
. -.~.- •. - '---'----~- .. -~,~ ••• _ .. _._._ .. '_H ••• _,. __ ,., ___________ •• __ • __ ._ •••• _._., ___ .•••• , _____ • __ • ________ ..--J...._ .. ______ . __ ,_,_. __ ... _. __ •. _._ ... ,. ___ . __ , __ 

Table 13-42. Analysis of Prealbumin (Discrete) (Continued) 

(e) MODJl;L 3: RANCH HANDS AND COMPARISONS BY DIOXiN CATEGORY - UNADJUSTED 

Number(%) Est. Relative Risk 
• Dioxin Category n Low (95% C.I.)'· 

Comparison 1,194 10 (0.8) 

Background RH 376 6 (1.6) 1.94 (0.69,5.41) 
LowRH 236 1 (0.4) 0.50 (0.06,3.95) 
High RH 240 5 (2.1) 2.50 (0.84,7.42) 
Low plus High RH 476 6 (1.3) 1.13 (0.33,3.90) 

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

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

p-Valne 

0.207 
0.513 
0.099 
0.849 

(0 MODEL 3: RANCH HANDS AND COMPARI80NS BymOXtN CATEGORY -ADJUSTED 

Adjusted 'a.lati •• msk 
· Dioxin Category n (?5% C.I.)' 

Comparison 1,193 

Background RH 374 1.74 (0.61,5.01) 
LowRH 235 0.49 (0.06,3.93) 
HighRH 238 4.34 (1.25,15.05) 
Low plus Hi~h RH 473 1.48 (0.41,5.32) 

, Relative risk and confidence interval relative to Comparisons. 

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

(g) MODEL 4: RANCH HANDS":': 1987 DIOXlN -UNADJUSTED . 

p-Value 

0.302 
0.506 
0.021 
0.552 

19117 DIOXin Ca~ory'$ulMlllryStatistll'S Anal;ysls Results for Log, (1987 'Dioxin + 1) 

1987 Number (%) .' 
· DioXia '. n '. . . . J..,ow· ." 

Low 283 4 (1.4) 
Medium 285 3 (1.1) 
High 284 5 (1.8) 

'Relative risk for a twofold increase in 1987 dioxin. 

Estitnateil Relative Risk 
. . . . . '. (95%<:.1.)' 

1.02 (0.69,1.49) 

Note: Low = $7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-42. Analysis of Prealbumln (Discrete) (Continued) 

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

n 

847 

Analysis Results for Log, (1987 Dioxin + 1) 

Adjusted Relative Risk 
(95% C.I.)" 

1.00 (0.63,1.60) 

, Relative risk for a twofold increase in 1987 dioxin. 

p-Valoe 

0.993 

No significant relation between prealburnin and initial dioxin was found in the unadjusted Model 2 
analysis (Table 13-42(c): p=0.203). A marginally significant relation was found in the adjusted analysis 
(Table I3-42(d): Adj. RR=1.76, p=O.OSI), indicating an increased prevalence of low prealburnin levels as 
initial dioxin increased. In the Model 3 unadjusted· analysis of prealburnin, a marginally significant 
difference was revealed between Ranch Hands in the high dioxin category and the Comparison group 
(Table 13-42(e): Est. RR=2.50, p=0.099). The same contrast was significant in the adjusted analysis 
(Table I3-42(f): Adj. RR=4.34, p=0.021). Of the Ranch Hands in the high dioxin category, 2.1 percent 
had low prealburnin levels versus O.S percent of the Comparisons. The Model 4 unadjusted and adjusted 
analyses were nonsignificant (Table 13-42(g,h): p>0.93 for each analysis). 

13.2.2.3.34 Albumin (Continuous) 

All unadjusted and adjusted Modell and 2 analyses were nonsignificant (Table 13-43(a-d): p>O.l8 for 
each analysis). 

Table 13-43. Analysis of Albumin (mgldl) (Continuous) 

(a) MODEL.1: .RA1'/OH;HANDS;VS •. COMPMUSONS . .",UNA:D.JUSTEJ) 

Oeeupatiorud Dirreren<e of Means 
Category .GroIlP n Mean (95% C.I.) p:-Value 

All Ranch Hand 859 4,195.6 -5.6 (-34.9,23.8) 0.709 
Comparison 1,231 4,201.2 

Officer Ranch Hand 340 4,172.9 -31.8 (-78.3,14.8) 0.181 
Comparison 490 4,204.6 

Enlisted Flyer Ranch Hand 150 4,190.0 30.1 (-42.4,102.5) 0.416 
Comparison 185 4,159.9 

Enlisted Ranch Hand 369 4,218.8 7.0 (-37.3,51.2) 0.758 
Groundcrew Comparison 556 4,211.9 
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Table 13-43. Analysis of Albumin (mg/dl) (Continuous) (Continued) 

(b).1\10DEL 1: RANCHHANDS VS. COMPARlSONS - ADJUSTED 

Of,cupational Difference of Adj. Means 
Category Group n AcIj.Mean (9S%Cl.) p-Value 

All Ranch Hand 854 4,180.8 -3.0 (-32.1,26.0) 0.837 
Comparison 1,229 4,183.8 

Officer Ranch Hand 340 4,163.1 -28.9 (-74.9,17.1) 0.218 
Comparison 489 4,192.1 

Enlisted Flyer Ranch Hand 148 4,201.9 37.0 (-35.0,109.0) 0.314 
Comparison 184 4,164.9 

Enlisted Ranch Hand 366 4,190.5 5.8 (-38.1,49.6) 0.797 
Groundcrew Comparison 556 4,184.7 

(e) MODEL 2: RANCHHANDS- INlTJALDiOXIN -UNADJUS'l'ED 
.' .... 

.. ..Iri!ti!d Diilxln CategorySllmIDa.-yStatistics ...... .... ·A1l!dySis.8es)llts for/Log;, (Initial Dioxin) 
. . . . •. . .... ..' 'Slope .' . 

1nlti81 Dioxin ,n!\1ean Adj. Mean' ..• I·" .R' (Sid. Error) .,..Value 

Low 158 4,170.0 4,164.4 0.023 13.830 (10.970) 0.208 
Medium 
High 

159 
159 

4,163.0 
4,221.3 

4,162.4 
4,227.5 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 

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

Low 
Medium 
High 

158 
158 
157 

4,148.8 
4,133.0 
4,169.0 

0.054 

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

.,..Value 

-1.264 (12.791) 0.921 

(e) MODEL 3: RANCH HANDS ANDCOMPARlSONS BYDI(JXINCATEGORY-UNADJUSTED 
; -,-'" ' , , ',,' ,,," ' :"'" , ':," 

., Difference of Adj, Mean 

Dlo~ln ~ory, M""" Adj.Meilli· L 
' ... (:omparisoIIs 

n (95%~L) 

Comparison 1,194 4,199.1 4,199.7 

Background RH 376 4,212.2 4,200.6 0.9 (-37.7,39.6) 
LowRH 236 4,151.7 4,155.3 -44.5 (-90.8,1.8) 
HighRH 240 4,217.3 4,228.9 29.2 (-16.9,75.3) 
Low plus High RH 476 4,184.8 4,192.4 -7.3 (-42.6,28.0) 

, 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. 

13-126 

p-Value 

0.962 
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0.215 
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() Table 13-43, Analysis of Albumin (mg/dl) (Continuous) (Continued) 

(I) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY :-ADJUSTED 

Difference or Aclj. Mean 
vs. Comparisons . 

Dioxin Category n Aclj'Mean (95% C,L) 

Comparison 1,193 4,183.0 

Background RH 374 4,187.9 5.0 (-34.0,43.9) 
LowRH 235 4,154.2 -28.7 (-74.7,17.3) 
HighRH 238 4,200.2 17.2 (-30.0,64.4) 
Low plus High RH 473 4,177.3 -5.6 (-41.0,29.8) 

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

(g) MODEL 4; RANCH HANDS -l987DIOXIN - UNADJUSTED . 

. ' .. ,' Acljusted Slope 
R' 1987.DiQxin n Mean (Std. Error) 

Low 283 4,227.5 <0.001 -2.471 (7.678) 
Medium 285 4,153.4 
High 284 4,210.1 

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

(h) MODEL 4: RANCH HANDS-19111DIOXlN -ADJUSTED 
.. ' . 

1!187 .... ',. ..... >. ' .. '. '. .> ,... . '. '.' > . Acljuste<!.Slope 
Dioxin. n Aclj. Mean ..• R' .(Std. Error) 

Low 283 4,223.1 0.040 -11.121 (8.711) 
Medium 
High 

283 4,157.9 
281 4,181.3 

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

p-Value 

0.803 
0.221 
0.476 
0.755 

p-Value 

0.748 

p-Value 

0.202 

The unadjusted Model 3 analysis showed a marginally significant difference between Ranch Hands in the 
low dioxin category and Comparisons (Table 13-43( e): difference of means=-44.S mgldl, p=0.060). No 
significant differences were noted in the adjusted Model 3 analysis of albumin (Table 13-43(f): p>o.22 
for each contrast). In the Model 4 unadjusted and adjusted analyses of albumin, no significant 
associations with 1987 dioxin were found (Table 13-43(g,h): p>O.20 for each analysis). 

13.2.2.3.35 Albumin (Discrete) 

Because of a sparse number oflow albumin values among the participants, some analyses were not 
possible. Table 13-44 contains the results of these analyses. Unadjusted chi-square tests of association in 
Model 3 revealed a significantly smaller percentage of Ranch Hands in the low and high dioxin categories 
combined with a low albumin level than Comparisons (Table 13-44(e): p=O.099). All other analyses in 
Models 1 through 4 were nonsignificant (Table 13-44(a-h): p;:>,O.17 for all other analyses). 
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Table 13-44. Analysis of Albumin (Discrete) 

(a) MODEL 1: RANCH HANDS VS, COMPARISONS - UNADJUSTED 

O~up"tionaJ Number(%) Est. R.lativtrusk 
Category Group n Low (95% C.l.) p-Value 

All Ranch Hand 859 3 (0.3) 0.43 (0.12,1.56) 0.170 
Comparison 1,231 10 (0.8) 

Officer Ranch Hand 340 3 (0.9) 1.08 (0.24,4.86) 0.919 
Comparison 490 4 (0.8) 

Enlisted Flyer Ranch Hand 150 0(0.0) 0.999' 
Comparison 185 I (0.5) 

Enlisted Ranch Hand 369 0(0.0) 0.171' 
Groundcrew Comparison 556 5 (0.9) 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a low albumin level. 
--: Results not presented because of the sparse number of participants with a low albumin level. 

(b) MODELl: RANCH HANDS VS. COMPAItISONS -ADJUSTED· 

OceupationaJ Category 
Adjusted Relative Risk 

(95% C.l.) p-Value 
All 

Officer 

0.45 (0.12,1.65) 

1.08 (0.24,4.91) 

0.200 

0.918 
Enlisted Flyer 
Enlisted Groundcrew 

--: Results not presented because of the sparse number of participants with a low albumin level. 

(e) MODEL 2: RANCHHAN))S "'INITIALDlOXIN - UNADJUSTED 

.• Initial Dioxin Category'SumntaryStati~tid; . . .•... • ". . '~Resillts for Loll, (Initialj)loxin)' 

ilnitlalNumbe. r.(%) . 
'Dioxin . ··n .. ,> '" "Low .' ." . 

EstlmatedRelativeRisk 
....i ..... (9S%.C.I.)b .'. '. . 

Low 158 0 (0.0) 
Medium 159 0 «>.0) 
High 159 0 (0.0) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
--: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 

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

(d) M. OD. EL 2: RANCH HANDS - INITIAL DlOXIN - ADJUSTED. 
J" '., ,,', , ',' :' , ' , 

Analysis Resillts for Log; (Initial DI?xln) 

Adjusted Relative Risk 

. 

". p-Value .... 

n (95% CoL)' p-ValUt 

• Relative risk for a twofold increase in initial dioxin. 
--: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 
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() Table 13-44. Analysis of Albumin (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BYnIOXINCATEGORY - UNADJUSTED 

Number (%) Est. Relative Risk 
Di9l1in Category n Low (95% C.I.)" p-Value 

Comparison 1,194 10 (0.8) 

Background RH 376 2 (0.5) 0.68 (0.15,3.14) 0.618 
LowRH 236 0(0.0) 0.325' 
High RH 240 0(0.0) 0.318' 
Low plus High RH 476 0(0.0) 0.099' 

, Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a low albumin level. 
--: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 

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. 

(I) MODEL 3: RANCH lfAJIIDSANl> COMPARISONS BY DIOXINCA TEGORY - ADJUSTED 

Dioxin Category 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

n 

1,193 

374 
235 
238 
473 

Adjusted Relative Risk 
(9S%C.L), 

0.67 (0.14,3.20) 

• Relative risk and confidence interval relative to Comparisons. 

p-VaJue 

0.611 

--: Results not presented because of the sparse number of Ranch Hands with a low albumin level. 

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

(g) MODEL 4: RANCH HANDS -1987 DlOXlN -UNADJUSTED . 

. ' 1987 Di9XinCategOrySUJIIDIl'ryStaUsti"",I ". . Analysis Results forl,og,(1987 Dioxin + 1) 

1987 Number (%) Estimated Rehid,e Risk 
'Dioxin n Low . '. (95% .C.I.)' p-VaJue 

Low 283 I (0.4) 0.68 (0.24,1.96) 0.465 
Medium 285 I (0.4) 
High 284 0(0.0) 

• Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-44. Analysis of Albumin (Discrete) (Continued) 

(h) MODEL4: RANCH HANDS -1987 DIOXIN ;... AD.Jl1STED 

n 

847 

Analysis Results fQr Log" (1987 Dioxin+ 1) 

. Adjusted Relative·R\sk 
(9S%C.I.)' 

0.52 (0.09,3.01) 

, Relative risk for a twofold increase in 1987 dioxin. 

p-VaIue 

0.442 

Note: Results are not adjusted for race, occupation, and industrial chemical exposure because of the sparse number 
of participants with a low albumin level. 

13.2.2.3.36 a-J-Acid Glycoprotein (Continuous) 

The Model 1 unadjusted and adjusted analyses of a-I-acid glycoprotein revealed no overall difference 
between Ranch Hands and Comparisons (Table 13-45(a,b): p>0.46 for each analysis). After stratifying 
by occupation, a significant difference between Ranch Hands and Comparisons was discovered among 
the enlisted groundcrew for both the unadjusted and adjusted analyses (Table 13-45(a,b): difference of 
means=2.61 mg/dl, p=O.044, for the unadjusted analysis; difference of adjusted means=2.76 mg/dl, 
p=0.030, for the adjusted analysis). The adjusted mean a-I-acid glycoprotein level among the Ranch 
Hand enlisted groundcrew was 86.86 mg/dl versus 84.10 mg/dl among the Comparison enlisted 
groundcrew. 

The unadjusted Model 2 analysis was not significant (Table 13-45( c): p=0.992). After covariate 
adjustment, a marginally significant inverse relation between a-I-acid glycoprotein and initial dioxin was () 
detected (Table 13-45(d): adjusted slope=-O.016, p=0.086). The adjusted mean a-I-acid glycoprotein 
levels in the low, medium, and high initial dioxin categories were 82.09 mg/dl, 83.12 mg/dl, and 79.32 
mg/dl, respectively. 

Table 13-45. Analysis of a-1-Acid Glycoprotein (mg/dl) (Continuous) 

(a)M. 0.· DEL 1: .. RANCH HANDS;VS. COMPARISONS .,.UNADJUSTED 
", ""'"",""" ",,' , '-,-' ", , 

Ollcupational . . 
Category 

All 

Officer 

Enlisted Flyer 

Enlisted 

Group 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 

D 

859 
1,231 

340 
490 

150 
185 

369 
Groundcrew Comparison 556 

, Transformed from natural logarithm scale. 

84.65 
84.15 

80.89 
82.22 

85.49 
85.88 

87.92 
85.31 

Diftere_ofMeaJIS 
(95% .C.I.)b 

0.50 --

-1.33 --

-0.38 --

2.61 --

p-Vaiue' 
0.550 

0.298 

0.855 

0.044 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
'P-value is based on difference of means. on natural logarithm scale. 
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c: 

Table 13-45. Analysis of a-1-Acid Glycoprotelll (mg/dl) (Continuous) (Continued) 

(b) MODELl: RANCH BANDSVS. COMPAiUSONS .,..ADJUSTED 

Oeeupationa\ mer.;:., .... of Adj. Means 
Categor-y Group n Adj. Mean' (9S%C.I.)" p-Value' 

All Ranch Hand 854 83.11 0.60-- 0.464 
Comparison 1,229 82.51 

Officer Ranch Hand 340 78.64 -1.43 -- 0.248 
Comparison 489 80.08 

Enlisted Flyer Ranch Hand 148 83.83 0.15 -- 0.942 
Comparison 184 83.68 

Enlisted Ranch Hand 366 86.86 2.76 -- 0.030 
Groundcrew Comparison 556 84.10 

, Transformed from natural logarithm scale. 
b 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. 

(c) MODEL 2: RANCHHANJjS"'" INITIAL DlOXlN-UNADJUSTED ... , ..... . . 

. . Initial DioxinCategor-y Summar-yStAtistics .... ,.. ...• . AnalySis R ..... tsror Li!g,;(lnitialDioxln)" 
..... ,. ..' .'. . ..... 

Initial Dioxin n.' Mean' 
Low 158 84.39 
Medium 159 87.88 
High 159 85.33 

. ...• .. ····Slope·· . 
Adj.l'dea~'" ....... R' '.' ..(SId. Jm"or)' 

84.41 <0.001 0.000 (0.008) 
87.88 
85.32 

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

p-Value 

0.992 

, Slope and standard error based on natural logarithm of a-I-acid glycoprotein versus log, (initial dioxin). 

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

(d) MODEL 2:RANCH'BANDS~.JNITIALDlOXlN"'ADJUSTED ..... ... , .' ..... , .. .. " ... 

Initial Dio~in 

Low 
Medium 
Hiuh 

. n 
158 
158 
157 

..... .".. '.. . .'. ..' ...... Adj.glo\le ..•. '.' ... ' 
Adj.l'4ean' .. '..R' (Sid. Error)" '. p-Value 

82.09 0.046 -0.016 (0.009) 0.086 
83.12 
79.32 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-I-acid glycoprotein versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-45. Analysis of a-1-Acld Glycoprotein (mgldl) (Continuous) (Continued) 

(e) MODEL 3: RANCH HANDS ANDCOM:PARlSONS B\'.DIOXINCATEGORY - UNADJUSTED 

Difference ofAdj: Mean 

Mean- Adj. Mean'b 
vs. Comparisons. 

p-Valued . Dioxin >Category n (9S%C.I.)' 

Comparison 1,194 84.28 84.29 

Background RH 376 83.12 83.02 -1.27 -- 0.256 
LowRH 236 84.79 84.82 0.53 -- 0.692 
HighRH 240 86.92 87.02 2.73 -- 0.045 
Low plus High RH 476 85.86 85.92 1.63 -- 0.114 

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

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

(f) MOPEL 3: RANCIIIJANDS AND COMPARISONS BY DIOXIN CATEGORY -ADJUSTED 

Dioxin Category n 

Comparison 1,193 

Background RH 374 
LowRH 235 
High RH 238 
Low plus High RH 473 

• Transformed from natural logarithm scale. 

82.72 

82.67 
83.42 
83.78 
83.60 

DilTerence of Adj. Mean 
.s. Comparisons . 

(95% C;I.)b 

-0.05 --
0.70 --
1.06 --
0.88 --

0.961 
0.600 
0.436 
0.389 

b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
'P-value is based on difference of means on natural logarithm scale. 

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

(g) MODEL 4: RANCHHANDS-l987DIOXIN -UNADJUSTED 

1987 Dioxin oD Mean' 

Low 283 83.77 0.001 
Medium 285 83.02 
High 284 87.18 

• Transformed from natural logarithm scale. 

AdjWlted Slor 
(SId. Error) 

0.005 (0.005) 

p-Value 

0.336 

b Slope and standard error based on natural logarithm of ex-I-acid glycoprotein versus log2 (! 987 dioxin + I). 

Note: Low = $7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-45. Analysis of a-1-Acld Glycoprotein (mg/dl) (Continuous) (Continued) 

(h)MOl)EL.4: RANCH HANDS -19s7l)lOXIN - ADJUSTED 

. 1987 Dioxin Category SUDllll!lry statistics . . Analysis Results lorLotu (1987 Dioxin + 1) 

1987 .. 
Dipxin n Adj;.Mean· .. . 

Low 283 82.64 
Medium 
High 

283 80.92 
281 81.52 

, Transformed from natural logarithm scale. 

0.056 

AdjUStedSlor 
(Std. Errpr) 

-0.012 (0.006) 
,,"Value 

0.049 

b Slope and standard error based on natural logarithm of a-I-acid glycoprotein versus log2 (1987 dioxin + I). 

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

In the Model 3 unadjusted analysis of a-I-acid glycoprotein, a significant difference between Ranch 
Hands in the high dioxin category and Comparisons was found (Table 13-45(e): difference of 
means=2.73 mgldl, p=0.045). The adjusted analysis showed no significant contrasts between each of the 
dioxin categories and Comparisons (Table 13-45(t): p>0.38 for each contrast). 

No significant association between a-I-acid glycoprotein and 1987 dioxin was revealed in the unadjusted 
Model 4 analysis (Table 13-45(g): p=0.336). After covariate adjustment, a significant inverse relation 
was found (Table 13-45(h): adjusted slope=-O.012, p=0.049). The mean a-I-acid glycoprotein levels in 
the low, medium, and high 1987 dioxin categories were 82.64 mgldl, 80.92 mgldl, and 81.52 mgldl, 
respectively. 

13.2.2.3.37 a-J-Acid Glycoprotein (Discrete) 

The unadjusted analysis of a-I-acid glycoprotein in Modell did not show a significant group difference 
between Ranch Hands and Comparisons overall or after stratifying by occupation (Table 13-46(a): 
p>O.IO for each contrast). The adjusted analysis revealed a marginally significant difference between 
Ranch Hands and Comparisons among the enlisted groundcrew stratum (Table 13-46(b): Adj. RR=1.86, 
p=0.066). The percentage of Ranch Hand enlisted groundcrew with high a-I-acid glycoprotein levels 
was 5.4 versus 3.2 of Comparison enlisted groundcrew. 

Table 13-46. Analysis of a-1-Acid Glycoprotein (Discrete) 

(a) MODEL 1: RANCH HANDSVS.COMPARlSONS.·-UN.Al>JUSTED 

O«ul"ltional - Nlmlber (%) F.st. R~lative Risk 
Clltegory Group n -High (95%C.I.) p-Value 

All Ranch Hand 859 37 (4.3) 1.34 (0.85,2.11) 0.209 
Comparison 1,231 40 (3.2) 

Officer Ranch Hand 340 8 (2.4) 0.76 (0.32,1.82) 0.542 
Comparison 490 15 (3.1) 

Enlisted Flyer Ranch Hand 150 9 (6.0) 1.62 (0.59,4.47) 0.348 
Comparison 185 7 (3.8) 

Enlisted Ranch Hand 369 20 (5.4) 1.71 (0.89,3.28) 0.105 
Groundcrew Comparison 556 18 (3.2) 
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Table 13-46. Analysis of a··1-Ac/d GlycoproteIn (Discrete) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Qccupatlonal Category 

AU 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

AcljllSWdRelative Risk 
(951)1, C.I.) 

1.39 (0.88,2.21) 

0.73 (0.31,1.76) 
1.78 (0.64,4.95) 
1.86 (0.96,3.60) 

(e)MODEL2:·RANCHHANDS."INITIALDIOXIN -' UNADJUS'rED 

. ' Initlall>ioxinC!>tego\'YSurrunary Statl~ties . 
. 

Initial' Number(%) 
. 'Dioxin ..n High 

&tImatedRelativ. Risk 
(!!5'70 C.I.)' 

~w 158 60~) 1.00 (0.72,1.38) 
Medium 159 10 (6.3) 
High 159 7 (4.4) 

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

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

(d) MODEL 2: RANCHHA:NDS-'lNl1'IA:L.DlOXIN -ADJUSTED 

n 

473 

. Analysis.Resnits for Log, (initlal·Di..xln) 

Acljustedl!.elatlve.Risk 
(95% C.L)' 

0.92 (0.63,1.35) 

, Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.163 

0.487 
0.270 
0.066 

p-Value . 

0.684 

p-Valu. 

0.991 

(e) MODEL 3: RANCH .HANDS .A.ND,COMPARISONS BY. DIOXIN. CATEGORY....., lJNADJUSTED 

Number{%) ·Est,Relat.ive.,fUsk 
',Di..xinCat~ory . n Higli (95%C.L)", 

Comparison 1,194 39 (3.3) 

Background RH 376 13 (3.5) 1.00 (0.52,1.90) 
LowRH 236 II (4.7) 1.47 (0.74,2.91) 
High RH 240 12 (5.0) 1.65 (0.85,3.21) 
Low plus High RH 476 23 (4.8) 1.56 (0.92,2.64) 

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

13-134 

.p-Value 

0.992 
0.272 
0.141 
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c) 

Table 13-46. Analysis of a-1-Acid Glycoprotein (Discrete) (Continued) 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BY DJOXIN CATEGORY - ADJUSTED 

Adjusted Relative Risk 
Dioxin Category n (95% C.L)' 

Comparison 1,193 

Background RH 374 1.12 (0.58,2.16) 
LowRH 235 1.47 (0.73,2.94) 
HighRH 238 1.54 (0.77 ,3.08) 
Low plus High RH 473 1.50 (0.88,2.58) 

• Relative risk and confidence interval relative to Comparisons. 

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

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

p-Value 

0.745 
0.279 
0.222 
0.138 

. 

1987 DiOxin Category SUrnmarygtallStics '. . . AoaIysisResulls for Log, (1987 .Dioxin + 1) 

1987 Number (%) Estiniated Relative Risk 
(95% C.I.)a DioXin n . IIlgh 

Low 
Medium 
High 

283 11 (3.9) 1.00 (0.80,1.25) 
285 9 (3.2) 
284 16 (5.6) 

• Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4:RANCH.HAi'IDS :::: l!l87 DIOXIN- A[)JUSTED . 

n 
847 

Analysis ResUlts for Log, (1987 Dioxin + 1) 
. . Adjusted Relative Risk . 

(9S%C.I.)' 

0.87 (0.68,1.11) 

'Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.986 

p-Value 
0.261 

All unadjusted and adjusted analyses in Models 2 through 4 showed no significant relation between 
dioxin and dichotomized a-I-acid glycoprotein (Table 13-46(c-h): p>O.lO for each analysis). 

13.2.2.3.38 a-I-Antitrypsin (Continuous) 

Both the unadjusted and adjusted Model I analyses of a-I-antitrypsin revealed significant overall group 
differences (Table 13-47(a,b): difference of means=3.5 mg/dl, p=0.002; difference of adjusted means=3.6 
mg/dl, p=O.OOI, respectively). The adjusted mean a-I-antitrypsin level was 146.7 mg/dl for all Ranch 
Hands and 143.1 mg/dl for all Comparisons. After stratifying by occupation, the unadjusted and adjusted 
analyses each showed a significant difference between Ranch Hands and Comparisons among the enlisted 
groundcrew (Table 13-47(a,b): difference of means=5.5 mg/dl, p=O.OOI, unadjusted; difference of 
adjusted means=5.9 mg/dl, p<O.OOI, adjusted). In addition, stratifying by occupation in the adjusted 
analysis revealed a marginally significant difference between Ranch Hands and Comparisons within the 
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enlisted flyer stratum (Table 13-47(b): difference of adjusted means=4.7 mg/dl, p=0.086). The adjusted) 
mean a-I-antitrypsin levels for Ranch Hands and Comparisons in the enlisted flyer stratum were 150.5 
mg/dl and 145.9 mgldl, respectively. Within the enlisted groundcrew stratum, the adjusted mean 
a-I-antitrypsin levels were 151.5 mgldl and 145.6 mgldl for Ranch Hands and Comparisons, respectively. 

Table 13-47. Analysis of a-1-Antitrypsin (mgldl) (Continuous) 

(a) MODEL 1,RANCHHANDS YS.COMPARISONS-J:1NADJUSTED 

. Q<=p8t1onal 
·Ca.ry 

All 

Officer 

Enlisted Flyer 

Enlisted 

" n, 

, '" 
Group 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Greundcrew Comparison 

n 

859 
1,231 

340 
490 

150 
185 

369 
556 

Mean' 

150.0 
146.5 

143.9 
143.0 

155.3 
151.1 

153.5 
148.0 

. Diffe~Dl:eofMeaDS. 
, (95% CJ.)' 

3.5 --

0.9 --

4.2 --

5.5 --

0.002 

0.609 

0.136 

0.001 

• Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
C P-value is based on difference of means on square root scale. 

(b) MODEL 1: RANCH HANDS iVS.COMPARISONS -ADJUSTED 

<kcupatlonal 
'(;jo1egory G,o!!l" .0 Adj. Mean' 

Difference of Adj. Means 
(95% CL)" p-Value' 

AU Ranch Hand 854 146.7 3.6 -- 0.001 
Comparison 1,229 143.1 

Officer Ranch Hand 340 138.6 0.7 -- 0.693 
Comparison 489 137.9 

Enlisted Flyer Ranch Hand 148 150.5 4.7 -- 0.086 
Comparison 184 145.9 

Enlisted Ranch Hand 366 151.5 5.9 -- <0.001 
Groundcrew Comparison 556 145.6 

, Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
, P-value is based on difference of means on square root scale. 
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Table 13-47. Analysis of a-1-Antitrypsin (mg/dl) (Continuous) (Continued) 

(e) MODEL 2: RANCH HANDS -INITIAL DIOXIN.- UNADJUSTED 

Ini!illl Dio.",io Category Su~ Statistics Analysis Results for Log, (Initilll Dioxin>" 
. 

Initilll Dioxin n . M(lana Adj. Mean" 

Low 158 148.4 148.2 0.013 
Medium 159 153.8 153.7 
High 159 151.8 152.1 

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

SloP. 
(S«I; Error)' 

0.066 (0.036) 

e Slope and standard error based on square root of a-I-antitrypsin versus log, (initial dioxin). 

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

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

p-Vlllue 

0.071 

. .. ... ... J\ilaIyslsRes1iIt.dor 1,1/11, (Jllltial Dioxin) 

Initial Dioxin 

Low 
Medium 
High 

........ 
n 

158 
158 
157 

a Transformed from square root scale. 

Adj. Mean' 
145.0 
148.8 
145.6 

, ... . .. , Adj.Siope 
.R' . (Std.Error)~ 

0.101 0.023 (0,041) 

• Slope and standard error based on square root of a-I-antitrypsin versus log, (initial dioxin). 

p-Value 

0.582 

(.. Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 
'",- .' 

(e) MODEL 3: RANCH HANDS AND. COMPARISONS 'BYDIOXIN CATEOORY- UNADJUSTED 

DilTeren~ of AdJ. Mean 

Adj. Mean'" . 
vs. CoInparisqns 

p.Valued DiOlx!n <;;ategory . n MeaD' (9S%CJ.)~ 

Comparison 1,194 146.8 146.8 

Background RH 376 148.0 147.9 1.1 " 0.470 
LowRH 236 148.8 148.9 2.1 -- 0.244 
HighRH 240 153.8 154.0 7.2 -' <0.001 
Low plus High RH 476 151.3 151.4 4.6 -- 0.001 

, Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
d P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin :5 10 ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin:5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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Tab/e 13-47. Ana/ysis of a-1-Antitrypsin (mg/d/) (Continuous) (Continued) 

(I) MODEL 3: RANCH HANDS AND COMPARISONS BY DlOXIN.CATEGORY - ADJUSTED 

Difference of Acij. Mean 
vs. Comparisons 

Dioxin Category n Adj. Mean' (95% C.L)· p.Value' 
Comparison 1,193 143.8 

Background RH 374 147.2 3.4 -- 0.024 
LowRH 235 145.5 1.7 -- 0.339 
HighRH 238 148.4 4.6 -- 0.011 
Low plus High RH 473 147.0 3.2 -- 0.020 

• Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
, P-value is based on difference of means on square root scale. 

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

(g) MoDEL 4: RANCH HANDS -1987 DIOXIN - UNADJUSTED. ... ... . 

11}87 Dioxin CliJegoi'y SlII\:1lIIitry.SIlrtiSllt.S ......•.• I> ..... ~Ysis Results for Log, (1987 Dioxin +1) 

.... .• . .. • •.. ..•.. .. .... •• . . Adj\lStejl SI0r' 
1987D!oxin ..• n .....•. ·~ean· .. ...... It' (Std. Error) 

Low 283 148.3 0.003 0.040 (0.025) 

Medium 

High 

285 

284 

• Transformed from square root scale. 

148.2 

153.1 

b Slope and standard error based on square root of a-I-antitrypsin versus log, (1987 dioxin + I). 

Note: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)MODEL 4: RANCH ~S .... :t987 D.l0XiN ... ;\J>JUSTED '.. ..... ..... ..... .. 

p.Value 

0.109 

. .... 
. 1\187 Dio~in~ategoq SUllJlU"l'YStal/stic. .,... Analysis Results for Log,.(1987 Dioxin + 1) 

... . 1987 .. Adj\lStejlS10r' 
. Dioxin . n ,A.c!j. Mean' R' (Std. Error) ..•. 

Low 283 147.2 0.102 -0.047 (0.027) 
Medium 
High 

283 
281 

• Transformed from square root scale. 

145.2 
145.0 

b Slope and standard error based on square root of a-I-antitrypsin versus log, (1987 dioxin + I). 

Note: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

p-Value 

0.089 

The unadjusted Model 2 analysis revealed a marginaUy significant positive association between 

lX-I-antitrypsin and initial dioxin (Table 13-47( c): slope={l.066, p=O.071). After adjusting for covariates, 
the relation became nonsignificant (Table 13-47(d): p=O.582). 
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The unadjusted Model 3 analysis revealed a marginally significant difference in mean a-I-antitrypsin 
levels 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 13-47(e): difference of 
means= 7.2 mgldl, p<O.OO 1; difference of means=4.6 mrjdl, p=O.OO 1, respectively). 

Three significant contrasts were found in the adjusted Model 3 analysis of a-I-antitrypsin: Ranch Hands 
in the background dioxin category versus Comparisons (Table 13-47(f): difference of adjusted 
means=3.4 mg/dl, p=0.024), Ranch Hands in the high dioxin category versus Comparisons (difference of 
adjusted means=4.6 mgldl, p=O.OII), and Ranch Hands in the low and high dioxin categories combined 
versus Comparisons (difference of adjusted means=3.2 mgldl, p=0.020). The adjusted mean 
a-I-antitrypsin levels for Ranch Hands in the background dioxin category, Ranch Hands in the high 
dioxin category, Ranch Hands in the low and high dioxin categories combined, and Comparisons were 
147.2 mg/dl, 148.4 mgldl, 147.0 mgldl, and 143.8 mgldl, respectively. 

The unadjusted Model 4 analysis results were nonsignificant (Table 13-47(g): p=,0.109). After adjusting 
for covariates, a marginally significant inverse relation between a-I-antitrypsin and 1987 dioxin was seen 
(Table 13-47(g): adjusted slope=-0.047, p=0.089). The adjusted mean a-I-antitrypsin levels in the low, 
medium, and high 1987 dioxin categories were 147.2 mgldl, 145.2 mgldl, and 145.0 mgldl, respectively. 

13.2.2.3.39 a-i-Antitrypsin (Discrete) 

All unadjusted and adjusted results for Models I through 4 did not reveal a significant association 
between the percentage of individuals with Iowa-I-antitrypsin levels and dioxin or between the 
percentage of individuals with high a-I-antitrypsin levels and dioxin (Table 13-48(a-h): p>O.11 for all 
analyses). 
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Table 13-48. Analysis of a-1-Antitrypsin (Discrete) 

~~~~~~~~~~ 

840(97.8) 0.145 
Comparison 1,231 1,208 (98.1) 

Officer Ranch Hand 340 8 (2.4) 330 (97.1) 2 (0.6) 1.06 (0.42,2.65) 0.908 0.327' 
Comparison 490 11 (2.2) 479 (97.8) 0(0.0) 

Enlisted Ranch Hand 150 I (0.7) 148 (98.7) I (0.7) 1.23 (0.08,19.83) 0.884 0.61 (0.07,5.25) 0.657 
Flyer Comparison 185 I (0.5) 182 (98.4) 2 (1.1) 

Enlisted Ranch Hand 369 2 (0.5) 5 (1.4) 0.50 (0.10,2.51) 0.403 2.52 (0.61,10.42) 0.202 
Groundcrew 556 

, P-value determined using a chi-square test with continuity correction because of the sparse number of particiNnts with abnormal high a-I­
antitrypsin levels. 
--: Results not presented because of the sparse number of participants with abnormal high a-I-antitrypsin levels. 

(hI 

AU 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

1.10 (0.44,2.78) 0.834 

0.73 (0.08,6.49) 

0.47 

--: Results not presented because of the sparse number of participants with abnormal a-I-antitrypsin levels. 

Note: Results are not adjusted for race because of the sparse number of participants with abnormal a-I-antitrypsin levels. 
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Table 13-48. Analysis of a-1-Antitrypsin (Discrete) (Continued) 

Medium 159 

159 

2 (l.3) 156 (98.1) 1 (0.6) 

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

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

• Relative risk for a twofold increase in initial dioxin. 

Note: Results are not adjusted for race, occupation, current wine consumption, and degreasing chemical exposure because of the sparse number 
of participants with abnormal u- I -antitrypsin levels. 
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Table 13-4B. Analysis of a-1-Antitrypsin (Discrete) (Continued) 

Comparison 

Background RH 7 (1.9) 5 (1.3) 1.14 (0.47,2.79) 
LowRH 236 2 (0.8) I (0.4) 0.61 (0.14,2.67) 
HighRH 240 2 (0.8) 2 (0.8) 0.68 (0.16,2.98) 

3 0.65 

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

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

Comparison 1,193 

Background RH 374 0.78 (0.30,2.01) 

LowRH 235 0.76 (0.17,3.35) 

High RH 238 1.41 (0.28,7.06) 

RH 473 1.03 

, Relative risk and confidence interval relative to Comparisons. 

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

0.602 
0.712 
0.677 
0.955 

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

0.772 2.48 (0.70,8.77) 
0.513 1.03 (0.11,9.33) 
0.610 3,49 (0.64,19.06) 
0.434 I 

2.76 (0.74,10.35) 0.131 
1.16 (0.13,10.62) 0.895 
2.64 (0.43,16.23) 0.295 

0.486 

Results are not adjusted for race because of the sparse number of participants with abnormal a-I-antitrypsin levels. 
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Table 13-48. Analysis of a-1-Antitrypsin (Discrete) (Continued) 

Medium 285 

284 

3 (1.1) 

'Relative risk for a twofold increase in 1987 dioxin. 

2 (0.7) 

Note: Low = 5.7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

'Relative risk for a twofold increase in 1987 dioxin. 

Note: Results are not adjusted for race and occupation because of the sparse number of participants with abnormal a-I-antitrypsin levels. 



13.2.2.3.40 a-2-Macroglobulin (Continuous) 

All unadjusted and adjusted analyses of Models I through 4 showed no significant associations between 
dioxin and a-2-macroglobulin in its continuous fonn (Table 13-49(a-h): p>0.23 for each analysis). 

Table 13-49. Analysis of a-2-Macroglobulin (mgldl) (Continuous) 

(a) MODEL 1: RANCH HANDS YS.COMPARISONS-.tJNADJlJS'fED 

Occupational 
category G(OUP 

All Ranch Hand 
Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

n 

859 
1,231 

340 
490 

150 
185 

Enlisted Ranch Hand 369 
Groundcrew Comparison 556 

Mean' 
170.6 
171.3 

170.6 
171.0 

177.0 
177.4 

168.1 
169.6 

Difrerenceof Means 
(9S%CJ.)' 

-{).7·· 

-0.4 --

-0.4 --

-1.5 --

p.Value' 

0.726 

0.901 

0.935 

0.608 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, I'-value is based on difference of means on natural logarithm scale. 

(b) !MODEL 1: RANCHHANDSVS. COMPARlSONS -ADJUS'l'ED 

o.:cupatioJlal Dilferenceof Adj. Means 
C~~gory Group n Adj. Mean' . (95% C.I.)" p-Value' 

All Ranch Hand 854 161.9 -0.9 -- 0.610 
Comparison 1,229 162.8 

Officer Ranch Hand 340 154.5 -1.2 -- 0.643 
Comparison 489 155.7 

Enlisted Flyer Ranch Hand 148 163.8 -1.9 -- 0.664 
Comparison 184 165.7 

Enlisted Ranch Hand 366 167.4 -0.2 -- 0.951 
Groundcrew Comparison 556 167.6 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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T.~ble 13-49. Analysis of a-2-Macroglobulin (mg/dl) (Continuous) (Continued) 

(e) MODEL 2, RANCHI-lANDS-INI'l'lAL DIOXIN - UNADJUSTED 

Initial Dioxin Catetlory Summary Statistics AnalySis Results for Log, (Initial Dioxin)' 
, 

Initial Dioxin D Ml>jIn' Adj.M_ab R' 
Slope 

(Std. Error)' p-Value 

Low 158 168,1 168,1 <0'()(}1 -0,004 (0.009) 0.698 
Medium 159 175,3 175,3 
High 159 167,4 167,4 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, Slope and standard error based on natural logarithm of a-2-macroglobulin versus log, (initial dioxin). 

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

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN -, ADJUSTED . ' 

Initial DioxinCa~orySl!1!!I'IIIlY Statistics ' , A!WysisResuits for Log, (InItial Dioxin) 
" " "', .. " , ',' Adj. Slop., , 

(Std. Error)" p-Value Initial Dioxin n ,,' Adj.,Mean' R' 
Low 158 154.2 0.135 0.009 (0.010) 0.368 
Medium 158 163.5 
High 157 161.3 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-2-macroglobulin versus log, (initial dioxin). 

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

(e)l\:fOllEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUS'QID 

, Difference ofAdj.M_ 

Adj. Mean'b 
VS;Compa1'i!lODS ' 

... Valued ,Dioxin Category ,n MeaD- ' (95% <:.1.)' 

Comparison 1,194 171.2 171.2 

Background RH 376 170.2 170.2 -1.0 -- 0.706 
LowRH 236 170.2 170.2 -1.0 -- 0.747 
High RH 240 170.2 170.2 -1.0 -- 0.741 
Low plus High RH 476 170.2 170.2 -1.0 -- 0.669 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
'Difference of means after transformation to original scale; "onfidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin $ 10 ppt. 
Background (Ranch Hand): 1987 Dioxin $ 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin $ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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Table 13-49. Analysis of a-2-Macroglobulin (mg/dl) (Continuous) (ContInued) 

(f) MODEL:3: RANCHHANJ)S AND COMPARiSONS BV.I)IOXIN CATEGORV -:-ADJUSTED 

Dillereru:e of Adj. Mean 
vs. Comparisons 

Dioxin Cotegory u ADJ •. Meau· (95% C.L)" p-Value< 
Comparison 1,193 163.2 

Background RH 374 162.2 -1.0 -- 0.683 
LowRH 235 159.9 -3.3 -- 0.232 
HighRH 238 163.3 0.1 -- 0.959 
Low plus High RH 473 161.6 1.6 -- 0.461 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
e I'-value is based on difference of means on naturallogarithrn scale. 

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

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

.• 1987 Dioxin Cotegory S!lD!D"'I"Y SlIItislics --: ~nalysisResults for 4l1!2 (1987 Dioxiu +1). 

1987 Di01dn n 'Mettna 
. .... . . ...•.. ". . . . AdjiiStedSl<>r-

R' (Sid. Error) p-Value 
Low 283 169.9 <0.001 -0.004 (0.006) 0.522 
Medium 285 170.6 
High 284 170.2 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-2-macroglobulin versus log, (1987 dioxin + O. 

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

(h) MO.l)EL4: RANCHHANDS-'1987 moxlN - ADJUSTED .. . ..... 

1987 ''C '.' Adjusted Slo~e 
Dioxin n . . Adj. Mean' R' " (Std. Error) p-Value 

Low 283 162.9 0.131 -0.005 (0.006) 0.390 
Medium 283 l61.1 
High 281 162.8 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of a-2-macroglobulin versus log, (1987 dioxin + 1). 

Note: Low = ~7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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13.2.2.3.41 a-2-Macroglobulin (Discrete) 

The unadjusted and adjusted Model I analyses of a-2-macroglobulin were nonsignificant (Table 
13-50(a,b): p>0.15 for each analysis). The unadjusted Model 2 analysis was not significant (Table 
13-50(c): p=0.254), but the adjusted analysis was marginally significant (Table 13-50(d): Adj. RR=1.48, 
p=O.072). 

The unadjusted Model 3 analysis revealed a marginally significant difference in high a-2-macroglobulin 
levels between Ranch Hands in the background dioxin category and Comparisons (Table 13-50(e): Est. 
RR=0.46, p=0.080). The percentage of Ranch Hands in the background category with high 
a-2-macroglobulin levels was 1.6 versus 3.8 for Comparisons. The same contrast was marginally 
significant in the adjusted Model 3 analysis (Table 13-50(f): Adj. RR=0.45, p=0.079). 

Table 13-50. Analysis of a-2-Macroglobulin (Discrete) 

(a) MODEL 1: RANCH HANDSVS. COMPARJSONS- UNADJUSTED 

Occupational Number(%) 
Category GrollP n High 

All Ranch Hand 859 24 (2.8) 
Comparison 1,231 47 (3.8) 

Officer Ranch Hand 340 8 (2.4) 
Comparison 490 18 (3.7) 

Enlisted Flyer Ranch Hand 150 5 (3.3) 
Comparison 185 11 (5.9) 

Enlisted Ranch Hand 369 11 (3.0) 
Groundcrew Comparison 556 18 (3.2) 

(b) MODEL 1: RANCH HANDS VS;· COMPARlSONS - ADJUSTED 

O~upational Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

.• AcijO$ie<!;Relative.R1sk· 
(9,~%C.I.) 

0.70 (0.42,1.16) 

0.59 (0.25,1.40) 
0.46 (0.15,1.39) 
1.01 (0.46,2.19) 

Est. Relative Risk 
(95% c.1.) 

0.72 (0.44,1.19) 

0.63 (0.27,1.47) 

0.55 (0.19,1.61) 

0.92 (0.43,1.97) 

p.Value 

0.157 

0.234 
0.169 
0.988 

p-Value 

0.199 

0.287 

0.271 

0.827 

Note: Results are not adjusted for race because of the sparse number of participants with high a-2-macroglobulin 
levels. 

(e) MODEL 2: RANCH HANDS -INITIAL DIOnN - UNADJUSTED 

Jilitial Dioxin Category.8uniili!lry Statistics . .. .. ·AnaIysls Resultsf"r L<!g, (lilitialDio;do)' 

Jilitial Number (%) 
Dioxiu n .. High 

Low 158 2 (1.3) 
Medium 159 10 (6.3) 
High 159 5 (3.1) 

Estimatecl Relative RIsk 
(9S%C.I.)b 

1.22 (0.87,1.71) 

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

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 
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Table 13-50. Analysis of a-2-Macroglobulln (Discrete) (Continued) 

(d)MODEL.2: RANCH HANDS -INITlALDlOXlN -. ADJ.USTEn 

n 

473 

Analysis ResuJts for Log,· (Initial Dioxin) 

. AiljustedReiative Risk . 
(95% C.L)" 

1.48 (0.96,2.27) 

• Relative risk for a twofold increase in initial dioxin. 

0.072 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with high a-2-macroglobulin 
levels. 

(e) MODEL 3: RANdHHANIlS AND COMPARISONS BYDIOXlN CATEOORY - UNADJUSTED 

Number (%) .. Est. Relative Risk 
'Dio~inCategory n High (9S%C.I.)" 

Comparison 1,194 45 (3.8) 

Background RH 376 6 (1.6) 0.46 (0.19,1.10) 
LowRH 236 7 (3.0) 0.75 (0.33,1.69) 
High RH 240 10 (4.2) 1.00 (0.49,2.03) 
Low plus High RH 476 17 (3.6) 0.87 (0.49,1.55) 

a Relative risk and confidence interval relative to Comparisons. 
b 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. 

p-Value 

0.080 
0.492 
0.999 
0.632 

(f) MODEL 3: RANCH HANDS ANDCOMPARISONSBYDIOXINCATEOORY - ADJUSTED 

A<ljustedRl!!allveRisk 
. Dioxin CategOry n (9S%.C,l;)· 

Comparison 1,193 

Background RH 374 0.45 (0.19,1.10) 
LowRH 235 0.61 (0.27,1.40) 
HighRH 238 1.09 (0.51,2.31) 
Low plus High RH 473 0.82 (0.45,1.49) 

• Relative risk and confidence interval relative to Comparisons. 

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

p-Value 

0.079 
0.246 
0.823 
0.511 

Results are not adjusted for race because of the sparse number of participants with high a-2-macroglobulin 
levels. 
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Table 13-50. Analysis of a-2-Macroglobulin (Discrete) (Continued) 

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

1987DI'lxlnCaq,gory SllJIIItUIry Statistics . Analysis Re~ts for Log, (1987 IllOlQD + 1) 

1987 NUlTlber (%) 
Dioxin . n High 

Low 283 3 (1.1) 
Medium 285 8 (2.8) 
High 284 12 (4.2) 

• Relative risk for a twofold increase in 1987 dioxin. 

. Estimated :Relative Risk. 
(95% C.I.)' 

1.37 (1.06,1.77) 

Note: Low = '.5,7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

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

n 

847 

. Analysis Rcsults for Log, (1987 Dioxln+ 1) 

AdjnstedRelative Risk 
(9S%C.I.)· 

1.50 (1.08,2.08) 

• Relative risk for a twofold increase in 1987 dioxin. 

p-Value . 

0.020 

p-Vulue 

0.014 

Note: Results are not adjusted for race because of the sparse number of participants with high a-2-macroglobulin 
levels. . 

----=---=====-=-=-=-=--===============~==--------

Both the unadjusted and adjusted Model 4 analyses revealed significant associations between 
a-2-macroglobnlin and 1987 dioxin (Table 13-50(g,h): Est. RR=1.37, p=0.020; Adj. RR=1.50, p=O.014, 
respectively). The percentages of participants with high a-2-macroglobulin values in the low, medium, 
and high 1987 dioxin categories were 1.1,2.8, and 4.2, respectively. 

13.2.2.3.42 Apolipoprotein B (mg/dl) (Continuous) 

The Model 1 analysis of apolipoprotein B did not show a significant overall difference between Ranch 
Hands and Comparisons in either the unadjusted or adjusted analyses (Table 13-5I(a,b): p>O.27 for each 
analysis). After stratifying by occupation, a significant difference between Ranch Hands and 
Comparisons was discovered among the officers in both the unadjusted and adjusted analyses (Table 
13-51(a,b): difference of means=-3.3 mgldl, p=0.053, for the unadjusted analysis; difference of adjusted 
means=-3.3 mg/dl, p=0.048, for the adjusted analysis). The adjusted mean apolipoprotein B level among 
the Ranch Hand officers was 105.9 mgldl versus 109.2 mgldl among the Comparison officers. 
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Table 13-51. Analysis of Apolipoprotein B (mg/dl) (Continuous) 

>(a) MODEL 1: RANCH.H,ANDSVS. COMPARISONS - UNADJUSTED 

Occupational Difference of Means 
Category Group u 'Mean* (95% C.L)' p-Valu.· 

All Ranch Hand 859 110.5 -1.1 -- 0.320 
Comparison 1,231 111.5 

Officer Ranch Hand 340 106.4 -3.3 -- 0.053 
Comparison 490 109.6 

Enlisted Flyer Ranch Hand 150 113.2 -2.0 -- 00463 
Comparison 185 115.2 

Enlisted Ranch Hand 369 113.1 1.2 -- 00479 
Groundcrew Comparison 556 112.0 

, Transformed from square root scale. 
b Difference of means after transformation to original scale; eonfidence interval on difference of means not 
presented because analysis was performed on square root scale. 
C P-value is based on difference of means on square root scale. 

(b)MODELl: RANCH HANDS VS. COMPARlSONS - ADJUSTED 

Oc\lupalioDai Difference of Adj. Means 
Category GI'!>uP u Adj. Meaua (95.%C.L)" p-Value< 

All Ranch Hand 854 110.6 -1.2 -- 0.275 
Comparison 1,229 111.8 

Officer Ranch Hand 340 105.9 -3.3 -- 0.048 
Comparison 489 109.2 

Enlisted Flyer Ranch Hand 148 112.9 -2.2 -- 00413 
Comparison 184 115.1 

Enlisted Ranch Hand 366 112.6 1.2 -- 00457 
Groundcrew Comparison 556 lilA 

, Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
e P-value is based on difference of means on square root scale. 

(e) MODEL 2: RANCH HANDS -INITIALDIOXIN -UNADJUSTED . . 

··...lnltiaiDioxinCategory SommaryStatisti~·· 'ADaJYSlsllesUltsfor Log, (lJiltial Dioxin)" 

Initial DiQ.xin 11 Mean' Adj. Meau" 
. . .. ." . Slope .. 

(Std .. Error)· p-V~ue 

Low 158 107.1 107.0 0.014 0.107 (0.041) 0.009 

Medium 159 113.9 113.9 

High 159 114.5 114.6 

, Transfonned from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Slope and standard error based on square root of apolipoprotein B versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 
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Table 13-51. Analysis of Apollpoproteln B (mg/dl) (Continuous) (Continued) 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN -. kbJUSTED 

Initial Dioxin ClltegorySummary Statistics AnaI~ResoJts for Log. (Initial Dioxin) 

lni\iaJDioxin . n 
Low 158 
Medium 158 
High 157 

• Transformed from square root scale. 

Adj.Me!ln' 
108.5 0.033 
113.8 
113.2 

. 
Adj. Slope 

(Sid. Error)" 
0.061 (0.048) 

b Slope and standard error based on square root of apolipoprotein B versus log, (initial dioxin). 

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

0.209 

(e) MODEL 3: RA'NCH HANDS A'ND COMPA'RISONSBY DIOXIN CATEGORY - UNADJUSTED 

Di!>ldn Caleg!>ry n Mean" Adj. Mean'" 

Differeneeof Adj;'Mean 
Vs.CotnJ.>arisons 

(!)S% C.I.)' p-VaJued 

Comparison 1.194 111.5 111.5 

Background RH 376 108.8 108.8 -2.7 _. 0.057 
LowRH 236 108.9 108.9 -2.6·· 0.131 
HighRH 240 114.7 114.6 3.1 .. 0.073 
Low plus High RH 476 111.8 111.8 0.3 .. 0.843 

a Transformed from square foot scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
'Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
d P.value is based on difference of means on square root scale. 

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

(f)MODEL 3:RANCHHA'NDS ANDCOMPARISONS'BY DIOXINCA.TEGORY-- ADJUSTED 
" , "-'". ' ' , " "" " ' ,,"',', 

. Difference Of Adj:Meari 
vs. Comparisons. 

Qjo1'in C>!tegory n Adj. Mean' (95% C.L)" p-VaJ\I<' 
Comparison 1.193 112.0 

Background RH 374 110.0 -2.0··· 0.170 

LowRH 235 109.5 -2.5··· 0.154 

HighRH 238 113.6 1.6··· 0.358 
Low plus High RH 473 111.6 -0.4 ... 0.761 

a Transformed from square root scale. 
b Difference of means after transformation to original scale; contidence interval on difference of means not presented 
because analysis was performed on square root scale. 
, P·value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin $ 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt. 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt. Initial Dioxin> 94 ppt. 
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Table 13-51. Analysis of Apolipoprotein 8 (mg/dl) (Continuous) (Continued) 

(,)~ MOD.EL4: RANCH HANDS - 1m DIOXIN - UNADJUSTED. . 

. '.' J9S7 Dioxin Category Sllnlmary Stati~ti.cs AnlIlYSis "esultsforLo~ (1987 Dioxin -1'1) . 

1987 ,Dioxin ." 11 'Mean-
Acljusted SJQpe 

.R' (Sid. Error)b . 'p-Value 
Low 283 109.2 O.OlJ 0.083 (0.027) 0.002 
Medium 285 108.0 
High 284 114.2 

, Transformed from square root scale. 
b Slope and standard error based on square root of apolipoprotein B versus log, (1987 dioxin -I' I). 

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

(h)iMODEL4:RANCIlHANDS-1987DIOXIN - ADJUStED . . i i .. · .... ". i 

.. _l987Dj\'xin<;"ltgory.S~~talistics ...... ' ·····.i. . . ·~~~Its r9rI,\lg,;(~!I37Dioxln+l) .. 

'. ~:n ..••.• ..n .i . Adj. Melin' .i·. ·.i ··n. ·.·.~~~.!!r ·.p.Value 
Low 283 lJ 1.0 0.023 0.046 (0.031) 0.142 
Medium 283 109.0 
High 281 112.9 

• Transformed from square root scale. . 
b Slope and standard error based on square root of apolipoprotein B versus log, (1987 dioxin + I). 

Note: Low = 0.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The unadjusted Model 2 analysis revealed a significant relation between initial dioxin and apolipoprotein 
B (Table 13-51 (c): slope=O.l 07, p=0.OO9). The adjusted analysis results were not significant (Table 13-
51( d): p=0.209). 

The unadjusted Model 3 analysis revealed two marginally significant contrasts: Ranch Hands in the 
background dioxin category versus Comparisons and Ranch Hands in the high dioxin category versus 
Comparisons (Table 13-51(e): difference of means=-2.7 mg/dl, p=0.057; difference of means=3.l mg/dl, 
p=0,073, respectively). After adjusting for covariates, no contrasts were significant (Table 13-51(f): 
p>0.15 for each contrast). 

The Model 4 unadjusted analysis of apolipoprotein B revealed a significant association with 1987 dioxin 
(Table 13-51(g): slope=O.083, p--O.OO2). The adjusted analysis was nonsignificant (Table 13-51(h): 
p=0.142). 

The reference range between 1992 and 1997 decreased according to the manufacturer's recommendation. 
Consequently, the mean levels shown in Table 13-51 are less than the 1992 mean levels. 

13.2.2.3.43 Apolipoprotein B (Discrete) 

Both the unadjusted and adjusted Modell analyses of apolipoprotein B in its dichotomous form revealed 
marginally significant overall group differences (Table 13-52(a,b): Est. RR=0.86, p=0.087; 
Adj. RR=0.85, p=0.073, respectively). After stratifying by occupation, unadjusted and adjusted analyses 

( ) 

) 

revealed group differences within the enlisted flyer stratum (Table 13-52(a,b): Est. RR=0.55, p=O.OO7; . 
Adj. RR=0.53, p=0.OO5, respectively). The percentage of participants in the Ranch Hand group with high ... ) 
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apolipoprotein B values was 49.2 versus 53.0 for Comparisons. Within the enlisted flyer stratum, 48.0 
percent of the Ranch Hands had high apolipoprotein B values versus 62.7 percent of the Comparisons. 
The unadjusted Model 2 analysis revealed a marginally significant association between apolipoprotein B 
and initial dioxin (Table 13-52(c): Est. RR=1.l4, p=0.059). The adjusted analysis showed no significant 
results (Table 13-52(d): p=0.456). 

Table 13-52. Analysis of Apolipoprotein B (Discrete) 

(a)MOD~L 1: RANCliliANDS VS. COMPARISONS-~ADJUSl'ED 

Occupational ililiinber ('Jl,) . .RSt. Relati";. RIsIi. 
category Group n ~gh (95% Col.} 

All Ranch Hand 859 423 (4.9.2) 0.86 (0.72,1.02) 
Comparison 1,231 653 (53.0) 

Officer Ranch Hand 340 149 (43.8) 0.80 (0.61,1.06) 
Comparison 490 242 (49.4) 

Enlisted Flyer Ranch Hand 150 72 (48.0) 0.55 (0.35,0.85) 
Comparison 185 116 (62.7) 

Enlisted Ranch Hand 369 202 (54.7) 1.07 (0.82,1.39) 
Groundcrew Comparison 556 295 (53.1) 

(b).MOI>EL l:RANCHMANDS VS. COMPARtSONS·~AJ)JIJSTED 

OccupatIOnal category . Acijusted'Reliotlve'ltisk 
.... (9S%C.L). 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

0.85 (0.71,1.02) 

0.80 (0.61,1.06) 
0.53 (0.34,0.82) 
1.07 (0.82,1.40) 

lDitlal;Nuinber'~Sb) . 
Dioxin n Hii:b . 

Low 158 73 (46.2) 
Medium 159 84 (52.8) 

.Bigh 159 88 (55.3) 

Estiinated Relatlve'lUsk. 
; . '(95"% C~l.J· 

1.14 (0.99,1.31) 

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

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

(d) MODEL 2: RANCH :HANDS -' INITiAL DlOXIN~ ADJUSTED 

Analysis Results for Log, (lmIiatDioxin) 

AcijustedRelative Risk 

p-Value 

0.073 

0.115 
0.005 
0.603 

n (95% C.I.)· p-Value 

473 1.06 (0.90,1.25) 0.456 

'Relative risk for a twofold increase in initial dioxin. 

13-153 

p-V!due 
0.087 

0.114 

0.007 

0.615 

0.059 
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Table 13-52. Analysis of Apollpoproteln B (Discrete) (Continued) 

(e):MODEL 3: RANCHHANDS ANDCOMPARISONSBX DIOXIN CATEGORY-UNADJUSTED 

NUPlber(%) Est. Relative ,Risk 
, Dioxin Caregory n High (95% CL)" 

Comparison 1,194 636 (53.3) 

Background RH 376 174 (46.3) 0.75 (0.60,0.95) 
LowRH 236 113 (47.9) 0.81 (0.61,1.07) 
High RH 240 132 (55.0) 1.08 (0.81,1.42) 
Low plus High RH 476 245 (51.5) 0.93 (0.75,1.16) 

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

p-Value 

0.017 
0.132 
0.606 
0.524 

(t)MODEL3:. RANCH HANDs AND,COMPARIs()NSBYj)IOXIN CATEGORY - ADJUSTED 

Adju.tedReiative Risk 
Dioxin Category n (9S%C;I.)' 

Comparison 1,193 

Background RH 374 0.79 (0.62,1.00) 
LowRH 235 0.82 (0.62,1.09) 
HighRH 238 0.97 (0.73,1.30) 
Low plus High RH 473 0.89 (0.72,1.11) 

• Relative risk and confidence interval relative to Comparisons. 

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

p-VaJue 

0.050 
0.164 
0.849 
0.305 

(g) MODEL 4: RANCH HANDS '-11l87 DIOXIN ..;.UNAD,WSTED " .. '. .. .... .' 

. 1957 
,D~n .... 

Low 
Medium 
High 

.' •...... , .. 
'11" .. '. 

283 
285 
284 

135 (47.7) 
130 (45.6) 
154 (54.2) 

, Relative risk for a twofold increase in 1987 dioxin. 

EstimaledRelativeRisk 
.. '.' .", ~S%C.I,)· 

1.12 (1.02,1.23) 

Note: Low = ,,7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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r"ble 13-52. Analysis of Apollpoprotein B (Discrete) (Continued) 

(11) MODEL 4: RANCH HA~-.1987 DIOXIN - ADJl}STED 

n 

847 

AnalYslsR."ultsror Log, (1987 Dioxin + 1) 

Adjusted Relative Risk 
(95'l>C.L)' 

1.07 (0.96,1.18) 

, Relative risk for a twofold increase in 1987 dioxin. 

p-V.lue 

0.242 

Model 3 revealed significant relations between Ranch Hands in the background dioxin category and 
Comparisons for both the unadjusted and adjusted analyses (Table 13-52(e,f): Est. RR=O.75, p=O.017; 
Adj. RR=O.79, p=O.050, respectively). The percentage of high apolipoprotein B values among the Ranch 
Hands in the background dioxin category was 46.3 versus 53.3 for Comparisons. 

The unadjusted Model 4 analysis of apolipoprotein B showed a significant association with 1987 dioxin 
(Table 13-52(g): Est. RR=1.12, p=O.OI7). After adjusting for covariates, the relation became 
nonsignificant (Table 13-52(h): p=O.242). 

The reference range between 1992 and 1997 decreased according to the manufacturer's recommendation. 
The change may explain partially the decrease in the percentage of participants with high apolipoprotein 
B levels between 1992 and 1997. 

13.2.2.3.44 C3 Complement (mg/dl) (Continuous) 

The unadjusted and adjusted Modell analyses of C3 complement in its continuous form revealed no 
significant group differences (Table 13-53(a,b): p>O.50 for each analysis). 

Table 13-53. Analysis of C3 Complement (mg/dl) (Continuous) 

(a)MODQ.l:.··RAN9I~i\~DSYl>··CO¥PA.lUS0!'iS'''''lJN,A.9~S1'ED. 

OCcUplltional·. ""'\:"'«:'::,::,,:'~' 
.. '. I)jtte..ence or Means • 

(::ategory • (;roll~ n M~an' (9S'l> ¢;I.)· 

All Ranch Hand 859 118.9 0.4--
Comparison 1,231 118.5 

Officer Ranch Hand 340 114.9 0.3 --
Comparison 490 114.6 

Enlisted Flyer Ranch Hand ISO 120.3 -0.4 --
Comparison 185 120.7 

Enlisted Ranch Hand 369 122.1 0.8 --
Groundcrew Comparison 556 121.3 

, Transformed from natural logarithm scale. 

J,l-Value' 
0.640 

0.814 

0.862 

0.537 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, l'-value is based on difference of means on natural logarithm scale. 
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Table 13-53. Analysis of C3 Complement (mg/dl) (Continuous) (Continued) 

(b) MODELl: RANCH HANDS VS.C()MPARISONS- ADJUSTED 

O£cUpational Differeneeo(Ad,j. Means 
Category Group n Ad,j·Mean· (95% C.L)" p-Value' 

All Ranch Hand 854 120.2 0.2 -- 0.837 
Comparison 1,229 120.0 

Officer Ranch Hand 340 116.5 0.4 -- 0.765 
Comparison 489 116.1 

Enlisted Flyer Ranch Hand 148 120.8 -104-- 0.505 
Comparison 184 122.2 

Enlisted Grounderew Ranch Hand 366 122.8 0.6 -- 0.668 
Comparison 556 122.3 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; (~onfidence 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. 

(c) !\10VEL 2: RANCH HANDs ..i~.DIOXIN-}tJNADJUSl1ED.. . " .•. ' .....•. . . .....•.• ' . 

.. " .. 
Inltiil!.Dioxin .....••.. 

Low 158 118.3 118.8 0.071 0.012 (0.005) 
Medium 
High 

159 
159 

123.6 
124.0 

123.7 
123.4 

'Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, Slope and standard error based on natural logarithm of C3 complement versus log2 (initial dioxin). 

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

Low 
Medium 
High 

158 
158 
157 

II9.1 
123.9 
122.7 

: ~, 

R' 
0.083 0.009 (0.006) 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C3 complement versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-53. Analysis of C3 Complement (mg/dl) (Continuous) (Continued) 

<e) MODE", 3:.RANCHQ:ANDS AND C9MPARISONS BY DIOXIN CATEGORY - UNADJUSTED 
DIfference ofAdj. Mean 

vs. Comparisons 
Dioxin Catllg!)ry n Mean· Adj. Meanab (95%·CI.)' p'Vained 

Comparison 1,194 118.5 118.5 

Background RH 376 115.2 116.7 -1.8 -- 0.107 
LowRH 236 120.0 119.5 1.0 -- 0.399 
HighRH 240 123.9 122.3 3.8 -- 0.003 
Low plus High RH 476 122.0 120.9 2.4 -- 0.013 

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

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

(f)M:0DEL 3.:~NClIllANDS ANDCOMPARJSo~Sl~Y DlOXINCATEGQRV-ADJtJSTED.· 

,- '/ .Dlrrer.nee··."A</J·.MeaIl······· 

.. Ad.i.Mean~ 
..• s. Comparisons '. . 

Dio:!,jn.Ca\llllory D (95% C.L)" p-V!llu.' 
Comparison 1,193 120.1 

Background RH 374 119.5 -0.6 .. - 0.594 
LowRH 235 121.0 0.9 .. - 0.518 
HighRH 238 121.8 1.7 .. - 0.217 
Low plus High RH 473 121.4 1.3 .. - 0.213 

• Transformed from natural logarithm scale. 
b 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. 

"'ig) MODEL 4: RANCH llANOS"': 198'1 DIOXlN...:tJN..m:rosTED .......... ; ....... . 
Analysis ResuJts\fol' I..og~ (l9ti' ~n+l) 

- .' 

19t17 DIoxin n Mean" 
Low 283 115.1 
Medium 

High 

285 

284 

117.8 

124.1 

0.040 

. ... AdJWlted Sl~ 
(Std. Error) 

0.021 (0.004) 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C3 complement versus log, (1987 dioxin + 1). 

Note: Low = $7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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<0.001 
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Table 13-53. Analysis of C3 Complement (mg/dl) (Continuous) (Continued) 

(b) MODEL 4: RANCH HANDS-19$7DIOXlN - ADJUSTED 
'. .' 

• ·1937 . '. 
Dioxin n . AlIJ·Mean· R' 

Low 283 117.6 0.067 
Medium 283 119.6 
High 281 124.6 

, Transformed from natural logarithm scale. 

'" ..... . 

. AlIJuStedS10~ 
(ShU:rror) . 

0.017 (0.004) 

b Slope and standard error based on natural logarithm ofC3 complement versus log, (1987 dioxin + I). 

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

.. 

.,..Value 

<0.001 

A significant relation was found between initial dioxin and C3 complement in the unadjusted Model 2 
analysis (Table 13-53(c): slope=O.OI2, p=O.023). The adjusted analysis was nonsignificant (Table 
13-53(d): p=O.145). 

The unadjusted Model 3 analysis revealed a significant difference in mean C3 complement levels 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 13-53(e): difference of means=3.8 mgldl, 
p=O.OO3; difference of means=2.4 mgldl, p=O.013, respectively). The adjusted analysis showed no 
significant differences between any of the Ranch Hand categories and Comparisons (Table 13-53(f): 
p>O.21 for each contrast). 

Both the unadjusted and adjusted Model 4 analyses revealed significant associations between C3 
complement and 1987 dioxin (Table 13-53(g,h): slope.~O.021, p<O.OOI; adjusted slope=O.017, p<O.OOI, 
respectively). The adjusted mean C3 complement levels in the low, medium, and high 1987 dioxin 
categories were 117.6 mgldl, 119.6 mgldl, 124.6 mgldl, respectively. 

13.2.2.3.45 C3 Complement (Discrete) 

The unadjusted and adjusted Modell analyses showed no significant difference in the percentage of low 
C3 complement values between Ranch Hands and Comparisons (Table 13-54(a,b): p>O.19 for each 
analysis). 

Table 13-54. Analysis of C3 Complement (Discrete) 

oCcui>8tiOD8I,.' . 
»"Grtiup . 

Nw..ber('*') 
;CaIegOry . ,'n, .1.<, .......... .,..Value 

All Ranch Hand 859 15 (1.7) 0.76 (0.41,1.44) 0.398 
Comparison 1,231 28 (2.3) 

Officer Ranch Hand 340 6 (1.8) 0.61 (0.23,1.61) 0.317 
Comparison 490 14 (2.9) 

Enlisted Flyer Ranch Hand 150 I (0.7) 0.24 (0.03,2.09) 0.197 
Comparison 185 5 (2.7) 

Enlisted Ranch Hand 369 8 (2.2) 1.35 (0.51,3.52) 0.544 
Groundcrew Comparison 556 9 (1.6) 

13-158 

\ ) 

i ) 
>, .. -

"-"'-~--'-'----'--'-------------"--'-----'-'-------r'-'------.----.-... -.. ~ .... --.-...... --.-... -.- I 



(",',' 
'.- ,) 

Table 13-54. Analysis of C3 Complement (Discrete) (Continued) 

(b) MODEL 1: RANCH HANDSVS. COMPAI:USONS - Al>.rvSTED 

Oc<-'Upatioual Category 

AU 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 
(9S%CJ.) 

0.79 (0.42,1.50) 

0.62 (0.23,1.63) 
0.27 (0.03,2.33) 
1.41 (0.54,3.71) 

p-Value 

0.474 

0.333 
0.233 
0.487 

Note: Results are not adjusted for race because of the sparse number of participants with low C3 complement 
levels. 

(e) MODEL 2: RANCH HANDS - INIT1AL DlOXIN- UNADJUSTED 
:-' >:. . ,-' .. ; .", " 

Jnitl,a1 "N~~{'%)"'< 1"'EStimaleditelativeRlsk ' 
Dioxin , D ,,' Low ' , , ' • (95%rC.L), , p-Valne 

Low 158 1 (0.6) 1.06 (0.45,2.49) 0.898 
Medium 159 I (0.6) 
High 159 I (0.6) 

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

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

(d) MODEL 2: RANCH HANDS -INIT1ALDIOXIN -ADJUSTED 
• • > -' , - ' • .--,1-'< " " ,,>, - - -,' ,:,- -' 

473 1.01 (0.39,2.62) 

, Relative risk for a twofold increase in initial dioxin. 

,]>'Value 

0.977 

Note: Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with low C3 
complement levels. 

(ej MODEL 31 RANCH HANDS A'/IIDC()MPARlsONS nDtoXINCATEGORY -UNADJUSTED 

" 
:Number(%) , Est. Relative 'Risk 

pioxinCategory D ,,,),., " 'Low (9S%C.l;)ab 

Comparison 1,194 26 (2.2) 

Background RH 376 12 (3.2) 1.28 (0.63,2.57) 
LowRH 236 I (0.4) 0.20 (0.03,1.46) 
HighRH 240 2 (0.8) 0.44 (0.10,1.86) 
Low plus High RH 476 3 (0.6) 0.29 (0.08,1.04) 

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

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin S; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin S; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin S; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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0.495 
0.111 
0.261 
0.057 
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Table 13-54. Analysis of C3 Complement (Discrete) (Continued) 

{f)MOI>EL 3: ~NCIlHANJ)S ANI> COMPARISONS BY UlOJaN c:A TEGORY -AI>JUSTED 

A!\justed ROiative Risk 
Diol<in Category n (95'10 C.I.)' 

Comparison 1,193 

Background RH 374 1.25 (0.61,2.57) 
LowRH 235 0.21 (0.03,1.57) 
High RH 238 0.49 (0.11,2.17) 
Low plus High RH 473 0.32 (0.09,1.16) 

• Relative risk and confidence interval relative to Comparisons. 

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

p-Value 

0.536 
0.128 
0.351 
0.083 

Results are not adjusted for race because of the sparse number of participants with low C3 complement levels, 

(g);MODEL 4:RANCHHAN'DS-1987,DIOXlN - UNADJUSTED 
'. ". . 

iil987! , .. "'. . ..... "Number(%) •... 1 •• EstImaIe<\Relative ~k " . 
. :~ol!in ·.n '."." .'. '. Low .. '1·' .' " ,(95'1O C,I.), p-Value .. . 

Low 283 10 (3.5) 0,61 (0.41,0,91) 0,011 

\J 

Medium 285 3 (1.1) '. 
High 284 2 (0,7) :. ) 

• Relative risk for a twofold increase in 1987 dioxin, 

Note: Low = $7,9 ppt; Medium = >7.9-19,6 ppt; High = >19,6 ppt. 

0.57 (0.39,0.84) 0,004 

• Relative risk for a twofold increase in 1987 dioxin, 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with low C3 complement 
levels, 

The Model 2 unadjusted and adjusted analyses results were nonsignificant (Table 13-54( c,d): p>0.89 for 
each analysis). Both the unadjusted and adjusted Modd 3 analyses revealed marginally significant 
differences between Ranch Hands in the low and high dioxin categories combined and Comparisons 
(Table 13-54(e,f): Est, RR=0,29, p=0,057; Adj. RR=0.32, p=0.083, respectively). The percentage of low 
C3 complement values for Ranch Hands in the low and high dioxin categories combined was 0.6 versus 
2.2 in the Comparison category. 

The Model 4 unadjusted and adjusted analyses each revealed a significant association between C3 
complement and 1987 dioxin (Table 13-54(g,h): Est. RR=0,61, p=O.Oll; Adj. RR=0.57, p=O.OO4, 

13 -160 

--_ .. __ .. __ ._._--'-,-._._--'-_._-------'---"--"--'------------,-'-------'----'-, ..... __ ... _-, .. -", .. -_._ ... _ .... 



(. 
""w-.' 

( 
..... 

\ 

,,_._,_,i 

respectively). The percentages of low C3 complement values in the low, medium, and high 1987 dioxin 
categories were 3.5, 1.1, and 0.7, respectively. 

13.2.2.3.46 C4 Complement (Continuous) 

The Modell unadjusted analysis of C4 complement showed no overall group differences (Table 
13-55(a,b): p>0.33 for each analysis). Stratifying by occupation revealed a significant difference 
bf,tween Ranch Hand and Comparison officers, as well as enlisted flyers (Table 13-55(a): difference of 
means=-0.81 mgldl, p=0.024, for the officer stratum; difference of means=1.02 mgldl, p=O.076, for the 
enlisted flyer stratum). After adjusting for covariates, a significant difference between Ranch Hands and 
Comparisons was noted only among the officer stratum (Table 13-55(b): difference of adjusted 
means=-0.90 mgldl, p=0.017). The adjusted mean C4 complement value for Ranch Hand officers was 
26.02 mgldl versus 26.91 mg/dl for Comparison officers. 

Table 13-55. Analysis of C4 Complement (fig/dl) (Continuous) 

(alMODEL1:RANCH HANDS YS;COMPARISONS .·-UNADJUSTED. 

Occupatit!Dal Dift'eren.:e of Means 
Category Gro,.p II Mean- (95% C.l.)" 

All Ranch Hand 859 25.71 --0.20--
Comparison 1,231 25.91 

Officer Ranch Hand 340 24.73 -0.81 --
Comparison 490 25.54 

Enlisted Flyer Ranch Hand 150 26.52 1.02 --
Comparison 185 25.50 

Enlisted Ranch Hand 369 26.31 -0.06 --
Groundcrew Comparison 556 26.38 

p-VlIlu.' 

0.395 

0.024 

0.076 

0.862 

, Transformed from natural logarithm scale. 
b 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. 

OcCUJ)lltioDal Diftere'!Ce '!fAd,i. Means 
Category Grom> II Ad,i·Mel\lla (95% C.I.)b ,,"Value' 

All Ranch Hand 854 26.98 -0.23 -- 0.333 
Comparison 1,229 27.21 

Officer Ranch Hand 340 26.02 -0.90 -- 0.017 
Comparison 489 26.91 

Enlisted Flyer Ranch Hand 148 27.74 0.98 -- 0.104 
Comparison 184 26.77 

Enlisted Ranch Hand 366 27.61 -0.06 -- 0.876 
Groundcrew Comparison 556 27.67 

, Transformed from natural logarithm scale. 
b 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. 

13-161 

---.. ---,.-----------.. '"""'"T--.----------.-------------.-.. -----.-----,-.-.--'----.--,.--".--"---.. --.----.-..... ---.-.------



Table 13-55. Analysis of C4 Complement (mg/dl) (Continuous) (Continued) 

(,,) \\'IODEL .2: RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category Sulftmary Statlstl.cs " ' Analysis Results for Log, (Initial Dioxin)b 

Initial Dioxin n Mean' Adj. Mean" R' 
Low 158 25.70 25.72 0.002 
Medium 159 26.43 26.43 
High 159 26.07 26.05 

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

Slope 
(Std. Errpr)' 

-0.003 (0.007) 

, Slope and standard error based on natural logarithm of C4 complement versus log, (initial dioxin). 

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

(d) \\'IODEL 2:,RANCH'HANDS -INITIAL DIOXIN - ADJUSTED 

,Initial Dioxin Category.summary Statistics ' .. ' , 

.', " .' .... , .. 
Initial Dioxin 'n Adj.!VI$ln" , I, 

". . . Adj. Slope 
R' . (Sid. Error)' 

Low 158 26.58 0.019 -0.004 (0.008) 
Medium 158 27.31 
High 157 27.01 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C4 complement versus log, (initial dioxin). 

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

p-Value 

0.701 

p-Value 
0.638 

(e) MODEL 3: RANCHHANDSAND COMPARlSONS BY DIOXIN CATEGORY - UNAPJUSTED 

Difference of Adj. Mean 

'. 
"".Comparlson. ' 

p-VaI"ed 'l)I"xln Catego,ry , n: MOlIn" Adj. MOlIn" '(95% CI.)' 

Comparison 1,194 25.91 25.90 

Background RH 376 25.26 25.41 --0.49 -- 0.109 
LowRH 236 26.07 26.03 0.13 -- 0.733 
HighRH 240 26.06 25.91 0.01 -- 0.986 
Low plus High RH 476 26.06 25.97 om -- 0.816 

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

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin:;; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin:;; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin:;; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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Table 13-55. Analysis of C4 Complement (mg/dl) (Continuous) (Continued) 

(f) MODEL 3: . RAl'ICH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difter.nee of Ad.j; Mean 
'vs. ComparisoDS 

Di~n Ca~ol'Y n Ad.j.Mean' (9S%C.I.)' p-Valu.' 
'(;omparison 1,193 27.24 

Background RH 374 26.93 -0.31 -- 0.336 
LowRH 235 27.27 0.03 -- 0.942 
HighRH 238 26.97 -0.27 -- 0.494 
Low plus High RH 473 27.12 -0.12-- 0.680 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
b"eause 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 s: 10 ppt. 
Background (Ranch Hand): 1987 Dioxin s: 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin s: 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987DlOXIN - UNADJUSTED .. . .. 

..• ..1.987 DiClXin Catego.ySu1Iu1IarYStallslla; .... • .. ..:i\plIIySisResUJl$ I'orLog..(1987Dloxin +1) 
..•.. '.. . . ..... '.. . '.' ..i. . AdjustedSIO~ 

1987 Dioxin 11. .. . Me!ID' . '.' R' ...(Std. ~r) 

Low 283 25.10 0.004 0.009 (0.005) 
Medium 285 25.85 
High 284 26.19 

'Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of C4 complement versus log2 (1987 dioxin + I). 

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

(h) MODEL4:··RANCH.HANDS-1987 lDIOXIN-ADJUSTED· ,-,,' ,',,, ;,""",, "',, '-"",,- -''''( -""-,,,',-- -, "-",',"',--,;,, -,,' 

1987 
~in 

Low 
Medium 
Hi h 

n 

283 
283 
281 

Adj.M~· 

26.73 
27.16 
27.02 

• Transformed from natural logarithm scale. 

0.044 

.... AdjustedSlo~e 
(Std. Error). 

0.001 (0.005) 

b Slope and standard error based on natural logarithm of C4 complement versus log2 (1987 dioxin + I). 

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

p-Value 

0.070 

0.849 

The unadjusted and adjusted analyses for Models 2 and 3 showed no significant relation between dioxin 
and C4 complement (Table 13-55(c-0: p>O.10 for each analysis). A marginally significant association 
between 1987 dioxin and C4 complement was revealed in the unadjusted Model 4 analysis (Table 
13-55(g): slope=O.OO9, p=O.070). After covariate adjustment, the adjusted analysis results became 
nonsignificant (Table 13-55(h): p=O.849). 
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13.2.2.3.47 C4 Complement (Discrete) 

Because of a sparse number of low C4 complement values among the participants, some analyses were 
not possible. Table 13-56 contains the results of these analyses. 

Table 13-56. Analysis of C4 Complement (Discrete) 

(a) M9~EL 1: RANCH HANDS VS.COMPA~ONS ..... UNADJUSTID> 
Occupational Number("") Est; Relative Risk 

Category Group n Low (9S%q:.) p-Value 
All Ranch Hand 859 2 (0.2) 1.43 (0.20,10.20) 0.719 

Comparison 1,231 2 (0.2) 

Officer Ranch Hand 340 2 (0.6) 2.89 (0.26,32.04) 0.386 
Comparison 490 1 (0.2) 

Enlisted Flyer Ranch Hand 150 0(0.0) 0.999' 
Comparison 185 1 (0.5) 

Enlisted Ranch Hand 369 0(0.0) 
Groundcrew Comparison 556 0(0.0) 

, P-value determined using a chi-square test with continuity correction because of the .sparse number of participants 
with a low C4 complement level. 
--: Results not presented because of the sparse number of participants with a low C4 complement level. 

()(;cupationaJ'Ca~rY 
All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

A~uStedLRelatfVeRlsk 
(9S~'(M,) 

1.46 (0.20,10.59) 

2.85 (0.26,31.68) 

p-VaJue 

0.707 

0.394 

--: Results not presented because of the sparse number of participants with a low C4 complement level. 

Note: Results for analysis across all occupational categories are not adjusted for race, occupation, and degreasing 
chemical exposure because of the sparse number of participants with a low C4 complement level; results for 
individual occupational categories are not adjusted for race and degreasing chemical exposure because of the sparse 
number of participants with a low C4 complement level. 

(cli\f9DEL,2: RANC~HANDS -INITIAL DIOXIN - UNADJUS1]:D '.' '. . .•..••..•.... 

" .liiltialDioXiD~OryS~lIIIlI8ry. siailSties ...... . '. AJIlllWS Res1ihsfor.tog. (lIiItiItlDioXl .. )\. . 
. " Iuitlal.J·; •..• ·.....NUmbe.· '., r{%) · .. ·Eltlmllt.cU~eIatlve RIsk .' '" .. ···.i 

Dioxin ...... .' .••.... Low. . . (95% C.I.lo.p-Value. 

Low 158 0 (0.0) 
Medium 159 0 (0.0) 
High 159 0 (0.0) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
--: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

Note: Low = 27-63 ppt; Medium'" >63-152 ppt; High = >152 ppt. 
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c) 

(! 

Table 13-56. Analysis of C4 Complement (Discrete) (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSn;D 

n 

AmdYsis Results for Log, (Initfal Dioxin) . 

Adjusted Relative Risk 
(95% Cl.) p-Value 

Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

(e).MODEL 3: RANCH HANDS ANDCOMPARlSONS BY DIOXIN CATeG()RY'- UNADjUSTED· 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, P·value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a low C4 complement level. 
--: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

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. 

(II') MODEL 3: RANCH HANDS AND COMPAR1S0NS BY DIOXIN CATEGORY -ADJUSTED .. '.. . ~ . 

Dioxin Category 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

n 

1,193 

374 
235 
238 
473 

Adjust.:dReiativeru.k 
. (95%~,1.)· 

2.99 (0.40,22.39) 

a Relative risk and confidence interval relative to Comparisons. 

",Value 

0.286 

--: Results not presented because of the sparse number of Ranch Hands with a low C4 complement level. 

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. 

Results are not adjusted for race, occupation, and degreasing chemical exposure because of the sparse number 
of participants with a low C4 complement level. 
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Table 13-56. Analysis of C4 Complement (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN - UNADJUStED < • . .' .. . . 

'1987 Dioxin CategorySuJ!lltl8l'Y Sta~lics . A1iaiYsisResuIls for Log, (1987 Dioxin + 1) 

1987 ...... 'Number (%) ·Estimated ReialiveRisk 
J)ioxin '. n Low . (95% C.I;)' . - p-Value 

Low 283 2 (0.7) 0.32 (0.12,0.90) 0.033 
Medium 285 0 (0.0) 
High 284 0 (0.0) 

, Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = ,,;).9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - AJjJIJS'l'EJ) . 

n 

847 

Ana!yslSResuIls ior:Log.(1987.J>ioxm + 1) 

A.djusted.RelativeRisk 
<'S%J:;.I.), -

0.26 (0.08,0.86) 

, Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.024 

Note: Results are not adjusted for race, occupation, industrial chemical exposure, and degreasing chemical exposure 
because of the sparse number of Ranch Hands with a low C4 complement level. 

Unadjusted and adjusted results for Models 1 through 3 revealed no significant associations between C4 
complement in its dichotomous form and dioxin (Table 13-56(a-O: p>0.22 for each contrast). The 
unadjusted and adjusted Model 4 analyses revealed a significant relation between C4 complement and 
1987 dioxin (Table 13-56(g,h): Est. RR=0.32, p=0.033; Adj. RR=0.26, p=0.024, respectively). 

13.2.2.3.48 Haptoglobin (Continuous) 

The unadjusted and adjusted Modell analyses of haptoglobin each revealed a significant overall group 
difference (Table 13-57(a,b): difference of means=8.7 mgldl, p=O.OO2, for the unadjusted analysis; 
difference of means=8.0 mgldl, p=0.OO3, for the adjusted analysis). The adjusted mean haptoglobin 
values for the Ranch Hands were 128.5 mgldl versus 120.5 mgldl for the Comparisons. Mter stratifying 
by occupation, both the unadjusted and adjusted analyses showed a significant difference in mean 
haptoglobin levels between Ranch Hands and Comparisons in the enlisted groundcrew stratum (Table 
13-57(a,b): difference of means=10.2 mgldl, p=0.016, for the unadjusted analysis; difference of adjusted 
means=9.9 mgldl, p=0.016, for the adjusted analysis). The adjusted mean haptoglobin level among 
Ranch Hand enlisted groundcrew was 137.4 mgldl versus 127.4 mgldl among Comparison enlisted 
groundcrew. 
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Table 13-57. Analysis of Haptoglobin (mgldl) (Continuous) 

(a) MODEL 1: RANCH HANDS Vs. COMPARISONS .·UNADJUSTED 

o.:.upalionaJ DilTerenceofMeans 
Caregory Group n Mean- (9S%C.L)' p-Value' 

All Ranch Hand 859 135.2 8.7 -- 0.002 
Comparison 1,231 126.5 

Officer Ranch Hand 340 122.4 6.1 -- 0.140 
Comparison 490 116.3 

Enlisted Flyer Ranch Hand 150 147.8 10.4 _. 0.141 
Comparison 185 137.4 

Enlisted Ranch Hand 369 142.5 10.2 _. 0.016 
Groundcrew Comparison 556 132.3 

'Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
C P-value is based on difference of means on square root scale. 

(b) MODEL 1:. RANCH HANDS VS. COMPARISONS·· ADJUSTED 

Oeeupat/oll8l . 
Caregnry . GrI!l'P 

Difference of Adj. Means 
Adj.'MOIm· . " ,', b 

n (95% C.I.) p-Value' 

All Ranch Hand 854 128.5 8.0-- 0.003 
Comparison 1,229 120.5 

Officer Ranch Hand 340 112.2 5.4 -- 0.172 
Comparison 489 106.8 

Enlisted Flyer Ranch Hand 148 137.3 9.5 -- 0.160 
Comparison 184 127.8 

Enlisted Ranch Hand 366 137.4 9.9 -- 0.016 
Groundcrew Comparison 556 127.4 

, Transformed from square root scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on square root scale. 
, P-va1ue is based on difference of means on square root scale. 

(e) MODEL 2: RANCH HANDS - INrrIAL DlOXlN:"UNADJUSTED 

>. .: ',;.(' .. .. ... •. Slope . 
.In/lij.fDioxin n· M~·Adj.Mean" R' (Sid. Jl:m>r)' Jl;"V'IIue 

Low 158 130.2 130.3 0.002 0.084 (0.097) 0.387 

Medium 
High 

159 
159 

144.4 
140.0 

144.5 
139.9 

, Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, Slope and standard error based on square root of haptoglobin versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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Table 13-57. Analysis of Haptoglobin (mg/dl) (Continuous) (Continued) 

(d) MODEL 2: RANCH HANDS -I1'iIITIAL DIOXIN·- ADJUStED 

. Initial Dioxin Category SumroaryStlItistics . AnalysisResults for Log, (lnitiaIDioxin) 

Initial Dioxht n 
Low 158 
Medium 158 
High 157 

AdJ·l.\iean' 
118.8 
124.6 
116.4 

R' 
0.066 

Adj.Slope 
(Std. Error)" 

-0.087 (0.111) 

a Transformed from square root scale. 
b Slope and standard error based on square root of haptoglobin versus log, (initial dioxin). 

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

0.433 

(e) MODEL 3: RANCH HANDSANDJ;OMPARISONS BY DIO:,{lN CATEGORY - UNADJUSTIl:D 

DilTe .. n« of Adj. Mean 

Adj. Meanab 
vs. Comparisons . 

. p-Valued Dioxin Category n Mean' (95% ·C.I.)· 

Comparison 1.194 126.7 126.7 

Background RH 376 131.3 131.4 4.7 -- 0.210 
LowRH 236 134.6 1345 7.8 -- 0.Q78 
High RH 240 141.8 141.7 15.0 -- 0.001 
Low plus High RH 476 138.2 138.1 11.4 -- 0.001 

a Transformed from square root scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
'Difference of means after transformation to original scale; <;ontidence interval on difference of means not presented 
because analysis was performed on square root scale. 
d P-value is based on difference of means on square root scale. 

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

DiOl'lnCategory 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

n 
1.193 

374 
235 
238 
473 

• Transformed from square root scale. 

120.9 

129.8 
127.5 
128.0 
127.7 

"'Diire .. nce~rAIIj.Mean. 
vs.Comparisons 

(95%C.L)" . 

8.9·-
6.6 --
7.1··-
6.8 --

p-Valu.· 

0.014 
0.118 
0.105 
0.036 

b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on square root scale. 
'P-value is based on difference of means on square root scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin S; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin S; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt. 10 ppt < Initial Dioxin S; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt. Initial Dioxin> 94 ppt. 
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rllble 13-57. Analysis of Haptoglobin (mg/dl) (Continuous) (Continued) 

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

1987 Dioxin Category SUIlll1\8l"Y Statistics Aualysls Resulls for Log, (1987 Dioxin +1) 

1987 Dioxin n .' Mean' . 
Adjusted Slor: . 

R' (Std. Error) .,. Value 

Low 283 130.4 0.002 0.074 (0.065) 0.254 
Medium 285 132.6 
High 284 142.5 

• Transformed from square root scale. 
b Slope and standard error based on square root of haptoglobin versus log, (1987 dioxin + I). 

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

(h) MODEL 4:. RANCH llANOS -198'1 DIOXIN- ADJUSTED 

t987 Dioj(in Category Summary Stafisfics . .. Analysis 'es\dlS for L0Il2(1987 Dioxin +.1) 

AdjustedSlor: . 
(Std.Error) .,.VaIue 

'1987 .' .. ' .... 
Dinxln n Adj.Meat!' 

Low 283 127.4 0.055 -0.116 (0.073) 0.114 
Medium 283 125.1 
High 281 124.4 

• Transformed from square root scale. 
b Slope and standard error based on square root of haptoglobin versus log, (1987 dioxin + I). 

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

The unadjusted and adjusted Model 2 analyses showed no significant relation between initial dioxin and 
haptoglobin (Table 13-57(c,d): p>0.38 for each analysis). Three significant contrasts were found in the 
unadjusted Model 3 analysis of haptoglobin: Ranch Hands in the low dioxin category versus 
Comparisons (Table 13-57(e): difference of means=7.8 mg/dl, p=0.078), Ranch Hands in the high dioxin 
category versus Comparisons (Table 13-57(e): difference of means=15.0 mg/dl, p=O.OOI), and Ranch 
Hands in the low and high dioxin categories combined versus Comparisons (Table 13-57(e): difference 
of means=11.4 mg/dl, p=O.OOI). 

After adjusting for covariates, two contrasts were found to be significant in the Model 3 analysis: Ranch 
Hands in the background dioxin category versus Comparisons and Ranch Hands in the low and high 
dioxin categories combined versus Comparisons (Table 13-57(f): difference of adjusted means=8.9 
mg/dl, p=0.014; difference of adjusted means=6.8 mg/dl, p=0.036, respectively). The adjusted mean 
haptoglobin levels for Ranch Hands in the background dioxin category, Ranch Hands in the low and high 
dioxin categories combined, and Comparisons were 129.8 mg/dl, 127.7 mg/dl, and 120.9 mg/dl 
respectively. No significant relation was determined between 1987 dioxin and haptoglobin in either the 
unadjusted or adjusted Model 4 analysis (Table 13-57(g,h): p>O.ll for each analysis). 

13.2.2.3.49 Haptoglobin (Discrete) 

A significant overall group difference was revealed in both the unadjusted and adjusted Model I analyses 
of haptoglobin in its discrete form (Table 13-58(a,b): Est. RR= 1.26, p=O.O 17; Adj. RR=I.26, p=0.020, 
respectively). The percentage of Ranch Hands with high haptoglobin levels was 32.7 versus 27.9 for 
Comparisons. After stratifying by occupation, both the unadjusted and adjusted lmalyses revealed a 
marginally significant difference between Ranch Hands and Comparisons among the enlisted groundcrew 

13-169 

'~'-'----~---'-:-r--'----------'-'------'--"-'--'--'---r'-.---~---- ... '.-----... -'--'-.. -.--.-... --- .. I 



(Table 13-58(a,b): Est. RR=1.30, p=0.063; Adj. RR=1.31, p=0.061, respectively). The percentage of 
high haptoglobin levels among the Ranch Hand enlisted groundcrew was 37.4 versus 31.5 among the 
Comparison enlisted groundcrew. 

Table 13-58. Analysis of Haptoglobin (Discrete) 

(a). MODEL 1: RANCH HANDS VS, COMPARISONS - UNADJOSTED 

Qccupatioilal NumiJer(%) 
. Category (jrqup 'n" High 

All Ranch Hand 859 281 (32.7) 
Comparison 1,231 343 (27.9) 

Officer Ranch Hand 340 84 (24.7) 
Comparison 490 106 (21.6) 

Enlisted Flyer Ranch Hand 150 59 (39.3) 
Comparison 185 62 (33.5) 

Enlisted Ranch Hand 369 138 (37.4) 
Groundcrew Comparison 556 175 (31.5) 

(b),MODEL 1: RANCRHANDSVS.COMPARISONS -·ADJUSTED 

Occupational Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 
. (95.%C.I.) 

1.26 (1.04,1.52) 

1.18 (0.85,1.64) 
1.27 (0.81,2.01) 
1.31 (0.99,1.73) 

Est. ·RelativeRisk 
(95% C,L) 

1.26 (1.04,1.52) 

1.19 (0.86,1.65) 

1.29 (0.82,2.01) 

1.30 (0.99,1.72) 

p-Value 

0.020 

0.316 
0.295 
0.061 

~Value 

0.017 

0.300 

0.271 

0.063 

(c) ,"ODEl.. 2: RANCHHANJ)S -INITIALDIOXIN -·UNADJUST£D .. ... ....•... . 

Low 158 49 (31.0) 1.05 (0.91,1.21) 0.506 
Medium 159 57 (35.8) 
High 159 58 (36.5) 

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

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

(d).MODEL2: RANCH HANDS - IN1TIALDIOXIN --ADJUSTED 

n 
473 

Ai.alysisR~ts forLol:2 (InItial Dioxin) 
Adjusted Relative Risk 

(95% C.I.)' 

0.98 (0.82,1.16) 

a Relative risk for a twofold increase in initial dioxin. 
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() Table 13-58. Analysis of Haptoglobin (Discrete) (Continued) 

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

Number(%) Est. Relative Risk 
DiQx;n Cutegory n High (95% C.L)" 

"(;omparison 1,194 337 (28.2) 

Background RH 376 115 (30.6) 1.1 3 (0.88,1.46) 
LowRH 236 78 (33.1) 1.25 (0.93,1.69) 
HighRH 240 86 (35.8) 1.41 (1.05,1.89) 
Low plus High RH 476 164 (34.5) 1.33 (1.06,1.67) 

• Relati ve risk and confidence interval relati ve to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

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

p-Vulue 

0.338 
0.140 
0.023 
O.oJ5 

(f)MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED - ' " '-'" 

AdjustedR.lativ. Risk 
Dioxin Category n (9S%C.L)' 

Comparison 1,193 

Background RH 374 1.32 (1.01,1.72) 
LowRH 235 1.25 (0.92,1.69) 
High RH 238 1.15 (0.84,1.56) 
Low plus High RH 473 1.1 9 (0.95,1.51) 

a Relative risk and confidence interval relative to Comparisons. 

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

p-Value 

0.042 
0.160 
0.382 
0.136 

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

'. •... Analy~sRllSJlIts for ~g2 (1987 Dioxin + 1) 

1987 Number (%) Estimated.Relative Risk 
. (?S% C.L)' Dioxin n High 

Low 
Medium 
Hi~h 

283 86 (30.4) 
285 88 (30.9) 
284 105 (37.0) 

1.03 (0.94,1.14) 

• Relative risk for a twofold increase in 1987 dioxin. 

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

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

n 

847 

Analysis Results for Log, (1987 Dioxin + 1) 

Adjnsted Relative Risk 
(9S%CJ.)' 

0.91 (0.82,1.02) 

p-Va1ue 

0.509 

p-Value 

0.107 

c::::) . Relative risk for a twofold increase in 1987 dioxin. 
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No significant relation between initial dioxin and haptoglobin in its discrete form was revealed in either 
the unadjusted or adjusted Model 2 analyses (Table 13-58(c,d): p>0.50 for each analysis). The 
unadjusted Model 3 analysis of haptoglobin revealed significant differences between Ranch Hands and 
Comparisons for Ranch Hands in the high dioxin category and Ranch Hands in the low and high dioxin 
categories combined (Table 13-58(e): Est. RR=1.41, p,=0.023; Est. RR=1.33, p=0.015, respectively). 
The adjusted Model 3 analysis showed a significant difference between Ranch Hands in the background 
dioxin category and Comparisons (Table 13-58(1): Adj. RR=1.32, p=0.042). The percentages of high 
haptoglobin values for Ranch Hands in the background dioxin category, Ranch Hands in the high dioxin 
category, Ranch Hands in the low and high dioxin categories combined, and Comparisons were 30.6, 
35.8, 34.5, and 28.2, respectively. The unadjusted and adjusted Model 4 analyses were nonsignificant 
(Table 13-58(g,h): p>O.lO for each analysis). 

13.2.2.3.50 Transferrin (Continuous) 

The unadjusted and adjusted Model 1 analyses each revealed a significant overall group difference in the 
mean levels of transferrin (Table 13-59(a,b): difference of means=3.l rrig/dl, p=O.044, for the unadjusted 
analysis; difference of adjusted means=3.1 mg/dl, p=0.037, for the adjusted analysis). The adjusted mean 
level of transferrin was higher for the Ranch Hands than for the Comparisons (246.2 mg/dl vs. 243.1 
mg/dl). Stratifying by occupation uncovered a marginally significant group difference within the enlisted 
groundcrew stratum in both the unadjusted and adjusted analyses (Table 13-59(a,b): difference of 
means=4.5 mg/dl, p=0.056, for the unadjusted analysis; difference of adjusted means=4.2 mg/dl, p=0.063, 
for the adjusted analysis). The adjusted mean level of transferrin among Ranch Hand enlisted 
groundcrew was 247.1 mg/dl versus 242.9 mg/dl among the Comparison enlisted groundcrew. 

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

Ofcnpational Diffe..enceof Mean. 
Categw Group n Mean' (9S~ C,L)" p-VaJue' 

All Ranch Hand 859 252.7 3.1-- 0.044 
Comparison 1,231 249.6 

Officer Ranch Hand 340 250.0 1.6 -- 0.510 
Comparison 490 248.4 

Enlisted Flyer Ranch Hand 150 254.5 3.0 -- 0.439 
Comparison 185 251.5 

Enlisted Ranch Hand 369 254.5 4.5 -- 0.056 
Groundcrew Comparison 556 250.0 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; "onfidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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Table 13-59. Analysis of Transferrin (Continuous) (mg/dl) (Continued) 

(b) MODEL 1: RAl'iiCHHANDSVS. COMPARISONS -ADJUStED 

All 

Occupational 
Category , 

Officer 

Enlisted Flyer 

Enlisted Groundcrew 

Group 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

• Transformed from natural logarithm scale. 

n 

854 
1,229 

340 
489 

148 
184 

366 
556 

Adj. Mean' 

246.2 
243.1 

243.5 
241.6 

247.9 
244.8 

247.1 
242.9 

Difference ot Adj. Means 
(95% C,L)" 

3.1--

1.9 --

3.1 --

4.2 --

p-Value' 

0.037 

0.412 

0.404 

0.063 

b 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. 

(c) MODEL2:RA,NCHHANDS,:, iNl'l7L\LDIOXIN - UNAl)JUS'Ql:D 

IllIIIaIDlo1(in Adj.M"D'" 
Low 158 251.5 
Medium 159 254.8 254.8 

.lligh 159 255.6 255.5 

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

Slope 
',(Std. Error)' 
0.003 (0.005) 

e Slope and standard error based on natural logarithm of transferrin versus log. (initial dioxin). 

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

IllItilliDioxin 
Low 
Medium 
Hi h 

n 
158 
158 
157 

247.6 
249.2 
249.2 

• Transformed from natural logarithm scale. 

R' 
0.014 

'Adj:Slope " 
(Sid. Error)" 

-0.001 (0.006) 

b Slope and standard error based on natural logarithm of transferrin versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
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0.594 

poValue 

0.798 
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