

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

UNADJUSTED

Background ~ Low Ranch High Ranch  Low plus Bigh

G ~ Ranch Hands vs. Hands vs. ‘Ranch Hands vs.
Variable Comparisons  Comparisons Comparisons Comparisons
a-1-C Hemoglobin (Diabetics) (C) ns ns NS* NS
a-1-C Hemoglobin (Diabetics) (D) NS NS NS NS*
a-1-C Hemoglobin (Nondiabetics) (C) ns ns ns* ns*
a-1-C Hemoglobin (Nondiabetics) (D) NS ns ns ns
Urinary Protein (Diabetics) (D) NS ns ns ns
Serum Proinsulin (Diabetics) (C) ns ns ns ns
Serum Proinsulin (Diabetics) (D) ns ns NS NS
Serum C Peptide (Diabetics) (C) NS +0.017 NS NS*
Serum C Peptide (Diabetics) (D) ns NS ns ns
Total Testosterone® (C) +0.031 NS ns NS
Total Testosterone (D) ns ns NS ns
Free Testosterone® (C) ns NS +0.033 NS*
Free Testosterone (D) ns* ns* ns ns
Sex Hormone Binding Globulin (D) NS ns ns ns*
Total Testosterone to Sex Hormone ns ns NS ns
Binding Globulin Ratio (D)

Estradiol (C) ns ns NS NS
Estradiol (D) ns ns ns ns
Luteinizing Hormone (LH) (C) NS +0.006 ns NS
Luteinizing Hormone (LH) (D) ’ NS ns ns ns
Follicle Stimulating Hormone (FSH) (C) NS NS* ns NS
Follicle Stimulating Hormone (FSH) (D) NS NS ns NS

 Negative difference considered adverse for this variable.

C: Continuous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

-:  Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

—: Analysis not performed due to sparse number of abnormalities.

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

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

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

Background  Low Ranch High Ranch  Low plus High
s Ranch Hands vs. Handsvs. = Hands vs. Ranch Hands vs.
Variable Comparisons Comparisons Comparisons Comparisons

Verified Medical Records
Past Thyroid Disease (D) **(NS) **(ns) *¥(ns) **(ns)
Composite Diabetes Indicator (D) **(ns) **(NS) **(NS) *%(NS)
Diabetic Severity (D)
No Treatment vs. Nondiabetic ns NS NS NS
Diet Only vs. Nondiabetic ns NS NS NS
Oral Hypoglycemic vs. Nondiabetic - ns +0.033 NS
Insulin Dependent vs. Nondiabetic NS NS NS NS
Time to Diabetes Onset? (C) NS ns ns ns
Physical Examination
Thyroid Gland (D) NS - ns ns
Testicular Volume: Minimum?® (C) NS NS ns ns
Testicular Volume: Total® (C) NS NS ns ns
Retinopathy Results (Diabetics) (D) NS ns NS NS
Neuropathy Results (Diabetics) (D) NS ns NS* NS
Radial Pulses (Doppler) (Diabetics) (D) -- - -- -
Femoral Pulses (Doppler) (Diabetics) (D) NS NS ns NS
Popliteal rPulses (Doppler) ns NS NS NS
(Diabetics) (D)
Dorsalis Pedis Pulses (Doppler) ns ns +0.029 NS
(Diabetics) (D)
Posterior Tibial Pulses (Doppler) ns NS NS* NS
(Diabetics) (D)
Leg Pulses (Doppler) (Diabetics) (D) ns ns +0.013 NS
Peripheral Pulses (Doppler) ns ns* +0.017 NS
(Diabetics) (D)
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS NS NS
Thyroid Stimulating Hormone (TSH) (D) ns ns NS NS
Thyroxine (T,)? (C) NS NS ns ns
Thyroxine (T,) (D) ns ns NS ns
Anti-Thyroid Antibodies NS NS* NS +0.048
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

Vanable :

Fasting Glucose (All Part1c1pants) (C) **(ns) **(ns) **(NS*) **(NS)
Fasting Glucose (All Participants) (D) ns NS NS NS
Fasting Glucose (Diabetics) (C) NS ns NS ns
Fasting Glucose (Diabetics) (D) **(NS) **(ns) *%(NS) *%(ns)
Fasting Glucose (Nqndiabetics) © *kEk Sk FFkk EEFE
Fasting Glucose (Nondiabetics) (D) ns NS ns ns
2-Hour Postprandial Glucose **(ns) **(NS) **(NS) **(NS)
(Nondiabetics) (C)

2-Hour Postprandial Glucose ns NS +0.023 +0.040
(Nondiabetics) (D)

Fasting Urinary Glucose (All **(ns) **(ns) **(NS) **(NS)

Participants) (D)
Fasting Urinary Glucose (Diabetics) (D) Fkkok Fokokesk Fokokok Hdkk

Fasting Urinary Glucose -- s - LR
(Nondiabetics) (D)

2-Hour Postprandial Urinary Glucose NS NS NS NS
(Nondiabetics) (D)
Serum Insulin (All Participants) (C) ok Hseokok Fokeoksk kKK
Serum Insulin (All Participants) (D)

Low vs. Normal **(ns) **(ns) *%(ns) **(ns)

High vs. Normal **%(ns) *%(ns) **(ns) **(ns)
Serum Insulin (Diabetics) (C) NS +0.027 ns NS
Serum Insulin (Diabetics) (D) *E(NS) **(NS) **(ns) **(NS)
Serum Insulin (Nondiabetics) (C) **(ns) *¥(ns) **(NS) **¥(NS)
Serum Insulin (Nondiabetics) (D)

Low vs. Normal Eokokk ok ek skokk

ngh VS. NOImal Kk ****. skeakokk o s sk ok
Serum Glucagon (All Participants) (C) **(ns) **(ns) **(NS) *¥*(ng)
Serum Glucagon (All Participants) (D) - - -- -
Serum Glucagon (Diabetics) (C) **¥(NS) **(NS) *¥(ns) **(ns)
Serum Glucagon (Diabetics) (D) - - - -
Serum Glucagon (Nondiabetics) (C) ns* ns NS ns

Serum Glucagon (Nondiabetics) (D) -- - - -




Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

Compansons f-Cnmpansons ' Cumparlsons - Compansons

a-1-C Hemog]obm (AIl Part1c1pants) ©) **(ns) **(ns) **(NS) **(NS)
«-1-C Hemoglobin (All Participants) (D) NS NS NS NS
a-1-C Hemoglobin (Diabetics) (C) NS ns NS NS
«-1-C Hemoglobin (Diabetics) (D) ns NS NS NS
«-1-C Hemoglobin (Nondiabetics) (C) NS ns ns ns*
«-1-C Hemoglobin (Nondiabetics) (D) NS ns ns ns
Urinary Protein (Diabetics) (D) NS ns ns ns
Serum Proinsulin (Diabetics) (C) ns ns NS NS
Serum Proinsulin (Diabetics) (D) ns ns ns ns
Serum C Peptide (Diabetics) (C) *¥(ns) **+(+0.008) *¥(NS) **(+0.038)
Serum C Peptide (Diabetics) (D) L EEE Ak e
Total Testosterone (C)? +0.004 NS ns* ns
Total Testosterone (D) **(ns) **(ns) **(NS) **(ng)
Free Testosterone (C)? NS NS ns NS
Free Testosterone (D) ns* ns* ns ns
Sex Hormone Binding Globulin (D) NS ns ns -0.038
Total Testosterone to Sex Hormone ns ns NS NS
Binding Globulin Ratio (D)

Estradiol (C) . ns ns NS ns
Estradiol (D) ns ns ns ns
Luteinizing Hormone (LH) (C) NS +0.019 ns NS
Luteinizing Hormone (LH) (D) ns ns ns ns
Follicle Stimulating Hormone (FSH) (C) ns NS NS NS
Follicle Stimulating Hormone (FSH) (D) NS NS NS NS
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Table 18-82. (Continued)
Summary of Categorized Dioxin Analyses (Model 3) for Endocrine Variables
(Ranch Hands vs. Comparisons)

# Negative difference considered adverse for this variable.

C: Continueous analysis.

D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or difference of means nonnegative for continuous analysis.

- Relative risk < 1.00 for discrete analysis or difference of means negative for continuous analysis.

--: Analysis not perforemd due to sparse number of abnormalities.

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

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

**(NS) or **(ns): Categorized dioxin-by-covariate interaction (0.01 <p<0.05); not significant when

interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(NS*): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); marginally significant when interaction
is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(_..): Categorized dioxin-by-covariate interaction (0.01 <p <0.05); significant when interaction is deleted and
p-value is given in parentheses; refer to Appendix N-2 for further analysis of this interaction.

***% (Categorized dioxin-by-covariate interaction (p<0.01); refer to Appendix N-2 for further analysis of this
interaction.

Note: P-value given if p<0.05.
A capital “NS” denotes a relative risk 1.00 or greater for discrete analysis or difference of means
nonnegative for continuous analysis; a lower case “ns” denotes relative risk less than 1.00 for discrete
analysis or difference of means negative for continuous analysis.
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Table 18-83.

Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

Variable =~

Verified Medical Records

Past Thyroid Disease (D)
Composite Diabetes Indicator (D)
Diabetic Severity (D)

No Treatment vs. Nondiabetic

Diet Only vs. Nondiabetic

Oral Hypoglycemic vs. Nondiabetic
Insulin Dependent vs. Nondiabetic

Time to Diabetes Onset? (C)

Physical Examination

Thyroid Gland (D)

Testicular Volume: Minimum? (C)
Testicular Volume: Total? (C)

Retinopathy Results (Diabetics) (D)
Neuropathy Results (Diabetics) (D)

Radial Pulses (Doppler) (Diabetics) (D)
Femoral Pulses (Doppler) (Diabetics) (D)
Popliteal Pulses (Doppler) (Diabetics) (D)
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D)
Posterior Tibial Pulses (Doppler) (Diabetics) (D)
Leg Pulses (Doppler) (Diabetics) (D)
Peripheral Pulses (Doppler) (Diabetics) (D)
Laboratory

Thyroid Stimulating Hormone (TSH) (C)
Thyroid Stimulating Hormone (TSH) (D)
Thyroxine (T,)? (C)

Thyroxine (T,) (D)

Anti-Thyroid Antibodies (D)

Fasting Glucose (All Participants) (C)
Fasting Glucose (All Participants) (D)

ns

+0.005

NS
NS*
+<0.001
ns

-0.004

ns

NS*
NS

NS
NS
ns
NS
NS

NS
NS
NS*
NS
NS
+ <0.001
+0.011

+<0.001

NS
+0.007
+ <0.001

-0.001

NS
NS
NS
NS
NS
+ <0.001
+0.001

+0.050

NS
+0.020
+<0.001
ns*

-0.026

B

NS
NS

ns

ns

NS

NS
NS

NS
NS
NS
NS
NS
+0.005
NS*
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Table 18-83. (Continued) _
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables

(Ranch Hands Only)
- e M
- Model4:  Model 5:  Whole-Weight Current
i - Lipid-Adjusted Whole-Weight  Dioxin Adjusted for

Variable - - Current Dioxin Current Dioxin  Total Lipids
Fasting Glucose (Diabetics) (C) +0.001 +<0.001 +0.025
Fasting Glucose (Diabetics) (D) NS NS NS
Fasting Glucose (Nondiabetics) (C) ns NS ns
Fasting Glucose (Nondiabetics) (D) NS NS ns
2-Hour Postprandial Glucose (Nondiabetics) (C) + <0.001 + <0.001 +0.001
2-Hour Postprandial Glucose (Nondiabetics) (D) +0.001 + <0.001 +0.002
Fasting Urinary Glucose (All Participants) (D) +<0.001 +<0.001 +0.001
Fasting Urinary Glucose (Diabetics) (D) +0.005 +0.002 +0.018
Fasting Uninary Glucose (Nondiabetics) (D) -- -- --
2-Hour Postprandial Urinary Glucose +0.018 +0.005 NS*
(Nondiabetics) (D)
Serum Insulin (All Participants) (C) +<0.001 + <0.001 + <0.001
Serum Insulin (All Participants) (D)

Low vs. Normal -0.038 -0.021 -0.021

High vs. Normal +0.016 +0.002 +0.013
Serum Insulin (Diabetics) (C) ns ns ns
Serum Insulin (Diabetics) (D) -0.008 -0.011 -0.029
Serum Insulin (Nondiabetics) (C) +<0.001 +<0.001 + <0.001
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns ns ns*

High vs. Normal +<0.001 + <0.001 + <0.001
Serum Glucagon (All Participants) (C) NS* +0.023 NS
Serum Glucagon (All Participants) (D) ns ns NS
Serum Glucagon (Diabetics) (C) ns NS ns
Serum Glucagon (Diabetics) (D) ns ns NS
Serum Glucagon (Nondiabetics) (C) +0.025 +0.013 +0.047
Serum Glucagon (Nondiabetics) (D) - - --
a-1-C Hemoglobin (All Participants) (C) +0.001 + <0.001 +0.042
«-1-C Hemoglobin (All Participants) (D) NS* +0.016 NS
«-1-C Hemoglobin (Diabetics) (C) +0.010 +0.008 NS*
«-1-C Hemoglobin (Diabetics) (D) NS NS NS
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

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

‘Variable . Current Dioxin Current Dioxin  Total Lipids

«-1-C Hemoglobin (Nondiabetics) (C) ns ns ns
a-1-C Hemoglobin (Nondiabetics) (D) ns NS ns
Urinary Protein (Diabetics) (D) NS NS . NS
Serum Proinsulin (Diabetics) (C) NS +0.047 NS
Serum Proinsulin (Diabetics) (D) NS* +0.031 NS
Serum C Peptide (Diabetics) (C) NS NS NS
Serum C Peptide (Diabetics) (D) ns ns NS
Total Testosterone (C)? -<0.001 -<0.001 -<0.001
Total Testosterone (D) +0.033 +0.012 NS*
Free Testosterone (C)? ns ns ns
Free Testosterone (D) +0.004 +0.009 +0.002
Sex Hormone Binding Globulin (D) NS NS ns
Total Testosterone to Sex Hormone Binding NS NS NS
Globulin Ratio (D)

Estradiol (C) NS NS NS
Estradiol (D) NS NS NS
Luteinizing Hormone (LH) (C) -0.035 ns* -0.035
Luteinizing Hormone (LH) (D) ns ns ns
Follicle Stimulating Hormone (FSH) (C) ns ns ns
Follicle Stimulating Hormone (FSH) (D) ns NS ns

 Negative slope considered adverse for this variable.

C: Continuous analysis.
D: Discrete analysis.

+: Relative risk = 1.00 for discrete analysis or slope nonnegative for continuous analysis.
-z Relative risk < 1.00 for discrete analysis or slope negative for continuous analysis.
--: Analysis not performed due to sparse number of abnormalities.

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

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

Note: P-value given if p<0.05.

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 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

_ 2 ‘Model 6:

 Model4:  Model 5:  Whole-Weight Current
\ Lipid-Adjusted Whole-Weight  Dioxin Adjusted for

Variable o

Current Dioxin Current Dioxin Total Lipids

Verified Medical Records
Past Thyroid Disease (D) *¥(ns) NS ns
Composite Diabetes Indicator (D) +0.002 + <0.001 +0.041
Diabetic Severity (D)

No Treatment vs. Nondiabetic **(NS) **(NS) bk

Diet Only vs. Nondiabetic **(+0.007) **+(+ <0.001) ¥4k

Oral Hypoglycemic vs. Nondiabetic **(+<0.001) **(+<0.001) A

Insulin Dependent vs. Nondiabetic *¥(ns) **(ns) HAE
Time to Diabetes Onset® (C) -0.001 -<0.001 -0.012
Physical Examination
Thyroid Gland (D) ns ns ns
Testicular Volume: Minimum? (C) ns* ns *¥(ns¥)
Testicular Volume: Total® (C) ns* ns -0.039
Retinopathy Results (Diabetics) (D) NS* NS* NS*
Neuropathy Results (Diabetics) (D) NS NS NS
Radial Pulses (Doppler) (Diabetics) (D) - - -
Femoral Pulses (Doppler) (Diabetics) (D) ns ns ns
Popliteal Pulses (Doppler) (Diabetics) (D) ns NS ns
Dorsalis Pedis Pulses (Doppler) (Diabetics) (D) NS WAk AR
Posterior Tibial Pulses (Doppler) (Diabetics) (D) NS - NS NS
Leg Pulses (Doppler) (Diabetics) (D) NS *¥(NS) NS
Peripheral Pulses (Doppler) (Diabetics) (D) okokk NS **¥(NS)
Laboratory
Thyroid Stimulating Hormone (TSH) (C) NS NS* NS
Thyroid Stimulating Hormone (TSH) (D) NS NS NS
Thyroxine (T,) (C) ns ns ns
Thyroxine (T,) (D) +0.030 +0.025 +0.043
Anti-Thyroid Antibodies (D) NS NS NS
Fasting Glucose (All Participants) (C) + <0.001 *¥(+ <0.001) +0.005
Fasting Glucose (All Participants) (D) +0.038 +0.005 NS
Fasting Glucose (Diabetics) (C) +0.046 +0.017 NS

sokkok seskokok Kk k

Fasting Glucose (Diabetics) (D)
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables
(Ranch Hands Only)

. Lipid-Adjusted Whole-Weight  Dioxin Adjusted for

Variable

, L ~ Current Dioxin Current Dioxin =~ Total Lipids

Fasting Glucose (Nondiabetics) (C) NS NS ns
Fasting Glucose (Nondiabetics) (D) ns ns ns
2-Hour Postprandial Glucose (Nondiabetics) (C) +0.012 +0.002 +0.038
2-Hour Postprandial Glucose (Nondiabetics) (D) **(+40.004) **(+0.002) **(4+0.011)
Fasting Urinary Glucose (All Participants) (D) + <0.001 **(+ <0.001) **(+ <0.001)
Fasting Urinary Glucose (Diabetics) (D) +0.010 +0.005 +0.027
Fasting Urinary Glucose (Nondiabetics) (D) - - --
2-Hour Postprandial Urinary Glucose NS* +0.011 **(NS)
(Nondiabetics) (D)
Serum Insulin (All Participants) (C). NS* +0.015 **(NS)
Serum Insulin (All Participants) (D)

Low vs. Normal **(ns) **(ns) ns

High vs. Normal **(NS) **¥(NS) NS
Serum Insulin (Diabetics) (C) ns ns ns
Serum Insulin (Diabetics) (D) seoksk sk sk kok seokekok
Serum Insulin (Nondiabetics) (C) +0.025 +0.001 NS*
Serum Insulin (Nondiabetics) (D)

Low vs. Normal ns ns *Ekk

High vs. Normal +0.005 +<0.001 v
Serum Glucagon (All Participants) (C) e +0.044 NS
Serum Glucagon (All Participants) (D) ns ns NS
Serum Glucagon (Diabetics) (C) NS NS ns
Serum Glucagon (Diabetics) (D) ns ns NS
Serum Glucagon (Nondiabetics) (C) +0.044 +0.027 NS*
Serum Glucagon (Nondiabetics) (D) - - -
a-1-C Hemoglobin (All Participants) (C) **(+0.012) *k(+0.002) **(NS)
a-1-C Hemoglobin (All Participants) (D) NS **(NS*) **(NS)
a-1-C Hemoglobin (Diabetics) (C) NS NS NS
a-1-C Hemoglobin (Diabetics) (D) NS* +0.035 NS
«-1-C Hemoglobin (Nondiabetics) (C) **(ns) ns ns
«-1-C Hemoglobin (Nondiabetics) (D) ns ns ns
Urinary Protein (Diabetics) (D) NS NS NS
Serum Proinsulin (Diabetics) (C) NS NS ns
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Table 18-83. (Continued)
Summary of Current Dioxin Analyses (Models 4, 5, and 6) for Endocrine Variables

(Ranch Hands Only)
e Model 6:
~ Model 4: Model 5.. Whole-Weight Cummt
o ' "Llpld—Adjusted Whole-We:ght Dioxin Adjusted for

Variable _ _.Current Dioxin Current Dioxin - Total Lipids
Serum Proinsulin (Diabetics) (D) Hokkok Fxokok *kokk
Serum C Peptide (Diabetics) (C) ns ns ns
Serum C Peptide (Diabetics) (D) ns **(ns) **(ns)
Total Testosterone? (C) R *¥(.<0.001) **(-0.021)
Total Testosterone (D) **(NS) NS NS
Free Testosterone® (C) ns ns ns
Free Testosterone (D) NS NS NS
Sex Hormone Binding Globulin (D) ns NS ns
Total Testosterone to Sex Hormone Binding NS NS NS*
Globulin Ratio (D)
Estradiol (C) NS NS NS
Estradiol (D) FEEE **(NS) *%(NS)
Luteinizing Hormone (LH) (C) ns ns - ns
Luteinizing Hormone (LH) (D) ns NS ns
Follicle Stimulating Hormone (FSH) (C) NS NS NS
Follicle Stimulating Hormone (FSH) (D) NS NS NS

2 Negative slope considered adverse for this variable.

C: Continuous analysis.
D: Discrete analysis.

+: 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.
--: Analysis not performed due to sparse number of abnormalities.

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

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

**(NS) or **(ns):

Log, (current dioxin + 1)-by-covariate interaction (p <0.05); not significant when

interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(NS*) or **(ns*): Log, (current dioxin + 1)-by-covariate interaction (0.01 <p<0.05); marginally significant
when interaction is deleted; refer to Appendix N-2 for further analysis of this interaction.
**(_..): Log, (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 N-2 for further analysis of this

interaction.

**** ] og, (current dioxin + 1)-by-covariate interaction (p<0.01); refer to Appendix N-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.
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Table 18-84.

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Endocrine Variables

Model = -0 e Wariable j':'fj:j:'_ soee e aigvaniate S
i Past Thyroid Disease Personality Type
Retinopathy Results Personality Type
Fasting Glucose (Diabetics) (C) Age
Fasting Glucose (Nondiabetics) (C) Occupation
2-Hour Postprandial Glucose (Nondiabetics) (C) Body Fat, Family History of Diabetes
2-Hour Postprandial Glucose (Nondiabetics) (D) Body Fat
Serum Insulin (All) (C) Age, Body Fat
Serum Insulin (All) (D) Age, Body Fat
Serum Insulin (Nondiabetics) (C) Body Fat
Serum Insulin (Nondiabetics) (D) Age, Body Fat
Serum Glucagon (Diabetics) (C) Body Fat, Diabetic Severity
o-1-C Hemoglobin (Diabetics) (C) Age
«-1-C Hemoglobin (Nondiabetics) (C) Body Fat
Urinary Protein (Diabetics) Race
Total Testosterone (C) Age
Total Testosterone (D) Race, Personality Type
2b Composite Diabetes Indicator Occupation
Testicular Volume: Minimum Occupation
Testicular Volume: Total Occupation
Fasting Glucose (All) (C) Occupation
Fasting Glucose (Nondiabetics) (C) Occupation
2-Hour Postprandial Glucose (Nondiabetics) (D) Race
Serum Insulin (Diabetics) (D) Age, Body Fat, Occupation
Serum Insulin (Nondiabetics) (D) Occupation
Serum Glucagon (All) (C) Occupation
«-1-C Hemoglobin (All) (C) Occupation
a-1-C Hemoglobin (All) (D) Occupation
Total Testosterone (C) Personality Type
Total Testosterone (D) Occupation
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Table 18-84. (Continued)

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Endocrine Variables

Model - Variable Covariate

3¢ Past Thyroid Disease Personality Type
Composite Diabetes Indicator Occupation
Fasting Glucose (All) (C) Occupation
Fasting Glucose (Diabetics) (D) Body Fat
Fasting Glucose (Nondiabetics) (C) Occupation
2-Hour Postprandial Glucose (Nondiabetics) (C) Body Fat, Family History of Diabetes
Fasting Urinary Glucose (All) Body Fat, Personality Type
Fasting Urinary Glucose (Diabetics) Body Fat
Serum Insulin (All) (C) Age
Serum Insulin (All) (D) Age, Body Fat, Occupation,

Personality Type

Serum Insulin (Diabetics) (D) Age
Serum Insulin (Nondiabetics) (C) Age
Serum Insulin (Nondiabetics) (D) Occupation
Serum Glucagon (All) (C) Family History of Diabetes
Serum Glucagon (Diabetics) (C) Body Fat, Diabetic Severity
a-1-C Hemoglobin (All) (C) Body Fat
Serum C Peptide (Diabetics) (C) Occupation
Serum C Peptide (Diabetics) (D) Age
Total Testosterone (D) Personality Type

44 Past Thyroid Disease Personality Type
Diabetic Severity Occupation
Peripheral Pulses Family History of Heart Disease
Fasting Glucose (Diabetics) (D) Body Fat
2-Hour Postprandial Glucose (Nondiabetics) (D) Race
Serum Insulin (All) (D) Body Fat
Serum Insulin (Diabetics) (D) Body Fat
Serum Glucagon (All) (C) Family History of Diabetes
a-1-C Hemoglobin (All) (C) Body Fat
«-1-C Hemoglobin (Nondiabetics) (C) Race
Serum Proinsulin (Diabetics) (D) Occupation
Total Testosterone (Diabetics) (C) Occupation
Total Testosterone (D) Occupation
Estradiol (D) Occupation
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Table 18-84. (Continued)

Summary of Group-by-Covariate and Dioxin-by-Covariate Interactions from Adjusted
Analyses of Endocrine Variables

Model Variable Covariate

5° Diabetic Severity Occupation
Dorsalis Pedis Pulses (Doppler) (Diabetics) Lifetime Cigarette Smoking History
Leg Pulses (Doppler) (Diabetics) Lifetime Cigarette Smoking History
Fasting Glucose (All) (C) Body Fat
Fasting Glucose (Diabetics) (D) Body Fat
2-Hour Postprandial Glucose (Nondiabetics) (D) Race
Fasting Urinary Glucose (All) Personality Type
Serum Insulin (All) (D) Body Fat
Serum Insulin (Diabetics) (D) Body Fat
a-1-C Hemoglobin (All) (C) Age, Body Fat
a-1-C Hemoglobin (All) (D) Body Fat
Serum Proinsulin (Diabetics) (D) Occupation
Serum C Peptide (Diabetics) (D) Age, Diabetic Severity
Total Testosterone (C) Occupation
Estradiol (D) Occupation

6 Diabetic Severity Age
Testicular Volume: Minimum Occupation

Dorsalis Pedis Pulses (Doppler) (Diabetics)
Peripheral Pulses (Doppler) (Diabetics)

Lifetime Cigarette Smoking History
Family History of Heart Disease

Fasting Glucose (Diabetics) (D) Body Fat
2-Hour Postprandial Glucose (Nondiabetics) (D) Race

Fasting Urinary Glucose (All) Personality Type
2-Hour Postprandial Urinary Glucose (Nondiabetics) Occupation
Serum Insulin (All) (C) Body Fat

Serum Insulin (Diabetics) (D) Body Fat

Serum Insulin (Nondiabetics) (D) Age

«-1-C Hemoglobin (All) (C) Age, Body Fat
o-1-C Hemoglobin (All) (D) Body Fat

Serum Proinsulin (Diabetics) (D)
Serum C Peptide (Diabetics) (D)
Total Testosterone (C)

Estradiol (D)

Occupation, Diabetic Severity
Age, Diabetic Severity
Occupation

Occupation

C: Continuous Analysis.

D: Discrete Analysis.

2 Group Analysis (Ranch Hands vs. Companson)

® Ranch Hands—Log, (Initial Dioxin).

¢ Categorized Dioxin.

4 Ranch Hands—Log, (Current Lipid-Adjusted Dioxin + 1).

¢ Ranch Hands—Log, (Current Whole-Weight Dioxin + 1).

f Ranch Hands—Log, (Current Whole-Weight Dioxin + 1), Adjusted for Total Lipids.
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flyer Ranch Hands had a significantly lower mean level of fasting glucose than did
Comparisons, but this result was nonsignificant in the analysis of all participants or diabetics
alone (the unadjusted analysis revealed similar results). The analyses of the seven pulse
variables, all group associations, were nonsignificant. In the unadjusted and adjusted analyses
of all participants, mean serum glucagon levels were significantly lower in enlisted flyer
Ranch Hands than for the corresponding Comparison category; however, stratifying the
analysis of this contrast to diabetic and nondiabetic participants revealed only a marginally
significant difference for nondiabetics. Serum C peptide exhibited a marginally significant
positive effect for all participants and for enlisted groundcrew.

The analyses of the physical examination testes variables did not uncover any significant
or notable findings, but analyses of the testosterone variables detected some significant results.
In the unadjusted and adjusted analyses, free testosterone in its discrete form was significantly
associated with group both overall and for enlisted flyers, where Ranch Hands had a smaller
percentage of abnormal low measurements than Comparisons. A significant negative
association with group also was seen in the analysis of sex hormone binding globulin. A
significant group effect was seen in the analysis of total testosterone among enlisted flyers
with a higher mean level in Ranch Hand enlisted flyers than in Comparison enlisted flyers,
and low levels of testosterone are considered adverse.

While not evident in the unadjusted analysis, the adjusted analysis of follicle stimulating
hormone detected a significantly higher percentage of abnormally high measurements in
Ranch Hands than Comparisons for the officer stratum.

Model 2: Initial Dioxin Analysis

Few significant associations with initial dioxin were found in the Model 2 analyses of
the thyroid variables. TSH and T, in the discrete analysis displayed marginally significant
and significant associations respectively with initial dioxin.

Several significant interactions between initial dioxin and occupation were found in the
adjusted analyses of the diabetes variables. All of these were in the investigations of the
composite diabetes indicator, fasting glucose, serum insulin, serum glucagon, and a-1-C
hemoglobin. The composite diabetes indicator was positively associated with initial dioxin
and marginally significant. The continuous analyses of fasting glucose revealed significant
and marginally significant positive associations with initial dioxin for all participants and
diabetics respectively. While the continuous analyses of serum insulin on all participants and
in diabetics led to nonsignificant results, the analysis on nondiabetics revealed a significant
positive association with initial dioxin. Most adjusted results of discrete serum insulin were
negative and marginally significant, although nondiabetics exhibited a significant positive
association with initial dioxin for the abnormally high serum insulin category. The adjusted
analysis of serum glucagon found a significant positive association with initial dioxin in
nondiabetics. Other diabetic endpoints that displayed significant positive associations with
initial dioxin were fasting urinary glucose and 2-hour postprandial glucose. A significant
positive association between initial dioxin and diabetic severity was found in the contrast of
Ranch Hands using oral hypoglycemics versus nondiabetics, but not for the other diabetic
severity categories.
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The analyses of the testes variables disclosed significant initial dioxin interactions
involving occupation and personality type. Marginally significant associations with initial
dioxin were evident from analyses of the minimum and total testicular volume endpoints with
the interaction terms removed.

In the Model 2 analyses of the remaining endocrine variables, a significant negative
association with initial dioxin was seen for luteinizing hormone in the unadjusted analysis, but
this negative association was only marginally significant in the adjusted analysis. In the
adjusted analysis of luteinizing hormone in discrete form, a significant positive association
with initial dioxin was seen. A marginally significant positive association with initial dioxin
was seen for estradiol measured continuously.

Model 3: Categorized Dioxin Analysis

Categorized dioxin analyses on the thyroid variables were nonsignificant except for the
analysis of anti-thyroid antibodies. For this endpoint, a significantly greater percentage of low
and low plus high Ranch Hands had anti-thyroid antibodies than did Comparisons.

The majority of the analyses on the diabetic endpoints for Model 3 detected significant
interactions between categorized dioxin and various covariates (mainly body fat and
occupation). Analogous to Model 1 results, when supplemental analysis was performed
removing these interactions, significant differences between Ranch Hands and Comparisons
were generally not evident. As an exception, analysis on serum C peptide detected a
significantly greater mean level of serum C peptide in low and low plus high Ranch Hands
than in Comparisons. Significant associations were exhibited in the adjusted analyses of
discrete 2-hour postprandial glucose in high Ranch Hands and continuous serum insulin
restricted to diabetic low Ranch Hands. Marginally significant negative results were seen in
the continuous analyses of serum glucagon and a-1-C hemoglobin in nondiabetics. In the
analysis of discrete serum insulin, associations in all participants, while nonsignificant, were
negative; whereas for diabetics most were positive. Also, more negative associations with
categorized dioxin were exhibited for the nondiabetic cohort in comparison to the all
participant and diabetic cohorts in the analyses of a-1-C hemoglobin. A significantly higher
percentage of Ranch Hands in the high dioxin category used oral hypoglycemics than
Comparisons, but contrasts were not significant for the other diabetic severity categories. In
the analysis of the pulse variables in diabetics, high dioxin Ranch Hands had significantly
higher percentages of abnormalities than Comparisons for dorsalis pedis, leg, and peripheral
pulses.

Data collected from the physical examination on the testes variables were analyzed by
Model 3, but results were nonsignificant. For the majority of the analyses, the laboratory
testes variables disclosed negative differences or relative risks less than one when comparing
Ranch Hands and Comparisons. Of these results that were significant, most involved one of
the testosterone variables. In the unadjusted analysis of mean free testosterone for high Ranch
Hands versus Comparisons, a significant difference in means of 0.89 pg/ml was found, with
the Comparisons having the lower mean. After adjusting for covariate information, the
difference became negative and nonsignificant (-0.09 pg/ml). In the analysis of total
testosterone, background Ranch Hands had a significantly higher mean level than
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Comparisons, but the difference between high Ranch Hands and Comparisons was negative
and only marginally significant.

Among the other endocrine variables, continuous Model 3 analyses of luteinizing
hormone detected significant positive differences between low Ranch Hands and Comparisons.

Model 4, 5, and 6: Current Dioxin Analysis

Analyses investigating possible associations between the thyroid variables and current
dioxin detected significant results for two of the laboratory variables. Thyroxine, although
nonsignificant in the unadjusted analysis, exhibited significant positive associations with each
analysis of current dioxin after covariate adjustment. Also, mean levels of thyroxine increased
significantly with lipid-adjusted current dioxin in the unadjusted analysis, but adjusting for
covariate information led to a nonsignificant negative association. Marginally significant
results were found in the Model 5 adjusted analysis of thyroid stimulating hormone measured
continuously, but results were nonsignificant in Models 4 and 6.

Current dioxin analyses on the diabetes variable led to several significant findings, most
of which suggested a positive dose-response relationship with current dioxin. In the analysis
of diabetic severity, the percentage of Ranch Hands using diet only or oral hypoglycemics to
treat their diabetes showed significant associations with current dioxin. The association was
not significant for insulin dependent Ranch Hands. Abnormality percentages for retinopathy
results were marginally significantly related to current dioxin in each adjusted analysis, the
relative risk being above 1.5 in each case. The number of years before the onset of diabetes
decreased significantly with increasing levels of current dioxin for all three current dioxin
analyses. All participants and diabetics generally possessed fasting glucose measurements that
were positively associated with current dioxin, whereas nondiabetics alone exhibited no
significant relationships for this endpoint. Similar results were seen for fasting urinary
glucose. Highly significant results indicating a positive relationship with all current dioxin
measurements were seen in the analyses of 2-hour postprandial glucose; however, for 2-hour
postprandial urinary glucose, significant associations were apparent for whole-weight current
dioxin only. The analyses of serum insulin yielded several noteworthy findings. For all
participants, unadjusted analyses on this endpoint revealed highly significant results that
became nonsignificant after adjusting for covariates. This was the case for the both the
continuous and trichotomous discrete analyses. Inverse, albeit nonsignificant, associations
with current dioxin were evident in the continuous diabetic analyses of serum insulin, whereas
for all participants and nondiabetics, serum insulin increased with current dioxin (significantly
so for nondiabetics). In the discrete analysis of serum insulin, associations with current dioxin
were positive for the high serum insulin category and negative for the low category and were
significant only for nondiabetics in Models 4 and 5. The discrete diabetic analyses of serum
insulin revealed highly significant dioxin interactions with body fat. Results from analyses on
serum glucagon found significant relationships only in the continuous analyses for
nondiabetics, where serum glucagon increased with current dioxin. In the adjusted analyses of
a-1-C hemoglobin, significant positive relationships with lipid-adjusted and whole-weight
current dioxin were evident for all participants (using continuously measured a-1-C
hemoglobin) and diabetics (in the discrete analysis). A noteworthy result from the a-1-C
hemoglobin analyses was the prevalence of only inverse current dioxin relationships for the
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nondiabetic cohort in contrast to only positive associations for diabetics. In the adjusted
analyses of the diabetic variables, current dioxin interactions involving body fat and
occupation comprised the majority of the significant interaction terms.

Analyses of testes variables from the physical examination revealed negative results,
indicating testicular volumes decrease as current dioxin increases. Associations were
marginally significant for all Model 4 and 6 analyses except for the Model 6 total testicular
volume analysis, where the relationship was significant. All Model 5 analyses were
nonsignificant. Notable in the total testosterone analyses from the laboratory examination was
the differences between the unadjusted and adjusted analyses. All associations were
significant in the continuous and discrete unadjusted analyses, but after adjusting for
covariates, only the Model 5 and 6 continuous analyses revealed significant results. Also, the
continuous analyses yielded results indicative of a negative dose-response relationship.
Similar to the continuous analyses, the discrete analyses disclosed associations of a positive
nature indicating an increase in abnormally low testosterone as dioxin increased. Unadjusted
continuous analyses of free testosterone led to significant results for Models 4, 5, and 6.
After covariate adjustment, however, all of these analyses were nonsignificant. Analyses on
the sex hormone binding globulin variables yielded primarily nonsignificant results.

In the remaining current dioxin analyses of the endocrine variables, significant negative
associations were seen for luteinizing hormone in the unadjusted analysis but were
nonsignificant after adjusting for covariate information.

CONCLUSION

The assessment of the endocrine system yielded an extensive evaluation of thyroid,
pancreatic, and gonadal functions and their relation to dioxin exposure. Analyses of thyroid
functions did not identify significant differences between Ranch Hands and Comparisons.
Similarly, the prevalence of diabetes mellitus in the two populations was not significantly
different, although significant positive associations were found between current dioxin levels
and the onset of diabetes.

Significant glucose metabolism results were confined to the current serum dioxin
analyses. These results suggest a possible mechanism for dioxin effect on glucose metabolism
and the development of diabetes. Ranch Hands with high levels of current serum dioxin had
significantly higher fasting glucose levels than those with lower levels of dioxin, a result due
mainly to the diabetic cohort. Nondiabetics, on the other hand, exhibited an inverse
association between fasting glucose and current serum dioxin and a positive association
between 2-hour postprandial glucose and current serum dioxin. Serum dioxin levels were
significantly related to elevated insulin levels in nondiabetics, but not in diabetics. This is
suggestive of a TCDD effect on glucose metabolism with a heightened release of insulin in
Ranch Hands with a fully responsive pancreas. When this pancreatic response is no longer
effective, elevated glucose levels lead to the clinical diagnosis of diabetes mellitus and loss of
the dose-response between TCDD and insulin.

Analyses of gonadal functions detected a significant inverse dose-response relationship
between current serum dioxin and total serum testosterone in Ranch Hands. These results
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support those described in the Serum Dioxin Analysis of the 1987 Followup Examination, but
the clinical significance is uncertain.

In conclusion, though the existence of endocrine disorders is comparable in Ranch Hands

and Comparisons, the assessment of glucose metabolism shows the possibility of detrimental
effects from dioxin in relation to glucose intolerance and insulin production.
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