Table 13-59. Analysis of Transferrin (Continuous} (mg/di) (Continued)

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

Diﬂ‘ez-ence of: A&u Meéan
. vs. Comparisons

; -l)i('sx_in .Categor_y. om0 Mean® Ad,] Mean‘“ (5% CLY . - ip+Value?
Comparison COL194 249.5 C 2495 ' N
Background RH 376 2509 250.9 1.4 -- 0.480
Low RH 236 2519 2519 24 - 0.328
High RH 240 256.0 255.9 6.4 - 0.010
Low plus High RH 476 254.0 253.9 4.4 -- 0.019

* Transformed from natural logarithm scale.
® Adjusted for percent body fat at the time of the blood measurement of dioxin,
‘ Difference of means after transformation to original scale; confidence interval on difference of means not presented
because analysis was performed on natural logarithm scale.
¢ P-value is based on difference of means on natural logarithm scale.
Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

(£ MODELS RANCH HANDS AND: COMPARISONS BY. I)IOXIN CATEGORY ADJ USTED -

IR i R R b Coe :_::_:___ L vs,Comparisons e P

-Dioxin-cmgwy St me oo AdjiMean® C@S%CL . pValue'
Comparison 1,193 243.0 ' '
Background RH 374 245.2 22 - 0.282
Low RH 235 246.1 31 0.200
High RH 238 247.9 49 -- 0.050
Low plus High RH 473 247.0 4.0 -- 0.032

® Transformed from natural logarithm scale.
® Difference of means after transformation to original scale; confidence interval on difference of means not presented
because analysis was performed on natural logarithm scale,
¢ P-value is based on difference of means on natural logarithm scale.
Note: RH = Ranch Hand.

Comparison: 1987 Dioxin < 10 ppt.

Background (Ranch Hand): 1987 Dioxin < 10 ppt.

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

5(.:8)_.MODEL L _RANCH HANDS - 1987 DIOXIN - UNADJUSTEB o S i;}f-;.. B

08 Dmxm Categary Summry Stahsﬁm YR Am!ysis-‘Rwults for Log,, {1987 Dioxin +1):

B ST L LR R i e Adjusmdswlge
1987 Dmxin SR -n__'_ S Mean (Std. Error)’. -__p.-Value _

Low 283 231.0 0.005 (0.003) 0.082

Medium 285 2514

High 284 255.3

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

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

13-174

‘\.._./"




Table 13-59. Analysis of Transferrin (Continuous) (mg/dl} (Continued)

“(h) MODEL 4: RANCH HANDS — 1987 DIOXIN AD.HUSTED

1987 l)noxm Category Summary StBtlSthS R Analysis Resuit.s for Logz (1987 Dwxin + 1)

A o L AdjustedSlege

CaDioximT T T A o Ad; an :;_ i "R2 ~(Std. Exrory’ p-Va!ue
Low 283 247.6 0.014 0.003 {0.004) 0.385
Medium 283 247.8
High 281 249.9

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

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

The unadjusted and adjusted Model 2 results were not significant (Table 13-59(c,d): p>0.59 for each
analysis). The unadjusted Model 3 analysis revealed Ranch Hands in the high dioxin category and Ranch
Hands in the low and high dioxin categories combined to be significantly different from Comparisons
(Table 13-59(e): difference of means=6.4 mg/di, p=0.010; difference of means=4.4 mg/dl, p=0.019,
respectively). The adjusted analysis revealed the same two contrasts to be significant: Ranch Hands in
the high dioxin category versus Comparisons and Ranch Hands in the low and high dioxin categories
combined versus Comparisons (Table 13-59(f): difference of adjusted means=4.9 mg/dl, p=0.050;
difference of adjusted means=4.0 mg/dl, p=0.032, respectively). The adjusted mean levels of transferrin
for Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories
combined, and Comparisons were 247.9 mg/dl, 247.0 mg/dl, and 243.0 mg/dl, respectively.

A marginally significant association between 1987 dioxin and transferrin was shown in the unadjusted
Model 4 analysis (Table 13-59(g): slope=0.005, p=0.082). After covariate adjustment, the results
became nonsignificant (Table 13-59(h): p=0.385).

13.2.2.3.51 Transferrin (Discrete)

Both the unadjusted and adjusted Model 1 analyses of transferrin revealed a significant overall group
difference between Ranch Hands and Comparisons (Table 13-60(a,b): Est. RR=0.73, p=0.036;

Adj. RR=0.71, p=0.027, respectively). The percentage of low transferrin values among the Ranch Hands
was 8.1 versus 10.9 for Comparisons. After stratifying by occupation, both the unadjusted and adjusted
Model 1 analyses showed marginally significant differences between Ranch Hands and Comparisons
within the officer stratumn (Table 13-60(a,b): Est. RR=0.64, p=0.083; Adj. RR=0.63, p=0.070,
respectively). The percentage of low transferrin values among Ranch Hand officers was 7.1 versus 10.6
among Comparison officers.
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Table 13-60. Analysis of Transferrin (Discrete)

(a,) MODEL 1:. RANCH HANDS VS COMPAR[SONS UNADJUSTED

Occupanonal T e Number{%) li‘.st.RelauveRisk

iCgory et e G OB (95% CJLy~ © p-Value

All Ranch Hand 859 70 (8.1) 0.73 (0.54,0.98) 0.036
Comparison 1,231 134 (10.9)

Officer Ranch Hand 340 24 (7.1 0.64 (0.39,1.06) 0.083
Comparison 490 52 (10.6)

Enlisted Flyer = Ranch Hand 150 15 (10.0) 0.87 (0.43,1.75) 0.691
Comparison 185 21 (11.4)

Enlisted Ranch Hand 369 31 (8.4) 0.74 (0.47,1.17) 0.202

Groundcrew Comparison 556 61 {11.0)

(b)) MODEL 1:: RANCH BANDS VS. COMPARISONS ~ A

_‘Occupational Category -

All ' T 0.71(0.52,0.97) 0.027
Officer 0.63 (0.38,1.04) 0.070
Enlisted Flyer 0.83 (0.41,1.68) 0.601
Enlisted Groundcrew 0,74 (0.47,1.18) 0.208

--_(c)MonELz RANCH HANDS -INITIAL moxm““"

Tow 158 15 9.5) ) (077127)

Medium 159 13(8.2)
High 159 11 (6.9)

0931

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

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

353 (0.69,1.24)

* Relative risk for a twofold increase in initial dioxin.
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e Table 13-60. Analysis of Transferrin (Discrete) (Continued)

()

{e) MODEL 3:. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED_

S i Number(%) o Est RelativeRisk - -
- D:__o‘x.l_n'Categowi BT |_1_'.' L “Low . C(@95%CL* . : -_p-Va_lue
Comparison 1,194 ) 133 (11.D)
Background RH 376 31 (8.2) 0.72 (0.48,1.09) 0.121
LowRH 236 23 (9.7) 0.86 (0.54,1.37) 0.526
High RH 240 16 (6.7) 0.57 (0.33,0.97) 0.039
Low plus High RH 476 39 (8.2) 0.70 (0.48,1.02) 0.062

® Relative risk and confidence interval relative to Comparisors.
® Adjusted for percent body fat at the time of the blood measurement of dioxin.
Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

.(0 MODEL 3: RANCH HANDS AND COMPARISONS_BY DIOXIN CA'I‘EGORY ADJUSTED o

. Tl et Adjusted Reia&ve Risk s
Dioxm Category n',-*'- St (95% CIy* B 'p&V;a__lue i
Comparison 1,193
Background RH 374 0.73(0.48,1.11) 0.142
Low RH 235 0.78 (0.49,1.26) 0311
High RH 238 0.57 (0.32,0.99) 0.045
( } Low plus High RH 473 0.66 (0.45,0.98) 0.039

* Relative risk and conftdence interval relative to Comparisons.

Note: RH = Ranch Hand.

Comparison: 1987 Dioxin £ 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.

Low (Ranch Hand): 1987 Dio

xin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.

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

Ag) MODEL.4;: RANCH iI‘IANDS

~1987 DIOXIN - UNADJUSTED

1987 Dioxin C , : ,Ana:ysisnmus for Logz(1987 Dioxm+l)
CoTaesT o . Number (%), . -,a:.f-imnsated Relative
Y Dioxin " S Lews L (95% CLY -
Low 283 21 (7.4) I.03 (0.88,1.22) 0.710
Medium 285 26 (9.1)
High 284 23 (8.1)
“ Relative risk for a twofold increase in 1987 dioxin.
Note: Low =<7.9 ppt; Medium = >7.9-19.6 ppt; High =>19.6 ppt.
(h) MODEL4 RANCH HANDS - 1987 DIOXIN -ADTUSTED _ SEEN
‘ o Aml,yms Results for Log, (1987 Dioxin + 1) e
R ' Adjustedkelativemsk -
847 1.03 (0.85,1.24) 0.785

? Relative risk for a twofold increase in 1987 dioxin.
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No significant association between initial dioxin and transferrin was found in the unadjusted or adjusted
Model 2 analyses (Table 13-60(c,d): p>0.61 for each analysis). The unadjusted Model 3 analysis of
transferrin revealed significant differences between Ranch Hands in the high dioxin category and
Comparisons, as well as between Ranch Hands in the low and high dioxin categories combined and
Comparisons (Table 13-60(e): Est. RR=0.57, p=0.039; Est. RR=0.70, p=0.062, respectively). The same
contrasts were significant after adjusting for covariates (Table 13-60(f): Adj. RR=0.57, p=0.045, for
Ranch Hands in the high dioxin category versus Comparisons; Adj. RR=0.66, p=0.039, for Ranch Hands
in the low and high dioxin categories combined versus Comparisons). The percentages of low transferrin
values among Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin
categories combined, and Comparisons were 6.7, 8.2, and 11.1, respectively. The unadjusted and
adjusted Model 4 analyses were nonsignificant (Table 13-60(g,h): p>0.71 for each analysis).

13.2.3 Longitudinal Analysis

Longitudinal analyses were conducted on AST, ALT, GGT, cholesterol, HDL cholesterol, the cholesterol-
HDL ratio, and triglycerides to examine whether changes across time differed with respect to group
membership (Model 1), initial dioxin (Model 2), and categorized dioxin (Model 3). Model 4 was not
examined in longitudinal analyses because 1987 dioxin, the measure of exposure in these models, changes
over time and is not available for all participants for 1982 or 1997.

Discrete and continuous analyses were performed for all variables. The longitudinal analyses for all of
these variables investigated the difference between the 1982 and 1997 examinations. These analyses
were used to investigate the temporal effects of dioxin during the 15-year period between 1982 and 1997.

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

Participants who were abnormal in 1982 were not included in the longitudinal analysis of discrete
dependent variables. The purpose of the longitudinal analysis was to examine the effects of dioxin
exposure across time. Participants who were abnormal in 1982 were not considered to be at risk for
developing the condition, because the condition already existed at the time of the first collection of data
for the AFHS (1982). Only participants who were normal at the 1982 examination were considered to be
at risk for developing the disease; therefore the rate of abnormalities under this restriction approximates
an incidence rate between 1982 and 1997. That is, an incidence rate is a measure of the rate at which
people without a condition develop the condition during a specified period of time (67). Summary
statistics are provided for reference purposes for the 1985, 1987, and 1992 examinations.

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

The cutpoints for all of these variables except the cholesterol-HDL ratio differed between examinations.
The cutpoints changed between examinations because a different laboratory was used to perform the
analysis or because an upgrade in the equipment used caused a change in the reference values. This
upgrade in equipment may have affected the mean level or the percent abnormal for the dependent
variable between examinations. These cutpoints were used for determining abnormal and normal
classifications for each of the respective examinations and are shown in Table 13-61.
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Table 13-61. Normal Ranges from Air Force Health Study Examinations for Dependent Variables
Used in Longitudinal Analysis

Dependent Variable oo .. - - Exgminaon R
Co o (Unlts)y o 108 T LR R 1992 - 1097
AST (UN) <41 =47 <47 <50 <37
ALT (UA) <45 <36 <36 <55 <65
GGT (U/D) <85 <85 <85 <51 <85
Cholesterol (mg/dl) <240 <250 <250 <250 <260
(Age <40) (Age <45) (Age <45) (Age <45) (Age <50)
<265 <260 <260 <260 <250
(Age >40) (Age 45-69) (Age 45-69) (Age 45-69) (Age =50)°
<250 <250 <250
(Age 270) (Age 270) (Age 270)
HDL (mg/dl) 225 230 230 230 232
(Age <50) (Age <40) (Age <40) (Age <4()
232 225 =225 225
(Age 250) (Age 40-44) (Age 4044} (Age 40-44)
230 230 230
(Age 245) (Age 245) (Age 245)
Triglycerides <150 <320 <320 <320 <200
(mg/dl) (Age <40) (Age <55) (Age <55) (Age <55)
<160 <290 <290 <290
(Age 40-49) (Age 55-64) (Age 55-64) {Age 55-64)
<190 =260 <260 <260
(Age 250) (Age =265) (Age 265) (Age 265)

* Cutpoint lower for cholesteral for older participants per manufacturer’s recommendation,

13.2.3.1 Laboratory Examination Variables

13.2.3.1.1 AST (Continuous)

The analyses in each of Models 1 through 3 did not reveal a significant association between dioxin and
the change in mean AST levels between 1982 and 1997 (Table 13-62(a—): p>0.37 for each analysis).
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Table 13-62. Longitudinal Analysis of AST (U/l) (Continuous)

{a) MODEL 1: RANCH HANDS VS, COMPARISONS

. Growp -

1982

1988

1997

1982 - 1985 1992 199

Ranch Hand 32.61 33.33 23.03 2299

(804) (787) (778)  (804)

Comparisen 3248 33.47 23.59 22,89

(956) (938) (933) (956)

Officer Ranch Hand  32.69 34.01 23.69 23.29
309y (304) (300) (309

Comparison  32.86 33.57 24.00 23.31

(377 (37D 31 37D

Enlisted Ranch Hand 3189 3224 21.14 22.19
Flyer (146) (143) (143 (146)
Comparison  33.02 3353 23.30 22.87

(142) (141 (138 (142)

Enlisted Ranch Hand 32,84 33.18 2328 23.06
Groundcrew (349) (340) (335) (349)
Comparison  31.98 33.36 2332 22.54

(437)  (426) (425) (437

 Transformed from natural logarithm scale.

® Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of natural logarithm of AST; results adjusted for natura! logarithm of AST in 1982 and

age in 1997,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
19835, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 ¢xaminations. Summary statistics for 1992 are provided for reference purposes

for participants who attended the 1982, 1992, and 1997 examinations.
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Table 13-62. Longitudinal Analysis of AST (U/I) (Continuous) (Continued)

Imtiai l)mxm Category Summary Statistits Analys:s Results for Logz (Initial Dioxin)*‘ S

e E"am‘“a“"“ _:ﬁ' > ,djustedg ope’ oo
iniﬁa!'moﬁn : 1982 1985 339.'92' S 1997 - (Std. Error) ~p-Value
Low 33.11 34.06 2546 22.57 23.39 -0,004 (0.012) 0.731

(151) (147 (150) (146) {151)
Medium 33.39 34.46 26.08 23.18 23.64

(156) (154) (152) (152) {156)
High 3354 3333 25.86 23.82 23.56

{151) (148) (146) (148) {151)

* Transformed from natural logarithm scale.

> Results based on difference between natural logarithm of 1997 AST and natural logarithm of 1982 AST versus
logy (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural
logarithm of 1982 AST, and age in 1997,

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

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

.(c) MODEL 3:- RANCH HANDS AND/COMPARISONS BY DIOXIN CA’l‘FJ‘G‘aOR’Y

Comparison 3246 33.50 2535 2354 2287 959

(929)  (913) (903}  (907)  (929)

Background 3170 3254 2513 2278  22.22 -9.48 0.11 0.574

RH (340)  (333)  (325)  (327)  (340)

Low RH 3275 3441 2559 2305 2340 -9.34 0.25 0373
(226) (2200 (222)  (218)  (226)

High RH 3394 3351 2600 2332 2365 -10.29 -0.70 0.911
(232)  (229) (226)  (228)  (232)

Low plus 3335 3395 2580  23.19  23.53 9.82 -0.23 0.520

High RH (458)  (449)  (448)  (446)  (458)

* Transformed from natural logarithm scale.

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

¢ P-value is based on analysis of natural logarithm of 1997 AST; results adjusted for percent body fat at the date of
the blood measurement of dioxin, natural logarithm of 1982 AST, and age in 1997. '

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

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

All longitudinal analyses of the participants with high AST levels in 1997 that were normal in 1982 were
nonsignificant (Table 13-63(a—): p>0.15 for each analysis).

Table 13-63. Longitudinal Analysis of AST (Discrete)

+ RANCH HANDS V5. COMPARISONS

Ran

(804) (787) (778) (778) (804)

Comparison 122 (12.8) 70 (7.5) 26 (2.8) 31(3.3) 60 (6.3)
(956) (938) (929) (933) (956)

Officer Ranch Hand 34 (11.0) 24 (7.9 144N 113.7) 21 (6.8)
(309) (304) (301) (300) (309)

Comparison 52 (13.8) 24 (6.5) 13 (3.6) 14 (3.8) 23 (6.1)
37N 371 (363 (370) 377

Enlisted Flyer Ranch Hand 16 (11.0) 74.9) 4(2.8) 10.7) 10(6.8)
(146) (143) (141) (143) (146)

Comparison 20 (14.1) 13 (9.2) 5(3.6) 6(4.3) 12 (8.5)
(142) (141) (140) (138) (142)

Enlisted Groundcrew  Ranch Hand 49 (14.0) 20 (5.9) 13 (3.9) 9027 29 (8.3)
(349) (340) (336) (335) (349)

Comparison 50(11.4) 3307 819 11 (2.6) 255D
{437) (426) (426) (425) {437)

chHand  99(123)  SI(65) 310 37 o5

U Normalin1982° . - "o
<ot Numib dj. Relative R

Ranch Hand 705 35 (5.0) 1.13(0.70,1.81) 0.614
Comparison 834 37 (4.4)

Officer Ranch Hand 275 11 (4.0} 0.87 (0.39,1.93) 0.735
: Comparison 325 15 (4.6)

Enlisted Flyer Ranch Hand 130 6 (4.6) 0.69 (0.23,2.05) 0.506
Comparison 122 8 (6.6)

Enlisted Ranch Hand 300 18 (6.0) 1.68 (0.82,3.45) 0.153
Groundcrew Comparison 387 14 (3.6)

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

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 exanudnations. Statistical analyses are based only on
participants who had a normal AST level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-63. Longitudinal Analysis of AST (Discrete) (Continued)

: (b) MODEL 2:. RANCH HANDS lNITIAL DIOXIN

3 Number {%} H]gh!(n) ”
Low 17 (11.3) 11(7.5) 6 (4.0) 4 (2. 11(7.3)
(151} (147} (150) (146) (151)
Medium 30(19.2) 11 (7.1} 4 (2.6) 4 (2.6} 20 (12.8)
(156) (154) (152) (152) (156)
High 23(15.2) 11(7.4) 7 (4.8) 4 (2.7 14 (9.3)
(151) (148) (146) (148) (151)

T AnalYSIsResultsforLogz(Im&“lexin)‘

o -fAi’n. Relative Risk '
O5% C.LP

1.18 (0.87,1.59)

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

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

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

(c) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOX

_ DioxinCategory " 1982 . 1985 .- J987 o 10920 oo N
“Comparison 118 (12.7) 69 (7.6) 25 (2.8) 30 (3.3) 59 (6.4)
(929) (913) (903) (907) (929)
Background RH 27 (1.9) 18 (5.4) 14 (4.3) 9 (2.8) 14 (4.1)
(340) (333) (325) (327) (340)
Low RH 26 (11.5) 19 (8.6) 9 (4.1) 8(3.7) 19 (8.4)
(226) (220) (222) (218) (226)
High RH 44 (19.0) 14 (6.1) 8 (3.5) 4(1.8) 26 (11.2)
(232) (229) (226) (228) (232)
Low plus High RH 70 (15.3) 33(7.3) 17 (3.8) 1227 45 (9.8)
(458) (449) (448) (446) (458)
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Table 13-63. Longltudinal Analysis of AST (Discrete) (Continued)

" N e . L Nﬂrma! in 1?82 :  '. - S e ey e
~ DioxinCategory - - ninl1997 " 70 Highin1997 0 .'(95%"(2;!;)"’ Cor ] pVatee®.
Comparison 811 37 (4.6)

Background RH 313 8 (2.6) 0.59 (0.27,1.30) 0.193
Low RH 200 12 (6.0) 1.34 (0.68,2.63) 0.395
High RH 188 14 (7.4) 1.58 (0.83,3.00) 0.166
Low plus High RH 388 26 (6.7) 1.45 (0.86,2.44) 0.162

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

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

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

132.3.1.3  ALT (Continuous)

Models 1 and 2 of the longitudinal analyses of ALT in its continucus form revealed no significant
association between the change in mean AST levels and dioxin (Table 13-64(a,b): p>0.21). Model 3
analysis of the change in mean ALT levels between 1982 and 1997 revealed two marginally significant
contrasts: Ranch Hands in the low dioxin category versus Comparisons and Ranch Hands in the low and
high dioxin categories combined versus Comparisons (Table 13-64(c): difference of examination mean
change=1.02 U/1, p=0.054; difference of examination mean change=0.72 U/l, p=0.094, respectively). The
examination mean changes for Ranch Hands in the low dioxin category, Ranch Hands in the low and high
dioxin categories combined, and Comparisons were 22,84 U/l, 22.54 U/1, and 21.82 U/I, respectively.
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Tabie 13-64. Longitudinal Analysis of ALT (U/1) (Continuous)

(a) MOI)EL 1: RANCH HANDS V8. COMPARISONS

- Mean®(n)’
;ﬁ;} Examination "

' Exaili. o
" Mean' .

L Dlﬂmnce of
' :jmaman o O
. | '351’*.‘781_#&.‘

. W 1987 1992 ;-1997 ~Change® - Change
Atl Ranch Hand , 21. 66 20.52 2712 4255 2271 0.89 0214
(804) (787) (778) (778) (804)
Comparison 2038 2253 20.49 2791 4220 2182
(956) (938) (929) (933) (956)
Officer RanchHand 1971 2196 20.53 27.01 4193 2222 0.99 0.295
(309) (304) (301 (G00) (G309
Comparison 2032 2197 2035 2739 4155 2123
377y ((371) (363 370y (37D
Enlisted Ranch Hand 18.69 20.85 19.83 2515 4133 22.63 0.77 0910
Flyer (146) (143) (141) (143) (146)
Comparison  20.59 22.01 19.84 28.03 4245 2186
(142) (141 (140) (138) (142
Enlisted RanchHand 2046 2173 2079 28.10 4363 23.17 . 0.85 0.377
Groundcrew (349 (340) (336) (335 (349
Comparison 2037 23.20 20.82 2833 4269 2232
(437)  {426) (426) (425) (437)

'] ‘ransformed from natural logarithm scale.
® Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of natural logarithm of ALT; results adjusted for natural logarithm of ALT in 1982

and age in 1997,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations.
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Table 13-64. Longltudinal Analysis of ALT (U/I} (Continuous) (Continued)

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

7 Knitial Dioxin Category Suimmary Statistics -

Analysis Resuits for Lsgz (lmtud !)mxm)" o

Mean'fny-

SR e Exammnon " o Adjusted S‘ON o
Initial Dioxin 1982 1985 - -~ 1987 1992 1997 -(Std., Error) 'p~'v_a!ue-
Low 2025 2208 3015 2654 42.36 20007 (0.010) 0.444

(I151)  (147)  (150)  (146)  (151)
Medium 21,76 2410 2194 2872 4495
(156)  (154) (152)  (152)  (156)
High 22.96 2382  23.07 3013 4527
(151)  (148)  (146)  (148) (15D

Transformed from natural logarithin scale.

® Results based on difference between natural logarithm of 1997 ALT and natural logarithm of 1982 ALT versus
log; (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of dioxin, natural

logarithm of 1982 ALT, and age in 1997,

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

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

(c} MOBEL 3 RANCH HANDS AND: COMPARISON‘s BY DIOXIN: CATEGORY

Mean‘/(n)

Dmxin. :

Cstegory 19827 TR98S 1987 1992 1997 ~ p-Value®
Comparison  20.34 2249 2046 2787 4216 21.82 '
(929) (913)  (903) 907y  (929)
Background  17.53 19.62 19.01 2536 4039 22.87 1.05 0.751
RH (340) (33) (323) (327)  (340)
Low RH 2046  23.08 2050 2751  43.30 22.84 1.02 0.054
(226) (2200 (222) (218)  (226)
High RH 2286 2357 2290 2936  45.07 22.20 0.38 0.503
(232) (229)  (226) (228)  (232)
Low plus 21.64 2333 2167 2844 4418 22.54 0.72 0.094
High RH (458) (449) (448) (446)  (458)

* Transformed from natural logarithm scale.

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

Note: RH = Ranch Hand.

Comparison: 1987 Dioxin < 10 ppt.

Background (Ranch Hand): 1987 Dioxin < 10 ppt.

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

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

Examination of Models I and 2 of the longitudinal analyses for discretized ALT did not find a significant
association between dioxin and the percentage of participants with normal ALT values in 1982 and high
ALT values in 1997 (Table 13-65(a,b): p>0.19 for each analysis).

Table 13-65. Longitudinal Analysis of ALT (Discrete)

(a) MODEL 1:"‘RANCH HANDS VS. COMPARISONS T e e T

wmber (%) Hight(n):
Examingtion: - . 050 L
ToR e vw w1

All Ranch Hand 59(7.3) 107 (13.6) 92(11.8) 45 (5.8) 65 (8.1)
804 {787) (778) (778) (804)

Comparison 67 (7.0) 133(14.2) 92(9.9) 64(6.9) 68(7.1)
(956) (938) (929) (933) (956)

Officer Ranch Hand 23 (14) 46 (15.1) 38 (12.6) 19 (6.3) 20(6.5)
(309) (304) (301) (300) (309

Comparison 26 (6.9) 45 (12.1) 39107 20 (5.4) 16 (4.2)
(377 (371) (363) (370) (377

Enlisted Flyer Ranch Hand 10 (6.8) 15 (10.5) 14 (9.9) 749 15 (10.3)
(146) (143) (141) (143) (146)

Comparison 11 (7.7 19 (13.5) 9(64) 11 (8.0) 15 (10.6)
142) (141) (140) (138) (142)

Enlisted Groundcrew  Ranch Hand 26 (7.4) 46 (13.5) 40(11.9) 19 (5.7) 30 (8.6)
(349) (340) (336) (335) (349)

Comparison 30 (6.9) 69 (16.2) 44 (10.3) 33(7.8) 37 (8.5)
(437) (426) (426) (425) (437

- p-Value*

All Ranch Hand 745 43 (5.8) 0.92 (0.61,1.39) 0.69¢0
Comparison 889 56 (6.3) '

Officer Ranch Hand 286 14 (4.9) 1.53(0.70,3.39) 0.289
Comparison 351 12 (3.4)

Enlisted Flyer Ranch Hand 136 11 ¢8.1) 0.87(0.37,2.06) 0.749
Comparison 131 12 (9.2)

Enlisted Ranch Hand 323 18 (5.6) 0.67 (0.37,1.23) 0.195

Groundcrew Comparison 407 32(7.9)

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

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on
participants who had a normal ALT level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-65. Longitudinal Analysis of ALT (Discrete) (Continued)

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

Low 12 (7.9) 20 (13.6) 11 (7 3) 4(2.7) 10 (6.6)
(151) (147) (150) (146) (151)

Medium 10 (6.4) 21 (13.6) 22 (14.5) 13 (8.6) 21 (13.5)
(156) (154) (152) (152) (156)

High 19 (12.6) 27(18.2) 22(15.1) 13 (8.8) 19 (12.6)
(151) (148) (146) (148) (151)

Normal in 1982

s nmber(’%) :
- Fighiin 1997

Tow 5.8 105 078.140) ~0.750

Medium 14 (9.6)
High 10 (7.6)

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

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

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

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

+()MODEL 3: RANCH HANDS AND COMPARIS

Dioxin Category .~~~ 1982 1 1985 o0 g0 4002 0o 1007
Comparison 65 (7.0) 129 (14.1) 90 (10.0) 60 (6.6) 67 (7.2)
(929) (913) (903) (907) (929)

Background RH 17 (5.0) 38 (11.4) 36 (11.1) 14 (4.3) 14 4.1)
(340) (333) (325) (327) (340)

Low RH 17 (1.5) 30 (13.6) 21 (9.5) 10 (4.6) 20 (8.8)
(226) (220) (222) (218) (226)

High RH 24 (10.3) 38 (16.6) 34 (15.0) 20 (8.8) 30 (12.9)
(232) (229) (226) (228) (232)

Low plus High RH 41 (9.0) 68 (15.1) 55 (12.3) 30 (6.7) 50 (10.9)
(458) (449) (448) (446) (458)
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Table 13-65. Longitudinal Analysis of ALT {Discrete) (Continued)

()

- 'Dioxin Category - . min1997 . . Highin1$97 0 0 (95% CL™ 0 L pValue®
Comparison 864 56 (6.5)

Background RH 323 10 (3.1) 0.55 (0.27,1.10) 0.089
Low RH 209 15(7.2) 1.23 (0.68,2.24) 0.495
High RH 208 17 (8.2) 1.04 (0.59,1.85) 0.889
Low plus High RH 417 32(7.7) 1.13(0.72,1.79) 0.591

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

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

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

Y

The Model 3 analysis of the percentage of participants with high ALT levels in 1997 and normal ALT
levels in 1982 revealed a marginally significant difference between Ranch Hands in the background
dioxin category and Comparisons (Table 13-65(c): Adj. RR=0.55, p=0.089). Of the Comparisons with
normal ALT levels in 1982, 6.5 percent had high ALT levels in 1997, whereas 3.1 percent of Ranch
Hands in the background dioxin category with normal ALT levels in 1982 had high ALT levels in 1997.

13.2.3.1.5 GGT (Continuous)

The analyses in each of Models 1 through 3 did not reveal a significant association between dioxin and
the change in mean GGT levels (Table 13-66(a—c): p>0.26 for each analysis).
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Table 13-66. Longitudinal Analysis of GGT (U/l) (Continuous)
() M.DEL 1: RANCH HM‘J‘DS V5. C()MPARISONS L

. Exam. " Differenceof . -

- . S Men . BamMea
" Grawp 1983 1985 . 981-.:-5 1992. 1997 Chang?® . Chenge  p-Value®
Ranch Hand 3812 3157 32.05 3238 B350 557 0.74 0.266

(804) (787) (778} (778) (804)
Comparison  37.44 31.53 31.30 3161 42.27 4.83
(955) (937) (928) (932) (955)

Officer Ranch Hand 36.62 30.88 3140 31.54 4213 5.51 0.41 0.567
309) (304) (301) (300) (309)
Comparison  36.09 30.25 3070 31.24 41.19 5.10
(377)  (371) (363) (370) (377)

Enlisted Ranch Hand 3858 31.70 31.74 30777 4465 6.07 1.99 0.698
Flyer (146) (143) (141) (143) (146)
Comparison 4181 34.81 33.64 3467 4589 4,08
(142) (141) (140) (138) (142

Enlisted Ranch Hand 39.31 32.13 3277 33.88 4473 542 0.61 0.442
Groundcrew (349) (340) (336) (335 (349)
Comparison 37.28 31.63 31.08 3099 4209 481
(436) (425) (425) (424) (436)

Y J

* Transformed from natural logarithm scale.

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

¢ P-value is based on analysis of natural logarithm of GGT; results adjusted for natural logarithm of GGT in 1982
and age in 1997.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations.
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Table 13-66. Longltudinal Analysis of GGT (U/!) (Continuous} (Continued)

(b)jMGDEL!z' RANCH HANDS - mmnbxoxm -

" Initial Dioin Caiegory Summary Statisics T Analysisikmﬁlié_ifbf:Logz-'(Iuiﬁ'alfDioﬁin)h- §
et R
SRS - Exammhon St § dJusteﬂSlope .
Initial Dioxin 1982 1935 1981199z 1997 TS Erron - peValue
Tow T P83 aisa Wi 4350 Z0.009 (0.017) 0579
(151)  (147)  (150) (146)  (151)
Medium 4217 3547 3650 3672 4893
(156)  (154)  (152)  (152)  (156)
High 4169 3353 3454 3561  46.45
(151)  (148)  (146)  (148)  (151)

? Transformed from natural logarithm scale.

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

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

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

-.(c) MODEL 3;- RANCH HANDS AND COMPARISONS BY: DIOXIN CATEG()RY

Comparison 37.10 ’31 17 3095 31.19 41.92 4.82
(928) 912) (902) (906) (928)

Background 33.22 28.00 28.71 28.90 39.90 6.69 1.87 0.363

RH (340)  (333)  (325) (RT)  (340)

Low RH 40.41 33.57 32.97 33.56 44.00 3.58 -1.24 0.686
(226) (220) (222) (218) (226)

High RH 43.12 3498 36.05 36.45 48.59 5.48 0.66 0.276
232) (229) (226) (228) (232)

Low plus 41.76 3428 34.49 35.01 46.27 4.51 -0.31 0.330

High RH (458)  (449)  (448)  (446)  (458)

* Transformed from natural logarithm scale.

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

® P-value is based on analysis of natural logarithm of 1997 GGT; results adjusted for percent body fat at the date of
the blood measurement of dioxin, natural logarithm of 1982 GGT, and age in 1997.

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

Summary statistics for 1985 are provided for reference: purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations.
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13.2.3.1.6  GGT (Discrete)

The longitudinal analyses in Models | through 3 did not reveal a significant association between the
change in discretized GGT values and dioxin (Table 13-67(a—): p>0.10).

Table 13-67. Longitudinal Analysis of GGT (Discrete)

(a) MODEL y EX RANCH HANDS VS. COMPARIS{)NS

Nnx'nb'e'r (%) mEh/(!u)
RS RPN Exami_ngnon : S

All Ranch Hand 68 (8.5) 58(7.4) 57 ( 7.3 ) 155 (19.9) 84 (10.4)
(804) (787) (778) (778) (804)

Comparison 81 (8.5) 76 (8.1) 60 (6.5) 163 (17.5) 924 (9.8)
(955) (937) (928) (932) (955)

Officer Ranch Hand 26 (8.4) 21 (6.9) 24 (8.0) 56 (18.7) 27(8.7)
(309) (304) (301) (300) (309

Comparison 31 (8.2) 27 (7.3) 23 (6.3) 64 (17.3) 32 (8.5)
377 371) (363) (370 (377)

Enlisted Fiyer Ranch Hand 15 (10.3) 11 7.7 13(9.2) 25 (17.5) 23 (15.8)
(146) (143) (141) (143) (146)

Comparison 16 (11.3) 17 (12.1) 15 (10.7) 29 (21.0) 21(14.8)
(142) (141) (140) (138) (142)

Enlisted Groundcrew  Ranch Hand 27T (.7 26 (7.6) 20 (6.0) 74 (22.1) 34 (9.7)
' (349) (340) (336) (335 . (349

Comparison 34 (7.8) 32 (7.5) 22 (5.2) 70 (16.5) 41 (9.4)
(436) (425) (425) 424) (436)

Ranch Haua‘ 736 48 (6.5) I 02 (0 69 1.53) 0.909
Cormparison 874 56 (6.4)

Officer Ranch Hand 283 13 4.6) - 1.01 (0.48,2.14) 0.982
Comparison 346 16 (4.6)

Enlisted Flyer Ranch Hand 131 16 (12.2) 1.12 (0.52,2.41) 0.768
Comparison 126 14 (11.1)

Enlisted Ranch Hand 322 19 (5.9 0.90 (0.49,1.66) 0.731

Groundcrew Comparison 402 26 (6.5)

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

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on
participants who had a normal GGT level in 1982 (see Chapter 7, Statistical Methods).
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e, Table 13-67. Longltudinal Analysis of GGT (Discrete) (Continued)

L

(b) ‘MODEL 2: RANCH HANDS s INITIAL DIOXIN

Number (%) ngh.f(n)

S A Cono el Examination IO S
Initial Dioxin 1982 1985 1987 1992 - C1e9T
Low 17 (11.3) 12(8.2) 10 (6.7) 26 (17.8) 16 (10.6)
151 (147) (150) (146) (151)
Medium 15 (9.6) 12 (7.8) 14 (9.2) 39 (25.7) 27 (17.3)
(156) (154) (152) (152) (156)
High 17 (11.3) 14 (9.5) 13 (8.9) 33(223) 17 (11.3)
(151) (148) (146) (148) (151)
. Initial. Dloxm Category SummaryStahstws B DS Analysxs Results forLogz (Hnitial D:oxm)‘ T
E .'niiﬂ'ﬂ'f.f-ff“' s N :':Adj Relazivemsk S
CiDioxins - min1997 “Hi o (98 CI®
Low 134 8 6.0) 1.03 (0.78,1.35)
Medium 141 19 (13.5)
High 134 8 (6.0)

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

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

..... . Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,

1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for

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

Methods).

(MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY _

| I?io"i"c“tegol’y .

1088

1087

e

Comparison 74 (8.0) 71 (7.8) 55 (6.1) 151 (16.7)
(928) (912) (902) (906)
Background RH 17 (5.0) 19(5.7) 19 (5.8) 55 (16.8)
(340) (333) (325) (327)
Low RH 22 (9.7) 16 (7.3) 15 (6.8) 43 (19.7)
(226) (220) (222) (218)
High RH 27 (11.6) 22 (9.6) 22 (9.7) 55 (24.1)
(232) (229) (226) (228)
l.ow plus High RH 49 (10.7) 38 (8.5) 37 (8.3) 98 (22.0)
(458) (449) (448) (446)

89 (9.6)
(928)

22 (6.5)
(340)
27 (11.9)
(226)
33 (14.2)
(232)
60 (13.1)
(458)
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Table 13-67. Longitudinal Analysis of GGT (Discrete) (Continued)

..... Nor;hal_'in.l'%.z S e ;::‘: oL : R
S TLe e i Number (%) Adj Relative Risk-- 0

Dioxin Category " nin1997 . Highin1997 - 95%CL®™ - pValue
Comparison 854 55 (6.4)

Backpground RH 323 12 (3.7 0.58 (0.31,1.11) 0.101
Low RH 204 15(7.4) 1.19(0.66,2.16) 0.569
High RH 205 20 (9.8) 1.46 (0.85,2.52) 0.173
Low plus High RH 409 35(8.6) 1.32 (0.84,2.06) 0.224

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

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

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

13.2.3.1.7  Cholesterol (Continuous)

The Model 1 analysis of the change in mean cholesterol levels did not uncover a significant difference
between overall Ranch Hands and Comparisons {Table 13-68(a): p=0.877). Stratifying by occupation
showed marginally significant group differences in the officers and enlisted groundcrew strata (Table
13-68(a): difference of examination mean change =—3.8 mg/dl, p==0.075, for officers; difference of
examination mean change=6.5 mg/dl, p=0.082, for enlisted groundcrew). Among the officers, the Ranch
Hand mean decreased by 6.5 mg/dl between 1982 and 1997 versus a mean decrease of 2.7 mg/dl for
Comparisons. Among the enlisted groundcrew, the Ranch Hands had a mean increase of 4.0 mg/dl
between 1982 and 1997 versus a mean decrease of 2.5 mg/dl for Comparisons. Model 2 and 3 analyses
did not show any significant relations between dioxin and the change in mean cholesterol levels (Table
13-68(b,c): p>0.12 for each analysis).

13-194




)

Table 13-68. Longntudinal Analysis of Cholesterol {(mg/dl) (Contmuous)

(a) MODEL 1: RANCH HAND‘S VS, COMPARISONS

_ : : . Mean“l(n) Lo o ; i ._.:.;

: S T R '.;Diﬂ’erenoeof T
Cat_agc_nry Gmup o 1982 1935 1987--'?.._:'1992_ .'1997 - Change® ' :Change .~ '-'p-jYalueﬁQ

All Ranch Hand 212.3 2149 2160 2059 210.8 -1.5 2.0 0.877

(804) (787) (778) (778) (804)
Comparison 2158 217.2 2158 216.0 2124 -3.5
(956) (938) (929) (933) (956)

Officer Ranch Hand 2122 2154 2159 2143 2057 -65 -3.8 0.075
(309) (304) (301) (300) (309)
Comparison  213.6 2152 2146 213.0 2108 ~2.7
377y (371) (363) (370) (377) -

Enlisted RanchHand 2174 2200 2186 2198 2135 -39 44 0.838
Etyer (146) (143) (141) (143) (146)
Comparison 2247 2225 2218 2218 2164 83
(142) (141) (140) (138) (142)

Enlisted Ranch Hand 2103 2124 2149 2158 2143 4.0 6.5 0.082
Groundcrew (349) (340) (336) (335) (349
Comparison 2149 2173 2149 2169 2124 -2.5
(437)  (426) (426) (425) (437D

( } * Transformed from square root scale.

L ® Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of square root of cholesterol; results adjusted for square root of cholesterol in 1982
and age in 1997,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations.
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Table 13-68. Longitudinal Analysis of Cholesterol (mg/di) (Continuous) (Continued)

' (b)'éMOD‘EL 2: RANCH HANDS - INITIAL DIOXIN

Iniua] Dioxin Catégory Summary Statxstics v Amlysiskesuks for hg,(lnihalbioxin)” _

e E L . _ami!mhon e ‘;.: . .. Adjusted Slope S
- ..Il!i!}i,hl'mﬁ?ffil‘l? 98 1985 1987 1992 5 1997 f AStd. Brror). 500 o peYalne
Low 2134 216.4 216 9 215.5 205.6 0.063 (0.041) 0.128

(151)  (147)  (150)  (146)  (IS1)
Medium 212.5 215.7 217.0 215.8 213.8

(156) (154) (152) (152) (156)
High 218.6 219.0 219.0 220.8 217.9

(151) (148) (146) {148) (151)

*"Fransformed from square root scale.

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

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

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

©’ MODEL 3; RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY

Comparison 2155 2172 2157 2158 2123 332

(929)  (913)  (903)  (907)  (929)

Background  208.9 2121 2140 2141 2088 -0.1 3.1 0.800

RH (340)  (333)  (325)  (327)  (340)

Low RH 2128 2158 2157 2164  208.0 Y -1.6 0410
(226) (2200  (222)  (218)  (226)

High RH 2167 2182 2195 2182 2167 0.0 3.2 0.168
(232)  (229)  (226)  (228)  (232)

Low plus 2148 2170 2176 2173 2124 -24 0.8 0.704

High RH (458)  (449)  (448)  (446)  (458)

: Transformed from square root scale.

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

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

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

The Model 1 analysis of the percentage of participants with high cholesterol levels in 1997 did not
uncover a significant difference between overall Ranch Hands and Comparisons (Table 13-69(a):
p=0.323). Stratifying by occupation showed a significant group difference in the enlisted groundcrew
stratum (Table 13-69(a): Adj. RR=1.68, p=0.031). For enlisted groundcrew with normal cholesterol
levels in 1982, 15.6 percent of the Ranch Hands and 9.9 percent of the Comparisons had high cholesterol
levels in 1997,

Table 13-69. Longitudinal Analysis of Cholesterol (Discrete)
(@MODEL I: RANCHHANDSVS. COMPARISONS

- Category o ooGroup -G (982 c 1988 s UUI98T 1998 1997

All Ranch Hand 121 (15.0) 127 (16.1) 131(16.8) 108(13.9) 121(15.0)
' (804) (787) (778) (778) (804)

Comparison 156 (16.3) 170(18.1) 135(14.5) 121(13.0) 142(14.9)
(956) (938) (929) (933) (956)

Officer Ranch Hand 34 (11.0) 49 (16.1) 49 (16.3) 35110 36 (11.7)
(309) (304) 301) (300) (309

Comparison 43 (11.4) 53 (14.3) 43 (11.8) 40 (10.8) 53(14.1)
@77 (371 (363) (370) 7N

Enlisted Fiyer Ranch Hand 27 (18.5) 27 (18.9) 30(21.3) 26 (18.2) 21 (14.4)
(146) (143 (141) (143 (146)

Comparison 29 (20.4) 34 24.1) 27 (19.3) 19(13.8) 21(14.8)
(142) (141) (140) (138) (142)

Enlisted Groundcrew  Ranch Hand 60 (17.2) 51(15.0) 52 (15.5) 47 (14.0) 64 (18.3)
(349) (340) (336) (335) (349)

Comparison 84 (19.2) 83 (19.5) 65 (15.3) 62 (14.6) 68 (15.6)
(437) (426) (426) (425) (437)

*Occupational ' Number (%) - deelativeRisk ERn

CoraCategory Group Spin 1997 o ‘;i hin 1997 o (QS%C.L)I I p«Vaiue' e
All Ranch Hand 683 81(11.9) 1.18(0.85,1.63) 0.323
Comparison 800 82 (10.3)
Officer Ranch Hand 275 25 (9.1) 0.83 (0.48,1.41) 0.483
Comparison 334 36(10.8)
Enlisted Flyer Ranch Hand 119 11 (9.2) 0.94 (0.39,2.27) 0.896
Comparison 113 11 (9.7
Enlisted Ranch Hand 289 45 (15.6) 1.68 (1.05,2.70) 0.031
Groundcrew Comparison 353 35 (9.9)

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

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on
participants who had a normal cholesterol level in 1982 (see Chapter 7, Statistical Methods),
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Table 13-69. Longitudinal Analysis of Cholesterol {Discrete) (Continued)

(b) MODEL 2: RANCH HANDS - INITIAL DIOXIN

‘\-..__,./.

Number (%) Hzghl(n}

sl e . . Exammﬁﬂn L P
_IpitialDioxin 1982 - - oiUfoRs o . 108y . 1993 . . 1997
Low 18 (11.9) 25 (17.0) 25 (16.7) 19 (13.0) 18 (11.9)
(151) (147) (150) (146) (151)
Medium 24 (15.4) 25 (16.2) 23 (15.1) 21 (13.8) 29 (18.6)
(156) (154) (152) : (152) (156)
High 39 (25.8) 26 (17.6) 23 (15.8) 27 (18.2) 30 (19.9)
(151) (148) (146) (148) (151)
- Initial Dioxin Categary Summary Statisties © . . || . 'Aﬁﬂy5iékeém&-f§r Log, (Initial Dioxim* ~
‘ Normal in1982 BEE T o R e R
imﬁa! i : " Number (%) R R Ad,l Re.lntiveRisk R
CiDioxin ninl997 U Highin1997 o 0 95%CL)Y " p-Valy
Low 133 14 (10.5) 1.23(0.98,1.54) 0.072
Medium 132 21 (15.9)
High 112 20 (17.9)

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

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,

1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for

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

for reference purposes for participants who atiended the 1982, 1992, and 1997 examinations. Statistical

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

(). MODEL 3. RANCH HANDS AND COMPARISONS BY DIOX]N CATEGORY

Number (%) High/(ﬂ)
: :'Exanﬁnation S

- Dioxin Category "~ 1982 . 1985 C198T 1992 1997
Comparison 150 (16.1) 165 (18.1) 131 (14.5) 115 (12.7) 138 (14.9)
(929) (913) (903) (907) (929)
Background RH 40 (11.8) 51(15.3) 60 (18.5) 40(12.2) 44 (12.9)
(340) (333) (325) (327) (340)
Low RH 29 (12.8) 37 (16.8) 35 (15.8) 31(14.2) 31 (13.7)
(226) (220) (222) (218) (226)
High RH 52(22.4) 39 (17.0) 36 (15.9) 36 (15.8) 46 (19.8)
(232) (229) (226) (228) (232)
Low plus High RH 81(17.7) 76 (16.9) 71 (15.8) 67(15.0) 77 (16.8)
(458) (449) (448) (446) (458)
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Table 13-69. Longitudinal Analysis of Cholesterol (Discrete) (Continued)

LT o 'Number(%) ' Adj.RelativeRisk
DioxinCategory - . ninl997 ~ Highin1997 -~ . 95%CLy" " ' pValue®
Comparison 719 ' 80(10.3) o
Background RH 300 26 (8.7) 0.75 (0.47,1.20) 0.236
LLow RH 197 24 (12.2) 1.24 (0.76,2.02) 0.393
High RH 180 31(17.2) 2.04 (1.29,3.24) 0.002
Low plus High RH 377 55 (14.6) 1.57(1.08,2.29) 0.018

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

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

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

The Model 2 longitudinal analysis revealed a marginally significant association between initial dioxin and
high cholesterol levels in 1997 (Table 13-69(b): Adj. RR=1.23, p=0.072). The percentages of
participants who had normal cholesterol levels in 1982 and high cholesterol levels in 1997 were 10.5,
15.9, and 17.9 in the low, medium, and high initial dioxin categories, respectively.

Model 3 analysis of the change in cholesterol values from normal in 1982 to high in 1997 revealed two
significant contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in
the low and high dioxin categories combined versus Comparisons (Table 13-69(c): Adj. RR=2.04,
p==0.002; Adj. RR=1.57, p=0.018, respectively). Of the Comparisons, 10.3 percent had normal
cholesterol levels in 1982 and high cholesterol levels in 1997. Of the Ranch Hands, 17.2 percent in the
high dioxin category and 14.6 percent in the low and high dioxin categories combined had normal
cholesterol levels in 1982 and high cholesterol levels in 1997.

13.2.3.1.9  HDL Cholesterol (Continuous)

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin
and the change in mean HDL cholesterol levels (Table 13-70(a~c): p>0.10 for each analysis).
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Table 13-70. Longitudinal Analysis of HDL Cholesterol (mgldl) (Contmuous)

(a) M.DEL 1 RANCH HANDS VS COMPAR!SONS

s 'Diﬂ'ereme oi’ .

Category' = 1962 1985 1987 1992 - 1997 Change" . Change . p-Value
All Ranch Hand 44.61 44.66 4543 4085 4503 0.42 0.57 0.235
(798) (781) (772) (763) (798)
Comparison 4489 4490 4545 40.60 4474  -0.15
(955) (937) (928) (926) (955)
Officer Ranch Hand 4596 4624 4694 4259 4691 0.95 028 0.844
(306) (301) (298) (293) (306)
Comparison 4631 4643 47.05 4190 4698 0.67
377) (371) (363y (367y (31D
Enlisted Ranch Hand 42959 4299 4426 4048 4486 1.87 1.49 0.146
Flyer (145) (142) (140) (138) (145
Comparison 43,14 4351 4441 4028 43.53 0.38
_ (142) (141) (140 (136) (142)
Enlisted RanchHand 4413 4400 44.61 3952 4350 -0.63 0.37 0.527
Groundcrew (347) (338) (334)y (332) (347
Comparison 4427 4406 4447 39,60 4327 -1.00
(436)  (425) (425) (423) (436)

Transformed from naturat logarithm scale.
® Difference between 1997 and 1982 examination means after transformation to original scale.
© P-value is based on analysis of natural logarithm of HDL cholesterol; results adjusted for natural logarithm of HDL
cholesterol in 1982 and age in 1997,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations, Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations.
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Table 13-70. Longitudinal Analysis of HDL Cholesterol (mg/dl) (Continuous) (Continued)

(by MODEL 2; RANCH HANDS - INITIAL DIOXIN- -~ .. =

" Tnitial Dioxin Category Summary Stafistics | © Analysis Results for Lo, (initial Diosio)>
et TR U Examiean: .. AdjustedSlope oo
Initial Dioxin - 1982 < 1985 1987 - 1992 1997 } ° (SwL.Eror) . pVale
Low 4490 4449 4538 4126 45.14 0.007 (0.008) 0,382

(149)  (145)  (148)  (144)  (149)
Medium 4322 4305 4371 3943 4351
(154)  (152)  (150) (148)  (154)
High 4238 4238 4337 3886  43.39
(150) _ (147)  (145)  (144)  (150)

® Transformed from natural logarithm scale,

® Results based on difference between natural logarithm of 1997 HDL cholesterol and natural logarithm of 1982
HDL cholesterol versus log; (initial dioxin); results adjusted for percent body fat at the date of the blood
measurement of dioxin, natural logarithm of 1982 HDL cholesterol, and age in 1997,

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for

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

Category 1982 . 1985 1987 1992 1997  Chenge’ . Change - p-Value'
Comparison ~ 44.90  44.80 4537  40.54  44.65 024 '
(928) (912) {902) (901) (928)

Background ~ 46.06 4657 47.32 4243  46.44 0.38 0.62 0.437
RH (339)  (332) (324) (322)  (339)

Low RH 4489 4477 4554 4152  45.07 0.18 0.42 0.598
(224)  (218)  (220) (215) (224)

High RH 4215 . 4191 4281 3826  42.97 0.83 1.07 0.105
(229)  (226) (223) (221)  (229)

Low plus 4348 4329 4414 3983  44.00 0.52 0.76 0.161
_High RH (453) (444)  (443)  (436)  (453)

* Transformed from natural logarithm scale.
® Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of natural logarithm of 1997 HDL cholesterol; results adjusted for percent body fat at
the date of the blood measurement of dioxin, natural logarithm of 1982 HDL cholesterol, and age in 1997,
Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand}: 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations.
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13.2.3.1.10 HDL Cholesterol (Discrete)

Analyses of Models 1 through 3 showed no significant relations between dioxin and the percentage of
participants with low HDL cholesterol values in 1997 (Table 13-71(a—): p>0.19 for each analysis).

Table 13-71. Longitudinal Analysis of HDL Cholesterol (Dlscrete)
@MODELT: RANC — )

%)_ Lowl(n}

All Ranch Hand 21 (2.6) 30038 2431  82(10.7) 67 (8.4)
(798) - (781) (772) (763) (798)

Comparison 20(2.1) 33(3.5) 22 (2.4) 80 (8.6) 74(7.7)
(955) (937) (928) (926) (955)

Officer Ranch Hand 9(2.9) 11 (3.7) 7(2.3) 31(10.6) 16 (5.2)
(306) (301) (298) (293) (306)

Comparison 10 2.7) 13(3.5) 4(1.1) 28 (7.6) 19 (5.0)
(377) (371) (363) (367) (377)

Enlisted Flyer Ranch Hand 4 (2.8) 8 (5.6) 8(5.7) 12 (8.7) 16 (11.0)
(145) (142) (140) (138) (145)

Comparison 4 (2.8) 8 (5.7) 6 (4.3) 14 (10.3) 15 (10.6)
(142) (141) (140) (136) (142)

Enlisted Groundcrew RanchHand = 8(2.3) 11 (3.3) 927 39(11.7)  35(10.1)
(347 (338) (334) (332) (347)

Comparison 6(1.4) 12 (2.8) 12 (2.8) 38(9.00 40(9.2)
(436) (425) (425) (423) (436)

. , T CRORPE s R LW . S Value" -
All Ranch Hand 777 57 (7.3) 1 06 (0 73 1.53) 0.760
Comparison 935 65 (7.0)
Officer Ranch Hand 297 13 (4.4) 0.94 (0.45,1.97) 0.872
Comparison 367 17 (4.6)
Enlisted Flyer Ranch Hand 141 15 (10.6) 1.25 (0.56,2.78) 0.584
Comparison 138 12 (8.7)
Enlisted Ranch Hand 339 29 (8.6) 1.03 (0.62,1.71) 0.920
Groundcrew Comparison 430 36 (8.4)

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

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on
participants who had a normal HDL. cholesterol level in 1982 (see Chapter 7, Statistical Methods).
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Table 13-71. Longitudinal Analysis of HDL Cholesterol (Discrete) {Continued)

; (b) MODEL 2: ' RANCH HANDS —- INITIAL DIOXIN -

Numher (%) Lowl(n}

e R P _ 5 Exumination.” Co TR
Initial Dioxin =~ . 1982 - . - 1985 - - 1987 . 1992 1997
Low 2(1.3) 5(34) 2(1.4) 13(9.0) 13 (8.7)
(149) (145) (148) (144) (149)
Medium 4(2.6) 7 (4.6) 4027 16 (10.8) 15 (9.7)
(154) (152) (150) (148) (154)
High 3 (2.0) 7 (4.8) 6 (4.1) 16 (11.1) 9 (6.0)
(150) (147) (145) (144) (150)
.~ Ipitial Dioxin Category Summary Statistics . . | . Analysis Results for Log, (Initial Dioxin)®
L e S Nomalmlf’sz co SHC e ol f '
lmt:al R AR “Number (%) i G
Diexin o mn 1997 Z < Lowin1997 SRR At - cpeValue -
Low 147 12 (8.2) 0.82 (0.60.1, 12) 0.192
Medium 150 13 (8.7)
High 147 7 (4.8)

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

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

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

(c) MODEL 3:. “RANCH HANDS AND: COMPARISONS BY DIOXiN CATEGORY . .

199y 1997

bidkln‘(iategofyf' 1982 U988

Comparison 20 (2.2) 33 (3.6) 22 (2.4) 78 (8.7) 73(7.9)
(928) (912) (902) (901) (928)
Background RH 12 (3.5) 11(3.3) 11(34) 34 (10.6) 30 (8.8)
(339) (332) (324) (322) (339)
Low RH 6 (2.7) 10 (4.6) 3 (1.4) 19 (8.8) 19 (8.5)
(224) (218) (220) (215) (224)
High RH 3(1.3) 9 (4.0) 9 (4.0) 26 (11.8) 18(7.9)
(229) (226) (223) (221) (229)
Low plus High RH 9 (2.0) 19 (4.3) 1227 45 (10.3) 37 (8.2)
(453) (444) (443) (436) (453)
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Table 13-71. Longitudinal Analysis of HDL Cholesterol (Discrete) (Continued)

U Noemalin 19820 e e
- Dioxin Category - -nind997 0 Lowin1997 Ui U (95%CI T p-Value"
~ Comparison ) 908 . 64 (7.0)
Background RH 327 25 (7.6) 1.25(0.77,2.03) 0.374
Low RH 218 16 (7.3) 1.03 (0.58,1.83) 0.926
High RH 226 16 (7.1) (.85 (0.47,1.52) 0.581
Low plus High RH 444 32(7.2) 0.93 (0.60,1.46) 0.759

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

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

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

13.2.3.1.11 Cholesterol-HDL Ratio (Continuous)

The Models 1 through 3 analyses did not reveal a significant association between the cholesterol-HDL
ratio and dioxin (Table 13-72(a—<c): p>0.23 for each analysis).
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Table 13-72. Longitudinal Analysis of Cholesterol-HDL Ratio (Contlnuous)

(a) MODEL 1 RANCH HANDS VS. COMPARISONS

" p-Value®

A Ranch Hand 471 477 471 523 465 006 001 0519

(798) (781) (772) (763) (798)
Comparison  4.77 480 471 527 471 -0.05
(955} (937) (928) (926) (955)

Officer Ranch Hand 4.58 4.62 456 499 436 -0.22 ~0.10 0.237
(306) (301) (298) (293) (306)
Comparison 457 460 453 504 445 012
G77) (371)  (363) (367) (377

Enlisted Ranch Hand 5.00 5.06 4.88 532 472 —0.28 —0.06 0.255
Flyer (145) (142) (140) (138) (145)
Comparison 516 506 495 545 494 -0.22
(142) (141 (140) (136) (142)

Enlisted RanchHand 471 479 478 542 489 0.18 0.12 0.400
Groundcrew (347) (338) (339 332y 347
Comparison 481 4.89 4.79 543 4.87 0.06
(436)  (425) (425) (423) (436)

( ’I ‘ransformed from natural logarithm scale.
/ ® Difference between 1997 and 1982 examination means after transformation to original scale.
® P-value is based on analysns of natural logarithm of cholesterol-HDL ratio; results adjusted for natural logarithm of
cholesterol-HDL ratio in 1982 and age in 1997,

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations,
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Table 13-72. Longltudinal Analysis of Cholesterol-HDL Ratlo (Continuous) {Continued)

N

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

Imtzal Dmxm Category Summary Statistics -~ - 7B analysas Resuits for Log; (Imtml D:oxm)"
o "Mean®n) AR ' ol
B j', o -E"“"“f’.“-“"“. e s Ad)ustedSiope I
-.Inihall)mxm 1982 57 9_!35 i A98T A9 1997 ] (Std;Error). . . p-Value'
Low 4,70 4,81 473 5.17 4.51 0.005 (0.008) 0.589
' (149)  (145)  (148)  (144)  (149)
Medium 4,85 4,98 4,93 5.43 4.88
(154)  (152) (1500 (148) (154
High 5.10 5.12 5.02 5.59 498
(150} (147) (145) (144) (150)

* Transformed from natural logarithm scale.

® Results based on difference between natural logarithm of 1997 cholesterol-HDL ratio and natural iogarithm of

1982 GGT versus log; (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of

dioxin, natural logarithm of 1982 cholesterol-HDL ratio, and age in 1997.

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations.

{c). MODEL 3 RANCH HANBS AND COMPARISONS B DIOXIN CATEGORY

I)ifference or

B, xam: Mean - Exam.Mean -~ oo
: 1982 - 1985 1987011992 1997 Chamge® - Change p-Value
Comparison 476 4, 81 4.71 5.28 4.72 -0.04

(928) 912) (902) 901) (928)

Background 4.50 4.52 4.48 4.99 447 -0.03 0.01 0473
RH (339)  (332) (324) (322) (339)

Low RH 4.69 477 4.69 5.16 4,57 -0.12 -0.08 0.281
(224) (218) (220) (215) (224)

High RH 5.08 5.17 5.10 5.64 5.01 -0.06 -0.02 0.971
(229) (226) (223) (221) (229}

Low plus 4.88 4.97 4.89 540 4.79 -0.09 ~0.05 0.505
_B__igh RH (453) (444} (4433 (436) (453)

Transformed from natural logarithm scale.
® Difference between 1997 and 1982 examination means after transformation to original scale.
¢ P-value is based on analysis of natural logarithm of 1997 cholesterol-HDL ratio; results adjusted for percent body
fat at the date of the blood measurement of dioxin, natural logarithm of 1982 cholesterol-HDL ratio, and age in
1997.
Note: RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand}: 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
Summary stattstics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations, Summary statistics for 1987 are provided for reference purposes for
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations.
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13.2.3.1.12  Cholesterol-HDL Ratio (Discrete)

The longitudinal analyses in Models 1 through 3 did not reveal a significant association between dioxin
and the percentage of partlc1pants who had a normal cholesterol-HDL ratio in 1982 and a high
cholesterol-HDL ratio in 1997 (Table 13-73(a—c): p>0.10 for each analysis).

Table 13-73. Longitudinal Analysis of Cholesterol-HDL. Ratio (Dlscrete)
(a) MODEL 1 RANCH HANDS VS COMPARISONS

'.--Occupaﬁena_l;"-f P SN LA :ifﬁxammﬂm“ SR
| Category . . Growp - 0 . N9B2: i . 1985 . - 1987 - 1992 . - 1997 .

All Ranch Hand 350 (43.9)  352(45.1) 335(43.4) 432(56.6) 324 (40.6)
(798) (781) (772) (763) (798)

Comparison 423 (44.3)  415(44.3) 401(432) 533 (57.6) 404 (42.3)
(955) (937) (928) (926) (955)

Officer Ranch Hand 120 (39.2)  132(439) 124(41.6) 144 (49.1) 99 (32.4)
(306) (301) (298) (293) (306)

Comparison 151 40.1)  140(37.7) 134(369) 182(49.6) 117 31.0)
(377) (371) (363) (367) 377

Enlisted Flyer Ranch Hand 74(51.0)  69(48.6)  61(43.6)  83(60.1)  56(38.6)
(145) (142) (140) (138) (145)

Comparison 77(54.2)  71(504)  76(54.3)  84(61.8)  71(50.0)
(142) (141) (140) (136) (142)

Enlisted Groundcrew  Ranch Hand 156 (45.0) 151 (447) 150 (44.9) 205(61.7) 169 (48.7)
(347) (338) (334) (332) (347)

Comparison 195(44.7) 204 (48.0) 191 (44.9)  267(63.1) 216 (49.5)
(436) (425) (425) (423) (436)

Occnpationai Adj. Relative Risk

“Category: ;f-' -:.Gfﬁup s i 99 %Bughiwiéwg} o 95% CL* g p-Valu:e‘ '

All Ranch Hand 448 90 (20.1) 0.82 (0.60,1.12) 0.206
Comparison 532 125 (23.5)

Officer Ranch Hand 186 27 (14.5) 1.00 (0.58,1.74) 0.996
Comparison 226 33 (14.6)

Enlisted Flyer Ranch Hand 71 16 (22.5) 0.81 (0.37,1.78) 0.598
Comparison 65 17 (26.2)

Enlisted Ranch Hand 191 47 (24.6) 0.72 (0.47,1.10) 0.131

Groundcrew Comparison 241 75 (31.1)

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

Note: Summary statistics for 1985 are provided for reference purposes for participanis who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on
participants who had a normal cholesterol-HDL ratio in 1982 (see Chapter 7, Statistical Methods).
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Table 13-73. Longitudinal Analysis of Cholesteroi-HDL Ratio (Discrete) (Continued)

i RN e—

e o oo Examimation o e
 InitialDioxin 0 21982700 1988 o - 1987 - 1992 L1997
Low 61 (40.9) 66 (45.5) 65 (43.9) 79 (54.9) 51(34.2)

(149) (145) (148) (144) (149)

Medium 74 (48.1) 75 (49.3) 73 (48.7) 97 (65.5) 72 (46.8)

(154) (152) (150) (148) (154)
High 82 (54.7) 78 (53.1) 74 (51.0) 92 (63.9) 78 (52.0)
(150) (147) (145) (144) (150)
“Initial Dioxin Category Summary Statistics' -~ . Analysis Results for Log, (Initial Dioxtn)*

Low

88 T

ol

Medium 80 21(26.3)
High _ 68 17 (23.0)

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

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

" Summary statistics for 1985 are provided for reference purposcs for participants who attended the 1982, R
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for )
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical
analyses are based only on participants who had a normal cholesterol-HDL ratio in 1982 (see Chapter 7,

. Statistical Methods).

~(¢}MODEL 3: RANC

_ DioxinCategory 1982 . 1 L SR 18T

Comparison 407 (43.9) 406 (44.5) 391 (43.3) 518 (57.5) 395 (42.6)
' (928) (912) (902) (901) (928)

Background RH 131 (38.6) 130 (39.2) 120 (37.0) 160 (49.7) 119 (35.1)
(339) (332) (324) (322) (339)

Low RH 91 (40.6) 93 (42.7) 94 (42.7) 120 (55.8) 80 (35.7)
(224) (218) (220) (215) (224)

High RH 126 (55.0) 126 (55.8) 118 (52.9) 148 (67.0) 121 (52.8)
(229) (226) (223) (221) (229)

Low plus High RH 217 (47.9) 219 (49.3) 212 (47.9) 268 (61.5) 201 (44.4)
(453) (444) (443) (436) (453)
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Table 13-73. Longiltudinal Analysis of Cholesterol-HDL Ratio (Discrete) (Continued)

e S Number' (%) ¢ Adj. Relative Risk =~ 0 00
‘Dioxin Category . nin1997 - Highin1997 - @5 CL® p-Value®:
‘Comparison Y 124 (23.8)
Background RH 208 35 (16.8) 0.70 (0.46 ,1.07) 0.102
Low RH 133 25 (18.8) 0.74 (0.45,1.20) 0.216
High RH 103 28 (27.2) 1.03 (0.63,1.68) 0.899
Low plus High RH 236 53 (22.5) 0.85 (0.59,1.24) 0.408

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

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

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

analyses are based only on participants who had a normal cholesterol-HDL ratio in 1982 (see Chapter 7,
Statistical Methods).

13.2.3.1.13  Triglycerides (Continuous)

The Model 1 analysis of the change in triglyceride levels did not uncover a significant difference between
overall Ranch Hands and Comparisons or within each occupational stratum (Table 13-74(a): p>0.12 for
each contrast). The Model 2 analysis did not reveal a significant association between the change in
triglyceride Ievels and initial dioxin (Table 13-74(b): p=0.751).

Model 3 analysis of the change in mean triglyceride levels between 1982 and 1997 revealed two
significant contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in
the low and high dioxin categories combined versus Comparisons (Table 13-74(c): difference of
examination mean change=11.8 mg/dl, p=0.020; difference of examination mean change=5.4 mg/dl,
p=0.094, respectively). The examination mean changes for Ranch Hands in the high dioxin category,
Ranch Hands in the low and high dioxin categories combined, and Comparisons were 13.1 mg/dl, 6.7
mg/dl, and 1.3 mg/dl, respectively.
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Table 13-74. Longitudinal Analysis of Triglycerides (mg/dl) (Contmuous)

:(a) MODEL 1: RANCH HANDS VS COMPAR!SONS

gl B it T R Exiam Mean
o 49821085 1987 - 1992 Change p-Value*
Ranch Hand 118.8 1i7.1 3.2 0.478
(803) (786)
Comparison  120.9 119.1
(956) (938)
Officer Ranch Hand 118.8 116.3 ~1.0 0.780
(308) (303)
Comparison 1155 111.9
377y (37D
Enlisted Ranch Hand 129.1 1227 -8.5 0.177
Flyer (146) (143)
Comparison 1342 1304
_ (142) (141)
Enlisted Ranch Hand 1146 115.5 11.3 0.128
Groundcrew (349) (340)

Comparison  121.6 122.1 . :
(437)  (426) (426) (425) (437)

'Iransformed from natural fogarithm scale.
® Difference between 1997 and 1982 examination means after transformation to original scale.

© P-value is based on analysis of natural logarithm of triglycerides; results adjusted for natural logarithm of

triglycerides in 1982 and age in 1997,

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

for participants who attended the 1982, 1992, and 1997 examinations.
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Table 13-74. Longitudinal Analysis of Triglycerides (mg/di) {(Continuous) (Continued)

(b) MO’DEL 2: RANCH HANDS - INITIAL DIOXIN

T Andgial onxin Categor;y Summary Stanstlcs T Avalysis Results for Logs (Initial Dioxin)®
e e “Mean*(n) ORI | R PR
T e Ex?_@mﬁa_n i el Adfusted Skope - 0 LT
Tnitial Dioxin 1982° 5. 1987 19920 Cager f o “(Std. Error) v © p-Value
Low 122.1 120.1 143.2 117.6 0.006 (0.020) 0.751
(151) (150) (146) {151
Medium 129.2 142.9 163.3 141.4
(156) (152) (152) (156)
High 129.5 133.6 161.1 143.0
{151) (146) (148) (151)

Transformed from natural logarithm scale.
® Results based on difference between natural logarithm of 1997 triglycerides and natural logarithm of 1982
triglycerides versus log; (initial dioxin); results adjusted for percent body fat at the date of the blood measurement of
dioxin, natural logarithm of 1982 triglycerides and age in 1997,
Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt.
Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations.

Comparlson 120.1 118.7 118.7 1454 1214 13
(929) (913) (903) (907) (929)
Background 107.7 103.7 105.5 134.4 108.6 08 ~0.5 0.377
RH (339) (332) (324) (326) (339)
Low RH 119.8 120.4 120.5 144.0 120.8 1.0 -0.3 0.820
(226) (220) (222) (218) (226)
High RH 134.3 135.0 144.1 167.8 147.3 13.1 11.8 0.020
(232) (229) (226) (228) (232)
Low plus 126.9 127.6 131.9 155.7 133.6 6.7 5.4 0.094
_High RH (458) (449) (448) (446) (458)

: Transformed from natural logarithm scale,
® Difference between 1997 and 1982 examination means after transformation to original scale.

¢ P-value is based on analysis of natural logarithm of 1997 triglycerides; results adjusted for percent body fat at the

date of the biood measurement of dioxin, natural logarithm of 1982 triglycerides, and age in 1997.

Note; RH = Ranch Hand.
Comparison: 1987 Dioxin < 10 ppt.
Background (Ranch Hand): 1987 Dioxin < 10 ppt.
Low (Ranch Hand): 1987 Dioxin > 10 ppt, 10 ppt < Initial Dioxin < 94 ppt.
High (Ranch Hand): 1987 Dioxin > 10 ppt, Initial Dioxin > 94 ppt.
Summary statistics for 1985 are provided for reference: purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for
participants who attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided
for reference purposes for participants who attended the 1982, 1992, and 1997 examinations.
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13.2.3.1.14 Triglycerides (Discrete)

The Model 1 analysis of the percentage of participants with a normal triglyceride level in 1982 and a high
triglyceride level in 1997 did not show a significant difference between overall Ranch Hands and
Comparisons or within each occupational stratum (Table 13-75(a): p>0.12 for each contrast).

Table 13-75. Longitudinal Analysis of Triglycerides (Dlscrete)
() MODEL 1 RANCH HANDS ¥S. COMPARISONS

(Mcupatmna! ' ; .

_ i Category i iGrowp. . 1982 . . 1985 1981 5‘:'-1?92.. T

All Ranch Hand 248 (30.9) 58 (7.4) 59(7.6)  88(1L3) 179(22.3)
(803) (786) (777) (777) (803)

Comparison 313(327)  61(6.5) 60 (6.5) 84(9.0) 203 (21.2)
(956) (938) (929) (933) (956)

Officer Ranch Hand 84 (27.3) 30 (9.9) 210700 33(11.0)  53(17.2)
(308) (303) (300) (299) (308)

Comparison 113 (300)  24(6.5) 25 (6.9) 32(86)  62(16.4)
(377 (371) (363) (370) (377)

Enlisted Flyer Ranch Hand 55 (37.7) 14 (9.8) 12(8.5)  20(140)  30(20.5)
(146) (143) (141) (143) (146)

Comparison 52 (36.6) 10 (7.1) 9 (6.4) 11(8.0)  42(29.6)
(142) (141) (140) (138) (142)

Enlisted Groundcrew  Ranch Hand 109 (31.2) 1441 26(71.7)  35(104)  96(27.5)
(349) (340) (336) (335) (349)

Comparison 148 (339)  27(6.3) 26 (6.1) 41(9.6)  99(22.7)
(437) (426) (426) (425) (437)

All Ranch Hand 355 66 (11 9) 1.31 (0. 90 1 89) 0.159
Comparison 643 60 (9.3)

Officer Ranch Hand 224 20 (8.9) 1.44 (0.73,2.82) 0.291
Comparison 264 17 (6.4)

Enlisted Flyer Ranch Hand 91 8 (8.8) 0.69 (0.26,1.80) 0.443
Comparison 90 11(12.2)

Enlisted Ranch Hand 240 38 (15.8) 1.48 (0.89,2.46) 0.127

Groundcrew Comparison 289 32 (11.1)

* Relative risk, confidence interval, and p-values are in reference 1o a contrast of 1982 and 1997 results; results
adjusted for age in 1997.

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,
1985, and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who
attended the 1982, 1987, and 1997 examinations, Summary statistics for 1992 are provided for reference purposes
for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on
participants who had a normal triglyceride level in 1982 (see Chapter 7, Statistical Methods),
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Q -~.§ Table 13-75. Longitudinal Analysis of Triglycerides {Discrete) {Continued)

(b) MODEL 2: RANCH HANDS — INITIAL DIOXIN - L
' Number(%)axghr(n)

it Dioxin T 1se2 1985 . 8. 198 BT
Low 49 (32.5) 13 (8.8) 9 (6.0) 14 (9.6) 36 (23.8)
(151) (147) (150) (146) (151)
Medium 56 (35.9) 16 (10.4) 16 (10.5) 25 (16.4) 44 (28.2)
(156) (154) (152) (152) (156)
High 56 (37.1) 11(7.4) 18 (12.3) 19 (12.8) 49 (32.5)
(151) (148) (146) (148) (151)
" Initial Dioxin CategorySummary Statistics ...~ - [ -.'_3-:Aiialysz’s.-fl_lesults:fdr Log, (Initial Dioxin)* .\~
o L E (ormal_m 1982 Sion R L ST ”
itial . Number (%) i Adj Relative msk e
“Diexin ©  “ain1997° - Highin1997 | SOSHCAY SRk
Low 14 (13.7) 107 (0.83,1.38) 0608
Medium 12 (12.0)
High 19 (20.0)

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

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

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

Comparison 300 (32.3) 58 (6.4) 57 (6.3) 80 (8.8) 195 (21.0)
(929) 913) (903) (907) (929)
Background RH 83 (24.5) 17 (5.1) 16 (4.9) 30(9.2) 46 (13.6)
339) (332) (324) (326) (339)
Low RH 75(33.2) 20(9.1) 14 (6.3) 21 (9.6) 52 (23.0)
(226) (220) (222) (218) (226}
High RH 86 (37.1) 20(8.7) 29 (12.8) 37 (16.2) 77 (33.2)
(232) (229) (226) (228) (232)
Low plus High RH 161 (35.2) 40 (8.9) 43 (9.6) 58 (13.00 129 (28.2)
(458) (449) (448) (446) (458)
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Table 13-75. Longitudinal Analysis of Triglycerides {Discrete) (Continued)

' Normalin 1982 = e e

oo oo o " Number(%) -~ Adj RelativeRisk e

Dioxin Category - nin1997 ' Highinl1997° ' . (5% CL®  pValue
Comparison ) 629 58 (9.2) ' '
Background RH 256 19 (7.4) 0.88 (0.51,1.52) 0.649
Low RH 151 17 (11.3) 1.29 (0.72,2.30) 0.390
High RH 146 28 (19.2) 1.97 (1.19,3.26) 0.008
Low plus High RH 297 45 (15.2) 1.59 (1.04,2.44) 0.034

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

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

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982,

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

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

The Model 2 analysis did not reveal a significant association between the change in triglyceride levels and
initial dioxin (Table 13-75(b): p=0.608). Model 3 analysis of the change in triglyceride values from
normal in 1982 to high in 1997 revealed two significant contrasts: Ranch Hands in the high dioxin
category versus Comparisons and Ranch Hands in the low and high dioxin categories combined versus
Comparisons (Table 13-75(c): Adj. RR=1.97, p=0.008; Adj. RR=1.59, p=0.034, respectively). Of the
Comparisons, 9.2 percent had normal triglyceride levels in 1982 and high trigtyceride levels in 1997. Of
the Ranch Hands, 19.2 percent in the high dioxin category and 15.2 percent in the low and high dioxin
categories combined had normal triglyceride levels in 1982 and high triglyceride levels in 1997,

13.3 DISCUSSION

The historical, physical examination, and laboratory parameters included in the gastrointestinal
assessment are well established in clinical practice as screening tools in the outpatient investigation of
digestive disorders. In the diagnosts of digestive disorders, it is important to recognize the limitations of
the history and physical examination. Rather than pointing to a particular diagnosis, digestive symptoms
are frequently nonspecific and intermittent. In this setting, even the best-designed medical history
questionnaire can be subject to error. “Ulcer” and “colitis™ are diagnoses that are commonly reported but
often not accurately established. As a common target organ for situational stress, the bowel frequently
gives rise to symptoms that can be severe but that are functional in nature and resolve over time. These
caveats highlight the importance of the type of medical record verification conducted in the current study.

The physical examination of the gastrointestinal system is often of limited value and can be misleading in

the differential diagnosis. For example, the detection of enlargement of the liver in the obese patient is
unreliable. In obstructive airway disease, with hyperinflation of the lungs and flattening of the
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diaphragms, the liver edge may descend abnormally below the right costal margin in the absence of
hepatomegaly. The span of the liver by palpation or percussion is often an unreliable index of liver size.

Data collected in the laboratory can provide early insight into the presence of occult liver disease despite
the limitations in the history and physical examination. The four hepatic enzymes analyzed as dependent
variables (AST, ALT, GGT, and LDH) are commonly ordered in the outpatient setting. These enzymes,
of which GGT is the most sensitive, are present in high intracellular concentration. They also are
elevated in fatty infiltration of the liver associated with obesity and in virtually all toxic, inflammatory,
and neoplastic diseases with hepatic involvement.

The hepatic enzymes are used in the detection and follow-up of parenchymal liver disease. The serum
alkaline phosphatase and bilirubin are reflective of hepatobiliary function and are elevated in
“cholestatic” or “obstructive” discases. Although present in virtually all organ systems, the serum
alkaline phosphatase in the adult population under study is of dual origin and close to a even mixture of
liver- and bone-derived fractions. An elevated alkaline phosphatase is not diagnostic of liver disease and
may occur in a broad range of unrelated clinical conditions including drug-induced cholestasis, Paget’s
disease (3% of males over age 40), neoplasia with metastases to bone, and congestive heart failure.

Similarly, the bilirubin measurements are subject to numerous hereditary and acquired disorders unrelated
to intrinsic hepatic disease. The benign hyperbilirubinemia of Gilbert’s syndrome will occur in 5 percent
of the population under study. Many medications, including over-the-counter preparations, have been
implicated in the overproduction of bilirubin that occurs in the hemolytic reactions associated with
glucose-6-phosphate dehydrogenase deficiency that may be present in up to 15 percent of Black
American males.

In this follow-up examination, with two exceptions, none of the analyses of historical (verified medical
records review) or physical examination variables revealed any significant group differences or evidence
for liver disease associated with the 1987 body burden of dioxin. Consistent with the 1992 examinations,
Ranch Hands were significantly less likely than Comparisons to have a history of jaundice (1.4% vs.
2.9%), a finding that is consistent with the highly significant (p<0.001) inverse dose-response pattern

in the model relating this variable to 1987 serum dioxin. Also consistent with the 1992 follow-up
examination, Ranch Hands were more likely than Comparisons to have a history of other liver disorders,
primarily based on enlisted groundcrew (30.8% vs. 25.2%). An increasing history of other liver disorders
as dioxin levels increased also was observed. Twelve percent of this category of “other liver disorders”
comprised participants with nonspecific laboratory test elevations at previous examinations.

The laboratory data examined can be divided broadly into parenchymal (serum enzymes), hepatobiliary
(serum bilirubin and alkaline phosphatase), lipid or carbohydrate indices, and a 10-element protein
profile including prealbumin, albumin, ¢.-1-acid glycoprotein, ¢-1-antitrypsin, ot-2-macroglobulin,
apolipoprotein B, C3 compiement, C4 complement, haptoglobin, and transferrin, The components of the
protein profile were selected to provide a comprehensive reflection of multiple organ systems involved in
homeostasis and to investigate the possibility of a subclinical inflammatory process that might be
associated with prior TCDD exposure or the current body burden of dioxin. Produced in the liver, the
proteins measured are most sensitive to hepatic function but also provide a reliable assessment of
nutritional status. Selected proteins (¢-1-acid glycoprotein, - 1-antitrypsin, and haptoglobin) are
nonspecifically elevated in association with inflammation, whereas reductions in the C3 and C4
complement indices are associated with immune system responses.

Few of the laboratory analyses revealed any significant differences between the Ranch Hand and
Comparison cohorts. Ranch Hands continued to have a slightly higher mean alkaline phosphatase than
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Comparisons by continuous analysis. In the analyses relating alkaline phosphatase to the initial and the
1987 body burden of dioxin within Ranch Hands, a marginally significant inverse relation was noted. In
the analyses of laboratory data in discrete form, no significant group differences were defined.

The analyses of two protein variables in continuous form, o~ 1-antitrypsin and haptoglobin, yielded
statistically significant (p=0.002 for both variables) overall group differences with Ranch Hands
adversely affected. In neither instance was there any evidence for an association with 1987 serum dioxin
levels and, by all discrete analyses, the prevalence of abnormalities was similar in each cohort.

Several analyses yielded results that have been documented consistently in prior examinations. Although
no overall group differences were defined by both continuous and discrete analyses, three of four liver
enzymes—ALT, AST, and GGT—revealed significant positive associations with 1987 seram dioxin
levels. Similar results were noted as well in the analysis of serum triglycerides. These results, while
consistent with a dose-response effect, might be explained as well on the basis of the hyperlipidemia and
fatty infiltration of the liver that occur in association with obesity. A causal relation with prior dioxin
exposure remains to be established.

Dependent variable-covariate associations yielded results similar to those documented in previous
examinatjons and that are well established in clinical practice. Highly significant positive correlations
were noted relating lifetime alcohol consumption with the history of chronic liver disease and cirrhosis,
the finding of enlargement of the liver upon physical examination, and an elevation in GGT, the most
sensitive liver enzyme. The mean creatine phosphokinase level in Blacks was almost twice as high as in
non-Blacks, a finding that was noted in both the 1987 and 1992 examinations and that appears to be race-
and gender-specific.

Throughout 15 years of observation, the longitudinal analyses have yielded marginally significant results
in several of the laboratory indices, most of which were similar to those documented in the 1992
examination. Although no significant overall group differences were identified, a consistent gradual
reduction in serum AST occurred in both Ranch Hands and Comparisons across all occupational and
exposure categories. In the analyses of ALT in discrete form, Ranch Hand enlisted groundcrew, those
most heavily exposed to dioxin, remained less likely than Comparisons to have abnormal elevations in
ths index (5.6% vs. 7.9%, respectively) in 1997. Relative to Comparisons, the increase in mean serum
triglyceride levels over time was most pronounced in Ranch Hands in the highest serum dioxin category
in a pattern consistent with a dose-response effect (13.1 mg vs. 1.3 mg; p=0.020). Finally, Ranch Hands
in the enlisted groundcrew occupational stratum whose cholesterol levels were normal in 1982 were
significantly more likely than Comparisons to develop abnormal elevations in 1997 (15.6% vs. 9.9%), an
effect most pronounced in those participants with the highest levels of serum dioxin relative to
Comparisons (17.2% vs. 10.3%).

Data analyzed for the gastrointestinal assessment confirm observations that would be anticipated in
clinical practice and reflect no apparent increase in organ-specific morbidity in Ranch Hands relative to
Comparisons. Although the results cited above are consistent with a subtle effect of dioxin on lipid
metabolism, an association with body habitus and obesity cannot be excluded.
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13.4 SUMMARY

13.4.1 Model 1: Group Analysis

The adjusted group analysis for medical records variables revealed a significant difference between
Ranch Hands and Comparisons over all occupational strata for jaundice. Comparisons had a greater
history of jaundice than Ranch Hands.

The adjusted Model 1 analyses of the continuous variables found that Ranch Hands had si gnificantly
higher mean levels of alkaline phosphatase, a-1-antitrypsin, haptoglobin, and transferrin than
Comparisons. In the discrete analyses, significantly more Ranch Hands than Comparisons had high
haptoglobin levels and more Comparisons than Ranch Hands had evidence of prior hepatitis B infection
and low transferrin values.

After stratifying by occupation, the adjusted analyses revealed significantly lower mean levels of serum
amylase, apolipoprotein B, and C4 complement among the Ranch Hand officers versus Comparison
officers. In the discrete analysis, more Comparison officers than Ranch Hand officers had prior hepatitis
B infection. Ranch Hand enlisted flyers had a significantly lower percentage of high apolipoprotein B
values than Comparison enlisted flyers.

The adjusted analysis of the continuous variables showed that among the enlisted groundcrew, the Ranch
Hand mean levels of alkaline phosphatase, a-1-acid glycoprotein, o-1-antitrypsin, and haptoglobin were
significantly higher than the corresponding Comparison group mean levels. The adjusted discrete
analyses found significantly more high triglyceride levels and low prealbumin levels among enlisted
groundcrew Ranch Hands than among enlisted groundcrew Comparisons. A significantly smaller
prevalence of serological evidence of prior hepatitis B infection was seen for Ranch Hand enlisted
groundcrew versus Comparison enlisted groundcrew.

The results of all unadjusted and adjusted Model 1 analyses are summarized in Table 13-76.

Table 13-76. Summary of Group Analysis (Model 1) for Gastrointestinal Variables (Ranch Hands
vs. Comparisons)

UNADJUSTED : 5 i
i P Dodt sl - Enlisteds L Enlisted

e ST : v y riab} e omcer ..... o myer 2 Groundcmw :
Medical Records
Uncharacterized Hepatitis (D) NS NS NS NS
Jaundice (Unspecified) (D) ~0.025 ns* NS ns*
Chronic Liver Disease and Cirrhosis NS NS ns ns
(Alcohol-related) (D)
Chronic Liver Disease and Cirrhosis (Non- NS NS ns NS
alcohol-related) (D)
Liver Abscess and Sequelae of Chronic NS ns -- NS
Liver Disease (D)
Enlarged Liver (Hepatomegaly) (D) ns ns NS ns*
Other Liver Disorders (D) NS* NS NS NS*
Physical Examination
Current Hepatomegaly (D) NS NS NS NS
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Table 13-76. Summary of Group Analysls (Model 1) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons) {(Continued)

UNADJUSTED- . R S
e e ; . ... KEnlisted . Exlisted -
. .. -. 'Variable AN . ‘Officer .. = Flyer - Groundcrew.

Laboratory ' '
AST (C) NS NS ns NS
AST (D) NS NS ns NS
ALT (C) NS NS ns NS
ALT (D) NS NS ns ns
GGT (C) NS NS ns NS
GGT (D) NS NS NS ns
Alkaline Phosphatase (C) +0.024 NS NS +0.030
Alkaline Phosphatase (D) NS ns NS NS*
Total Bilirubin (C) ns NS ns NS
Total Bilirubin (D) ns ns NS ns
Direct Bilirubin (D) ns ns - ns
Lactic Dehydrogenase (C) NS ns ns NS
Lactic Dehydrogenase (D) ns ns NS ns
Cholesterol (C) ns ns ns NS
Cholesterol (D) NS ns ns NS
HDL Cholesterol (C)* NS ns NS ns
HDL Cholesterol (D) NS NS NS NS
Cholesterol-HDL Ratio (C) ns ns ns NS
Cholesterol-HDL Ratio (D) NS NS ns NS
Triglycerides (C) NS NS ns NS
Triglycerides (D) NS NS ns NS*
Creatine Phosphokinase (C) NS NS ns NS
Creatine Phosphokinase (D) ns ns ns NS
Serum Amylase (C) NS —0.048 NS NS
Serum Amylase (D) ns ns* NS NS
Antibodies for Hepatitis A (D) ns NS NS ns
Serological Evidence of Prior Hepatitis B —0.001 -0.031 ns* -0.036
Infection (D)
Current Hepatitis B (D) ns - -- ns
Antibodies for Hepatitis C (D) ns ns ns ns
Antibodies for Hepatitis D (D) -- -- -- -
Stool Hemoccult (D) ns ns ns ns
Prealbumin (C)* ns ns NS ns
Prealbumin (D) NS NS NS NS*
Albumin (C)* ns ns NS NS
Albumin (D) ns NS ns ns
o-1-Acid Glycoprotein (C) NS ns ns +0.044
o-1-Acid Glycoprotein (D) NS ns NS NS
o-1-Antitrypsin (C): +0.002 NS NS +0.001
o-1-Antitrypsin (D):

Low vs. Normal ns NS NS ns

High vs. Normal NS NS ns NS
o-2-Macrogiobulin (C) ns ns ns ns
o-2-Macroglobulin (D) ns ns ns ns
Apolipoprotein B (C) ns ns* ns NS
Apolipoprotein B (D) ns* ns -0.007 NS
C3 Complement (C)* NS NS ns NS
C3 Complement (D) ns ns ns NS
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Table 13-76. Summary of Group Analysls (Model 1) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons) (Continued)

.......... . 'UNADJUSTED . - . . .. - - . .
SRS LE R . Enlisted "~ Enlisted

Croie s Variable. Al - U Officer . Flyer. Groundcrew
C4 Complement (C)* ns —0.024 NS* ns '
C4 Complement (D) NS NS ns -
Haptoglobin (C) +0.002 NS NS +0.016
Haptoglobin (D) +0.017 NS NS NS*
Transferrin (C)* +0.044 NS NS NS§*
Transferrin (D) -0.036 ns* ns ns

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

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

C: Continuous analysis.
D: Discrete analysis.

+: Relative risk 21.00 for discrete analysis; difference of means nonnegative for continuous analysis.
~: Relative risk <1.00 for discrete analysis; difference of means negative for continuous analysis.
--1 Analysis not performed because of the sparse number of participants with an abnormality.

* Negative difference considered adverse for this variable.

P-value given if p<0.05.

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

R e R T T e R Sl CADJUSTED . noves Y
2ot Variable s All L Officer . Flyer. ' ~Groundcrew
Medical Records
Uncharacterized Hepatitis (D) NS NS NS NS
Jaundice (Unspecified) (D) -0.028 ns NS ns*
Chronic Liver Disease and Cirrhosis ns NS ns ns
(Alcohol-related) (D)

Chronic Liver Disease and Cirrhosis NS NS ns NS
(Non-alcohol-related) (D)

Liver Abscess and Sequelae of Chronic NS - - --
Liver Disease (D)

Enlarged Liver (Hepatomegaly) (D) ns ns NS ns*
Other Liver Disorders (D) NS* NS ns NS*
Physical Examination

Current Hepatomegaly (D) NS NS -- NS
Laboratory

AST (O) NS NS ns NS
AST (D) NS NS ns NS
ALT (C) NS NS ns NS
ALT (D) NS NS ns ns
GGT (C) NS NS NS NS
GGT (D) NS NS NS ns
Alkaiine Phosphatase (C) +.016 NS NS +0.021
Alkaline Phosphatase (D) NS ns NS NS*
Total Bilirubin (C) NS NS ns NS
Total Bilirubin (D) ns ns NS ns
Direct Bilirubin (D) ns ns - -
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Table 13-76. Summary of Group Analysis (Model 1) for Gastrointestinal Variables
{Ranch Hands vs. Comparisons) (Continued)

. ADJUSTED - "o o
UL ST o .0t Eslisted . Enlisted
Sk e Variable - AN o Officer . "Flyer. ..~ Groundcrew
Lactic Dehydrogenase (C) NS ns ns NS
Lactic Dehydrogenase (D) ns ns NS ns
Cholesterol (C) ns ns ns NS
Cholesterol (D) NS ns NS NS
HDL Cholesterol (C)* NS ns NS#* ns
HDL Cholesterol (D) NS NS ns NS
Cholesterol-HDL Ratio (C) ns ns ns* NS
Cholesterol-HDL Ratio (D) NS NS ns* NS
Triglycerides (C) NS NS ns NS
Triglycerides (D) NS NS ns +0.047
Creatine Phosphokinase (C) NS NS ns NS
Creatine Phosphokinase (D) ns ns ns NS
Serum Amylase (C) ns ~0.037 NS NS
Serum Amylase (D) ns ns* NS NS
Antibodies for Hepatitis A (D) ns ns NS ns
Serological Evidence of Prior Hepatitis B —<0.001 -0.024 ns* -0.035
Infection (D)
Current Hepatitis B (D) ns - -- ns
Antibodies for Hepatitis C (D) ns ns ns ns
Antibodies for Hepatitis D (D) -- -- -- -
Stool Hemoccult (D) ns ns ns ns
Prealbumin (C)* ns ns NS ns
Prealbumin (D) NS NS NS +0.043
Albumin (C)* ns ns NS NS
Albumin (D} ns NS - --
¢i-1-Acid Glycoprotein (C) NS ns NS +0.030
a-1-Acid Glycoprotein (D) NS ns NS NS*
o 1-Antitrypsin (C) +0.001 NS NS* +<0.001
o-1-Antitrypsin (D):
Low vs. Normal ns NS - ns
High vs. Normal NS -- ns NS
o-2-Macroglobulin (C) ns ns ns ns
0-2-Macroglobutin (D} ns ns ns NS
Apolipoprotein B (C) ns -0.048 ns NS
Apolipoprotein B (D) ng* RS -0.005 NS
C3 Complement (C)* NS NS ns NS
C3 Complement (D) ns ns ns NS
Cd Complement (C)* ns -0.017 NS ns
C4 Complement (D} NS NS - -
Haptoglobin (C) +0.003 NS NS +0.016
Haptoglobin (D) +0.020 NS NS NS*
Transferrin (C)* +0.037 NS NS NS*
Transferrin (D) ~0.027 ns* ns ns
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Table 13-76. Summary of Group Analysis (Model 1) for Gastrointestinal Variables
(Ranch Hands vs. Comparisons) (Continued)

Note: NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p<0.10).
C: Continuous analysis.
D: Discrete analysis.
+: Relative risk 21.00 for discrete analysis; difference of means nonnegative for continuous analysis.
© Relative risk <1.00 for discrete analysis; difference of means negative for continuous analysis.
=-: Analysis not performed because of the sparse number of participants with an abnormality.
* Negative differcnce considered adverse for this variable.

P-value given if p<0.05.

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

13.4.2 Model 2: Initial Dioxin Analysis

Model 2 analyses of medical records variables revealed a significant positive association between initial
dioxin and other liver disorders.

Adjusted Model 2 analysis of the laboratory examination variables revealed a significant positive
association between initial dioxin and the discrete form of ALT. A significant inverse association was

seen between initial dioxin and the discrete form of HDL cholesterol in the adjusted analysis.

The results of all unadjusted and adjusted Model 2 analyses are summarized in Table 13-77.

Table 13-77. Summary of Initial Dioxin Analysis (Model 2) for Gastrointestinal Variables (Ranch
Hands Only)

Medical Records

Uncharacterized Hepatitis (D) NS NS
Jaundice (Unspecified) (D) NS NS
Chronic Liver Disease and Cirrhosis (Alcohol-related) (D) NS NS
Chronic Liver Disease and Cirrhosis (Non-alcohol-related) (D) NS NS
Liver Abscess and Sequelae of Chronic Liver Disease (D) NS NS
Enlarged Liver (Hepatomegaly) (D) ns ns
Other Liver Disorders (D) NS : +0.022
Physical Examination

Current Hepatomegaly (D) ns ns
Laboratory

AST (C) NS NS
AST (D) NS NS
ALT (C) NS NS
ALT (D) NS +0.049
GGT (C) NS NS
GGT (D) NS NS
Alkaline Phosphatase (C) ns ns*
Alkaline Phosphatase (D) ns NS
Total Biliruhin (C) ' ns NS
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Table 13-77. Summary of Initial Dioxin Analysis (Model 2) for Gastrointestinal Variabies

(Ranch Hands Oniy) (Continued)

G ..t Variable . .. Unadjusted . - Adjusted -
Total Bilirubin (D) ns ns
Direct Bilirubin (D) -- -
Lactic Dehydrogenase (C) ns NS
Lactic Dehydrogenase (D) ns ns
Cholesterol (C) +0.005 NS
Cholesterol (D) +0.036 NS*
HDI. Cholestero} (C)* ns NS
HDL Cholesterol (D) ns -0.029
Cholestero}-HDL Ratio (C) +0.003 NS
Cholesterol-HDL Ratio (D) +0.002 NS
Triglycerides (C) NS NS
Triglycerides (D) NS ns
Creatine Phosphokinase (C) NS ns
Creatine Phosphokinase (D) NS’ NS
Serum Amylase (C) ns* ns*
Serum Amylase (D) ns NS
Antibodies for Hepatitis A (D) ns NS
Serological Evidence of Prior Hepatitis B Infection (D) NS ns
Current Hepatitis B (D) ns ns
Antibodies for Hepatitis C (D) ns ns
Antibodies for Hepatitis D (D) -- -
Stool Hemoccult (D) ns ns
Prealbumin (C)* ns ns
Prealbumin (D) NS N§*
Albumin (C)? NS ns
Albumin (D) - --
o-1-Acid Glycoprotein (C) NS ns*
o-1-Acid Glycoprotein (D) NS ns
o-1-Antitrypsin (C) NS* NS
o-1-Antitrypsin (D):

Low vs. Normal ns ns

High vs. Normal NS ns
a-2-Macroglobulin (C) ns NS
«-2-Macroglobulin (D) NS NS§*
Apolipoprotein B (C) +0.009 NS
Apolipoprotein B (D) NS#* NS
C3 Complement (C)* +0.023 NS
C3 Complement (D) NS NS
C4 Complement (C)* ns ns
C4 Complement (D) -- -=
Haptoglobin (C) NS ns
Haptoglobin (D) NS ns
Transferrin (C)" NS ns

ns ns

Transferrin (D)
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Table 13-77. Summary of Initial Dioxin Analysis (Modei 2) for Gastrointestinai Variables
(Ranch Hands Oniy) (Continued)

Note: NS or ns: Not significant (p>0.10).
NS* or ns*: Marginally significant (0.05<p<0.10).
C: Continuous analysis.
D: Discrete analysis. ‘
+: Relative risk 21.00 for discrete analysis; slope nonnegative for continuous anaiysis.
—: Relative risk <1.00 for discrete analysis.
-—-: Analysis not performed because of the sparse number of Ranch Hands with an abnormality.
* Negative slope considered adverse for this variable.

P-value given if p<0.05.

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

13.4.3 Model 3: Categorized Dioxin Analysis

Adjusted Model 3 analyses revealed a significantly higher percentage of other liver disorders among
Ranch Hands in the high dioxin category than among Comparisons.

The adjusted results of the Ranch Hands in the high dioxin category versus Comparisons contrast
revealed Ranch Hands had significantly higher mean levels of GGT, triglycerides, o-1-antitrypsin, and
transferrin than Comparisons. The discrete analyses for AST, triglycerides, and prealbumin were also
significant, with Ranch Hands in the high dioxin category having a higher prevalence of abnormal values
than Comparisons. In addition, significantly less serological evidence of prior hepatitis B and low
transferrin levels were noted in Ranch Hands in the high dioxin category than in Comparisons.

The adjusted result of the contrast between Ranch Hands in the low and high dioxin categories combined
versus Comparisons revealed that Ranch Hands had significantly higher mean levels of ALT, GQqT,
o-1-antitrypsin, haptoglobin, and transferrin than Comparisons. The discrete analyses for AST and
triglycerides were also significant, with Ranch Hands in the low and high dioxin categories combined
having a greater prevalence of high values than Comparisons. In addition, significantly less serological
evidence of prior hepatitis B and low transferrin levels were noted in the Ranch Hands in the low and
high dioxin categories combined than in Comparisons.

The adjusted analyses also found several significant differences for the contrast between Ranch Hands in
the background dioxin category versus Comparisons. Ranch Hands had significantly higher mean levels
of alkaline phosphatase, o-1-antitrypsin, and haptoglobin than Comparisons. The discrete analyses for
HDL cholesterol and haptoglobin were also significant, with Ranch Hands in the background dioxin
category having a higher prevalence of abnormal values than Comparisons. In addition, significantly
fewer Ranch Hands in the background dioxin category had serological evidence of prior hepatitis B and
high apolipoprotein B levels than did Comparisons.

The results of all unadjusted and adjusted Model 3 analyses are summarized in Table 13-78.
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