TABLE 16-18. (Continued)

Analysis of NKCA 50/1 Net Response (cpm)

Ranch Hands - Log) (Cﬁrre_nt Dioxin) and Time - Unadjusted

Mean/(n)
o Current Dioxin
- Time ‘ Slope

Assumption (Yrs.) L.ow. Medium High (Std. Error)@ .p-Value

¢) Minimal : - 0.480b
(n=191) <186 461.7 376.0 5014 19.3 (21.8) 0.380¢
(R2=0.355) o (21) (47 (22) - |

>18.6 367.8 378.0 405.5 -1.9 (21.7) 0.932¢
(25) 47 (29)

f) Maximal : 02770
(n=268) <18.6 4389 . 398.6 4417 9.6 (14.9) 0.521¢
(R2=0.385) - (38) (67) (30)

>18.6 409.7 394.6 394.7 -13.1 (14.5) 0.368¢
(24) (67 (42)
Ranch Hands - Logz (Current Dioxin) and Time - Adjusted
. Adj. Mean/(n) |
) Time ' Adj. Slope Covariate

Assumption (Yrs.) Low  Medium High (Sud. Erron)? p-Value Remarks

g) Minimal S _ 0.253%  RACE (p=0.068)
(n=190) <186 5161 4639 5698 218 (20.1) 0278¢  PACKYR (p=0.080)
(R2=0.467) (21) @47n (22 - ALC (p<0.001)

>186 4535 4818 4721 = -9.9 (20.4) - 0.629¢ . :
(25) 46) (29 , .

h) Maximal . . 0060  ALC (p<0.001)
(n=267) <186 4264 3911 4325 120 (14.]) 0394  CSMOK*PACKYR
(R2=0.465) (38) (67 (GO (p=0.036)

>186 4377 4114 3875  -25.6 (13.9) 0.067¢
(24) 66) (@2)

#Slope and standard error based on NKCA 50/1 net response versus logs dioxin.

bTest of significance for current dioxi:bey-time interaction (current dioxin and time continuous).

CTest of significance for slope different from 0 (current dioxin continuous, time categorized).
Note: Minimal--lLow: >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.



TABLE 16-18. (Continued)
Analysis of NKCA 50/1 Net Response (cpm)

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

Current

Dioxin p ‘ _ Difference of

Category n Mean Contrast _ Means (95% C.1)  p-Value
Background 291 416.7 All Categories 0.266
Unknown 126 4233 Unknown vs. Background 6.6 (-35.548.7) 0759
Low 71 373.6 Low vs. Background -43.1 (-95.2,9.0) 0.106
High 72 387.9 High vs. Background -28.8 (-82.2,246)  0.291
Total 560 (R2=0.347) |

J) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted |

Current
Dioxin Adj. . Difference of Adj. Covariate
Category n Mean Contrast Means (95% C.L) p-Value Remarks
Background 291 © 4142  All Categories S 0.299 ALC (p=0.021)

- . . CSMOK"PACKYR
Unknown 126 4252 Unknown vs. Background 11.0 (-30.5,52.6) 0.604 (p=0.003)
Low - 70 3778 Low vs. Background -36.4 (-87.9,15.1) 0.167 _
High 72 3863 High vs. Background -27.9 (-80.2,24.5) 0.297
Total 559 (R2=0.377) -

Note: Background (Comparisons); Current Dioxin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low.(Ranch Hands): 15 ppt < Curreit Dioxin £33.3 ppt.
High (Ranch Hands): Current Dioxin >33.3 ppt.
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NKCA 50/1 Percent Release

Model 1: Ranch Hands - Log, (Initial Dioxin)
In the unadjusted analysis of NKCA 50/1 percent release and initial dioxin, the

association was not significant under both the minimal and maximal assumptlons (Table
16-19 [a] and [b]: p=0.813-and p=0.575).

Under the minimal assumption, there was a s1gn1flcant interaction between initial dioxin
and ‘current cigarette §moking and a significant interaction between initial dioxin and lifetime -
alcohol history (Table 16-19 [c]: p=0.036 and p=0.037, respecnvely) 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 categones 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
O-1). For the other strata combinations of current cigarette smoking and lifetime alcohol
history, there were nonsignificant positive associations. Without the two interactions in the
model, the association betweén NKCA 50/1 percent release and initial dioxin was not
significant (Table 16-19 [c]: p=0.748).

Under the maximal assurnpnon NKCA 50/1 percent release and 1n1t1al droxm were not
mgmficantly associated (Table 16-19 [d]: p=0. 714)

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

For both the minima] and maximal assumptions, the unadjusted analysis of NKCA 50/1
percent release did not contain a significant interaction between current dioxin and time since
tour (Table 16-19 [e] and [f]: p=0.735 and p=0.745, respectively); thus, the slopes d1d 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 [g] and
[h]: -p=0.465 and p=0.558, respectively); therefore the adJusted slopes did not dlffer '
s1gn1f1cantly between time strata. , S

Model 3: Ranch Hands and Compan‘sons 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 sigmﬁcant (Table 16-19 [i]: 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=0.072, 32. 4 percent versus 35,9 percent)

The ad_]usted analys1s of NKCA .50/1 percent release contained a nonsignificant overall
contrast of the four current dioxin categories (Table 16-19 [j]: p-O 202).
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Analysis of NKCA 50/1 Percent Release

‘TABLE 16-19.

Ranch Hands - Log; (Initial Dioxin) - Unadjusted

_ Initial _ o Slope
Assumption Dioxin n Mean (Std. Error)® p-Value
a) Minimal Low a4 148 0.228 (0.960) ©0.813
(n=191) Medium 95 32.7 :
(R2<0.001) High 52 356 A | _
b) Maximal " Low 64 - 36.2 -0391 (0695 . 0575 ©
(n=268) Medium 133 338"
(R2=0.001) High 71 34,7
~ Ranch Hands - Log (Initial Dioxin) - Adjusted
\ Initial Adj. Adj. Slope " Covariate
Assumption Dioxin n Mean (Std. Error)2  p-Value - Remarks
¢) Minimal Low 44 385*  0.293 (0.912)** 0.748**  INIT*CSMOK (p=0.036)
(n=190) Medium M4 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 64 358 -0247:(0.674) - 0.714 = CSMOK (p=0.013)
(n=267) Medium 132 34.2 S . ALC (p=0.001)
(R2=0.060) High 71 34.8 :

3Slope and standard error based on NKCA 50/1 percent release versus 1032 dioxin.- :
**Logy (initial dioxin)-by-covariate interaction (0.01<pg0.05); adjusted mean, a.djustcd slope, standard error, and p-
value derived from a model fitted after deletion of this interaction. -

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.
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TABLE 16-19. (Continued)

~Analysis of NKCA 50/1 Percent Release

Ranch thds - Logy (_Cu_frent Dioxin) and Time - Unadjusted

Mean/(n)
- Time - - Slope

Assumption (Yrs.) Low Medium High (Std. Error)? p-Value

¢) Minimal . _ 0.735Y
(n=191) K186 36.9 32,7 36.6 0.718 (1.498) 0.632¢
R2=0.003) (21) (47) (22)

>18.6 34.5 31.5 354 0.047 (1.292) 0.971€
(25) 47 (29)

f) Maximal 0.745%
(n=268), 5186 368 34.3 34,2 -0.062 (1.040) - 0.953¢
(R2=0.002) (38) (67) (30)

>18.6 35.5 33.4 34.8 -0.528 (0.987) 0.593¢
-- (24) (67) (42) :
. Balich Hands - Logp (Current Dioxin) and Time - Adjusted
| Adj. Mean/(n)
‘ _ Time ' S Adj. Slope ' Covariate
Assumption - (Yrs.) Low Mediom High (Std. Error)®  p-Value Remarks.
© g) Minimal o | 0465  AGE (p=0.104)
(n=190) <186 389 376 416 1491 (1472) 0313  RACE (p=0.091)
R2=0.124) 1) @7 22 ~ PACKYR (p=0.064)
. >186 385 373 393 0.119 (1.276) 0926  ALC (p<0.001)
(25) “6)  (29)

h) Maximal \ 0.558®  CSMOK (p=0.012)
(n=267) <18.6 35.9 344 340 0.186 (1.009) 0854  ALC (p=0.001)
R2=0.061) (38) 67  (30) _ '

' >18.6 36.1 340 351 -0.631 (0.957)  0.510¢
(24) (66)  (42)

8Slope and standarg error based on NKCA 50/1 percent release versus logy dioxin.

bTest 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 catsgorized).
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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TABLE 16-19. (Continued)
Analysis of NKCA 50/1 Percent Release

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

Current .
Dioxin | _ : Difference of :
Category n Mean Contrast Means (95% C.1.) p-Value
Backgronnd 291 35.9 All Categories 0199
Unknown 126 36.8 Unknown vs. Background 0.9 (-2.2,4.0) 0.562
Low 71 32.4 Low vs. Background -3.6 (-7.4,0.3) 0.072
High 72 34.6 High vs. Background -13 (52,25 0.499
Total 560 ~ (R2=0.008)

- j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted
Current : | - -
Dioxin Adj. _ . Difference of Adj. Covariate
Category n Mean __Contrast Means (95% C.l.) p-Value Remarks
Background 291 352  All Categories .o .0202 - -ALC (p=0.037)

RACE*CSMOK (p=0.006)

Unknown 126 36.6 Unknown vs, Background 1.4 (__1.7,4.5) 0364 CSMOK*PACKYR
Low 70 32.2 Low vs. Background -3.0 (-6.8,0.9) 0.132 (p=0.023)
High 72 337 Highvs Background " -1.5 (-5:323) 0447 '
Total 559 . (R2=0.049) “

Nole Background (Compa.nsons) 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.
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NKCI 50/1 Net Response

Model 1: Ranch Hands - Log; (Initial Dioxin) o '
In the unadjusted analysis of the NKCI 50/1 net response, the association with initial

dioxin was nonsignificant for both the minimal and maxlmal assumptlons (Table 16-20 [a] and
[b]: p=0.790 for each).

. Under both assumptlons, the adjusted analysis of NKCI 50/1 net response were
nonsignificant (Table 16—20 [c] and [d] p=0 551 and p=0.665, respectwely)

Model 2: Ranch Hands Logs (Current Dioxin) and Time

In the unadjusted analysis of NKCI 50/1 net response, the interaction betwcen current -
dioxin and time since tour was not s1gmﬁcam under the minimal assumpuon (Table 16-20 [e]:
p=0.151).

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
[fl: 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 nmc
over 18.6 years, there was a nonsignificant negative association (p=0.312). - '

The adjusted analyms of NKCI 50/1 net response contained a significant interaction
among current dioxin, time, and race (Table 16-20 [g]: p=0.040) under the minimal
assumption, To explore the interaction, adjusted analyses were performed for Blacks and
non-Blacks separately (Appendix Table O-1). For Blacks, the interaction and time strata
associations were reported 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 s1gnificant positive
association with current dioxin (p=0.015) and a nonsignificant negative association with
current dioxin for the other time stratum (p=0.680). A followup model without the 1nteract10n
exhibited a marginally significant current dioxin-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 posmvc *
association between NKCI 50/1 net‘responsé and-current dioxin (p=0.027). For that timé
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 ycars since their tour,
there was a nonsignificant negative association (p=0.886).

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=0.008). 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 O-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 50/1-net response and current dioxin
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TABLE 16-20.
Analysis of NKCI 50/1 Net Response (cpm) -

Ranch Hands - Logj (Initial Dioxin) - Unadjusted. )

Initial Slope
Assumption Dioxin n ‘Mean . (Std. Error)a p-Valuc
a) Minimal Low . 44 817.2 2.6 (9.7) 0.790
(n=195) Medium 97 806.2 S
(R2=0.896) High 54 - 8309
b) Maximal Low 63 802.9 1.6 (5.8) 0.790
(n=270) Medium 134 803.7

(R2= o 898) High 73 801.1

Ranch Hands - Logy (Initial Dioxin) - Adjusted

Initial Adi.  Adj. Slope Covariate
Assumption Dioxin - n Mean  (Std. Error)2 p-Value - - Remarks

¢) Minimal Low 44 8122  57(9.6) 0551 DRKYR (p=0.112)
(n=194) ~ Medium 96 8064 L o
(R2=0.903) High 54 8386

d) Maximal  Low 63 8035  25(57) 0665 DRKYR (p=0.068)
(n=269) Medium 133  803.1 ‘
(R2=o.9o3). High 73 802.2

aSlope and standard error based on' NKCI 50/1 net response versus 1032 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 ppL.
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TABLE 16-20. (Continued)
Analysis of N-KCI':'SO/l -Net‘:Response (cpm)

Ranch Hands - Logz (Current Dioxin) and Tlme - Unadjusted

Mean/(n)

Assumption (Yn_:‘;) ' Low Medium High  (Std. Error)3 p—Value'. .
| e) Minimal - S L oasd
© (n=195) <186 830.6 7985 . 8878 . 194141 . 0172°
1‘ - (R2=0.899) | _ (22). - @49 @3) S -

3 >18.6 8188 - - 8065 ... 7919 - 9.0(14.0) 0.524¢
R 24y . @41 (30) - :

f) Maximal S _ L o _ _ 0.056
(n=270) <186 806.1 789.3 8548 158 (8.9) 0.080°
(R2=0.901) 38 M @6y :

Cien186 8267 U011 7850 ¢ 9.1(89) 0312¢
: (23) {65) (43)

*-. Ranch Hands -:_'Logz'f(Curl_-ént Dioxin) and Time - Adjusted

L Adj. Mcan/(.n) _ ‘
' -Tim_ex o Ad_] Slope Covariate
Assumption _ -(Yrs.)_ Low Medium High (Std Error)d p-Value . Remarks
g) Minimal = - 7 g0o73wb CURRMTIME*RACE
(n=194) <186 808.6**  798.7*% 910.7%+ 32.6 (14,5 - 0.027%=C .(p=0.040)_
(R2 =0.916) (22) (49) (23) AGE (p=0.102)

>186  797.2**  7984%*+ B023** - -20(14.00*  0.886**C DRKYR.(p=0.028)
' @24 - @6 (30

shehe oLl

h) Maximat 770 " sess  CURRMTIME*RACE
(n=269) <186 (R sERn wwes L e ke (00,008)
(R2=0.913) (38) {70) (31 CouT -~ DRKYR {(p=0.028)

>18:6 o e _nu-‘ '41.-_-“‘ R

(23) (64)  (43).

8Slope and standard error based on NKCI 50!1 net response versus logz dioxin.

bTest of significance for current dioxin-by-time interaction (current. dioxin and time contmuous)

®Test of significance for slope different from 0 {current dioxin continuous, time categorized).

“'"1.032 (current dioxin)-by-time-by-covariate interaction (0.01<p50.05); adjusted mean, adjusted slope, standard error, and
p-value derived from a model fitted afier deletion of this interaction.

**+*Log, (current dioxin)-by-time-by-covariate interaction. (p<0 01), adjusled mean, adjusted slope, standard error, and p-
: value not presented,

Note: Minimal--Low: >10-14.65 ppt; Medium: >14. 65-45 75 PPt ngh 45, .75 ppt.

Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 ppt.
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TABLE 16-20. (Continued) _
‘Analysis of NKCI 50/1 Net Response- (cpm)

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

Current

Dioxin ‘ _ Difference of

Category ' n ' Mean ’ Contrasl Means (95% C.1.) p-Value
Background 298 808.9 All Categorics o 0.843
Unknown 123 802.3 Unknown vs, Backgmund 6.6(-32.6,19.4) 0.620
Low 72 8175 Low vs. Background - 8.6 (-23.1,40.2) 0.596
High 74 802.6 - High vs. Background - -6.3 (-38.5,25.9) 0.701
Total 567 (R2=0.819)

Jj) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted

Current
Dioxin Adj. _ _ _ leference of Adj. Covariate
Category n Mean _Contrast =~ Means (95% C.I) p~Value Remarks
Background 298 wes*  All Categories : : **4+  DXCAT*RACE

L ‘ ‘ - (p=0.016)
Unknown 123 ¥¥¥*  Unknown vs. Background s ##s  DXCAT*ALC (p<0.001)
Low 1 **#*  Low vs, Background L o *w#*  RACE*PACKYR
High 74 - . ****  High vs. Background o wewr o (p<0.001)

- S L - RACE*DRKYR (p=0.018)
Total 566  (R2=0.845) ' o o CSMOK*PACKYR
' : : (p=0.020)

**#* Categorized current dioxin-by-covariate interaction (p<0.01); adjusted mean, confidence interval, and p-value not
presented. ‘
Note: Background (Compansons) Current Dioxin sIO PPt
Unknown (Ranch Hands): Current Dioxin <10 ppt.
Low (Ranch Hands): 15 ppt < Cument Dioxin <33.3 ppt.
High (Rench Hands): Current Dioxin >33.3 ppt, -
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(p=0.020). For the other time stratum, the association between NKCI 50/1 net response and
current dioxin was negative and nonsignificant (p=0.271).

Model 3: Ranch Hands aud. Comparisons by Current 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 Compansons was nonsignificant (Table
16-20 [i}: p=0.843).

‘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=0.016 and p<0.001, 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 O-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=0.010) 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=0.002).

NKCI 50/1 Percent Release

Model 1: Ranch Hands - Log, (Initial Dioxin)
For the unadjusted analyses of NKCI 50/1 percent release, the association with initial

dioxin was not significant under both assumpuans (Table 16-21 [a] and [b]: p=0. 894 and
p=0.758, respectlvely)

'I‘he adjusted analysis of NKCI 50/1 percent release exhibited nonsigmﬁcant
associations with initial dioxin under both assumptions (Table 16-21 [c] and [d]: p=0.345
and p=0.421, respecnvcly)

Model 2: Ranch Hands - Log; (Current Dioxin) and Time

The unadjusted analysis of NKCI 50/1 percent release exhibited a nons1gn1ﬁcant
interaction between current dioxin and time smce tour under the mlmma.l 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=0.063). For Ranch
Hands with time of 18.6 years or less, there was a marginally significant positive association
with current dioxin (p=0.077) and a nonsignificant negative association (p=0.355) 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 adjuéted analysis of NKCI 50/1 percent release, there was a significant
interaction of current dioxin, time, and race (Table 16-21 [g]: p=0.033) under the minimal
assumption. To explore this interaction, separate analyses were performed for Blacks and
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Analysis of NKCI 50/1 Percent Release

TABLE 16-21,

Ranch Hands - Loga (Initial Dioxin) - Unadjusted

Initial Slope
Assumption . Dioxin n_ Mean (Std. Error)a p-Value
a) Minimal Low 44 66.3 0.1 (0.8) 0.894
(n=195) Medium 97 64.9 ‘
(R2=0.693) High 54 66.9 |
b) Maximal Low 63 65.6 0.1 (05) 0.758
(n=270) Medium 134 660 |
(R2=0.705) High 73 656

Ranch Hands - Logs (Initial Dioxin) - Adjusted

Initial Adj. Adj. Slope - Covariate
Assumption  Dioxin n___ Mean (Std. Error)2 p-Value - Remarks
c) Minimal  Low 44 652  08(08) 0345 AGE (p=0.109)
(n=194)  Medium 96  65.1 DRKYR (p=0.065)
(R2=0.722) High 54  68.1 | o
d) Maximal Low 63 654  04(0.5) 0421 AGE (p=0.107)
(n=269) Medium 133 66.0 PACKYR (p=0.144)
66.0 ~ DRKYR (p=0.030)

(R2=0.728) High 73

* ASlope and standard error based on NKCI 50!1' percent release versus logy 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.
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TABLE 16-21. (Continued)

Analysis of NKCI 50/1 Percen't-. Release

~ Ranch Hands Logz (Current Dmxm) and Time - Unadjusted

Mean/(n)
Time T Slope

Assumption o (Yrs) - Low -  Medium High -~ (Sw. Error)2 p-Value

) Minimal ' : 0.176b
(n=195) <186 . . 611 645 T4 - L4(LD)  0206°
(R2=0.703) @) (49) 23 :

>186 659 - 648 63.7 -0.7 (LD 0.531¢
(24) “4n (30)

f) ‘Maximal | - | ‘ 0.063b
(n=270) <186 658 650 69.7 13(0.7) 0.077°
(R2=0.714) (38) (70) @31

>18.6 619 64.7 64.3 0.7(0.7) 0.355°
(23)' (65) (43) ,
'Ranch Hands - Logz (Current Dloxm) and Tlme Adjusted
| Adj. Mean/()
- Time A _ i Adj Slope Covariate

Assumption (Yrs)) _Low ‘Medium __High (Std. Error)®  p-Value- Remarks

g) Minimal _ © 75 0078**d  CURR*TIME*RACE
(n=194) <186 - 656%  643% T3 2611 0025**¢  (p=0.033)
R2=0758) ~ . @2 49 (23) o ' ' AGE (p=0.052)

>186 - 63.9% 639% e44*s - 0I(L1)**  0942**C DRKYR (p=0.018)
Sen @ e

h) Maximal L e wke¢  CURR*TIME*RACE
(n=269) 518.6 L 111 ] e ek . l!.. R | 1 | : . ...,.. ’ (p=0.009)
(R2=0.756) ©(38) 10y - @31 - - - - AGE (p=0.080)

>186 LI T T B ek Wk Cakk BN 11 T PAC_KYR_ (]J=0.104)
S @3) (64)  (43) L '

DRKYR (p=0.009)

“Sloﬁe and standard error based on NKCI 50/1 percent release versus logg dioxin.

bTest of significance for current dioxin-by-time interaction (current dioxin and time continuous).
®Test of significance for slope different from O (current dioxin continuous, time categcnzed)

*¥Log, (current dioxin)-by-time-by-covariate interaction (0.:01<p<0.05); adjusted mean, adjusted slope, standard error, and

p-value derived from & model fitted after deletion of interaction.

*4*3Log, (current dioxin)-by-time-by-covariate interaction (p<0.01); adjusted mean, adjusted slope. standard error, and p-

value not presented.
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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TABLE 16-21, (Continued)

Analysis of NKCI 50/1 Ratio Percent Release

i) Ranch Hands and Comparisons by Currént Dioxin Cafégory - Unadjusted

Current ‘ |
Dioxin Difference of ' .i
Category Mean Contrast ‘ Means (95% C.1.) p-Value .
Background 298 66.6 All Categories 0.821
Unknown = 123 659 Unknown vs, Background 07(2813) 0488
Low 72 " 668 Low vs. Background 02(-232.7 - 0867
High 74 65.7 . High vs. Background -0.9 (-34,1.7) 0.500
Total 567 | (R2=0.499)
j) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted
Current |
Dioxin Adj. _Difference of Adj. ‘Covariate
Category n  Mean Cont_rast ‘ Means (95% C.1) p-Value Remarks
Background 298 61.9%*  All Categories 0.845** DXCAT*RACE
: (p=0.013)
Unknown 123 61.5** Unknown vs. Background -04.(-2.4,1.6)** 0.679** DXCAT*ALC (p=0.021)
Low 71 62.3**  Low vs. Background 04 (-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)
o - : | RACE*PACKYR
Total 566 (R2=0.575) C_(p<0001)
CSMOK*PACKYR
(0=0.023)

**Categorized current dioxin-by-covuriate interaction (0.01<b50.05); adjusted mean, confi

derived from a model fitted after deletion of this interaction,
Note: Background (Comparisons): Current Dioxin 510 ppt.
Unknown (Ranch Hands): Current Dioxin 510 ppt.
Low (Ranch Hands): 15 ppt < Current Dioxin <333 ppt. -
High (Ranch Hands): Current Dioxin »33.3 ppt.
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non-Blacks (Appendix Table O-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=0.034). 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=0.013) and a nonsignificant negative association for time over 18.6 years
(p=0.733). 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
[gl: p=0.078). For time of 18.6 years or less, there was a significant positive association
(p=0.025) with current dioxin and a nonsignificant negative association (p=0.942) for time
over 18.6 years. For the former time stratum, the average NKCI 50/1 percent releases for
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=0.009). To explore this
interaction, separate analyses were again performed for Blacks and non-Blacks (Appendix
Table O-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=0.010). 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=0.007) and a
nonsignificant negative association for time over 18.6 years (p=0.396). :

Model 3: Ranch Hands and Comﬁaﬁsans 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=0.821). S '

The adjusted analysis of 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=0.027, 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 dichotomized 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 O-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=0.067).
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=0.033) with the Ranch
Hands having the higher means for NKCI 50/1 percent release. ' '

A followup adj.ustcd model wiﬂlont.thc. 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 [j]:
p=0.845). Individual contrasts were also nonsignificant. . ' ‘ L

Laboratory Examination Variables: Quantitative 'Studies—_Quan;itaﬂ_ye'
Immunoglobulins ' o o o T

IeA

Model 1: Ranch Hands - Log, (Inisial Dioxin) o o

The unadjusted analysis under the minimal assumption exhibited a nonsignificant - -
association between IgA and initial dioxin (Table 16-22 [a]: p=0.109). Under the maximal
assumption, there was a significant positive association (Table 16-22 [b]: p=0.009). The
unadjusted means for IgA were 195.7, 213.1, and 21 3.7 mg/dl, for the low, medium, and high
initial dioxin categories. ' o ' o

In the adjusted analysis under the minimal assumption, there was a significant positive
association between IgA and initial dioxin (Table 16-22 {c): p=0.019). 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/dl. S

Under the maximal assumption, the adjusted analysis also displayed a significant
positive association (Table 16-22. [d): .p=0.003) with the adjusted IgA means for low,
medium, and high initial dioxin at 213.5,229.7, and 234.7 mg/dl, : S

Model 2: Ranch Hands - Log; (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 [e]: ' p=0.613);. thus, the
slopes describing the relationship between IgA and current dioxin did not differ significantly
between time strata, : L : S o S

Under the maximal assumption, the unadjusted analysis also contained a nonsignificant
interaction between current dioxin and time (Table 16-22 [f]: p=0.594). However, the slope
for time greater than 18.6 years was positive and was of borderline significance (p=0.056).

Within that time strata, the mean levels of IgA were "190.4,”_22-5. 1, and 220.5 mg/dl for
low, .medium, and high current dioxin. - - T T

In the adjusted analysis under the minimal assuymption, there was a significant
interaction among current dioxin, time, and current cigarette smoking (Table 16-22 [g]: _
p=0.017). The interaction was investigated separately for Ranch Hands who never smoked, -
formerly smoked, smoked 20 cigarettes. or less per.day, and smoked over 20 cigarettes per -
day. For each of these smoking strata, the current dioxin-by-time. interactions were not+ .~ .-
significant. ‘For the first two smoking strata, there were nonsignificant positive associations
for both times. For the other two smoking strata, there were nonsignificant positive
associations between IgA and current dioxin for time at most 18.6 years and nonsignificant

negative associations fot time over 18.6 years. Without the above interaction in’ the model,
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TABLE 16-22.
Analysis of IgA (mg/dl) -

Ranch Hands - Logj (Initial Dioxin) - Unadjusted

Initial - Slope
Assumption Dioxin n . Meand (Std. Error)b p-Value
a) Minimal ‘Low 127 203.7 0.027 (0.017) 0.109
(n=504) Medium 252 - 2154 o |
(R2=0.005) High 125 - 2189
b) Maximal Low 180 195.7 0.031 (0.012) 0.009
(n=720) Medium 363 213.1
(R2=0.009) - High 177 2137

Ranch Hands - Log) (Initlal Dioxin) - Adjusted

il Adj.  Adj. Slope " Covariate
Assumption Dioxin ~ n Mean? (Std. I-Error)b p-Value Remarks

¢) Minimal  Low 127 2190 0.040 (0.017) 0.019 AGE (p=0.010)
(n=504)  Medium 252 . 235.8 RACE (p=0.011)
(R2= 0028) High . 125 245.7

d) Maximal Low 179 2135 0.035 (0.012) 0003 RACE (p=0.007)

(n=715)  Medium 360  229.7 |  ALC (p=0.071)
(R2=0.040) High 176 2347 | = AGE*PACKYR

(p=0.015)

®Transformed from natural logarithm scale.

bSlope and mndard error based on natural logarithin IgA Versus 1032 dxoxm

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.
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TABLE 16-22, (Continued)

Analysis of IgA (mg/dl)

Ranch Hands - Log; (Current Dioxin) and Time - Unadjusted

Mean®/(n)
~ Time Slope
Assumption . (Yrs.) Low Medium High  (Std. Ero®  p.Valye
e) Minimal | o | 0613
(n=504) <186 2114 197.2 2132 0.026 (0.027) 0.33¢d
(R2=0,011) (71) azn = 5y | o
\ >18.6 219.2 2210 2167 0.008 (0.022) 0.725d .
(54) 127 (73) _
f) Maximal . : 0.594¢
(n=720) <186 2029 - 199.1 2107  0.018 (0.018) 03179
(R2=0.012) (104) (189) (80) -
>18.6 1904 225.1 2205 . 0.031(0.016) . 0.0564
(7 (17D (99)
Ranch Hands - Logy (Current Dioxin) and Time - Adjusted
- Adj. Mean®() o
Time : Adj. Slope Covariate -
Assumption (Yrs) Low _Medium High (Std. Error)  p-Value Remarks
g) Minimal : 0.480**¢  CURR*TIME*CSMOK
(n=504) sI186  226.1**  216.1%* 2408** 0.046 (0.027)** 0.096**d (p=0.017)
(R2=0.045) : (1) - Q2. (52) AGE (p=0.021)'
>186  232.5%  244.3** 237.5%* 0021(0.023)** 0.352**d RACE (p=0.016)
(54 2n 0 (73) - _ o
h) Maximal : 0.688%*¢ - CURR*TIME*CSMOK
(n=715) SI86  219.5%  2163%* 2335 0,027 (0.018)** 0.147++d (p=0.043)
(R2=0.050) (104)  (188)  (79) - RACE (p=0.010)
>186  2054%*  242.3** 2402 0036 (0.016)** 0.027**4  ALC (5=0.071)
(76)  (169)  (99) ) -+ .' AGE*PACKYR
: ~ (p=0.030)

®Transformed from natural logarithm scale,

bSlope and standard error based on nawral logarithm IgA versus logy dioxin.

CTest of significance for current dioxin-by-time

dTest of significance for slope different from 0 (current dioxin continuous, time categorized).
**Log, (initial dioxin)-by-covariate interaction (0.01<pg0.05); adjusted meen, adjusted slope, standard error, and p-value
derived from a model fitted after deletion of this interaction.
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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TABLE 16-22. (Contmued)
Analysns of IgA (mg/dl) |

i),R_ﬁnch _Ha_!nds;_énd Comparisons by Current Dioxin Category - IjnadjuStéd -

Current _ - _
Dioxin - - ' _ ' ' - - Difference of = N
Category n " Mean® Contrast Means (95% C.I".)ét";p‘-"Vall.'i'ef'
Background - 759 212.1 oAl 'Calegories ' - - S 0013
Unknown . 338 1951 . Unknown vs, Background - 470~ - 0003
| Low 192 2100 . Low vs. Background .. . 2l 0.769 ..
g High 179 216.1 High vs. Background - 40- 0.604
| Total 1468 (R2=0.007) |
§) Ranch Hands and Comparisons by Current Dioxin Category - Adjusted
Current ' o ) N - L
Dioxin T Adj. o : - Differenice of Adj. . . Covariate
Category n Meand Contrast Means (95% C L)e p-Valuef Remarks
Background 759 2194  All Cagories . . 0007 i AGE (p=0.001)
PR o L . RACE (p=0.097)
Unknown = 336 ° 2021 Unknownvs.Background  -173- 0003 CSMOK (p=0. 066)
Low 190 2193 Low vs, Background 01-- 0982 ALC (me 137y
High 178 . 2278 High vs. Background 84 0292

Total - . 1,463 R%=0.021)

n’I'nmsfornmd from matural lognntl'nn ‘scale. - : : e ‘
€Difference of means after ransformatibn to ‘original geale; confidence interval on difference of means not gwen because
analysis was performed on netural logarithm scale. . _ :
fp.value is based on difference of means on natural logarithm scale.
Note: Background (Comparisons): Current Dioxin 510 ppL. . ‘
Unknown ' (Ranch ‘Hands): - Current Dioxin'€10ppt. = 17 = 7 a6
. Low.(Rench Hands): .15 ppt < Current Dioxin 533.3; ppt o
- . High (Ranch. Handa) -Current Dioxin, >33 3 ppt -
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the interaction of current dioxin and time was not significant (Table 16-22 [gl: p=0.480). For
time less than or equal to 18.6 years, there was a positive association that was marginally
significant (p=0.096). - :

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=0.043).
Investigation of the interaction was again 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 O-1: p=0.001) and a
nonsignificant positive association for time 18.6 years or less (p=0.387). 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=0.688). For time over 18.6 years, there was a positive
association between IgA and current dioxin that was significant (p=0.027).

Model 3: 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 mg/dl.
The contrast of Ranch Hands in the unknown current dioxin category versus Comparisons in
the background current dioxin category was significant (p=0.003). -

The adjusted analysis of IgA also exhibited a significant overall current dioxin category
contrast (Table 16-22 [j]: p=0.007) and a significant contrast for Ranch Hands in the
unknown current dioxin category versus the Comparisons in the background current dioxin
category (p=0.003). o : o '

IeG

Model 1: Ranch Hands - Log; (Initial Dioxin)

Under the minimal and maximal 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). i ] , o

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 40 drink-years, and above 40
drink-years), the association between IgG and initial dioxin was positive but not significant
for each stratum (Appendix Table O-1). Without the interaction of initial dioxin and lifetime -
alcohol history in the model, the association between IgG and initial dioxin was not
significant (Table 16-23 [c]: p=0.502).

Under the maximal asshmption, 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/dl)

‘Ranch Hands - Logy (Initial) - Unadjusted

| Initial - Siope
Assumption ° Dioxin n " Mean® (Std. Erron)P p-Valus
a) Minimal | Low 127 10180 0.003 (0.009) 0.720
~ (n=504) Medium - 252 10133 o
R2<0,001) High 125 1,034.2
b) Maximal Low - 180 990.2 0.008 (0.006) 0.195
(n=720) ‘ Medium 363 1,0202
(R2=0.002) ~ High 177 1,013.0

. Ranch Hands - Logy (Initial) - Adjusted

Initial Adj. Adj. Slope Covariate

Assumption Dioxin 'n  Mean® *  (Std. Eror)®  p-Value Remarks
¢} Minimal Low 127 1,0960**  0.006 (0.009)** - 0.502** INIT*DRKYR (p=0.037)"
(n=498) Medium 248 1,118,2%+ o RACE (p<0.001)

(R2=0.147) High = 123 1,132.2% | AGE*ALC (p=0.029) |
R ' CSMOK*PACKYR (p=0.012)
PACKYR*DRKYR (p<0.001)
ALC*DRKYR (p<0.001)

"d) - Maximal Low 178 . 1,103.5 0.008 (0.006) 0.156  RACE (p<0.001)

(n=711) Medium 360  1,128.0 AGE*ALC (p=0.019)
(R2=0.143) High 173 11177 CSMOK*PACKYR (p=0.007)
L CSMOK*DRKYR (p=0.009)
PACKYR*DRKYR (p<0.001)
ALC*DRKYR (p<0.001)

aTransfonned frory natural loganthm scale.’
l:'Slope and st.andard error based on natural logarithm IgG versus logz dioxin. : _
**Logs (mmn] dloxm) by—covannte intéraction (0.01<p<0.05); adjusted mean, adjusted slope, standard error, and p-value

derived from & model fitted afier deletion of this interaction,
Note: Minimal--Low: 52-93 ppt; Medium: >93-292 ppt; High: >292 ppt. .
M,am--]_ow: 25-56.9 ppt; Medium: >56.9-218 ppr; High: >218 ppt.

16-113



TABLE 16-23. (Continued)

Analysis of IgG (mg/dI)

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

' Medna{(n)_
Time Slope

Assumption (Yrs.) Low Medium High (Std. Error)b p-Value

¢) Minimal ' 0.815¢
(n=504) <186 1,041.8 1,005.5 1,037.0  0.007 (0.014) 0.612d
(R2<0.001) (71) (127) (52) .

>18.6 994.4- 1,0234 1,0230  0.003 (0.012) 0.8104
(54) Q27 (73)

f) Maximal : . 0.938°
(n=720) <186 997.4 © 1,021.0 1,028.7  0.009 (0.009) 0.311d
(R2=0.004) (104) (189) (80)

>18.6 ' 962.6 1,0203 = 1,0137  0.010 (0.008) 0.2124
77 (171) (99) o
Ranch Hands - Log2 (Current Dioxin) and Time - Adjusted
Adj. Meapa/(n)
Time ‘ Adj. Slope ‘ Covariate .

Assumption (Yrs) Low Medium High (Sid. Error)’  p-Value Remarks

g) Minimal o - - 0429  RACE (p<0.001)
(n=498) <186 11169 11,1057 1,132.6 0.014(0.013) 0290  AGE*ALC (p=0.016)
(R2=0.141) (71)  (126)  (51) . CSMOK*PACKYR

>186 10841 11259 1,1159 0.0007 (0.012) 09524 (p=0.018)
B (54)- (24) (72 PACKYR*DRKYR
(p<0.001)
ALC*DRKYR
, , . (p=0.002)

h) Maximal © 0811°  RACE (p<0.001)
(n=711) <186  1,1042 1,126 1,444 0011 (0.009) 0208  AGE*ALC (p=0.019) -
(R2=0,144) (103) (188) (78 - SR CSMOK*PACKYR

>186 10859 11334 11200 . 0.009(0.008) 03014 . (p=0.007)
(76)  (169) (97 ) CSMOK*DRKYR
| (p=0.010) .
PACKYR*DRKYR
(p<0.001)
ALC*DRKYR
(p<0.001)

3Transformed from natural logarithm scale,
1’Slope and standard error based on netural logarithm IgG versus logy dioxin.

®Test of significance for current dioxin-by-time interaction (current dioxin and time continuous),
dTest of significance for slope different from 0 (current dioxin conitinuous, time categorized).

Note: Minimal--Low: >10-14.65 ppt; Medium: >14.65-45.75 ppt; High: >45.75 PPL.

Maximal--Low: >5-9.01 ppt; Medium: >9.01-33.3 ppt; High: >33.3 PpPL
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TABLE 16-23. (Continued)
Analysis of IgG (mg/dl)

i) Ranch Hands and Comparisons by _Current Dioxin Category - Unadjusted

Current : : ‘ . _

Dioxin . : Difference of _ :
Category n Mean? ‘ Contrast Means (95% C1)®  p-Valuef
Backgound . 759 1042 - All Categories - o 00s8
Unknown 338 9865 Unknown vs, Background AT7- 0008
Low © 192 1,213 - Lowvs Background ~2.9.-- - 0874
High 179 10204 High vs. Background o 38— 0.837
Total - 1468 . (R2=0 005) o

» Rancﬂli‘{f'rl\ia;r‘l‘:t'l‘éf"'i_ﬁlpd Comparisoh's by CUrrént-Dioxin'Catégory_ - Ad_'juste'd

Current S L

Dioxin e S ‘Differenceof Adj. . . . - .Covariate

Category n Contrast Means (95% C.1)®  p-Valuef °~ Remarks

Background 757 1,1203 _ All Categories 0132 RACE (p<0.001)
a R _ | DRKYR (p=0.103)

Unknown 335 . 1 0871 . Unknown vs. Background  -332-- - 0028 CSMOK*PACKYR

Low 190 . ° Lowvs Background S 21—~ . 0915, . (p=0.002)

High - . 175 _ &_ngh VB, Background 18- 0827 o

Total 1457 ._ ®R20082) |

“Trmformed t‘mm‘ nutural loganthrm scdla 3 ' o

®Difference of means,aftér ransformation to- onginal scale, cqnfidence mtervnl on dlfference of mepns not, gwen because
anglysis was, performed on, natural logarithm pcnle- e W c e
P-value is based on dnffermcg of means on natural lqsamhm scnle L

Note: Backgrourid (Comparibons): Current Dioxin <10 ppt. o

" U Utiknbwh (Raneh Hands): - Cutent Dioxin <10 Lo

Low: (Ranch Hands): '15:ppt < Current Dioxin £33.3 p'pt

H1gh (Rmch Hands): Current Dioxin 33,3 ppt. :
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Model 2: Ranch Hands - Log; (Current Dioxin) and Time

In the unadjusted 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=0.815 and p=0.938, 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=0.429 and p=0.811, respectively) under the
minimal and maximal assumptions. -

Model 3: Ranch Hands and Comparisons by Current 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=0.058). The IgG
means for the background, unknown, low, and high current dioxin categories were 1,024.2
mg/dl, 986.5 mg/dl, 1,021.3 mg/dl, and 1,020.4 mg/dl. The contrast of Ranch Hands in the
unknown current dioxin category versus Comparisons in the background current dioxin
category was significant (p=0.008).

The adjusted analysis of IgG exhibited a nonsignificant overall category contrast (Table
16-23 [j}: p=0.132). 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

Model 1: Ranch Hands - Log, (Initial Dioxin) ' _

Under both the minimal and maximal assumptions, the unadjusted analysis of IgM
displayed a nonsignificant association with initial dioxin (Table 16-24 [a) and [b]: p=0.425
and p=0.471, respectively). :

Under the minimal assumption, the adjusted analysis contained a significant interaction
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 O-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 significant negative association
was found between IgM and initial dioxin (p=0.024). For Ranch Hands with more than four
drinks per day, a nonsignificant negative association was found (p=0.210). ‘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=0.268).

Model 2: Ranch Hands - Log, (Current Dioxin) and Time

In the unadjusted analysis under both minimal and maximal assumptions, the interaction
of current dioxin and time since tour 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 (i.e., the

--16-116



* TABLE 16-24.

Analysis of IgM (mg/dl)

| Ranéh Hands - Logj (Initial Dioxin) - Unadjusted

Initial . . Slope : ..
Assumption Dioxin n Mean® (Std. Error)? p-Value
a) Minimal Low 127 113.7 0.014 (0.017) 0425
(n=504) . Medium 252 106.8 : -
(R2=0,001) High 125 - 115.2
b) Maximal Low 180 1173 0,009 (0.013) 0.471
(n=720) Medium 363 109.6 ‘
(R2<0.001) High 177 115.4
Ranch Hands - Logs (Imtlal Dloxm) - Adjusted
Imtlal ‘ Adj.: Ad_] Slope _ _ Covariate
Assumption Dioxin . n Mean? (Std. Error)t  p-Value Remarks
¢) Minimal “Low = 7127 107.5% 0002 (0.018)%* 0.902%* INIT*ALC (p=0.029)
(n=501) Medium 250  99.5%* AGE (p=0.100)
(R2=0.024)  High 124 104.9%% RACE (p=0.049)
d) Maximal  Low 1781080  -0.015 (0.013) ~ AGE '(p=0.048)
(n=711) Medium  360":102.2  ALC (p=0.032).°
(R2 =0.026) 173 DRK YR*RACE (p-o,o40)

H'i'gh ’

105.5

SD e e
B A

Transformed from natural Iogamhm scale,

-bShpe and standard error taged or ndtural Togarithm IgM versus ]ogz dioxin.

**Log, (initial dmxm) by- covariate mteractlon (0, 01<p50 05). adjusted mean, adjust.ed slope, standard error, and p-
value denvad from a model fitted after deleuon of, t.lus interaction.

Nota: ;
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nirdal--Low: 52-93 ppt; Medium: >93.292 pt; High: >292 ppt.
N Mmml—-bow 25- 569 ppt. Medmm >569 18 ppl:; ngh #218 ppt



TABLE 16-24. (Continued)
.. Analysis of IgM (mg/dl)

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

Mean®/(n)
Time ‘ ‘ Slope _

Assumption (Yrs,) Low Medium High (Std. Error)b p-Value

¢) Minimal o : 0.725¢
(n=504) <186 1210 101.0 109.5 0.0006 (0.028) 0.983d
(R2=0.003) (M. oazn - (52 o | _
L C>186° 0 1120 1119 1157 0.013 (0.023) 0.567d

(54) (127) (73) :

f) Maximal . 0.174¢
(n=720) <18.6 125.4 105.8 111.4 -0.033 (0.020) 0.0994
(R2=0.004) C(104) (189) (80) o |

>18.6 111.6 112.3 1179  0.004 (0.018) 0.844d
7 171) (99) : o
Ranch Hands - Log). (Clirrent Dioxin) and Time - Adjusted
Adj. Mean®/(n) |
Time __ _ Adj. Slope _ Covariate

Assumption ~ (Yrs.) Low - Medium High {Std. Error)b p-Value Remarks

¢ Minimal | 0519  AGE (p=0.029)
(n=498) <186 . 1127 909 943 -0.022 (0.029) 04564  RACE*DRKYR
(R2=0.031) : (71) (26 (51} - . '  (p=0.021)

>18.6 1044 1035 1047 . 0.002 (0.024) 0.934d
(54) 124) (72 . R _

h) Meximal . S 0137 AGE (p=0,021)
(n=711) <186 ~ 1148 973 997 - -0.045(0.020) 0.0279  ALC (p=0.033)
(R2=0032) (103)  (188)  (78) - . RACE*DRKYR

>186 1044 1050 1085 . -0.005 (0.018) * 0.7764

(76)  (169) (97) o

(p=0.038)

8Transformed from natural logarithm scale.
YSlope and standard error based on natural logarithm IgM versus log; dioxin.

©Test 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.
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TABLE 16-24. (Continued)
A'nalys'is of IgM (mg/dl) |

i) Ranch Hands and Comi)éris(ms .'by Current Diox'ili Category - Unadjusted

Current .

Dioxin _ _ _  Difference of _
Category n Mean? | ' Contrast_ Means (95% C.L)° p-Valuef
Background 75 1103 All Categories 0079
Unknown 338 1139 Unknown vs. Background 3.6 -- 0.301
Low 192 co 1031 Low vs, Background C T2 0.076
High 179 ‘115.0 High vs. Background 47 -- 0.294

Total 1468 C . (R2=0.005)

_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)¢" 'ﬁ—Valuc_f Remarks
Background 757 - 103.0° - All 'C-E.iegories ' 0.099 AGE {p=0.005)

, L e _ IR RACE (p=0.004)
Unknown 335 106.6 - Unknown vs. Background 36 - 0266 ALC (p=0.005)
Low . 190 96.3 = Low vs, Background 6.7 -- 0.078 DRKYR (p=0.104)
High 175. 1059  High vs. Background 29 -- 0.477 ‘

Total 1457  ©  (R20.021)

Transformed from natural logarﬂ.hm scale. :
€Difference of means after transformation to original scale; confidcnce mterval on difference of means not given
because analysis was performed on natural logatithm scale, {
fp.value is based on difference of means on riatural logarithm scale.
Note Background (Comparisons): Current Dioxin £10 ppt.
Unknown (Ranch Hands): Current Dioxin 10 PRL.
Low (Ranch Hands): .15.ppt.< Current Dioxin <33.3 ppt.
H1gh (Ranch Hands) Current Dioxin >33.3 ppl‘. '
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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=0.099) 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 [g]: p=0.519). 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=0.137). For time less than or equal to
18.6 years, there was a negative association between IgM and current dioxin that was
significant (p=0.027).

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

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=0.079). 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=0.076). ‘

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
(jl: p=0.099). The contrast of Ranch Hands in the low current dioxin category versus
Comparisons in the background current dioxin category was also marginally significant
(p=0.078). : .

Longitudinal Analysis
Laboratory Examination Data

CD4/CD8 Ratio

For the immunologic evaluation, longitudinal analyses were conducted to examine the
change in the CD4/CDS8 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/CDS8 ratio (e.g., minitmal 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. -

16-120-



TABLE 16-25.
Longitudinal Analysis of CD4/CDS Ratio

Ranch Hands - Log (Initial Dioxin)

Mean2/(n)
—L&mm—: i i
Initial Slope
Assumption Dioxin 1985 1987 (Std. Erron)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 . 194
(64) (64)

8Transformed from natural logarithm scale.

bSlope and standard error based on differerice between natural logerithm of 1987 CD4/CD8 ratio and natural logarithm
of 1985 CD4/CDS8 ratio versus logy dioxin,
Note: Minimal--Low: 52-93 ppt; Medium: >93. 292 ppt; High: >292 ppt.

Maximal--Low; 25:56.9 ppt; Medium: >56.9-218 ppi; High: >218 ppt.

Summary statistics for 1985 are: provided for reference purposes for participants who attended the Baseline,
1985, and 1987 examinations.. P values gwen are in réference to a comrast of 1985 and 1987 resulis.

|
i
:
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TABLE 16-25. (Continued)
Longitudinal Analysis-of CD4/CD8 Ratio

Ranch Hands - Logj (Current Dioxi'n) and Time

Mean2/(n)
Current Dioxin
Time Slope
Assumption (Yrs.) Examination Low Medium High (Std. ]E".rror)b p-Value

¢) Minimal " - 0.062¢
(R2=0.022) <18.6 1985 1.75 157 1.60 -0.031 (0.026) -0.240d
(20) (43)  (20) o
1987 - 205 209 1.66
- (20) (43) - (20)
>18.6 1985 169 173 1.63  0.033(0.022) 0.131d
(21) (44)  (26) |
1987 1.87 210 202

21) - (44) (26) -

d) Maximal 0.190¢

(R2=0.020) <18.6 1985 1.70 159 1.65  0.003(0.018) 0.879d
' (30) (60) (27) ‘
1987 193 201 1.84
(30 (60) (2D
>18.6 1985 - 140  1.69 166 - 0.035(0.016)  0.035d
o @2 G 3.

- 1987 151 197 206
| 22) (59 (38)

ATransformed from natural logarithm scale,
l:’Slope and standard error based on difference between natural logarithm of 1987 CD4/CD8 ratio and natural logarithm
of 1985 CD4/CD8 ratio versus log, dioxin.
©Test of significance for homogeneity of slopes (current dioxin continuous, time categorized).
ITest of significance for slope equal 1o 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.
Summary statistics for 1985 are provided for reference purposes for participants who attended. the Basehne,
1985, and 1987 examinations. P-values given are in reference to a contrast of 1985 and 1987 resulls.
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TABLE 16-25. (Continued)
Longitudinal Analysis of CD4/CD8 Ratio

¢) Ranch Hands and Comparisons by Current Dioxin Category

_Mean®/(n) L |

Current . _-Examipation. . : : Difference of

Dioxin e R _ .- Examination Mean - 3

Category ._1-985 1987 - Contrast Change (95% C.L)¢ p-Valuef

Backgrownd 162 193 Al Categories 0404
(270) 270) :

Unknown . 154 180  Unknownvs Background -0.04 --  0.637
(104) (104) : _ . - _

Low 1.58 - 200 = Low vs. Background 010 -- 0.141
(65)  (65) L .

High - 1.66 196 - High vs. Background -~  -0.001 . -- = - 0918
(65) (65) o A . _

(R2=0.006)

#Transformed from natura.l logarithm scale.
eDifference of 1987 and 1985 examination mean changes after transformauon 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 logamhm scale.
Note: Background (Comparisons): Current Diexin <10 ppt.
Unknown (Ranch Hands): Current Dioxin <10 PRt
Low (Ranch Hends): 15 ppt < Current Daoxm <33.3 ppt.
High (Rench. Hands): Current Dioxin >33. 3 PPt
Summary statistics for 1985 are previded for reference purposes for participants who atiended the Baseline,
1985, and 1987 examinations. P-values gwen are ih reference 1o a ‘contrast of 1985 and 1987 results
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Model 1: Ranch Hands - Log) (Initial Dtoxin)

For both the minimal and the maximal long1tud1na1 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 nons:gmﬁcant (Table 16-25 [a] and [b]: p=0.968 and
p=0.234, respectively).

Model 2: Ranch Hands - Log) (Current Dioxin) and Time

Under the minimal assumption, the longitudinal analysis detected a marginally
significant interaction between current dioxin and time since tour (Table 16-25 [¢]: 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/CDS8 ratio between 1985 and 1987 (p=0.131).

Based on the maximal assumption, the longitudinal analysis did not detect a significant
interaction between current dioxin and time since tour (Table 16-25 [d]}: 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 .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.

.Model 3: Ranch Hands and Comparisons by Current Dioxin Category
For the longltudmal analysis of categonzed current dioxin, there was no significant
difference in the change in the CD4/CD8 ratio (1987 relauve to 1985) among the four current
dioxin catcgones (T able 16-25 [e] p-O 404) ‘

DISCUSSION

Background

Immunologic competence was assessed by analysis of data from cell surface marker
studies, immunoglobulin quantitation, functional stimulation assays, and skin tests 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 deﬁcnency, 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 1nclud1n'g 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
1nterpretable skin tests. The 94.9 percent incidence of intact DCH is consistent with 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 in a
sequence of events modulated by macrophages and 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 résponse) 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 of faulty 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 1mmunoglobulms
Invariably, this type of oligoclonal banding is associated with some alteration of the immune
system (e.g., pnmary bone marrow involvement, inappropriate regulation, or -
immunosuppression as in organ transplant recipients). ’I‘hus, both quantitative and
qualitative parameters of the seTum 1mmunoglobu11ns 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, Hematolog'w Assessment d1scusses the. effect of d10x1n on the components of
these cells.

~ The lymphocyuc segment of the i 1mmune response can be broadly evaluated by skin
testing agamst multiple fungal, ‘bacterial, or viral agents. The response to skin tests is
dependent in part on the infection exposure. hlstory of the patient, and so is probably- better
used in the dmgnoms of spec;1ﬁc diseases than in an overall examination of lymphocyte -
function, although it does have the: particular merit of’ dcmons::raung the presence or absence
of the response in vivo where. it 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 diagnosisof
congenital deficiencies of lymphocyte function (PHA) or for the cross-matching of organ
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 turnors. C

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 percentages of any of
these categories can be considered presumptive evidence of an inabiljty to recognize and.
destroy foreign infectious agents or tumor cells. The marker for total T cells was CD2 which
is further broken down into the subpopulations of CD4 (helper cells) and CD8 (suppressor
cells); CD4 and CD$ should be mutually exclusive, The ratio of CD4/CD8 describes whether
the regulation is in balance. Expected values for the CD4/CD8 ratio 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-2
receptor molecules on the surface of lymphocytes. 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 cellilar immunity and the,
ability to mount a B-cell response with production of specific antibodies. . The CD14 marker is
specific for monocytes that are essential for the correct transfer of stimulatory information
from the (foreign) antigen processing segment to the antibody tum-on segment of a B-cell
response.

Interpretation of alterations in the relative amounts of B ¢ells, T.cells and their subsets, -
and monocytes is based on the expectation that all aspects of the immune system must-be.
intact to prevent infections and to guard.against development of tumors with unusual surface
antigens. The antibodies specific for tumors can either help to destroy them 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 sutfaces that similarly call into
play the destructive power of the entire lymphocyte cell liie in an antitumor attack. T cells
stimulated by IL-2 have even greater capacity to attack and destroy foreign cells. Natural =
killer cells have still greater déstructive capacity, but they act on“a rionspecific basis and dre
probably simply’ recruited into regions of foreigh ‘anitigens and tuniots by the other recoghition *
faCtOI‘S. R [T o ',,- o LT coes Tk A .o
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Clinical lnterpr-etat_ion of S.tatistically Significant Results

Immunoglobuhns

The concentrations of IgA observed in this study increased with. alcohol consumption
(5) and are known to occur as an expected consequence of alcoholic cirrhosis, presumably due
to diminished regulation of B-cell responses. These changes in cirrhosis lead to polyclonal
gamopathy with IgA particularly being synthesized out of proportion to nermal, 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 trend would help to determine the clinical interpretation of these results. The
increased IgA levels could represent a chromc 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 lect1n derived from the kidney bean) is a mltogen and as such induces
proliferation or blast transformation of normal lymphocytes in cell culture. This response
entails induction of new deoxyribonucleic acid (DNA) synthes1s that is the basis of
quantifying the PHA stimulation accordmg to the mcorporatlon 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 immunity ‘may result in a spectrum of abnormalities in lymphocyte transformation
from complete to parual 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 surgery and-anesthesia, aging, malnutrition, major
burns, uretma, some malignancies, and other clinical conditions. The in vitro response to
mitogens is also:reduced in immunosuppression (¢.g., cyclosporine) and increased in
1mmunoenhancement (e.g l:reatment wnh mterleukms or mterferon)

~ Because the response of lymphocytes from notmal individuals to PHA can vary
substantially over the concerntration range of the rmtogen employed ‘the PHA assays of this
study were done at three différent concentrations: PHA concentration 1, 36 pg/ml; PHA '
concentration 2, 12 pg/ml; PHA concentration 3,'4 pg/ml. 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 soime saturation and inhibition from the
maximal response. In general, the cpm values were less for PHA concentration 1 (inhibition
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 (saturated response).
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 1nd1y1dua1 is from 65

......

The posmve assoclatlons that were found to be statistically s1gmﬁcant for maxlmum -
PHA net response in t.h1s study are not supportive of an 1mpa1red immune response. -
Variation in the assay.is affected by long-term potency of the mitogen preparation and
- because ‘of fluctuations in the stability and activity of the lymphocytes, depends on a patlent s
recent activities and minor medical 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. The actual data
indicate a statistical difference in PHA data wit.hout corroboration from the MLC analysis. N

In summary, the indices of 1mmunologlc capablhty 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 16-28 summarize 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 dJagnos1s 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 correspondmg
interaction displays in Appendix O for medical plausibility and consistency with the current -
literature. Based on this review, none of these interactions indicated d10xm mediated-
immunosuppression in any subgroup of Ranch Hands.

Physical Examination Variable: Composite Skin Test Dmgnosns

For the composite skin test diagnosis, the unadjusted and adjusted analys1s of thc
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 cohort contained a significant current dioxin-
-by-time-by-age interaction which, when mvest1gated 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 (Phenotyplc) Stud.les

The following cell surface marker variables were analyzed using a natural logant.hrh
transformation; CD2-:¢ells, CD4 cells, CD8 cells, CD20 cells, CDl4 cells, CD25 cells, I—H.A
DR cells, and the CD4/CDS8 ratio. :

Model 1: Ranch Hands - Log; (Initial Dwxm)

Except for the CD4/CD8 ratio, which exhibited a margmally 31gn1ficant positive
association with initial dioxin under the maximal assumption, the unadjusted analyses of the
cell surface marker variables were not s1gn1ficantly associated with initial dioxin (see Table
16-26). A negative association would be expected in the presence of immunodeficiericy. For
the adjusted analyscs, the tmmmal cohort displayed a significant initial d10xm-by-covanate
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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 Adjusted

Variable ' Minimal "~ Maximal Minimal Maximal
Physical Examination
Composite Skin Test

Diagnosis (D} ns ns ns ns
Laboratory
CD2 Cells (C) ns NS b NS
CD4 Cells (C) NS NS NS NS
CD8 Cells (C) S 11 . ns Wk %% (ng)
CD20 Cells (C) NS - NS ** (NS*) NS
CD14 Cells (C) ‘ ‘ NS ns. bl ns
CD25 Cells (C) - ‘ ns NS bl b
HLA-DR Cells (C) ns NS ' bl > (NS)
CD4/CD8 Ratio (C). ) NS NS§* NS - NS*
TLC (C) - ns ' NS ** (ns) NS
Unstimulated PHA Response © NS NS NS 'NS§
PHA Net Response = Conc.'1 (C) NS NS bk ** (ns)
PHA Net Response. - Conc, 2 (C) +0.016 +0.008 N§* NS*
PHA Net Response - Conc. 3 (C) NS NS NS e (NS)
PHA Net Response - S : )

Across Day and Concenu'auon NS* . NS ** (NS) --
Maximum PHA Net : _

Response (C) - +0.005 +0.009 NS§* N§*
Unstimulated MLC Response (C) NS NS* NS : NS
MLC Net Response (C): . NS . NS . NS NS
NKCA 50/1 Net Response (C) . -~ NS ns NS , ns
NKCA. 50/1 Percent Release (C) NS ns ** (NS) ns
NKCI 50/1 Net Response (C) NS§ NS NS NS
"NKCI 50/1 Percent Release (C) NS NS NS NS
IgAa (O) NS +0.009 +0.019 +0.003
IgG () NS NS ** (NS) NS
IgM (C) ‘ NS ns _ ¥ (NS) ns

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk 1.00 or greater for discrete analysis,

--; Not applicable.

NS/ns: Not significant (p>0.10).

NS*: Marginally significant (0.05<p<0.10),

*% (NS)** ns: Logq (initial d:oxm)-by-covannte interaction {O 01<p<0.05); not significant when interaction is

deleted; refer to Appendix Table O-1 for a detailed description of this interaction.
e (NS*): - Logsy (initial chox:h)-by covariate’ interaction (0.01<0. 05); marginally mgruflcant when interaction is
“deleted; refer to Appendix Table O-1 for a detailed description of this interaction.

s#xs: Logs (initlal- dmxm)-by-covmate mteracuon (psO 01), refer to Appendlx Table 0 1 for a detailed descnpuon
" of- this ‘interaction. -

Note: P.value given if p<0.05.
A capital “NS" denotes slope nonnegative for continuous analysis; a lowercase “ns” denotés relative risk less
+than 1.00 for discréte analysis or slope negative for continuous analysis. '
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TABLE'16'27

Summary of Current Dloxm and T:me Analyses for Immunology Variables
Based on Minimal and Maximal. Assumptions

(Ranch Hands Only)
" Unadjusted
Minimal Maximal

Variable CrT <18.6 >18.6 C*T gl8.6 . >186
Physical Examination

- Composite Skin Test : .

Diagnosis (D) NS ns NS NS ns ns

Laboratory
CD2 Cells (C) NS ns ns NS NS . NS
CD4 Cells (C) NS ns NS " NS NS NS
CD8 Celis (C) ns o ns ns ns . NS
CD20 Cells (C) NS NS~ NS NS NS NS*
CD14 Cells (C) NS ns NS NS ns NS
CD25 Cells (C) NS* - 0.028 NS NS ns NS
HLA-DR Cells (C) NS ns NS NS ns NS
CD4/CD8 Ratio (C) ns NS NS ng - NS* "N§
TLC (C) . NS ns - NS NS “ons, NS
Unstimulated PHA Response (C) ns NS NS ns - NS " NS
PHA Net Response (C) ns* + 0.006 NS ns N§ - NS
Maximum PHA Net Response (C) ns +0.002 NS N§ + 0.049 -+ 0.008
Unstimulated MLC Response (C) . ns NS NS . N§~ NS © -7 N§*
MLC Net Response (C) ns NS ns NS ' n§ NS
NKCA 50/1 Net Response (C) * ns NS~ ns o ns - NS ns"
NKCA 50/1 Percent Release (C)°  ns - NS NS ns s "n§
NKCI 50/1 Net Response (C) - ns + N§ ns “ns* NS~ 'ns
NKCI 50/1 Percent Release (C) ns NS - ns ns* NS§* ns
IgA (©) ns NS - NS NS§ NS - “NS*
IgG (©) ns NS§ NS NS " NS ~N§
IgM (C) NS NS NS " ns* NS

C: Continuous analysis.
D: - Discrete analysis.

+: x£18.6 and >18.6: -Slope nonnegat:ve for continuous analysis. -

- £18.6 and >18.6: Slope negative for continuous analys:s '

NS/ns: Not significant (p>0.10).-
NS*/ns*: Marginally significant {0.05<p<0.10).
Notes: P-value given if pg0.05.

C*T:. Logy (current dioxin)-by-time interaction hypothesis test.

. s518.6: Logy (cummt dioxin) hypothesis, test; for Ranch Hands wu.h lime smce end of tou.r of 18 15 years or |

“less.

>18.6: “Logp (current dwxm) hypothesm test for Ranch Hands With nme smce :end,;e;f tou.r"-greater than 18.6

years.

i

A capital “NS“ denotes rela.tlve, nsk/slope for 518 6 category less lhlm relatwe r\isk!slqpa for ui : ~.6'category, ‘

relative risk 1,00 or greater for discrete analysis,
““ns” denotes slope for <18.6 category greater th
_dxscrete ana]ysls. or slope negative for gommuous a.nalys;s

or. slope nonnegative for coentinuous analysis;.
an slope for >18.6 cate

teopel

a_,]pwercase
gory, relative, nsk }es§ than 1.00; for,
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TABLE 16-27. (Continued)

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

(Ranch Hands Only)
Adjusted _
Minimal Maximal
Variable - . 2 C*T £18.6 >18.6 - C*T <18.6 >18.6
Physical Examination
Composite Skin Test : S : S
Diagnosis (D) ' - *H(NS) *#(115) . *%(ng): NS ns ‘ns
Laboratory
CD2 Cells (C) NS ns ns NS ns NS
CD4 Cells (C) **(NS) **(ns) **(NS) **(NS)} **(ns) **(NS)
CD8 Cells (O) NS ns ns ns ns ns
CD20 Cells (C) NS - NS + 0.043 NS ns NS*
CD14 Cells (C) NS ns NS bbb Wk by
CD25 Cells (C) NS* - 0.028 NS NS ns NS
HLA-DR Cells (C) NS ns NS NS ns NS
CD4/CD8 Ratio {C) ns NS ns ns NS* NS
TLC (©) NS* - ns NS NS ns NS
Unstimulated PHA Response (C) NS ns NS ‘ns NS NS
PHA Net Response (C) **(ns*) **(+0.033) **(ns) ns NS NS
Maximum PHA Net Response (C) ns +0.013 NS NS NS - NS+ :
Unstimulated MLC Response (C)  **** o fubaloby **(NS) *¥(NS) **(NS)
MLC Net Response (C) ns ns ns NS ns NS
NKCA 50/1 Net Response (C) ns - NS ns ns* NS ns*
NKCA 50/1 Percent Release (C) ns NS NS . ns NS ns
NKCI 50/1 Net Response (C) - **(ns*) **(+0.027) **(ns) bl bk *kk
NKCI 50/1 Percent Release (C) **(ns*)- **(4+0.025) **(ns) ok ok Eihhx
IgA (C) **(ns) **(NS*) **(NS) *¥(NS)  **(NS) **(+0.027)
IgG (C) ns ‘NS NS ns NS NS
IgM (C) NS ns NS NS -0.027 ns

C: Continuous analysis.
D: Discrete analysis,
+: g18.6 and >18.6: Slope nonnegative for continuous analysis.
-1 £18.6 and >18.6;: Slope negative for continuous analysis.
NS/ns; Not significant (p>0.10).
NS*/ns*: Marginally significant (0.05<p<0.10).
** (NS)/** (ns): Logy (current dioxin)-by-time-by-covariate interaction (0 01<p<0.05); not significant when
: interaction is deleted; refer to Appendix Table O-1 for a detailed description of this interaction.
¥* (NS*)/** (ns*): Log, (current dioxin)-by-time-by covariate interaction (0.01<p<0.05); marginally significant
when interaction is deleted; refer to Appendix Table O-1 for a detailed description of this
. interaction, ) _
** (...): Logy (current dioxin)-by-time-by-covariate interaction (0.01<p<0.05); significant when interaction is
deleted; refer to Appendix Table O-1 for a detailed description of this interaction.
#e#*: Logy (current dioxin)- by-time-by-covariate mteracnon (p<0.01); refer to Appendix Table O-1 for a detailed
. description. of this mteractlcm :
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TABLE 16-27, (Continued)

Summary of Current Dioxin and Time Analyses for Inmunology Variables
Based on Minimal and Maximal Assumptions
(Ranch Hands Only)

Notes: P-value given if p<0.05,

C*T: Logy (current dioxin)-by-time interaction hypothesis test.

' %18.6: Logy (current dioxin) hypothesis test for Ranch Hands with time since end of tour of 18.6 years or
less.

>18.6: Logy (current dioxin) hypothesis test for Ranch Hands with time since end of tour greater than 18.6
years,

A cepital “NS” denotes relative risk/slope for 18.6 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 <18.6 category greater then 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 Catégb;i'z_gd Curr.ent Dioxin Analyses for
Immunology Variables
(Ranch Hands and Comparisons)

Unadjusted
Unknown Low High
‘ All . VErsus versus versus

Variable ___Categories  Background - Background Background
Physical Examination
Composite Skin Test Diagnosis (D) NS - N§ NS NS
Laboratory
CD2 Cells (C) NS S NS NS
CD4 Cells (C) . NS ns NS NS
CD8 Cells (C) NS NS ns NS§
CD20 Cells (C) NS - NS NS NS§*
CD14 Cells (C) NS ns ns ns
CD25 Cells (C) NS NS ns ‘NS
HLA-DR Cells (C) NS : NS NS " NS .
CD4/CD8 Ratio (C) NS ~ n§* NS ‘NS
TLC (C) . ‘ NS . ns§ NS NS
Unstimulated PHA Response ) NS - n§ NS NS
PHA Net Response - Cone. 1 (C) - NS§ NS - NS NS
PHA Net Response - Cong. 2 (C) 0042 ns . NS : +0.025
PHA Net Response - Conc. 3-(C) : - NS S NS NS
PHA Net Response - Across Day - S

and Concentration (C) NS ns N§ NS+
Maximum PHA Net Response (C) - 0,037 I 1] NS : - +0.022
Unstimulated MLC Response (C) NS* NS ‘NS . +0.011
MLC Net Response (C) NS - 'NS NS - ns
NKCA 50/1 Net Response (C) - NS - NS ns . ns
NKCA 50/1 Percent Release (C) NS ~. NS ns* - ns
NKCI 50/1 Net Response (C) - NS ns NS§ ns
NKCI 50/1 Percent Release (C) NS - ns NS ns
IgA (©) 6013 - - --0.003 ns NS
1gG (C) _ NS* -0.008 ns ns
IgM (C) NS* NS ns* NS

C: Continuous analysis,

D: Discrete a.nalysls

+: Difference in means nonnegative for continuous analysis.

-: Difference in means negative for continuous analysis.

NS/ns: Not significant (p>0.10).

NS*/ns*; Marginally significant (0.05<p<0.10).

Note: P-value given if pg0.05. :
A capital “NS™ denotes relative risk 1.00 or, greater for dlscrete analysxs or d:fference in means nonnegatwe for
continuous ana]ysls, a lowercase “ns” denotes difference in. means negatwe for continuous. analysls, ] cap1ta1
“NS” in the first column does not imply directionality. : .
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TABLE 16-28. ('Continue_d)

Summary of Categorized Current DidxinAnalyses for
Immunology Variables
(Ranch Hands and Comparisons)

Adjusted
. Unknown Low High
All - Yersus versus versus
Variable . Categories ~_ ‘Background Background Background
Physical Examination
Composite Skin Test Diagnosis (D) NS . NS NS§* NS
Laboratory
CD2 Cells (C) *¥NS **(ns) **(NS) **(NS)
CD4 Cells (C) NS ns NS NS
CD8 Cells (C) NS NS ns NS
CD20 Cells (C) **(NS) **(NS) **(NS) **(NS)
CD14 Cells (C) NS ns ns ns
CD25 Cells (C) NS NS ns NS
' ]’{LA_DR Cells (C) o e o ook e aeaeakoak - WkkaE
CD4/CD8 Ratio (C) NS ns* NS NS
TLC (C) NoRNOk LT sk ook ok
Unstimulated PHA Response (C) NS ns "N§- NS~
PHA Net Response - Conc. 1 (C) NS NS . NS NS
PHA Net Response - Conc. 2 (C) NS ns " NS NS*
PHA Net Response - Conc. 3 (C) Wk ok bbb ok
PHA Net Response - Across Day and -
Concentration (C) o NS NS NS NS’
Maximum PHA Net Response (C) NS ns ‘NS ~NS*
Unstimulated MLC Response (C) NS NS NS: +0.038
MLC Net Response (C) ’ NS NS NS ns
NKCA 50/1 Net Response (C) NS NS ns ns
NKCA 50/1 Percent Release (C) NS NS ns ns
NKCI 50/1 Net Response (C) ke ol e Ak ek e
NKCI 50/1 Percent Release (C). **(NS) **(ns) **(ng) - *¥(ng)
IgA (C) 0.007 -0.003 ns NS
IgG (©) " NS - -0.028 NS NS
IgM (©) "~ NS+ NS ns* NS

C: Continvous analysis.
D: Discrete analysis.

+: Difference in ineans nennegative for continuous analysis.
- Difference in means negative for continuous analysis,

NS/ns: Not significant (p>0.10).

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

** (NS)** (ns): Categorized' current dioxin-by-covariate interaction (0.01<p<0.05);

: is deleted; refer:-to: Appendix: Table O-
Logy (current:dioxin)-by-time-by-covariate interacti
description of this interaction.

vy,

Note: P-value given if ps0.05.

A capital “NS” denotes relative risk 1.00 or greater for discrete analysis
continuous analysis; a lowercase

ns"” denotes difference in-

“NS” in the first column does not imply directionality.
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“TABLE 16-29.

Summary of Dnoxm-by-Covarlate Interactlons from. Adjusted Analyses of
Immunology Variables . _

Variable : Assumption Covariate

Model 1' Ranch Hands Logz (Imtial Dioxm)

CD2 Cells . o e ;__._Mannmal : ALC

CD8 Cells ‘ . Minimal ‘'DRKYR

CD8 Cells 7 o L Maximal ALC

CD20 Cells ' S Minimal AGE

CD14 Cells -~ = - L ‘Minimal - ALC, PACKYR :
CD25 Cells. S -~ Minimal CSMOK ,PACKYR,DRKYR
CD25 Cells S : _ ‘Maximal - ... . CSMOK,PACKYR,DRKYR,
HLA-DR Cells . S 5 Minimal . = AGE

HLA-DR Cells . ‘ _ ~ Maximal . AGE, ALC

TLC B ' ‘ ' Minimal ' ALC

PHA Net Response - Conc. | Minimal DRKYR'

PHA Net Response - Conc. 1 _— Maximal PACKYR

PHA Net Response - Conc. 3 co Maximal, ALC | i

PHA Net Response’ 7 Minimal |~ PACKYR |

NKCA 50/1 Percent Rele.ase ' " Minimal . ‘ CSMOK.DRKYR

1gG ' ' o Minimal ' DRKYR o

IgM e e e Mlmmal ...+ ALC:

Model 2: Ranch Hands Logz (Current Dloxm) and Tlme

Composite Skin Test Dmgnosns v . Minitnal - AGE -

CD4 Cells b - -""-=M1nimal ~ -+ DRKYR"

CD4 Cells .- - : DL Ma-ximal o -« AGE .
CD14 Cells ... Maximal . . .PACKYR
PHA Net Regponset ' Minimal DRKYR
Unstimulated MLC : " Minimal DRKYR
Unstimulated MLC S s sl vaoMaximal - 0 o “PACKYR
NKCI 50/1 Net Response : -+ _-Minimal . RACE

NKCI 50/1 Net Response . = - .~ - . ., .:¢=_Max1mal .- RACE.

NKCI 50/1 Percent Release .~ Minimal - RACE"

NKCI 50/1 Percent Release - o Maximal 0 RACE

IgA- R " Minimal - © CSMOK -
IgA - : W s -'Ma'_xi'mal' .o CSMOK -

‘Model'3“:' Ranch Hands and Comparlsons by Current Dioxm Category

CD2Cells. . - - o . . . == ... . . AGEDRKYR.
CD20 Cells . . e e e , AGE .

HLA-DR CelIs L L R RS AGE

TLC T S """'."‘AGEDR’KYR '

PHA: N’etfResponse Conc.3 0 o Ta e ALC c
NKCI 50/1 Net Response . " i oot T oams von v o RACEALCG St
NKCI 50/1 Percent Release - . . e w0 n o, - RACEALG,DRKYR

T R o . L - e ) p e

"

tAcross mitogen harvest day and mitogen concentration.
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interaction for all cell surface marker variables except CD4 and the CD4/CDS8 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/CDS8 ratio and initial dioxin.

Model 2: Ranch Hands - Log, (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=0.028) for Ranch Hands with later tours (i.c., <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/CDS8 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 (i.e.,
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=0.043). 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 CD14 cells under the maximal assumption exhibited a significant
interaction among current dioxin, time, and lifetime cigarette smoking history.

Model 3: 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/CDS8 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. An additional adjusted model without these interactions displayed a
nonsignificant overall contrast for CD2 ‘cells. 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. :

Longitudinal Analysis of CD4/CD8 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

Model I: Ranch Hands - Log; (Initial 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. : |

Model 2: Ranch Hands - Log; (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 TL.C 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. : '

Model 3: Ranch Hands and Comparisons by Current Dioxin Category

The unadjusted analysis indicated 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 of TLC 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 5071 net response; NKCA 50/1 percent release; NKCI 50/1 net
response; and NKCI 50/1 percent release. o g "
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PHA Response o : - ' ' _

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 (i.e., increase in minimal threshold for response).

Model 1: Ranch Hands - Log; (Initial Dioxin) . :
Under both assumptions, the unadjusted and adjusted analysis of unstimulated PHA
response exhibited nonsignificant associatiOn’s 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 performed at each mitogen concentration. C

For mitogen concentration 1, the unadjusted analyses for both cohorts were
nonsignificant. For the adjusted analyses of PHA at mitogen concentration 1, 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. : N ' '

For mitogen concentration 2, the unadjusted analyses of PHA 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 résponse 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 performed 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 and 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=0.005 and p=0.009 for the
minimal and maximal assumptions). For the adjusted analyses of the maximum PHA net
response, both cohorts exhibited marginally significant positive associations. g
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Model 2: Ranch Hands - Log, (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=0.006) 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. In the adjusted analysis 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=0.033)
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=0.002) 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 (time<138.6, p=0.049 and '
time>18.6, p=0.008) 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=0.013) 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, there was a marginally significant
positive association for time over 18.6 years. o '

Model 3: Ranch Hands and Comparisons. by Current Dioxin Category SREE
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 a result of an interaction between catégorized current dioxin and mitogen
concentration, the unadjusted and adjusted analyses of PHA net response were performed
separately at each mitogen concentration. For mitogen concentration 1, 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=0.042) that was accompanied by a significant high versus background contrast (p=0.025).
The adjusted analysis of the PHA net response at mitogen concentration 2 exhibited a
nonsignificant overall contrast and a marginally significant contrast for the high versus
background: categories. For the two high versus background contrasts, Ranch Hands
exceeded Comparisons on PHA net response. The unadjusted analysis of PHA net response
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at mitogen concentration 3 was nonsignificant. The adjusted analysis contained a significant
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, but the high versus background
contrast was marginally significant with Ranch Hands exhibiting a higher response 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=0.037) and the high versus background contrast was also significant (p=0.022)
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

Model 1: Ranch Hands - Log; (Initial Dioxin) _

For unstimulated MLC response, the unadjusted analysis under the minimal _
assumption exhibited a nonsignificant association with initial dioxin. Under 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. - R ' ' -

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

Model 2: Ranch Hands - Log,; (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. | o : L )

For ML.C net response, the unadjusted and the adjﬁstcd ana'llyse's of both a_Ssump‘ﬁQns.

contained nonsignificant interactions between current dioxin and time since tour. -

Model 3: Ranch Hands and Comparisons by Current Dioxin Category _ -
In the unadjusted analysis of unstimulated MLC response, the overall contrast of Ranch
Hands in the unknown, low, and high current dioxin categories and Comparisons in the
background current dioxin, category was marginally nonsignificant. ‘The high versus TR
‘background contrast of unstimulated MLC response was significant (p=0.011), 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=0.038) with the Ranch Hands in the high current dioxin
category being greater on unstimulated MLC than the. Comparisons. :

For both the unadjusted and the adjustcd 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. S

Natural Killer Cell . L - S

Both stimulated and Interleukin 2 stimulated 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.

Model 1: Ranch Hands - Log, (Initial Dioxin) _

The unadjusted and adjusted analyses displayéd-nonsigniﬁcant associations betwee
NKCA 50/1 net response and initial dioxin under both assumptions. _ :

~ Similarly, under both assumptions, the unadjusted analysis of NKCA-50/1 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 maxima),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 NKCI-50/1 net response and initial
dioxin, as well as NKCI 50/1 percent release and initial dioxin. : o
Model 2: Ranch Hands - Log; (Current Dioxin) and Time U

For NKCA 50/1 net response and NKCA 50/1 percent release, the unadjusted 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 bétween current
dioxin and time since tour. Under the maximal assumption, 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 50/1 percent release displayed a nonsignificant -

current dioxin-by-time interaction under the maximal‘assumption.-

' Under the minimal assumption, thc',_ilriadjiiSisdfa:ialy_sis of NKCI 50/1 net response and
NKCI 50/1 percent release displayed nonsignificant interactions between current dioxin and

16-141



~ time since tour. Under the maximal assumption, the unadjusted analysis of NKCI 50/1 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 50/1 variables. For time greater than
18.6 years, there were nonsignificant negative associations with current dioxin for both NKCI
5071 net response and percent release. ‘ : " :

Under the minimal assumption, the adjusted analyses of NKCI 50/1 nét response and,
NKCI 50/1 percent release both contained a significant interaction among current dioxin, time,
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. C _

Model 3: Ranch Hands and Comparisons by Current 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. - Coe

In the adjusted analysis of NKCA 50/1 net response and NKCA 50/1, 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
alcohol use. In the adjusted analysis of NKCI 50/1 ‘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 overall contrast for that model was nonsignificant:

Quantitative Immunoglobulins =~ R | \

~ - Serum immunoglobulins may show either increases or decreases related to
immunodeficiencies or malignancy. Severe defects of B cells can result in near absence of
IgG, IgA, 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, there is proliferation of a single ‘
(malignant) clone of cells that inappropriately synthesize a monoclonal immunoglobulin (IgG,
IgA, IgM, IgD, or IgE; with only kappa or lambda light-chain type) (e.g., multiple inyeloma, .
Waldenstrom®s macroglobulinemia). In other disorders involving'T cells such as AIDS, there
is frequently a polyclonal increase of ‘all serum immunoglobulins due to impaired (down)
regulation of their synthesis. Liver disease aiid especially cirrhosis are also well known to’
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