




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 13-78. 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for 

Gastrointestinal Variables 
(Ranch Hands Only) 

UNADJUSTED 

Model 6: 
Model 4: Models: Whole-Weight Current 

Lipid-Adjusted Whole-Weight · Dioxin Adjusted for Total 
Variable Current Dioxin Current Dioxin . Lipids 

Medical Records 
Hepatitis (Non-A, Non-B, or NS ns NS 
Non-C) (D) 

Jaundice (D) -<0.001 -<0.001 -<0.001 
Chronic Liver Disease and Cirrhosis NS NS NS 
(Alcohol-Related) (D) 

Chronic Liver Disease and Cirrhosis NS NS NS 
(Nonalcohol-Related) (D) 

Other Liver Disorders (D) +0.007 +0.003 +0.033 
Hepatomegaly (D) NS ns ns 

Physical Examination 

Current Hepatomegaly (D) NS NS NS 

Laboratory 
AST (C) NS NS* NS 

AST (D) NS NS NS 

ALT (C) + <0.001 +<0.001 +<0.001 
ALT (D) +0.031 +0.017 NS* 

GGT (C) + <0.001 +<0.001 +0.002 

GGT (D) +0.033 +0.009 NS 

Alkaline Phosphatase (C) NS NS NS 

Alkaline Phosphatase (D) NS NS ns 

Total Bilirubin (C) ns ns ns 
Total Bilirubin (D) ns ns ns 
Direct Bilirubin (D) ns NS ns* 

LDH (C) NS NS NS 

LDH (D) NS NS NS 

Cholesterol (C) NS +<0.001 ns* 

Cholesterol (D) NS +0.003 ns 
HDL Cholesterol (C)a -<0.001 -<0.001 -0.001 
HDL Cholesterol (D) NS NS ns 

Cholesterol-HDL Ratio (C) +<0.001 +<0.001 +0.035 
Cholesterol-HDL Ratio (D) +<0.001 +<0.001 NS 

Triglycerides (C) +<0.001 +<0.001 +0.041 
Triglycerides (D) +0.013 +<0.001 NS 

Creatine Kinase ( C) +0.017 +0.011 +0.027 
Creatine Kinase (D) NS NS NS 

Serum Amylase (C) -0.037 -0.019 ns 

Serum Amylase (D) ns ns ns 
Antibodies for Hepatitis A (D) NS NS NS 
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Table 13-78. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for 

Gastrointestinal Variables 
(Ranch Hands Only) 

.UNADJUSTED 
> .. MOdel 6: 

, •. .. < Model4: .. . Model 5: Whole-Weight Current 
' Lipid".Adjllsted .. ( .':Whole-Weight ·.Dioxin Adjustedfor ·Total 

Variable · · '· Current DioXin · Current DioXin . · : Lipids . .. · 

Serological Evidence of Prior 
Hepatitis B Infection (D) 

NS* NS NS 

Antibodies for Hepatitis C (D) 

Stool Hemoccult (D) 

Prealbumin (C)3 

Prealbumin (D) 

Albumin (C)3 

Albumin (D) 
a-1 Acid Glycoprotein (C) 

a-1 Acid Glycoprotein (D) 

a-1 Antitrypsin (C) 

a-1 Antitrypsin (D) Low vs. Normal 

a-1 Antitrypsin (D) High vs. Low 
a-2 Macroglobulin (C) 

a-2 Macroglobulin (D) 

Apolipoprotein B (C) 

Apolipoprotein B (D) 

C3 Complement (C)a 

C3 Complement (D) 
C4 Complement (C)a 

C4 Complement (D) 

Haptoglobin (C) 

Haptoglobin (D) 
Transferrin (C)3 

Transferrin (D) 

ns 

NS 

ns 

ns 

NS 

NS 
NS* 

NS 

ns 

ns 

ns* 
-0.029 

NS 

+0.016 

NS* 

+<0.001 

-0.014 

NS* 

ns 
NS 

ns 

+0.001 
-0.049 

3Negative slope considered adverse for this variable. 
C: Continuous analysis. 
D: Discrete analysis. 

ns 
NS 

NS 

ns 

NS 

NS 
+0.015 

NS 

ns 

ns 

ns* 
-0.046 

NS 

+ <0.001 
+0.001 

+<0.001 

-0.003 

+0.004 

ns 
NS 

NS 

+<0.001 

ns* 

+: Relative risk ~ 1.00 for discrete analysis or slope nonnegative for continuous analysis. 
Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis. 

NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05<p::50.10). 
Note: P-value given ifp::50.05. 

ns 
NS 

ns 

ns 

NS 

NS 
NS 

NS 

ns 

ns 

ns 
-0.018 

NS 

ns 

ns 

+<0.001 

ns 

NS 

ns 
NS 

ns 

+0.009 
-0.048 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or slope nonnegative for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 
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Table 13-78. (Continued) 
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for 

Gastrointestinal Variables 
(Ranch Hands Only) 

.... •·•·ADJUSTED 

Model 6: 
Whole-Weight 

··.· .. Model 4: ·.Model 5: Current Dioxin 
Lipid-Adjusted .Whole-:Weight .· .· Adjusted for 

Variable Current ·Dioxin Current Dioxin Total Lipids 

Medical Records 
Hepatitis (Non-A, Non-B, or Non-C) (D) ns ns ns 
Jaundice (D) -<0.001 -<0.001 -<0.001 
Chronic Liver Disease and Cirrhosis (Alcohol-Related) NS NS NS 
{D) 
Chronic Liver Disease and Cirrhosis (Nonalcohol- NS NS NS 
Related) (D) 
Other Liver Disorders (D) **(+0.004) **(+0.001) **(+0.018) 
Hepatomegaly (D) ns ns ns 
Physical Examination 
Current Hepatomegaly (D) NS NS NS 
Laboratory 
AST (C) **(NS) **(NS*) **(NS) 
AST (D) **(NS) **(NS) **(NS) 
ALT (C) + <0.001 +<0.001 + <0.001 
ALT (D) +0.035 +0.024 NS* 
GGT (C) **( + <0.001) **( + <0.001) **(+0.002) 
GGT (D) **( +0.040) **(+0.012) **(NS) 
Alkaline Phosphatase (C) **(ns) **(ns) **(ns*) 
Alkaline Phosphatase (D) ns ns ns 
Total Bilirubin (C) **(NS) NS NS 
Total Bilirubin (D) **(ns) **(ns) **(ns) 
Direct Bilirubin (D) **(NS) **(NS) **(ns) 
LDH (C) NS NS NS 
LDH (D) NS NS NS 
Cholesterol (C) NS + <0.001 ns 
Cholesterol (D) NS **(+0.002) ns 
HDL Cholesterol (C)a **(-0.001) **(-<0.001) **(-0.022) 
HDL Cholesterol (D) **(NS) **(NS*) **(NS) 
Cholesterol-HDL Ratio (C) **( + <0.001) **( + <0.001) **(NS*) 
Cholesterol-HDL Ratio (D) +0.006 +<0.001 NS 
Triglycerides (C) **( + <0.001) **( + <0.001) **( +0.007) 
Triglycerides (D) +0.002 +<0.001 NS 
Creatine Kinase (C) +0.003 +0.002 +0.006 
Creatine Kinase (D) NS* NS* NS* 
Serum Amylase (C) -0.010 -0.005 ns* 
Serum Amylase (D) ns ns ns 
Antibodies for Hepatitis A (D) NS NS NS 
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Table 13-78. (Continued) 
Summary o{ Current Dioxin Analyses (Models 4, 5, and 6) for 

Gastrointestinal Variables 
(Ranch Hands Only) 

·-.· . ' · , .. · Model 6: 
·.·.·.·. ·c . . · ·.· · ·. · · ··.-.· 
. .... .... ...... - ... .... • .... 

.. -. ·-·---:-·-.-.--.· . 
. Mooel4:>·· ······:••···· ·······~:~~!~ 

Variable 
Serological Evidence of Prior Hepatitis B Infection (D) 
Antibodies for Hepatitis C (D) 
Stool Hemoccult (D) · 
Prealbumin (C)a 

Prealbumin (D) 
Albumin (C)3 

Albumin (D) 
a-1 Acid Glycoprotein (C) 

a-1 Acid Glycoprotein (D) 
a-1 Antitrypsin (C) 

a-1 Antitrypsin (D): Low vs. Normal 
a -1 Antitrypsin (D): High vs. Normal 
a-2 Macroglobulin (C) 

a-2 Macroglobulin (D) 
Apolipoprotein B (C) 

Apolipoprotein B (D) 
C3 Complement (C)a 

C3 Complement (D) 
C4 Complement (C)3 

C4 Complement (D) 
Haptoglobin (C) 
Haptoglobin (D) 
Transferrin (C)3 

Transferrin (D) 

3Negative slope considered adverse for this variable. 
C: Continuous analysis. 
D: Discrete analysis. 

. Upid~Adjusted 
· Cui.Tent Dioxin 

**(ns) 
ns 
NS 

**(ns) 
**(ns) 
**(ns) 

NS 
**(ns*) 
**(ns) 

**(-0 .004) 
ns 
ns* 

-0.006 
NS 

+0.026 
NS* 

+<0.001 
**(-0.032) 

NS 
ns 
ns 
ns 

+0.012 
-0.043 

Wbol~Weight h •· Adjusted for 
Current Dioxin Total Lipids 

**(ns) **(ns) 
ns ns 
NS NS 

**(NS) **(ns) 
**(ns) **(NS) 
**(NS) **(ns) 

NS NS 
ns -0.040 

**(ns) **(NS) 
**(- < 0.001) **(-0.007) 

ns ns 
-0.035 ns 
-0.008 -0.007 

NS NS 
**( + <0.001) ns 
**( + <0.001) ns 
**( + <0.001) + <0.001 

-0.003 ns 
**(+0.018) NS 

ns ns 
ns ns 
ns -0.044 

+0.001 +0.040 
-0.041 -0.039 

+ : Relative risk ~ 1.00 for discrete analysis or slope nonnegative for continuous analysis. 
Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis. 

NS or ns: Not significant (p>0.10). 
NS* or ns*: Marginally significant (0.05 <p~ 0.10). 
**(NS) or **(ns): Log2 (current dioxin + !)-by-covariate interaction (p ~0.05); not significant when interaction 

is deleted; refer to Appendix 1-2 for a detailed description of this interaction. 
**(NS*) or **(ns*): Log2 (current dioxin + !)-by-covariate interaction (0.01 <p~0.05); marginally significant 

when interaction is deleted; refer to Appendix 1-2 for a detailed description of this interaction. 
**( ... ): Log2 (current dioxin + 1)-by-covariate interaction (0.01 <p~0.05); significant when interaction is deleted 

and p-value given in parentheses; refer to Appendix I-2 for a detailed description of this interaction. 
Note: P-value given if p~0.05 . 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or a nonnegative slope for 
continuous analysis; a lower case "ns" denotes relative risk less than 1.00 for discrete analysis or slope 
negative for continuous analysis. 

13-372 



Table 13-79. 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Gastrointestinal Variables 

Model Variable Covariate 

la Jaundice (D) Race 
Hepatomegaly (D) Occupation 
AST (D) Current Alcohol Use 
ALT (D) Age 

Degreasing Chemical Exposure 
Alkaline Phosphatase (C) Age 

Race 
Degreasing Chemical Exposure 

LDH(C) Age 
Lifetime Alcohol History 

LDH (D) Current Alcohol Use 
Cholesterol (C) Current Alcohol Use 
Cholesterol (D) Current Alcohol Use 
HDL Cholesterol (C) Current Alcohol Use 

Lifetime Alcohol History 
Triglycerides (C) Occupation 
Creatine Kinase (C) Race 
Creatine Kinase (D) Race 
Antibodies for Hepatitis C Age 

Degreasing Chemical Exposure 
Stool Hemoccult (D) Lifetime Alcohol History 
Prealbumin (C) Current Alcohol Use 
Albumin (C) Lifetime Alcohol History 

Age 
Albumin (D) Industrial Chemical Exposure 
cx-1 Acid Glycoprotein (D) Age 
C3 Complement (D) Race 
Transferrin (D) Lifetime Alcohol History 
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Table 13-79. (Continued) 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Gastrointestinal Variables 

Model Variable 

Alcoholic Chronic Liver Disease and 
Cirrhosis (D) 

Other Liver Disorders (D) 
AST (C) 
AST (D) 
GGT(C) 
Alkaline Phosphatase (C) 
Alkaline Phosphatase (D) 
Total Bilirubin (D) 
Cholesterol (C) 
Cholesterol (D) 

Cholesterol-HDL Ratio (C) 
Triglycerides (C) 
Serum Amylase (D) 
Prealbumin (C) 
Albumin (C) 
cx.-1 Acid Glycoprotein (C) 

cx.-1 Acid Glycoprotein (D) 

cx.-1 Antitrypsin (C) 

cx.-2 Macroglobulin (C) 
Apolipoprotein B (C) 
Apolipoprotein B (D) 
C4 Complement (C) 

Haptoglobin (C) 

Haptoglobin (D) 

Transferrin (C) 
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Covariate 

Race 

Occupation 
Current Alcohol Use 
Current Alcohol Use 
Degreasing Chemical Exposure 
Degreasing Chemical Exposure 
Industrial Chemical Exposure 
Industrial Chemical Exposure 
Degreasing Chemical Exposure 
Degreasing Chemical Exposure 
Lifetime Alcohol History 
Current Alcohol Use 
Occupation 
Age 
Industrial Chemical Exposure 
Industrial Chemical Exposure 
Lifetime Alcohol History 
Occupation 
Occupation 
Degreasing Chemical Exposure 
Industrial Chemical Exposure 
Degreasing Chemical Exposure 
Age 
Age 
Age 
Occupation 
Age 
Age 
Lifetime Alcohol History 
Occupation 
Lifetime Alcohol History 
Occupation 
Industrial Chemical Exposure 



Table 13-79. (Continued) 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Gastrointestinal Variables 

Model Variable 

Alcoholic Chronic Liver Disease and 
Cirrhosis (D) 

Other Liver Disorders (D) 
AST (D) 
ALT (D) 

GGT(C) 
GGT (D) 
Alkaline Phosphatase (C) 
LDH (C) 

LDH (D) 
Cholesterol (C) 
Cholesterol (D) 
HDL Cholesterol (C) 

HDL Cholesterol {D) 
Cholesterol-HDL Ratio (C) 
Creatine Kinase (C) 

Creatine Kinase (D) 

Serum Amylase (D) 
Serological Evidence of Prior Hepatitis B 

Infection (D) 
Prealbumin (C) 
Albumin (C) 
a-I Acid Glycoprotein (C) 
a-I Acid Glycoprotein (D) 
C3 Complement (D) 

Transferrin (D) 
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Covariate 

Race 

Degreasing Chemical Exposure 
Current Alcohol Use 
Degreasing Chemical Exposure 
Current Alcohol Use 
Degreasing Chemical Exposure 
Degreasing Chemical Exposure 
Degreasing Chemical Exposure 
Age 
Race 
Lifetime Alcohol History 
Lifetime Alcohol History 
Lifetime Alcohol History 
Current Alcohol Use 
Current Alcohol Use 
Lifetime Alcohol History 
Lifetime Alcohol History 
Current Alcohol Use 
Race 
Lifetime Alcohol History 
Race 
Lifetime Alcohol History 
Race 
Occupation 
Age 
Industrial Chemical Exposure 
Industrial Chemical Exposure 
Lifetime Alcohol History 
Age 
Race 
Industrial Chemical Exposure 
Lifetime Alcohol History 



Table 13-79. (Continued) 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Gastrointestinal Variables 

Model Variable 

Other Liver Disorders (D) 

AST (C) 
AST (D) 
GGT (C) 
GGT (D) 
Alkaline Phosphatase (C) 
Total Bilirubin (C) 
Total Bilirubin (D) 
Direct Bilirubin (D) 
HDL Cholesterol (C) 

HDL Cholesterol (D) 
Cholesterol-HDL Ratio (C) 
Triglycerides (C) 
Serological Evidence of Prior Hepatitis B 

Infection (D) 
Prealbumin (C) 

Prealbumin (D) 
Albumin (C) 

cx-1 ACid Glycoprotein (C) 
cx-1 Acid Glycoprotein (D) 
cx-1 Antitrypsin (C) 

C3 Complement (D) 
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Covariate 

Occupation 
Degreasing Chemical Exposure 
Current Alcohol Use 
Current Alcohol Use 
Occupation 
Degreasing Chemical Exposure 
Race 
Degreasing Chemical Exposure 
Degreasing Chemical Exposure 
Lifetime Alcohol History 
Lifetime Alcohol History 
Current Alcohol Use 
Lifetime Alcohol History 
Degreasing Chemical Exposure 
Occupation 
Occupation 

Degreasing Chemical Exposure 
Industrial Chemical Exposure 
Occupation 
Current Alcohol Use 
Degreasing Chemical Exposure 
Lifetime Alcohol History 
Occupation 
Occupation 
Degreasing Chemical Exposure 
Current Alcohol Use 



Table 13-79. (Continued) 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Gastrointestinal Variables 

Model Variable 

Other Liver Disorders (D) 

AST (C) 
AST (D} 
GGT (C) 
GGT (D) 
Alkaline Phosphatase (C) 
Total Bilirubin (D) 
Direct Bilirubin (D) 
Cholesterol (D) 
HDL Cholesterol (C) 

HDL Cholesterol (D) 
Cholesterol-HDL Ratio (C) 
Triglycerides (C) 

Serological Evidence of Prior Hepatitis B 
Infection (D) 

Prealbumin (C) 

Prealbumin (D) 
Albumin (C) 

a-1 Acid Glycoprotein (D) 
a-1 Antitrypsin (C) 

Apolipoprotein B (C) 
Apolipoprotein B (D) 
C3 Complement (C) 
C4 Complement (C} 
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Covariate 

Occupation 
Degreasing Chemical Exposure 
Current Alcohol Use 
Current Alcohol Use 
Occupation 
Degreasing Chemical Exposure 
Race 
Degreasing Chemical Exposure 
Lifetime Alcohol History 
Occupation 
Lifetime Alcohol History 
Current Alcohol Use 
Lifetime Alcohol History 
Age 
Occupation 
Lifetime Alcohol History 
Occupation 

Degreasing Chemical Exposure 
Occupation 
Occupation 
Current Alcohol Use 
Degreasing Chemical Exposure 
Occupation 
Occupation 
Degreasing Chemical Exposure 
Age 
Age 
Occupation 
Occupation 



Table 13-79. (Continued) 
Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted 

Analyses of Gastrointestinal Variables 

Model ·Variable 

Other Liver Disorders (D) 

AST (C) 
AST (D) 
GGT(C) 
GGT (D) 
Alkaline Phosphatase (C) 
Total Bilirubin (D) 
Direct Bilirubin (D) 
HDL Cholesterol (C) 

HDL Cholesterol (D) 
Cholesterol-HDL Ratio (C) 
Triglycerides (C) 

Serological Evidence of Prior Hepatitis B 
Infection (D) 

Prealbumin (C) 

Prealbumin (D) 
Albumin (C) 

a-1 Acid Glycoprotein (D) 
a-1 Antitrypsin (C) 

C: Continuous analysis. 
D: Discrete analysis. 

a Group Analysis (Ranch Hands vs. Comparison). 
b Ranch Hands-Log2 (Initial Dioxin). 
c Categorized Dioxin. 
d Ranch Hands-Log2 (Current Lipid-Adjusted Dioxin + 1). 
e Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1). 

· Covariate 

Occupation 
Degreasing Chemical Exposure 
Current Alcohol Use 
Current Alcohol Use 
Occupation 
Degreasing Chemical Exposure 
Race 
Degreasing Chemical Exposure 
Lifetime Alcohol History 
Lifetime Alcohol History 
Current Alcohol Use 
Degreasing Chemical Exposure 
Lifetime Alcohol History 
Degreasing Chemical Exposure 
Occupation 
Lifetime Alcohol History 
Occupation 

Degreasing Chemical Exposure 
Industrial Chemical Exposure 
Age 
Current Alcohol Use 
Degreasing Chemical Exposure 
Occupation 
Occupation 
Degreasing Chemical Exposure 

r Ranch Hands-Log2 (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids. 
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Medical Records 

Historical information collected at the 1982, 1985, and 1987 examinations was updated 
with data collected at the 1992 health interview and grouped by ICD code into eight 
categories _of liver disorders for analysis: hepatitis (non-A, non-B, and non-C), jaundice, 
acute and subacute necrosis of the liver, chronic liver disease and cirrhosis (alcohol-related), 
chronic liver disease and cirrhosis (nonalcohol-related), liver abscess and sequelae of chronic 
liver disease, other liver disorders, and hepatomegaly. All conditions were verified through 
medical records. 

Model 1: Group Analysis 

The unadjusted overall group contrasts found no significant differences between the 
Ranch Hands and the Comparisons for any of the liver disorder variables. After covariate 
adjustment, the overall group difference became marginally significant for jaundice (Adj. 
RR=0.62, p=0.100) and for hepatomegaly (Adj. RR=0.61, p=0.100) with relatively fewer 
Ranch Hands than Comparisons having a history of both of these conditions. The adjusted 
analyses for the other historical liver conditions were not significant. 

The results of the occupation-stratified analyses were similar to the overall contrast 
findings. The unadjusted analyses of jaundice and hepatomegaly found marginally significant 
relative risks less than one for Ranch Hands in the enlisted groundcrew stratum. After 
covariate adjustment, the relative risk remained marginally less than one for jaundice and 
became significantly less than one for hepatomegaly. The unadjusted and adjusted results 
within the officer stratum and within the enlisted flyer stratum were not significant for any of 
the _historical liver disorder variables. 

Model 2: Initial Dioxin Analysis 

The unadjusted Model 2 analyses did not show a significant association between 
estimated initial dioxin exposure and any of the historical liver disorders. After adjusting for 
occupation, the analyses of the category of other liver disorders revealed a significant 
positive association with initial dioxin. This variable is a composite of elevations from 
numerous laboratory tests performed during previous AFHS examinations, does not represent 
any specific disease or condition, and is not clinically or epidemiologically relevant. The 
adjusted analyses were not significant for any of the other questionnaire variables. 

Model 3: Categorized Dioxin Analysis 

The unadjusted and adjusted Model 3 categorized dioxin analyses found significant or 
marginally significant Ranch Hand dioxin category versus Comparison group contrasts for 
jaundice, other liver disorders, and hepatomegaly. No significant results were seen for the 
other variables. 

The adjusted analyses of jaundice found a relative risk significantly less than one for 
Ranch Hands in the low dioxin category. The adjusted relative risk was less than one, but 
not significant for Ranch Hands in the high dioxin category. Combining the low and high 
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dioxin categories together led to a relative risk significantly less than one (Adj. RR=0.21 , 
95% C.I. =[0.06, 0 .70]. p=0.011). 

The adjusted analyses of hepatomegaly found that the relative risk was marginally less 
than one f 9r low Ranch Hands, but the relative risk was not significant for the other 
contrasts. The adjusted relative risk for the composite variable of other liver disorders was 
significantly greater than one for Ranch Hands in the high dioxin category (Adj. ·RR=l.37, 
95% C.I. =[LOO, 1.86] , p=0.048). 

Models 4 through 6: Current Dioxin Analysis 

The unadjusted and adjusted analyses for Models 4 , 5 , and 6 found highly significant 
inverse relationships between current dioxin levels and a history of j aundice (p < 0. 001 in all 
analyses). By contrast, the analyses found strong positive associations between current 
dioxin levels and the composite category of other liver disorders (p=0.004, p=0.001, and 
p=0.018 in the adjusted Model 4 , 5, and 6 analyses) . Current dioxin levels were not 
significantly associated with any of the other historical conditions. 

Physical Examination Variable 

There were no significant findings in the Models 1 through 6 analyses of hepatomegaly 
diagnosed at the 1992 examination. 

Laboratory Variables 

The gastrointestinal assessment analyzed 27 laboratory variables including hepatic 
enzymes; bilirubin measures, lipid and carbohydrate indices, serological markers for hepatitis 
(A, B, and C), stool hemoccult, and 10 protein profile components. Twenty-two variables 
were analyzed in both continuous and discrete forms. Five were analyzed as discrete 
variables only. 

Model 1: Group Analysis 

Overall, the Model 1 assessment of group contrasts for the laboratory variables did not 
reveal a consistent pattern of significant group differences that would indicate that the 
gastrointestinal health of the Ranch Hands differs substantially from the Comparisons. 
Isolated significant and marginally significant findings are highlighted below. 

The adjusted Model 1 analyses of the continuous variables found that the Ranch Hand 
group had significantly or marginally significantly higher mean levels of alkaline 
phosphatase, a-1 antitrypsin, haptoglobin, and transferrin, and a marginally lower mean 
ALT. In the discrete analyses, the relative risk was significantly more than one for abnormal 
low HDL levels and marginally more than one for abnormal high alkaline phosphatase levels. 
The elevated alkaline phosphatase findings also have been noted at previous examinations. 
Ranch Hands also had significantly lower serological evidence of prior hepatitis B infection 
and hepatitis C antibodies than Comparisons, possibly related to the longer amount of time 
Comparisons generally spent in SEA (see Chapter 8, Covariate Associations with Estimates 
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of Dioxin Exposure), with its endemic levels of hepatitis. The only consistent finding among 
the three occupational cohorts was a significant or marginally significant decreased 
prevalence of serological evidence of prior hepatitis B infection for Ranch Hands. Other 
significant findings were that Ranch Hand officers had more abnormal low HDL cholesterol 
and abnorm.al high triglycerides levels, and a marginally lower mean serum ~ylase than did 
Comparison officers. Ranch Hand enlisted flyers had significantly or marginally lower mean 
levels of AST, ALT, and triglycerides than did Comparison enlisted flyers . 

The adjusted analyses of the continuous variables found that Ranch Hand group mean 
levels of alkaline phosphatase, LDH, haptoglobin, and transferrin were significantly higher 
or marginally higher than the corresponding Comparison group means in the enlisted 
groundcrew stratum. The adjusted discrete analyses found significantly more abnormal high 
alkaline phosphatase levels, significantly fewer abnormal high direct bilirubin levels, and 
marginally fewer abnormal high ALT levels in Ranch Hand enlisted groundcrew compared to 
Comparison enlisted groundcrew. 

Model 2: Initial Dioxin Analysis 

The adjusted Model 2 analyses detected several significant or marginally significant 
associations between the laboratory variables and estimated initial dioxin levels in Ranch 
Hands, but no consistent overall pattern was noted. 

The discrete analyses detected no significant associations. In the continuous analyses, 
significant or marginally significant increasing associations· were found for cholesterol, 
triglycerides, apolipoprotein B, and C3 complement. A significant decreasing association was 
found with serum amylase and a marginally significant decreasing association was found with 
a-1 acid glycoprotein. The unadjusted analyses of HDL cholesterol and the cholesterol-HDL 
ratio were significant, but the relationship became nonsignificant after adjusting for 
occupation. 

Model 3: Categorized Dioxin Analysis 

The adjusted results of the high Ranch Hand versus Comparison contrast found that 
Ranch Hands had significantly higher mean levels of GGT, triglycerides, and transferrin, and 
a marginally higher mean level of haptoglobin. The discrete analyses for triglycerides and 
transferrin also were significant, with Ranch Hands in the high dioxin category having a 
higher prevalence of abnormal high triglyceride levels and a lower prevalence of abnormal 
low transferrin levels. In addition, the relative risk of serological evidence of prior hepatitis 
B infection was significantly less than one for Ranch Hands in the high initial dioxin 
category. 

The adjusted results of the low Ranch Hand versus Comparison contrast found that 
Ranch Hands had a marginally higher mean GGT, a significantly higher mean level and a 
relative risk marginally greater than one for alkaline phosphatase, and a significantly higher 
mean level and a relative risk marginally less than one for transferrin. The analyses also 
found that Ranch Hands in the low dioxin category had a relative risk significantly greater 
than one for the presence of blood in their stools. As with the high versus Comparison 
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contrast, the relative risk of serological evidence of prior hepatitis B infection was 
significantly less than one for Ranch Hands in the low dioxin category. 

The analyses of the low plus high Ranch Hand category versus the Comparison group 
found seve~al significant or marginally significant differences. In the adjusted analyses, 
Ranch Hands· had significantly higher mean levels of GGT and alkaline phosphatase, and 
marginally higher prevalence of GGT abnormal levels than did Comparisons. The 
unadjusted analyses for the lipid and carbohydrate indices found that Ranch Hands had 
marginally more cholesterol abnormalities, a marginally higher mean and more abnormalities 
for the cholesterol-HDL ratio, and a marginally higher mean triglycerides level, but these 
differences became nonsignificant after the model was adjusted for occupation. 

For the serological hepatitis markers , Ranch Hands in the low plus high dioxin 
category had significantly lower evidence of present or prior hepatitis B infection and 
antibodies for hepatitis C. The adjusted analyses of the protein profile variables found a 
marginally lower mean level of a-2 macroglobulin, a significantly higher mean level of 
transferrin, and a significantly lower prevalence of abnormal low transferrin levels for Ranch 
Hands in the low plus high category relative to the Comparison group. 

The adjusted analyses also detected several significant differences for the background 
Ranch Hands versus the Comparison group contrast, mostly in the analyses of the continuous 
variables. The only statistically significant finding in the discrete analyses was that 
background Ranch Hands had more abnormal high alkaline phosphatase levels than the 
Comparison group. In the continuous analyses, background Ranch Hands had significantly 
or marginally higher mean levels of alkaline phosphatase, a-1 antitrypsin, and haptoglobin, 
and significantly or marginally lower mean levels of ALT and C3 complement. 

Models 4 through 6: Current Dioxin Analysis 

The results of the Model 4 through 6 analyses found many highly significant 
associations between the laboratory variables and current dioxin levels, both lipid-adjusted 
and whole-weight. For the hepatic enzymes ALT and GGT, there was a strong positive 
association with lipid-adjusted and whole-weight dioxin in both the continuous and discrete 
analyses. The results for AST were not significant except for a marginally significant 
increasing association with whole-weight dioxin in the Model 5 continuous analysis . 

For the lipid and carbohydrate indices, the adjusted current dioxin analyses detected 
highly significant positive associations with cholesterol, the cholesterol-HDL ratio and 
triglycerides, as well as highly significant decreasing associations with HDL cholesterol in at 
least one of the models. The Model 5 whole-weight dioxin results for cholesterol, HDL 
c~olesterol, cholesterol-HDL ratio, and triglycerides were nearly all highly significant in both 
the discrete and continuous analyses (p < 0. 01 for all analyses except HD L cholesterol 
analyzed in its discrete form, which was marginally significant). The Model 4 lipid-adjusted 
dioxin analyses were not significant for cholesterol, but were highly significant for HDL 
cholesterol (continuous only), the cholesterol-HDL ratio (continuous and discrete) and 
triglycerides (continuous and discrete) . The Model 6 results, which used serum lipid levels 
as an adjusting covariate, were not significant for cholesterol, but were significant for HDL 
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cholesterol (continuous only), marginally significant for the cholesterol-HDL ratio 
(continuous), and significant for triglycerides (continuous). The loss of significance in these 
lipid variables in Models 4 and 6 is not unexpected because both of these models force 
statistical adjustment for serum lipid levels. 

The adjusted analyses found significant positive associations for creatine kinase treated 
as a continuous variable. The adjusted results were marginally significant for creatine kinase 
in its discrete form. The serum amylase results found significant decreasing associations 
with lipid-adjusted dioxin and whole-weight dioxin. The result of the Model 6 analysis was 
marginally significant. 

The adjusted results of the protein profile variables yielded several significant findings, 
including highly significant results (p < 0. 005 in at least one analysis) for a-1 antitrypsin, 
apolipoprotein B, C3 complement, and transferrin. The Model 4 continuous analyses showed 
significant positive associations between lipid-adjusted serum dioxin levels and apolipoprotein 
B, C3 complement, and transferrin, and also showed significant or marginally significant 
decreasing associations with a-1 acid glycoprotein, a-1 antitrypsin, and a-2 macroglobulin. 
The discrete analyses showed a marginally significant increasing association with abnormal 
high levels of apolipoprotein B, and significant or marginally significant decreasing 
associations with abnormal high a-1 antitrypsin, abnormal low C3 complement, and abnormal 
low transferrin. 

The adjusted Model 5 analyses for the protein profile variables showed essentially the 
same significant associations with whole-weight dioxin as were found in Model 4 with lipid­
adjusted dioxin, but with stronger relationships (i.e., lower p-values). The only differences 
between Models 4 and 5 were that the association between whole-weight dioxin and a-1 acid 
glycoprotein was not significant and that the Model 5 associations with abnormal high a-1 
antitrypsin and abnormal high apolipoprotein B were significant, rather than only marginally 
significant. In addition, there was a highly significant positive association between whole­
weight dioxin and C4 complement that was not significant for lipid-adjusted current dioxin. 

The adjusted Model 6 analyses revealed fewer significant results than were revealed in 
Models 4 and 5 but the direction of the results was consistent among models. Significant 
results were revealed for a-1 acid glycoprotein (continuous), a-1 antitrypsin (continuous), 
a-2 macroglobulin (continuous), C3 complement (continuous), and transferrin (continuous and 
discrete) . The Model 6 analysis also revealed a significant inverse relationship with 
haptoglobin in its discrete form, which was not significant in either Model 4 or Model 5. 

Overall 

The analyses of the historical variables revealed significant or marginally significant 
inverse relationships with jaundice in all models except Model 2 . Ranch Hands were at a 
marginally decreased risk of jaundice relative to the Comparison group, and the history of 
jaundice decreased significantly with current levels of dioxin. By contrast, the analysis of 
the category of other liver disorders revealed significant increasing associations with 
estimated initial dioxin exposure and current levels of serum dioxin, but the Ranch Hand 
versus Comparison group contrast was not significant. The other liver disorders category is 
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comprised mostly of elevated laboratory tests measured at previous AFHS examinations and 
does not represent a specific disease or condition. 

In the analyses of the laboratory variables, the Model 1 group contrasts revealed 
several isola~ed statistically significant findings, but overall the gastrointestinal health of the 
Ranch Hand and Comparison groups did not differ substantially. Similarly, for the serum 
dioxin analyses, the adjusted Model 2 analyses detected few significant associations with 
estimated initial dioxin, and the adjusted Model 3 analyses revealed few consistent significant 
Ranch Hand dioxin category versus Comparison group contrasts. 

The Model 4, 5, and 6 serum dioxin analyses detected many significant associations 
between the dependent laboratory variables and current dioxin, both lipid-adjusted and whole­
weight. Significant associations were noted for some of the enzymes, the lipid and 
carbohydrate indices, and for several of the proteins. Alkaline phosphatase was not 
associated significantly with dioxin (Models 2, 4, 5 , and 6), but the Model 1 and Model 3 
analyses detected significant group differences between the Ranch Hands and Comparisons. 

CONCLUSION 

The gastrointestinal assessment found isolated statistically significant Ranch Hand 
versus Comparison group differences, but overall the health of the two groups did not differ 
substantially. The serum dioxin analyses indicated that estimated initial dioxin exposure was 
generally not associated with historical liver disorders or current laboratory measurements; 
however, the analyses revealed that current dioxin levels were often highly associated with 
lipid-related health indices such as cholesterol, HDL cholesterol, the cholesterol-HDL ratio, 
and triglycerides, as well as with some of the hepatic enzymes (ALT and GGT) and proteins. 
These seemingly discordant results may be explained in part because the initial dioxin 
analyses adjusted for differential half-life elimination related to percent body fat, while no 
adjustment was made in the analyses of current dioxin. However, these significant findings 
may be the result of a subclinical dioxin effect on lipid metabolism. 
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