj. Slope 
Assumption ~Yrs.) Low Medium Hi~h ~Std. Error)b p-Value 

g) Minimal 0.519c 

(0=498) .$18.6 112.7 90.9 94.3 -0.022 (0.029) 0.456d 

(R2=0.031) . (71) (126) (51) 
>18.6 104.4 103.5 104.7 0.002 (0.024) 0.934d 

(54) (124) (72) 

h) Maximal .. 0,13?C 
(n=711) .$18.6 114.8 97.3 99.7 -0.045 (0;020) 0.027d 

(R2=0.032) (103) (188) (78) 
>18.6 104.4 105.0 108.5 -0.005 (0.018) 0.776d 

(76) (169) (97) 

8Transfonned from natural logarithm scale. 
bSlope and standard error based on narorat logarithm IgM versus log2 dioxin. 

CTest of significance for current dioxin-by-time interaction (current dioxin and time continuous), 
dTest of significance for slope different from 0 (current dioxin continuous, time categorized). 
Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 ppt. 

Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt. 

H;-U8 

p-Value 

0;725c 

0.983d 

0.567d 

0.174c 
0.099d 

0.844d 

Covariate 
Remarks 

AGE (p=0.029) 
RACE*DRKYR 

(p--O.021) 

AGE (p=0,021) 
ALe (p=0.033) 
RACE*DRKYR 

(p=0.034) 



TABLE 16·24. (Continued) 

Analysis of JgM (mg/dl) 

i) Ranch Hands and Comparisons by Current Dioxin Category· Unadjusted 

Current 
Dioxin Difference of 
Category n . Meana . Contrast Means (95% C.l.)e p-Valuef 

Background 759 110.3 All Categories 0.079 

Unknown 338 113.9 Unknown vs. Background 3.6 -- 0.301 
Low 192 103.1 Low vs. Background -7.2· -- 0.076 
High 179 llS.() High ~s. Background 4.7 -- 0.294 

Total 1,468 (R2=O.005) 

j) Ranch Hands and Comparisons by Current Dioxin Category· Adjusted 

Current 
Dioxin Adj. Difference of Adj. Covariate 
Category n Meana. Contrast· Means (95% C.1.)6 p-Valuef Remarks 

Background 757 103.0 . All' Caiegories 0.099 AGE (p=0.005) 
RACE (p=O.004) 

Unknown 335 106.6 Unknown vs. Background 3.6 -- 0.266 ALC (p=0.005) 
Low 190 96.3 Low vs. Background -6.7 -- 0.D78 DRKYR (p=0.104) 
High 175 105.9 High vs. Background 2.9 -- 0.477 

Total 1,457 (R2=0.021) 

aTransfonned from natural logarithm scale. 
eDifference of means after transformation to original scale; confidence interval on difference of means not given 
because analysis was perfonned on naturallogatithm scale. 

fP_value is based ondiffere!1Ce of me.ans on natural Iogarithm scale. 
Note: BlICkground (COInparisons): Current Dioxin :010 ppt. 

unlinown (Ranch Hands): Current Dioxin slOppt. 
Low . (Ranch Hartds): 15 ppt < c;:urrent Dioxin 533.3 ppt. 
High (Ranch Hands): Current Dioxin >33.3 ppt. 
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slopes) did not differ significantly between time strata. Under the maximal assumption, a 
negative association between IgM and current dioxin was marginally significant (p=(l.099) for 
time of 18.6 years or less. 

In the adjusted analysis under the minimal assumption, the current dioxin-by-time 
interaction was nonsignificant (Table 16-24 [gJ: p=O.519). Thus, the relationships between 
IgM and current dioxin were not significant between time strata. 

In the adjusted analysis under the maximal assumption, the interaction of current dioxin 
and time was also not significant (Table 16-24 [h]: p=O.137). For time less than or equal to 
18.6 years, there was a negative association between IgM and current dioxin that was 
significant (p=O.027). 

Model3: Raneh Hands and Comparisons by Current Dloidn Caugory 
The unadjusted analysis of IgM indicated that the overall contrast of current dioxin 

categories for Ranch Hands and Comparisons was marginally significant (Table 16-24 [i]: 
p=O.079). The IgM means for the background, unknown, low, and high current dioxin 
categories were 110.3, 113.9, 103.1, and 115.0 mg/dl. The contrast of Ranch Hands in the low 
current dioxin category versus Comparisons in the background current dioxin category was 
marginally significant (p=O.076). 

Similar to the unadjusted analysis of IgM, the adjusted analysis indicated that the 
overall contrast of Ranch Hands and Comparisons was marginally significant (Table 16-24 
[j]: p=O.099). The contrast of Ranch Hands in the low current dioxin category versus 
Comparisons in the background current dioxin category was also marginally significant 
(p=O.078). 

Longitudinal Analysis . 

Laboratory Examination Dato 

CD4/CD8 Ratio 
For the immunologic evaluation, longitudinal analyses were conducted to examine the 

change in the CD4/CD8 ratio between the 1985 and the 1987 examinations for associations 
with initial dioxin, current dioxin and time since tour, and categorized current dioxin. Table 
16-25 presents the results of these analyses. For a specific longitudinal analysis of the 
CD4/CD8 ratio (e.g., minimal assumption, initial dioxin analysis), the left side of each 
subpanel of the table provides the means and sample sizes for participants with laboratory 
values at each examination. Based on the difference between 1987 and 1985 laboratory 
values, the right side of each subpanel presents slopes, standard errors, and associated p­
values (for models using initial dioxin or models using current dioxin and time since tour), or 
differences of examination mean changes, 95 percent confidence intervals, and associated p­
values (for models using categorized current dioxin). The reported statistics for all three 
examinations are presented subject to the constraint that participants were at both the 1985 
and 1987 examinations. 
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TABLE 16·25. 

Longitudinal Analysis of CD4/CD8 Ratio 

Ranch Hands· Log2 (Initial Dioxin) 

Meana/(n) 
ExilmiDlWQD 

Initial Slope 
Assumption Dioxin 1985 1987 (Std. Error)b p.Value 

a) Minimal Low 1.70 1.98 0.001 (0.017) 0.968 
(R2<0.001) (39) (39) 

Medium 1.66 2.06 
(88) (88) 

High 1.63 1.89 
(47) (47) 

b) Maximal Low 1.60 1.82 0.014 (0.012) 0.234 
(R2=0.006) (51) (51) 

Medium 1.62 1.97 
(121) (121) 

High 1.67 1.94 
(64) (64) 

aTransfonned from natural logarithm scale. 
bSlope and standard error based on difference betwee" natural logarithm of 1987 CD4!CD8 ratio and natural logarithm 
of 1985 CD4!CD8 ratio versus log2 dioxin. 

Note: Minimal--Low: 52·93 ppt; Medium: >93·292 ppt; High: >292 ppt. 
Maximal •• Low:! ,25.56.9 ppt; Medium: >56.9·218 ppt; High: >218 ppt. 
Summary statistics for 1985 are':provided fpr reference purposes for participants who attended the Baseline, 
1985, and 1987 examinations. p.values gIven are in reference to a contrast of 1985 and 1987 results. 

16·121 



T ABLE.16.2S. (Continued) 

Longitudinal Analysis of CD4/CD8 Ratio 

Ranch Hands· Log2 (Current Dioxin) and Time 

Time 
Assumption (Yrs.) Examination Low 

c) Minimal 
(R2=0.022) .s;18.6 

>18.6 

d) Maximal 
(R2=0.020) .s;18.6 

>18.6 

1985 

1987 

1985 

1987 

1985 

1987 

1985 

1987 

aTransformed from natural logarithm scale. 

1.75 
(20) 
2.05 
(20) 

1.69 
(21) 
1.87 
(21) 

1.70 
(30) 
1.93 
(30) 

1.40 
(22) 
1.51 
(22) 

Meana/(n) 
Current Dioxin 

Slope 
Medium High (Std. Error)b p-Value 

1.57 
(43) 
2.09 
(43) 

1.73 
(44) 
2.10 
(44) 

1.59 
(60) 
2.01 
(60) 

1.69 
. (?9) 
1:97 
(59) 

1.60 
(20) 
1.66 
(20) 

1.63 
(26) 
2.02 
(26) 

1.65 
(27) 
1.84 
(27) 

1.66 
(38) 
2.06 
(38) 

0.062c 

-0.031 (0.026) 0.24od 

0.033 (0.022) 0.l31d 

0.19OC 
0.003 (0.018) 0.879d 

0.035 (0.016) 0.035d 

bSlope and slandard error based on difference belween natural logarithm of 1987 CD4/CD8 ralio and natural logarithm 
of 1985 CD4/CD8 ralio versus 1082 dioxin. 

CTest of significance for homogeneity of slopes (current dioxin continuous. time categorized). 
dTesl of significance for slope equal 10 0 (currenl dioxin continuous, time calegorized). 
NOle: Mjnjmal--Low: >10-14.65 ppl; Medium: >14.6545.75 ppl; High: >45.75 ppl. 

Maxjmal--Low: >5-9.01 ppl; Medium: >9.01-33.3 ppl; High: . >33.3 ppl. 
Summary slalislics for 1985 are provided for reference purposes for parlicipants who a\tended the Baseline, 
1985, and -1987 examinalions. P-values given are in reference to a .conltasl of 1985 and 1987 results. 



Current 
Dioxin 
Category 

Background 

Unknown 

Low 

High 

TABLE 16·25. (Continued) 

Longitudinal Analysis.of CD4/CD8 Ratio 

e) Ranch Hands and Comparisons by Current Dioxin Category 

Meana/(n) 
. !ilIilmioilDQIl Difference of 

Examination Mean 
1985 1987 Contrast Change (95%C.I.)e 

1.62 1.93 All Categories 
(270) (270) 

1.54 1.80 Unknown vs. Background -0.04 
(104) (104) 
1.58 2.00 Low vs. Background 0.10 
(65) (65) 
1.66 1.96 High vs. Background -0.001 
(65) (65) 

(R2=0.006) 

aTransformed from naturl!i logarithm scale. 

p-Valuef 

0.404 

0.637 

0.141 

0.918 

eDifference of 1987 and 1985 examination mean changes after transformation to original scale: confidence interval on 
difference of 1987 and 1985 examination mean changes not given because analysis was performed on natural 
logarithm scale. 

fP_value is based on difference of 1987 and 1985 examination mean changes on natural logarithm scale. 
Note: Background (Comparisons): Current Dioxin SIO ppt. 

Unknown (Ranch Hands): Current Dioxin S10 ppt. 
Low (Ranch Hands): 15 ppt < Curr,ent Dioxin s33.3 ppt. 
High (R"l'cp, Ran"s): Current pioxill >33.3ppt. " . 
Summary sllItistics for 1985 are provided forreferenc. purposes for participants who attended the Baseline, 
1985, antF1987 examinations. P-v8lues given are in reference to a 'contrast of 1985 and 1987 results. 
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Modell: Ranch Hands· LogZ (Initial Dioxin) 

For both the minimal and the maximal longitudinal analyses, the association between 
initial dioxin and the change in the CD4/CD8 ratio of the 1987 examination value relative to· 
the 1985 examination value was nonsignificant (Table 16-25 [a] and [b]: p=0.968 and 
p=O.234, respectively). 

Model Z: Ranch Hands • LogZ (Current Dioxtn) and Time 

Under the minimal assumption, the longitudinal analysis detected a marginally 
significant interaction between current dioxin and time since tour (Table 16·25 [c]: p=0.062). 
For Ranch Hands with less than or equal to 18.6 years since their tour, there was a 
nonsignificant decreasing association between current.dioxin and the change in the CD4/CD8 
ratio between 1985 and 1987 (p=0.240). In contrast, for Ranch Hands with more than 18.6 
years since tour, there was a nonsignificant increasing association between current dioxin 
and the change in the CD4/CD8 ratio between 1985 and. 1987 (p=O.131). 

Based on the maximal assumption, the longitudinal analysis did not detect a significant 
interaction between current dioxin and time since tour (Table 16-25 Cd]: p=0.190). However, 
for Ranch Hands with more than 18.6 years since . their tour, there was a significant increasing 
association between current dioxin and the change in the CD4/CD8 ratio between the 1985 
and 1987 examinations (p=0.035). The differences of the mean CD4/CD8 ratios from 1985 to 
1987 were 0.11, 0.28, and 0.40 for low, medium,. and high current dioxin. Thus, for this time 
stratum, the increases in the mean CD4/CD8 ratio in 1987, relative to 1985, were greater for 
higher current dioxin levels. 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
For the longitudinal analysis of categorized current dioxin, there was no significant 

difference in the change in the CD4/CD8 ratio (1987 relative to 1985) among the four current 
dioxin categories (Table 16·25 Te]: p=O.404). 

DISCUSSION 

Background 
Immunologic competence was .assessed by analysis of data from cell surface marker 

studies, immunoglobulin quantitation, functional stimulation assays, andskil) te.sts for 
delayed hypersensitivity response on. a randomized subset of the study population. The 
absence of a response to a series of skin test antigens is usually indicative of an impaired 
immune defense mechanism (anergy), Anergy can occur in elderly individuals in the setting 
of certain viral, bacterial, and fungal infections; or with advanced protein deficiency, underlying 
malignancy, or treatment with corticosteriods and other immunosuppressive agents. Skin 
tests for delayed cutaneous hypersensitivity (DCH) are occasionally used to test for anergy 
as a prognostic indicator in individuals in compromised states such as the acquired 
immunodeficiency syndrome or those at risk of infection following surgery. 

Skin tests for DCH are subject to numerous variables including the dose and method of 
administration of the antigen and the techniques employed in reading and interpreting the 
response. Following quality control concerns over the 1985 Air Force Health Study skin test 
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data, stringent protocols were established to ensure consistent methods and interpretation. 
In the current study, a premium was placed on uniform and consistent methods of 
interpretation. There was a 92 percent concordance between readers and duplicate 
interpretations by the same reader. More than 99.6 percent of the sample population had 
interpretable skin tests. The 94.9 percent incidence of intact DCH is consistent w~th clinical 
experience in the general population (5). 

Evaluation of the human immune system is divided into separate segments for humoral 
and cellular immunity and each of these is further divided into measurementS of quality (e.g., 
cell counts and protein concentrations) and function. Circulating in the plasma phase of blood, 
the humoral segment consists of the immunoglobulin and complement proteins some of which 
are also prominent at exposed sites of the body such as mucosal surfaces. The serum 
immunoglobulins are secreted by plasma cells in the bone marrow and are regulated iii a 
sequence of events modulated by macrophagesand memory lymphocytes. The 
immunoglobulins serve as a defense against bacterial infections and the blood-borne phase of 
viral infections. 

Quantitative analysis of IgG, IgM, and IgA give an overall view of B-cell integrity when 
related to the expected reference range of values. Selective deficiency of one or more of these 
antibody classes, whether congenital or acquired, may be associated with increased 
susceptibility to infections. Elevations of these immunoglobulins in a polyclonal pattern· are 
frequently an indication of chronic infections (perhaps due to impairment of another segment 
of the immune response) or of a faulty regulation of B-cell responses such as occurs in 
cirrhosis. Selective elevation of a monoclonal segment of any immunoglobulin (detected by 
visual examination of serum protein electrophoresis) is a strong indicator offaulty regulation 
or actual autonomy of plasma cells or lymphocytes and may be an early hallmark of numerous 
conditions including plasmacytoma, multiple myeloma, chronic lymphocytic . 
leukemia/lymphoma, and smoldering myeloma. Occasionally there may be a cluster of more 
than one small spike of immunoglobulin in the presence of other normal immunoglobulins. 
Invariably, this type of oligoclonal banding is associated with some alteration of the immune 
system (e.g., primary bone marrow involvemerit, inappropriate regulation, or 
immunosuppression as in organ transplant recipients). Thus, both quantitative and 
qualitative parameters of the serum immunoglobulins can give information on the integrity of 
B-cell responses. 

Cellular immunity consists of both granulocytic and lymphocytic processes. 
Abnormalities of granulocytes can frequently be discerned from examination of the peripheral 
blood smear as part of the complete blood count. In addition, the infectious history of 
individuals is usually sufficient to ascertain whether granulocytic deficiency is a consideration. 
Chapter 13, Hematologic Assessment, discusses the effect of dioxin on the components of 
these cells. 

The lymphocytic segment of the immune response c.an be broadly evaluated by skin 
testing against multiple fungal, bacterial, or viral agents. The response to skin tests is 
dependent· in pilft.ol) the infection exposure history of the patient, and so is probably better 
used. in thediagnosisqf spe<;ific diseases than in an .overall exl\mination of lympl1bcyte 
function, althougl1 it do,es have the. particular m¢t of demonstrating the presence or absenc;e 
of the response in vivo wherejt must be effective for the patient to remain healthy. . 
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The in vitro functional stimulation tests of PHA and MLC are very valuable for showing 
explicitly whether there is an impairment of lymphocyte function in response to mitogenic and 
mixed cellular antigens. Although these assays are typically used in the diagnosis of 
congenital deficiencies of lymphocyte function (PHA) or for the cross-matching oeorgan 
donors and recipients (MLC), they may also demonstrate abnormalities in the cellular 
immune response associated with a variety of different conditions. Infection with 
cytomegalovirus, for example, can cause a reduction in the PHA response that reverts to 
normal in the convalescent phase. In addition, malnutrition, some autoimmune diseases, 
advanced age, physical stress or trauma. and advanced malignancy can be marked by low 
PHA response. The assay for natural killer cells with and without IL-2 is useful in evaluating 
the ability of peripheral blood lymphocytes to destroy dissimilar target cells. This destructive 
ability has been correlated with the potential of an individual to destroy tumor cells, invasive 
organisms, and other foreign antigens and presumably is an index of how well an individual's 
immune system would be in destroying developing tumors. 

The total number of circulating lymphocytes provides information relative to the basic 
cellular quantity of cells that is present and available. in the body for mounting an immune 
response. Examination of the surface .marker proteins on the surfaces ·of these lymphocytes 
by flow cytometry is an excellent means of evaluating whether the regulatory interactions 
between T cells, B cells, and monocytes are intact. An alteration in the p.ercentages of any of . 
these categories can be considered presumptive evidence of an inabil,ityto recognize and 
destroy foreign infectious agents or tumor cells. The marker for total T ~lls was C02 which 
is further broken down into the subpopulations of CD4 (helper cells) and CD8 (suppressor 
cells); CD4 and CD8 should be mutually exclusive. The ratio of CD4/CD8 describes whether 
the regulation is in balance. Expected values for the CD4/CD8ratio are.roughly 0.9 to 3.5. 
Ratios substantially below 1.0 are to be expected in patients immunosuppressed with 
cyclosporine and also those with active human immunodeficiency virus infection that involves 
primarily the. CD4 positive cells. Activation of T cells .results in the new synthesis of IL-~ 
receptor molecules on the surface of Iymphocy~es. This IL-2 receptor is also designated 
CD25, and its presence in excess is an indicator of recent stimulus to the immune system by 
virtually any type of antigen: infectious organism, transplanted organ, etc~. .The surface . 
marker for B cells, CD20, gives an indication of the balance between cellular immunity and the. 
ability to mount a B-cell response with production of specific .antibodies. The CDl4 marker is 
specific for monocytes that are essential for the correct transfer of stimulatory information 
from the (foreign) antigen processing segment to the antibody turn-on segment of.a B-cell 
response. . 

Interpretation of alterations in the.relative amounts of B ,cells, Teells and their subsets, 
and monocytes is based ~n the expectation that all aspects of theimroupe system mllst be 
intact to prevent infections and to guard.againstdevelopmentof tumors \Vith unusual,surface 
antigens. The antibodies specific for tumors can either help to destroy ti)em by binding 
complement and lysing the cells or stabilize them if those antibodies attach to the tumor 
surface without binding complement thereby blocking immune recognition and destructiOn of 
tumor cells. The T cells also have antigen reCeptors on their surl'aces that similarly call into 
play the destructive power of the entire lyinph6cyie' celllirie in an antitumor attack. '. T cell,S" 
s~mulated by IL-2. have evengreat~ capacity.to a.ttack and des\T<>Y. foreign ,cells ... Natu!al.· .. ' 
killer cells have stlllgreater destructive capacity, but they act ana rtonspecific basis and are 
probably simplyrecruitM into regions of fareigharit,igens and turriotsliy the bther recognition' 
factors. ',' ." , •... ". "",, 
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Clinical Interpretation of Statistically Significant Results 

Immunoglobulins 
The concenll'ations of IgA observed in this stlldy increased with. alcohoiconslimption 

(5) and are known to QCcm as an expected conseqllence of alcoholic cirrhosis, preSumably due 
to diminished regulation of B-cell responses. These changes in cirrhosis lead to polyclonal 
gamopathy with IgA particularly beingsynthe$ized out of proportion to normal. Whether .the 
significant associations between IgA and dioxin seen here are due to a combination of effects 
from alcohol, tobacco, and dioxin bears examination at other phases of the AFHS. A 
consistent ttend would help to determine the clinical interpretation of these results. The 
increased IgA levels could.represent a chronic inflammatory. response to dioxin exposure, as 
do elevated erythrocyte sedimentation rates (in the general health assessment) and white 
blood cell and platelet counts (in the hematologic assessment). The analyses of the other 
immunoglobulins do not indicate the presence of any dioxin-related effects. 

PHA Response 
PHA (a plant lectin derived from the kidney bean) is a mitogen and as such induces 

proliferation or blast ll'ansformation of normal lymphocytes in cell culture. This response 
entails induction of new deoxyribonucleic acid (DNA) synthesis that is the basis of 
quantifying the PHA stim.ulation according to the incorporation of radioactive thymidine into 
high molecular weight DNA. The in vitro response to mitogens correlates well with the 
ability of the body to mount a delayed hypersensitivity response. Various congenital defects . 
of cellular irnrnllllit{may result in a spectrllm of abnormalities in lymphocyte transformation 
from complete to partial laCk of function resulting in increased susceptibility to infections from 
bacteria, fungi, and viruses. Furthermore, acquired impairment of lymphocyte transformation 
may be associated with the stress of sutgery and anesthesia, aging, malnutrition, major 
burns, memia, ·some malignancies; and other clinical conditions. The in vitro response to 
mitogens is also reduced in immunosuppression (e.g., cyclosporine) and increased in 
immunoenhancement (e.g., ll'eatment with interleukins or interferon). 

BecauSe the tesp,prise oflymphocytes from normal individuals to PHA can vary 
substantially over theconcen1;t'l!tion range of the mitogen employed, the PHA assays of this 
study were done at thteedifferent concentrations: PHA concentration 1, 36j.1g/tnl; PHA 
concentration 2, '12 j.1g/nil;PHA concentraticln 3,' 4j.1g/tnl. One or more of these PHA 
concentrations will be expected to yield maximal response from normal lymphocytes, and the 
highest levels of PHA will be associated with some satmation and inhibition from the 
maximal response. In general,thecpm values were less for PHA concentration 1. (jnhibition 
of response) than with PHA concentration.2 and PHA concentration 3, and values for PHA 
concentration 2 were generally equal to those for PHA concentration 3 (satmatedresponse). 
However, none of these differences should be considered clinically different from one another. 
An acceptable range of variability in the lymphocyte response of a normal individual is from 6,5 
percent to 180 percent of the mean value of a group of normal individuals: . .•. . 

The positive a.ssoc'latfons that were f~U\ld to be statistic!llly significant for maximum 
PaA net response in this study are not supportive of an impaired ~mmune response .. 
Variation. in thl:lllSsaYiisllffected by long-term pOtency olthe mitogen preparation and 
because of fluctuations in the stability and activity of the lymphocytes, depends on a patient's 
recent activities and minor me.dical conditions. Fortunately this degree of normal variability 
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does not pose a major problem for diagnosing alterations in the immune response because 
true deficiencies are associated with very low cpm values, perhaps 10,000 cpm or less. 

Corroborative information regarding lymphocyte transformation is obtained from the 
MLC assay in which the foreign mitogen is replaced by antigens from allogeneic mixed 
lymphocytes inactivated by irradiation. Thus, any true deficiency in lymphocyte response 
observed in the PHA assay should also be present in the MLC assay. Theaetual data 
indicate a statistical difference in PHA data without corroboration from the MLC analysis .. 

In summary, the indices of immunologic capability analyzed in the current section 
provide a comprehensive reflection of in vivo and in vitro immune function in the study 
population. No clinically significant trends were observed relative to the current body burden 
of dioxin or the extrapolated initial exposure. 

SUMMARY 
For the immunologic assessment, Tables 16-26, 16-27, and 16-2S,su.mmarize.the results 

from analyses based on initial dioxin, current dioxin and time since tour, and categorized 
current dioxin. All variables, except for the composite skin test diagnosis variable, were 
continuous in form. Table 16-29 summarizes the covariate interactions from the three models. 
Each of the interactions listed in Table 16-29 was reviewed along with the corresponding 
interaction displays in Appendix 0 for medical plausibility and consistency with the current 
literature. Based on this review, none of these interactions indicated dioxin-mediated· 
immunosuppression in any subgroup of Ranch Hands. 

Physical Examination Variable: Composite Skin Test Diagnosis 
For the composite skin test diagnosis, the unadjusted and adjusted analysis of the 

relative frequency of participants with possibly abnormal tests exhibited nonsignificant 
associations with initial dioxin. The unadjusted and adjusted analyses of the composite skin 
test results were also nonsignificant for the models using current dioxin and time since tour. 
However, the adjusted analysis for the minimal cohan contained a significant currentdioxin~ 
by-time-by-age interaction which, when investigated, did not display significant associations 
with current dioxin for specified age and time since tour strata. For categorized current 
dioxin, the Ranch Hand and Comparison group contrasts were generally nonsignificant. 

Laboratory Examination Variables: Cell Surface Marker (Phenotypic) Studies 
The following cell surface marker variables were analyzed using a natural logarithm 

transformation: CD2 cells, CD4 cells, CDS cells, CD20 cells, CD 14 cells, CD25 cells, HLA-
DR cells, and the CD4/CDSratio. . 

Modell: Ranch Hands - Log, (Initial Dioxin) 
" 

Except for the CD4/CDS ratio, which exhibited a marginally significant positive 
association with initial dioxin under the maximl!l assumption, the unadjusted analyses of the 
cell surface marker variables were not significantly associated with iriitil!l dioxin (see Table 
16-26). A negative association would be expected in the presence of immunodeficiericy. For 
the adjusted analyses, the minimal cohort displayed a significant initial dioxin-by-covariate 
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TABLE 16-26. 

Summary of Initial Dioxin Analyses for Immunology Variables Based on 
Minimal and Maximal Assumptions 

(Ranch Hands Only) 

Unadjusted 

Variable 

Physical Examination 

Composite Skin Test 
Diagnosis (D) 

Laboratory 

CD2 Cells (C) 
CD4 Cells (C) 
CD8 Cells (C) 
CD20 Cells (C) 
CD 14 Cells (C) 
CD25 Cells (C) 
HLA-DR Cells (C) 
CD4/CD8 Ratio (C) 
TLC (C) 
Unstimulated PHA· ~esponse (C) 
PHA Net ResponSe - Cone. 1 (C) 
PHA Net Response. Cone. 2 (C) 
PHA Net Response - Cone. 3 (C) 
PHA Net Response -

Across Day and Concentration 
Maximum PHA Net 

Response (C) 
Unstim!llated MLC Response (C) 
MLC Net Response (C) . 
NKCA 5011 Net Respollse (C) 
NKCA 50/1 Percent Release (C) 
NKCI 5011 Net Response (C) 
NKCI 5011 Perceht.Release (C) 
IgA (C) 
IgG (C) 
IgM (C) 

c: Continuous analys'is. 
D: Discrete analysis. 

Minimal 

ns 

ns 
NS 
ns 
NS 
NS 
ns 
ns 
NS 
ns 
NS 
NS 
+0.016 
NS 

NS· 

+0.005 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

+: Relative risk 1.00 or greater for discrete. analysis. 
--: No\ applicable. 
NS/ns: Not significant (p>O.IO). 
NS.: Marginally signifioant (O.OS<pSO.IO) . 

Maximal 

ns 

NS 
NS 
ns 
NS 
ns 
NS 
NS 
NS· 
NS 
NS 
NS 
+0.008 
NS 

NS 

+0.009 
NS· 
NS 
ns 
ns 
NS 
NS 
+0.009 
NS 
ns 

Adjusted 

Minimal Maximal 

ns ns 

••• * NS 
NS NS 
**** •• (ns) 
•• (NS·) NS 
"'*** ns 
*.*. ***. 
** •• ** (NS) 
NS NS· 
•• (ns) NS 
NS NS 
**** •• (ns) 
NS· NS· 
NS •• (NS) 

•• (NS) 

NS· NS· 
NS NS 
NS NS 
NS ns 
•• (NS) ns 
NS NS 
NS NS 
+0.019 +0.003 
•• (NS) NS 
•• (NS) os 

•• (NS)/ •• ns:LogZ (initial <\ioxin)-bY'covaliate interaction (O.OI<pSO.OS); not significant when interaction is 
deleted; refer to Appendix Table 0-1 for a detailed description of this interaction . 

•• (NS.): Log2 (initial dioxin)-lly.covariate'interaction (0.0IS0.0S.); marginally significant when interaction is 
deleted; re'fer to ApPendix table 0-1 for a detailed description of this interaction. 

• ••• :Log2 (initial dioxin)-by-covariate interaction (pSO.OI); refer to APPendix Table 0-1 for a detailed description 
of this 'interaction. . 

Note: P-value given if pSO.OS. 
A capital "NS" dena'tes slope nonneg.ative for continuous analysis; a lowercase "ns" denotes relative risk less 

"' than 1.00, for discrete analysis or slope negative for continuous analysis. 
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Summary of Current Dioxin and Time A,na!ystlsfOr Immunology Variables 
Based on Minimal and Maximal Assumptions 

(Ranch Hands Only) 

Variable 

Physical Examination 

Composite Skio Test 
Diagoosis (D) 

Laboratory 

CD2 Cells (C) 
CD4 Cells (C) 
CDS Cells (C) 
CD20 Cells (C) 
CD14 Cells (C) 
CD25 Cells (C) . 
HLA-DR Cells (C) 
CD4/CDS Ratio (C) 
TLC (C) 
Uostimulated PHA Respoose (C) 
PHA Net Respoose (C) 

COT 

NS 

NS 
NS 
os 
NS 
NS 
NS" 
NS 
os 
NS 
os 
os" 

Maximum PHA Net Respoose (C) os 
Uostimulated MLC Respoose (C) 
MLC Net Respoose (C) 
NKCA 50/1 Net Respoose (C) 
NKCA 50/1 Percent Release (C) 
NKCI 50/1 Net Respoose (C) 
NKCI 50/1 Perceot Release (C) 
IgA (C) 
IgG (C) 
IgM (C) 

C: Continuous analysis. 
D: Discrete analysis. 

os 
os 
os 
os 
os 
os 
os 
os 
NS 

MioimAI 

<IS.6 

os 

os 
os 
os 
NS 
os 
- 0.02S 
os 
NS 
ns/ 
NS 
+ 0.006 
+ 0.002 
NS 
NS 
NS 
NS 
NS 
NS' 
NS·· 
NS 
NS' 

+: $18.6 and >18.6: Slope nonnogative for continuous analysis. 
-: $18.6 and >18.6: Slope negative for continuous analysis. 
NS/ns: Not significant (p>O.10). 
NS"/ns": Marginally significant (O.OS<PSO.10). 
Notes: P-value given if PSO.OS. 

Unadjusted 

>IS.6 COT 

NS NS 

os NS 
NS NS 
os os 
NS NS 
NS NS 
NS NS 
NS N~ 
NS os' 
NS NS 
NS os 
NS os 
NS NS 
NS NS 
os NS 
os os 
NS os 
os . ns* 
os ns· . 
NS NS 
NS NS 
NS NS 

Maximal 

$,18.6 

os 

NS 
NS 
os 
NS 
os 
os 
os 
NS" 
os 
NS 
NS 
+ 0.049 
NS < 

os 
NS 
os 
NS" 
NS" 
NS 
NS 
os· 

COT: L08Z (current dioxin)-by-time interaction hypothesis test. . ..•. 

>IS.6 

os 

. NS 
eNS 
os 
NS" 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
+ O.OOS 
NS" 
NS 
os 
os 
os 
os 
NS" 
NS 
NS 

$18.6:. LogZ (current dioxin) hypothe.i~ •. test for ~anch Hands. wi.th.~e since end. of.!<?ur.o(l8,1l years .or 
less. '., ", . ,':':; ". " 'r ," "'~'" '., ", ", ,,;.;., " 

>18.6:. Logz (current dioxin) hypothesi. test for Ranch Hlllldswith .• time sincelllld.of tl!.\Jl' greater than 18.6 
years. , ','" " '., , , ! - , "f. ,', Y" \.,' _. " " .' I _ 

A. capital '1"S" den?te •. re.lafive ,i'lII.slope for "l8.6·c~l~gory. less .• th.1lll roWiy.: *k/sltlp&· ,fo,:t>,1.8.6· category, 
'relative risk, 1.00 or greater for discrete analysis, or slope, ~onnegativ~ fot: continuous ,:~wlYf!!j~;,~,a.J,9,we.~case 
Uris" denotes slope for .s,18.6 category greater than slope for >18.6 category, rela~iyef:J'iskjles~.,~an, 1.00; for. / 
discrete Brlalysis., 9r sloRe nega,tive lor ,~9~,tin~ous ~~\l¥..-S~. l' '''','' '", ','," ! " "" ' ",1 .';; 
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TAB.LE 16-27. (Continued) 

Summary 9f Current Dioxin and Time Analyses for Immunology Variables 
Based on Minimal and Maximal Assumptions 

(Ranch Hands Only) 

Variable 

Physical Examination 

Composite Skin Test 
Diagnosis (D) 

Laboratory 

CD2 Cells (C) 
CD4 Cells (C) 
CD8 Cells (C) 
CD20 Cells (C) 
CD14 Cells (C) 
CD25 Cells (C) 
HLA,DR Cells (C) 
CD4/CD8 Ratio (C) 
TLC (C) 
Unstimulated PHA Response (C) 
PHA Net Response (C) 
Maximum PHA Net Response (C) 
Unstimulated MLC Respoose (C) 
MLC Net Response (C) 
NKCA 50/1 Net Response (C) 
NKCA 50/1 Percent Release (C) 
NKCI 50/1 Net Response (C) 
NKCI 50/1 Percent Release (C) 
IgA (C) 
IgG (C) 
IgM (C) 

c: Continuous analysis. 
D: Discrete analysis. 

Minimal 

COT $18.6 

"(NS) "(ns) 

NS ns 
**(NS) "(ns) 
NS ns 
NS NS 
NS ns 
NS' - 0.028 
NS ns 
ns NS 
NS' ns 
NS ns 
"(ns') "(+0.033) 
os +0.013 
**** **** 
ns ns 
ns NS 
os NS 
"(os') "(+0.027) 
"(ns') "(+0.025) 
"(ns) "(NS') 
ns NS 
NS ns 

+: ::;,18.6 and >18.6: Slope nonnegative for continuous analysis. 
-: ::;,18.6 and >18.6: Slope negative for continuous analysis. 
NS!ns: Not significant (p>O.IO). 
NS'!ns': Marginally significant (O.OS<ps.O.IO) . 

Adjusted 

>18.6 COT 

"(ns) NS 

ns NS 
"(NS) "(NS) 
ns ns 
+ 0.043 NS 
NS **** 
NS NS 
NS NS 
ns ns 
NS NS 
NS ns 
"(ns) ns 
NS NS 
**** "(NS) 
ns NS 
ns ns' 
NS os 
"(ns) **** 
"(os) *"IIe* 
"(NS) "(NS) 
NS os 
NS NS 

Maxima! 

~18.6 >18.6 

ns ns 

ns NS 
"(ns) "(NS) 
ns ns 
ns NS' 
**** **** 
ns NS 
ns NS 
NS' NS 
ns NS 
NS NS 
NS NS 
NS NS' 
"(NS) "(NS) 
ns NS 
NS os' 
NS os 
1Ie*** **** 
**** **** 
"(NS) "(+0.027) 
NS NS 
- 0.027 ns 

• * (NS)/** (ns): Log2 (current dioxin)-by-time-by-covariate interaction (O.OI<ps.O.OS); not significant when 
interaction is deleted; refer to Appendix Table 0-1 for a detailed description of this interaction. 

** (NS*)!** (ns'): Log2 (current dioxin)-by-time-by covariate interaction (O.OI<ps.O.OS); marginally significant 
when interaction is deleted; refer to Appendix Table 0-1 for a detailed description of this 
interaction . 

•• ( ... ): Log2 (current dioxin)-by-time-by-covariate interaction (O.OI<ps.O.OS); significant when interaction is 
deleted; refer to Appendix Table 0-1 for a detailed description of this interaction . 

•••• : Log2 (current dioxin)-by-time-by-covariate interaction (p::;,O.OI); refer to Appendix Table 0-1 for a detailed 
description of this interaction. 
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TABLE 16·27. (Continued) 

Summary oCCurrent Dioxin and Time Analyses for Immunology Variables 
Based on Minimal and Maximal Assumptions 

(Ranch Hands Only) 

Notes: P-value given if pSO.OS. 
COT: Log2 (current dioxin)-by-time interaction hypothesis test. 
SI8.6: Log2 (current dioxin) hypothesis test for Ronch Hands with time since end of tour of 18.6 years or 

less. 
>18.6: Log2 (current dioxin) hypothesis test for Ranch Hands with time since end of tour greater than 18.6 

years. 
A capital "NS" denotes relative risk/slope for S18.6 category less than relative risk/slope for >18.6 category, 
relative risk 1.00 or greater for discrete analysis, or slope nonnegative for continuous analysis; a lowercase 
''ns'' denotes slope for S18.6 category greater than slope for >18.6 category, relative risk less than 1.00 for 
discrete analysis, or slope negative for. continuous analysis. 
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TABLE 16-28. 

Summary of Categorl~d Current Dioxin Analyses for 
Immunology Variables 

(Ranch Hands and Comparisons) 

All 
Variable Categories 

Physical Examination 

Composite Skin Test Diagnosis (D) 

Laboratory 

C02 Cells (C) 
CD4 Cells (C) 
CD8 Cells (C) 
CD20 Cells (C) 
CD14 Cells (C) 
CD25 Cells (C) 
HLA-DR Cells (C) 
CD4/CD8 Ratio (C) 
TLC (C) 
Unstimulated PHA Response (C) 
PHA Net Response - Cone. 1 (C) 
PHA Net Response - Cone. 2 (C) 
PHA Net Response - Cone. 3 (C) 
PHA Net Response - Across Day 

and Concentration (C) 
Maximum PHA Net Response (C) 
Unstimulated MLC Response (C) 
MLC Net Response (C) 
NKCA 50/1 Net Response (C) 
NKCA 50/1 Percent Release (C) 
NKCI 5011 Net Response (C) 
NKCI 50/1 Percent Release(C) 
IgA (C) 
IgG (C) 
IgM (C) 

c: Continuous analysis. 
D: Discrete analysis. 

NS 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.042 
NS 

NS 
0.037 
NS· 
NS 
NS 
NS 
NS 
NS 
0.013 
NS· 
NS· 

+: Difference in means nonnegative for continuous analysis., 
-: Difference in means negative for continuous analysis. 
NS/ns: Not significant (p>O.1 0). 
NS·/ns·: Marginally significant (0.05<1'$0.10). 
Note: P-value given if .p.s.0,05. 

Unknown 
versus 

Background 

NS 

ns 
ns 
NS 
NS 
ns 
NS 
NS 
ns· 
ns 
ns 
NS 
ns 
ns 

ns 
ns 
NS 
NS 
NS 
NS 
ns 
ns 
-0.003 
-0.008 
NS 

Unadjusted 

Low 
versus 

Background 

NS 

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

NS 
NS 
NS 
NS 
ns 
ns· 
NS 
NS 
ns 
ns 
ns· 

High 
versus 

Background 

NS 

NS 
NS 
NS 
NS· 
ns 
NS 
NS . 
NS 
NS 
NS 
NS 
+0.025 
NS 

NS· 
+0.022 
+0.011 
ns 
ns 
ns 
ns 
ns 
NS 
ns 
NS 

A capital "NS',' dc~motes ,relative risk 1.00 or ,greater for discrete analysis o~ difference in means nonnegative for 
continuous analysis; ~ lowercase "ns" denotes, difference ,in· means negative for continuous~ analysis; a capital 
"NS" in the rrrst column does not imply directionality. 
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TABLE 16·28. (Continued) 

Summary of Categorized Current DioxinAnalyses for 
Immunology Variables 

(Ranch Hands and Comparisons) 

Variable 

Physical Examination 

Composite Skin Test Diagnosis (D) 

Laboratory 

CD2 Cells (C) 
CD4 Cells (C) 
CDS Cells (C) 
CD20 Cells (C) 
CD 14 Cells (C) 
CD25 Cells (C) 
HLA-DR Cells (C) 
CD4/CDS Ratio (C) 
TLC (C) 
Unstimulated PHA Response (C) 
PHA Net Response - Conc. I (C) 
PHA Net Response - Conc. 2 (C) 
PHA Net Response - Conc. 3 (C) 
PHA Net Response - Across Day and 

Concentration (C) 
Maximum PHA Net Response (C) 
Unstimulated MLC Response (C) 
MLC Net Response (C) 
NKCA 50/1 Net Response (C) 
NKCA 50/1 Percent Release (C) 
NKCI 50/1 Net Response (C) 
NKCI 50/1 Percent Release (C) 
IgA (C) 
IgO (C) 
IgM (C) 

c: Continuous analysis. 
D: Discrete analysis. 

All 
Categories 

NS 

**NS 
NS 
NS 
··(NS) 
NS 
NS 
**** 
NS 
**** 
NS 
NS 
NS 
**** 
NS 
NS 
NS 
NS 
NS 
NS 
**** 
··(NS) 
0.007 
NS 
NS· 

+: Difference in means nonnegative for continuous analysis-, 
~: Difference in means negative for continuous analysis. 
NS/ns: Not significant (p>O.IO). 
NS·/ns": Marginally significant (0.05<psO.1O). 

Unknown 
versus 

Background 

NS 

**(ns) 
ns 
NS 
··(NS) 
ns 
NS 
**** 
ns· 
**** 
ns 
NS 
ns 
**** 
NS 
ns 
NS 
NS 
NS 
NS 
*Ijr** 
·"(ns) 
-0.003 
-0.028 
NS 

Adjusted 

Low 
versus 

Background 

NS* 

*·(NS) 
NS 
ns 
··(NS) 
ns 
ns 
**** 
NS 
**** 
NS 
NS 
NS 
**111* 

NS 
NS 
IllS 
NS 
ns 
ns *.*. "·(ns) 
ns 
NS 
ns· 

High 
versus 

Background 

NS 

··(NS) 
NS 
NS 
··(NS) 
ns 
NS 
**** 
NS 
**** 
NS 
NS 
NS· 
**** 
NS 
NS· 
+0.038 
ns 
ns 
ns 
**** 
··(ns) 
NS 
NS 
NS 

"" (NS)I"" (ns): Categorized' current dioxin-by-covariate interaction (0.01 <ps.0.05); not signlficant when interaction 
is deleted; refer·to·· AppendlltTable 0-1 for a detailed description of this 'int<ltllctjon . 

•••• : Log2 (currentdioxinj-by-tirne-by-covariate interaction (Ps.O.OI );refer to A'ppendix Table 0-1' for 'a d.Iliiled 
description of this interaction. ' ",' 

Note: P-value given if psO.05. 
A capital IONS" denotes relative risk 1.00 or greater for discrete analysis or difference in means nOMegative for 
continuous analysis; a lowercase "ns" denotes difference in means negative for continuous analysis; a capital 
"NS" in the rJrst column does not imply dlrectionality. 
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TABLE 16·29. 

Summary of Pi ox in· by. Covariate Interactions from Adjusted Analyses of 
Immunology Variables 

Variable Assumption Covariate 

Modell: Ranch Hands· Log2 (lnitiaIDioxin) 

CD2 Cells 
CDS Cells 
CDS Cells 
CD20 Cells 
CDI4 Cells 
CD2S Cells 
CD2S Cells 
HLA-DR Cells 
HLA-DR Cells 
TLC 
PHA Net Response - Cone. I 
PHA Net Response - Cone. I 
PHA Net Response - Cone. 3 
PHA Net Responset 
NKCA 50/1 Percent Release 
IgG 
IgM 

Millimal 
Minimal 
Maximal 
Mirilmal 
Minimal 

. Minimal 
. Maximal 
Minimal 
Maximal 
Minimal 
Minimal 
Maximal 
Maximal, 
Minimal 
Minimal 
Minimal 
Minimal 

ALC 
DRKYR 
ALC 
AGE 
ALC.PACKYR 
CSMOK.PACKYR.DRKYR 
CSMOK,PACKYR,DRKYR , 
AGE .. 
AOE.ALC 
ALC 
DRKYR 
PACKYR 
ALC 
PACKYR 
CSMOK,DRKYR 
DRKYR . 
ALC' 

Model 2: Ranch Hands • Log2(~~rr~ntDioxin)and Time 

Composite Skin Test DiagnOSis 
CD4 Cells 
CD4 Cells 
CDI4 Cells 
PHA Net Responset 
Unstimulated MLC 
Unstimulated MLC 
NKCI 5011 Net Response 
NKCI SOil Net Respqnse 
NKCI 501l.Pereent Release 
NKCI 50/1 Percent Release 
IgA 
IgA 

MiriHnal 
, Minhnal' 
• Maximal' 

Maxim,al 
Minimal 
Minimal 
Maximal 
Minimal, 
M~~imal 
~ni",af 
Maximal 

, Minimal· 
Maximal' 

AGE 
DRKYR 

" AGE 
PAC~YR 

DRKYR 
DRKYR 
PACKYR 
RACE 
RACE 
RACE ... 
RACE 
CSMOK 
CSMOK 

Model 3: 

CD2 Cells '. 
CD20 Cells 
HLA-DR Cells 
TLC . 

Ranch Hands and Comparisons by Current Dioxin Category 
. AGE,DRKYR 

PHA NlIi'Resporise • Cone, 3 
NKCI SO/1Net ~esponse 
NKCI SOil Percent Release 

t Across mitogen harvest day and- mitogen concentration. 
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interaction for all cell surface marker variables except CD4 and the CD4/CD8 ratio. The 
adjusted analyses under the maximal assumption generally were nonsignificant The CD8, 
CD25, and HLA-DR cells exhibited significant initial dioxin-by-covariate interactions under· 
this assumption. Similar to the unadjusted analysis, the adjusted analysis under the maximal 
assumption indicated there was a marginally significant positive association between the 
CD4/CD8 ratio and initial dioxin. 

Motkl2: Ranch Hands· Logl (Current Dioxin) and Time 
In general, the unadjusted analysis of the cell surface marker variables under both the 

minimal and maximal assumptions did not exhibit significant associations with current dioxin 
and time since tour (see Table 16-27). Under the minimal assumption, the unadjusted 
analysis of the nonzero CD25 cells displayed a significant negative association with current 
dioxin (p=O.028) for Ranch Hands with later tours (i.e., :>:18.6 years) and a nonsignificant 
positive association with current dioxin for Ranch Hands with early tours (i.e., >18.6 years). 
The two time strata associations cited above were found to differ marginally from each other. 
Under the maximal assumption, there were isolated marginally significant positive 
associations (i.e., for CD20 cells within time over 18.6 years, and CD4/CD8 ratio within time 
of 18.6 years or less). 

For the cell surface marker variables, the adjusted analysis of the nonzero CD25 cells 
exhibited the same results under the minimal assumption as in the unadjusted analysis (Le., 
a marginally significant current dioxin-by-time interaction, a significant negative association' 
for Ranch Hands with late tours, and a nonsignificant positive association for Ranch Hands 
with early tours) because no covariates were retained in the adjusted model. For CD20 cells, 
Ranch Hands with an early tour under the minimal assumption exhibited a significant positive 
association (p=O.043). The adjusted analysis of CD4 cells displayed a significant interaction 
among current dioxin, time, and lifetime alcohol history under the minimal assumption and a 
significant interaction among current dioxin, time, and age under the maximal assumption. 
The adjusted analysis of CD 14 cells under the maximal assumption exhibited a significant 
interaction among current dioxin, time, and lifetime cigarette smoking history. 

Motkl3: Ranch Hands and Comparisons by Current Dioxin Category 
In the unadjusted analysis of each of the cell surface marker variables, the overall 

contrast for Ranch Hands in the unknown, low, and high current dioxin categories and 
Comparisons in the background current dioxin category was nonsignificant (see Table 16-28). 
In the unadjusted analysis, the CD4/CD8 ratio exhibited a marginally significant difference 
only for the unknown versus background contrast (the Ranch Hands had the lower CD4/CD8 
average) and the unadjusted analysis of CD20 had a marginally significant difference for the 
high versus background contrast (the Ranch Hands had the higher CD20 average). 

In the adjusted analysis of CD2 cells, there were significant interactions between 
categorized current dioxin and age and between categorized current dioxin and lifetime 
alcohol history. A.n additional adjusted model without these interactions displayed a 
nonsignificant overall contrast for CD2cells. For CD20 cells, the adjusted. analysis contained 
a significant interaction between categorized current dioxin and age. A followup model 
without the interaction exhibited a nonsignificant overall contrast as well as nonsignificant 
Ranch Hand versus Comparison contrasts. The adjusted analysis of HLA-DR cells contained 
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a significant interaction between categorized current dioxin and age. The adjusted analyses 
of the other cell surface marker variables were nonsignificant. 

LongitudiFl41 AFI4lysis of CD41CD8 Ratio 
For the most part, the longitudinal analyses of the CD4/CD8 ratio showed no significant 

differences. For the maximal analysis using current dioxin and time, Ranch Hands with more 
than 18.6 years since their tour displayed a significant increasing association between current 
dioxin and the change in the CD4/CD8 ratio (1987 ratio relative to the 1985 ratio). This 
change is opposite to that expected if dioxin caused immunodeficiency. 

Laboratory Examination Variables: Quantitative Studies-TLC 

Modell: Ranch Hands· Log, (lnitiol Dioxin) 
In the unadjusted analysis of TLC, both the minimal and maximal cohorts displayed a 

nonsignificant association between TLC and initial dioxin. Under the minimal assumption, the 
adjusted analysis contained a significant interaction between current alcohol use and initial 
dioxin. Without that interaction in the adjusted model, the association with initial dioxin was 
nonsignificant. Under the maximal assumption, the adjusted analysis also indicated that the 
relationship between TLC and initial dioxin was nonsignificant. 

Model2: Ranch Hands· Log2 (Current Dioxin) and Time 
Under both the minimal and maximal assumptions, the unadjusted analysis indicated 

that the current dioxin-by-time since tour interaction was nonsignificant for TLC. Also, the 
adjusted analysis of TLC based on the maximal assumption was nonsignificant for an 
interaction· between current dioxin and time .. Under the minimal assumption, the adjusted 
analysis of TLC exhibited a marginally significant interaction of current dioxin and time for the 
nonsignificant associations of the two time strata. 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
The unadjusted analysis indioated that there were nonsignificant differences for TLC 

among the Ranch Hands ·in the unknown, low, and high current dioxin categories and 
Comparisons having background current dioxin category. The adjusted analysis ofTLC for 
categorized current dioxin contained significant interactions between categorized current 
dioxin and age and between categorized current dioxin and lifetime alcohol history. 

Laboratory Examination Variables: Functional Stimulation Tests 
As part of the battery of functional· stimulation studies, the following variables were 

analyzed: unstimulated PHA responses for harvest days 1 and 2 concurrently; an overall 
simultaneous analysis of six PHA net responses (PHA net response determined for each of 2 
mitogen harvest days at 3 mitogen concentrations); the maximum of the six PHA net 
responses over mitogen harvest day and mitogen concentration; unstimulated MLC response; 
MLC net response; NKCA 50/1 net response; NKCA 50/1 percent release; NKCI 50/1 net 
response; and NKCI 50/1 percent release. 
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PHA Response 
The expected effect of immunodeficiency on the PHA response is a reduction of cpm 

values due to impaired lymphocyte proliferation and less incorporation of radioactive 
precursor nucleotides into newly synthesized DNA. Furthermore, partial immunodeficiency 
would be reflected by an increase in the PHA. concentration at which maximal response is 
stimulated (Le., increase in minimal threshold for response). 

MOIkll: Ranch Hands ;.Logl (Initial Dwxin) 
Under both assumptions, the unadjusted and adjusted analysis of unstimulated PHA 

response exhibited nonsignificant aSSOCiations with initial dioxin. 

For the analysis of PHA considering 2 mitogen harvest days and 3 mitogen 
concentrations as repeated measure factors, there were significant interactions between 
initial dioxin and mitogen concentration under both assumptions .• Consequently, unadjusted 
and adjusted. analyses were perfOl:med at each mitogen concentration. 

For mitogen concentration I, the unadjusted analyses for both cohorts were 
nonsignificant. For the adjusted analyses of PHA at mitogen concentration I, the minimal 
analysis contained a significant interaction between initial dioxin and lifetime alcohol history 
and the maximal analysis displayed a significant initial dioxin-by-lifetime cigarette smoking 
history interaction. 

For mitogen concentration 2, the unadjusted analyses ofPHA exhibited significant 
positive associations with initial dioxin under both the minimal and maximal assumptions 
(p=0.016 and p=0.008, respectively) and marginally significant positive associations with 
initial dioxin under both assumptions in the adjusted analyses.· A negative response would 
be expected in impaired immunity. 

For mitogen concentration 3, the unadjusted analyses of PHA net response contained 
nonsignificant associations with initial dioxin under both assumptions. The adjusted analysiS 
of PHA net response for the minimal assumption Was nonsignificant for an association with 
initial dioxin. Under the maximal assumption, the adjusted analysis exhibited a significant 
interaction between initial dioxin and current alcohol use. 

Because the minimal cohort had an initial dioxin-by-harvest day interaction with a p­
value between 0.01 and 0.05, unadjusted and adjusted analyses were ,also performe4 on the 
six PHA net responses across mitogen harvest day and mitogen concentration. The 
unadjusted. analysis under the minimal assumption had. a marginally . significant .positive 
association with initial dioxin and the adjusted analysis contained a significant interaction 
between initial dioxin and lifetime cigarette smoking history. An .unadjusted. analysis of PHA 
net response across daY\lnd concentration under the maximal assumption Was nonsignificant. 

For the unadjusted analyses under both assumptions, the maximum PHA net response 
displayed a significant positive association with initial dioxin (p=O.005 and p=O.009 for the 
minimal and maximal assumptions). For the adjusted analyses of the maximum PHA net 
response, both cohorts exhibited marginally significant positive associations. 
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Modell: Ranch Hands· Log2 (Current Dioxin) and Time 
For the unadjusted and. adjusted analysis of unstimulated PHA response, the 

interaction of current dioxin-by-time since tour was nonsignificant under both assumptions .. 

In the unadjusted analysis of the six PHA net responses under the minimal assumption, 
there was a marginally significant interaction between current dioxin and time. For time less 
than or equal to 18.6 years, there was a significant positive association between PHA net 
response and current dioxin (p=O.OO6) and a nonsignificant positive association for the other 
time stratum. Under the maximal assumption, the unadjusted analysis displayed a 
nonsignificant interaction between current dioxin and time. lit. the adjusted anlilysis of PHA 
net response under the minimal assumption, there was a significant interaction among current 
dioxin, time since tour, and lifetime alcohol history. A secondary analysis performed without 
the interaction 'exhibited a marginally significant current dioxin-by-time interaction, For time 
less than or equal to 18.6 years, there was a significant positive association (p=O,033) 
between PHA net response and current dioxin, and for time greater than 18.6 years a 
nonsignificant negative association. In the adjusted analysis under the maximal assumption, 
the interaction of current dioxin and time was nonsignificant. 

In the unadjusted analysis of the maximum PHA net response under the minimal 
assumption, the interaction of current dioxin and time was nonSignificant. However, there 
was a significant positive association with current dioxin (p=O.OO2) for time less than or 
equal to 18.6 years. In the unadjusted analysis under the maximal assumption, there were 
positive associations with current dioxin for both time strata (timeSI8.6, p=O.049 and 
time>18.6, p=O.008) but the interaction of current dioxin and time was nonsignificant. In the 
adjusted analysis of the maximum PHA net response under the minimal assumption, the 
interaction of current dioxin and time was nonsignificant but there was a significant positive 
association (p=O.O 13) with current dioxin for time less than or equal to 18.6 years. Under the 
maximal assumption, the adjusted analysis also displayed a nonsignificant interaction 
between current dioxin and time since tour; however, tpere was a marginally significant 
positive association for time over 18.6,years. 

Model3: Ranch. Hands and Comparisons by Current Dioxin Category 
The unadjusted and adjusted analyses indicated that there were nonsignificant· 

differences for unstimulated ,PHA response among the Ranch Hands, in the unknown, low, and 
high current dioxin categories and Comparisons in the background current dioxin category. 

As atesult of an interaction .between categorized current dioxin and mitogen 
concentration, the unadjusted and adjusted analyses of PHA net response were performed 
separately at each mitogen concentration. For mitogen concentration I, the unadjusted and 
adjusted analyses contrasting Ranch Hands in the unknown,low, and high current dioxin 
categories versus the Comparisons were nonsignificant. For mitogen concentration 2, the 
unadjusted analysis of the PHA net response contained a significant overall contrast 
(p=O.042) that was accompanied by II significant high versu& background contrast (p=O.025). 
The adjusted analysis of the PHA net response at mitogen concentration 2 exhibited a 
nonsignific;antoverall contrast and a 'Aarginallysignificant contrast for the high versus 
background,cat~gt'!ries. for, the .two 'high versus background contrasts, R~ch Hands 
exceeded Comparisons on PHA net response. The unadjusted analysis of FHA net response 
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at mitogen concentration 3 was nonsignificant. The adjusted analysis contained a $ignificant 
interaction with current alcohol use. 

Unadjusted and adjusted analyses were performed without the interaction involving 
mitogen concentration (i.e., across mitogen harvest day and mitogen concentration). In the 
unadjusted analysis, the overall contrast was nonsignificant, b.ut the high versus background 
contrast was marginally significant with Ranch Hands exhibiting a higher ~sponse than 
Comparisons. The adjusted analysis contained a nonsignificant overall contrast. 

In the unadjusted analysis of the maximum PHA net response, the overall contrast was 
significant (p=O.037) and the high versus background contrast was also significant (p=O.022) 
with Ranch Hands being higher than Comparisons. The adjusted analysis contained a 
nonsignificant overall contrast and a marginally significant high versus background contrast 
with the Ranch Hand response again exceeding that of the Comparisons: 

MLC 

Modell: Ranch Hands· Logz (Initial Dioxin) 
For unstimulated MLC response, the unadjusted analysis under the minimal 

assumption exhibited a nonsignificant association with initial dioxin. Ullder the maximal 
assumption there was a marginally significant positive association. The adjusted analysis for 
both assumptions exhibited a nonsignificant association between unstimulated MLC and 
initial dioxin. 

For MLC net response, the unadjusted and the adjusted analyses under both 
assumptions were nonsignificant for an. association with initial dioxin. 

Model2: Ranch Hands· Logz (Current Dioxin) and Time . 
In the unadjusted analysis of unstimulated MLC under the minimal and maximal 

assumptions, the interactions of current dioxin and time since tour were nonsignificant. 
However, there was a marginally significant positive association between unstimulated MLC 
and current dioxin for time over 18.6 years under the maximal assumption. The adjusted 
analysis contained a significant interaction-among current dioxin, time, and lifetime alcohol 
history for the minimal cohort.· The adjusted analysis of unstimulated MLC for the maximal 
cohort contained a significant interaction among current dioxin, time, and lifetime cigarette 
smoking history. Followup analyses without the interaction were nonsignificant for the 
maximal cohort. . 

For MLC net response, the unadjusted and the adjusted analyses of both assumptions. 
contained nonsignificant interactions between current dioxin and time since tour. 

Model3: Ranch Hands and Comparisons by Current Dioxin Category 
In the unadjusted analysis of unstimulated MLC response, t~e overall contrast of~anch 

Hands in tlte unknown, low, and high current dioxin categories and Comparisons in.the 
background current d,ioxin. c;lltegory was marginally nonsignificant-The high versus ..• 
backgr()und contrast of unstimulated MLC response was sig'nificant (p=O:ot I), with Ranch 

16-140 



Hands in the high current dioxin category having a higher unstimulated MLC response than 
Comparisons in the background current dioxin category. In the adjusted analysis of 
unstimulated MLC response, the overall contrast was nonsignificant but the contrast for high 
versus background was significant (p=O.038) with the Ranch Hands in the high current dioxin 
category being greater on unstimulated MLC than the Comparisons. 

For both the unadjusted and the adjusted analyses of MLC net response, the overall 
contrast of Ranch Hands in the unknown, . low, and high current dioxin categories and 
Comparisons in the background current dioxin category were nonsignificant. 

NatUral Killer Cell 
Both stimulated and Interleukin 2 stimlllated natural killer cells decline with 

progression of malignancies and show only a fraction of normal activity with advanced 
disease. They are probably most important early in .carcinogenesis to screen for and destroy 
tumor cells when their numbers are still small. 

Modell: Ranch Hands - Logz (Initial Dioxin) 
The unadjusted and adjusted analyses displayeQ nonsignificant associations between 

NKCA 50/1 net response and initial dioxin under both assumptions. 

Similarly, under both assumptions, the unadjusted analysis of NKCA SOil percent 
release was nonsignificant for an association with initial dioxin. Under the minimal 
assumption, the adjusted analysis of NKCA 50/1 percent release contained significant 
interactions between initial dioxin and current cigarette smoking and between initial dioxin 
and lifetime alcohol history. Under the maximal,assumption, the adjusted analysis of NKCA 
50/1 percent release was nonsignificant. . 

Under both the minimal·and maximal assumptions, the unadjusted and the adjusted 
analyses exhibited nonsignificant associations between NKCl50/1 net response and initial 
dioxin, as well as NKCI50/1 pereentrelease and initial dioxin. 

Model2: Ranch.Hands" Logz(Curre.nt pi(lxin) afjdTi",e . 
For NKCA.50/1nClt response and NkCA50/1p~cent release, the unadjllsted analysis 

under both assumptions exhibited nonsignificant interactions between current dioxin and time 
since tour. Under the minimal assumption, the adjusted analyses of NKCA 50/1 net response 
and NKCA 50/1 percent release also contained nonsignificant interactions between current 
dioxin and time since tour. Under the maximal ass~tion, the adjusted analysis of NKCA 
50/1 net response exhibited a marginally Significant current dioxin-by-time interaction. For 
time less than or equal to 18,6 years, there was a nonSignificant positive association between 
NKCA 50/1 net response and current dioxin. For time greater than 18.6 years. there Was a 
marginally significant negative association betWeen . NKCA 50/1 net response and current 
dioxin. The adjusted analysis of NKCA SOil percent release displayed a nonsignificant· 
curreitt dioxin-by-time interaction under the maximal'assumption; 

Under the minimal assulnption, theun~djusted analysis of NKcr SOil net. respoQse and 
NKCI50/1 percent release displayed nonsignificant interactions between current dioxin and 
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time since tour. Under the maximal assumption, the unadjusted analysis of NJ(CI 5011 net 
response and percent release displayed marginally significant current dioxin-by-time 
interactions. For time less than or equal to 18.6 years, there were marginally significant 
positive associations with current dioxin for both NKCI 5011 variables. For time greater than 
18.6 years, there were nonsignificant negative associations with current dioxin for both NKCI 
50/1 net response and percent release. 

Under the minimal assumption, the adjusted analyses of NKCI 50/1 net response and. 
NKCI 50/1 percent release both contained a significant interaction among current dioxin, tillle, 
and race. Followup analyses without the interactions in the adjusted models displayed 
marginally significant interactions between current dioxin and time since tour. Under the 
minimal assumption, both NKCI 50/1 variables displayed a significant positive association 
with current dioxin for time less than or equal to 18.6 years and a nonsignificant negative 
association for time over 18.6 years. The adjusted analyses of NKCI 50/1 net response and 
NKCI 50/1 percent release under the maximal assumption also displayed significant 
interactions among current dioxin, time since tour, and race. 

Motkl3: Ranch Hands and Comparisons by Cu"ent Dioxin Category 
For the unadjusted analyses of NKCA 50/1 net response and percent release and NKCI 

50/1 net response and percent release, the overall contrasts of Ranch Hands in the unknown, 
low, and high current dioxin categories and Comparisons in the background current dioxin 
category were nonsignificant. Except for a marginally significant low versus background 
contrast on NKCA 50/1 percent release, the individual Ranch Hand versus Comparison 
contrasts were nonsignificant for these unadjusted analyses. 

In the adjusted analysis of NKCA 5011 net response and NKCA SOIl. percent release, . 
the overall contrasts of Ranch Hand in the unknown, low, and high current dioxin categories 
and Comparisons in the background current dioxin category were nonsignificant. The 
adjusted analysis of NKCI 50/1 net response contained significant interactions between 
categorized current dioxin and race and between categorized current dioxin and current 
alcoholuse. In the adjusted analysis of NKCI 5011 percent release, there were significant 
interactions between categorized current dioxin and each of the following covariates: race, 
current alcohol use, and lifetime alcohol history. Because the p-values of each of the three 
interactions exceeded 0.01 but were less than 0.05, a followup model without the three 
interactions was investigated. The overallc6ntrast for that model was nonsignificant. 

Quantitative Immunoglobulins 
Serum immunoglobulins may show either incr.eases or.decreases related to 

immunodeficiencies or malignancy. Severe d.efects of B cells can result in near absence of 
IgG, 19A, and. IgM (hypogammaglobulinemia) or selective deficiency of one or two of these 
immunoglobulin classes. Hypogammaglobulinemia is. frequently (but not always) a 
consequence of lymphatic cancer due to the replacement of normal immunoglobulin secreting 
cells with malignant ones. In some B-cell disorders, th.ere is proliferation of a single 
(malignant) clone of cells that. inappropriately synthesize a monoclonal immunoglobulin (lgG, 
19A, IgM, IgD, or IgE, with only kappa or lambda light-chain type) (e.g., multiple myeloma, . 
Waldenstrom's macroglobulinemia). In other disorders involving T cells such as AIDS, there 
is frequently a polyclonal increase orall serum immunoglobulin~ due to impaired (down) 
regulation of their synthesis. Liver disease artd especially cirrhosis are also well known to 
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