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Table 9·15. Longitudinal Analysis of Erythrocyte Sedimentation Rate (mmlhr) (Continuous) 

All Ranch Hand 1.83 481 5.06 8.03 4.87 3.05 0.04 0.813 
(819) (801) (792) (797) (819) 

Comparison 1.59 4.67 4.86 7.57 4.59 3.01 
(976) (958) (949) (956) (976) 

Officer Ranch Hand 1.83 4.71 4.81 7.39 4.44 2.61 -0.34 0.213 
(312) (308) (304) (307) (312) 

Comparison 1.44 4.65 4.72 7.39 4.38 2.95 
(380) (374) (368) (375) (380) 

Enlisted Ranch Hand 2.13 5.30 6.04 8.94 5.38 3.25 0.08 0.878 
Flyer (148) (145) (143) (145) (148) 

Comparison 2.11 5.02 5.02 8.44 5.28 3.17 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 1.71 4.71 4.92 8.25 5.07 3.36 . 0.37 0.138 
Groundcrew (359) (348) (345) (345) (359) 

(. Comparison 1.58 4.58 4.93 7.46 4.57 2.99 
(451) (440) (438) (43~'451) 

a Transfonned from natural logarithm scale of erythrocyte sedimentaltion rate + 0.1. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 
o P-value is based on analysis of natural logarithm of erythrocyte sedimentation rate + 0.1; results adjusted for natural 
logarithm of erythrocyte sedimentation rate + 0.1 in 1982 and age in 1997. 

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Sununary statisticH for 1992 are provided for reference purposes 
for participants who attended the 1982, 1992, and 1997 examillatioU!l. 
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Table 9-15. Longitudinal Analysis of Erythrocyte Sedimentation Rate (mm/hr) 
(Continuous) (Continued) 

7.94 4.74 
(149) (154) 

Medium 2.25 5.52 5.71 9.62 5.94 
(159) (156) (156) (156) (59) 

High 1.76 4.94 5.53 8.42 5.10 

• Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
b Results based on difference between natural logarithm of 1997 erythrocyte sedimentation rate + 0.1 and natural 
logarithm of 1982 erythrocyte sedimentation rate + 0.1 verSus log, (initial dioxin); results adjusted for percent body 
fat at'the date of the blood measurement of dioxin, natural logarithm of 1982 erythrocyte sedimentation rate + 0.1, 
and age in 1997. 

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

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

attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. 
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c) Table 9-15. Longitudinal Analysis of Erythrocyte Sel~/mentatlon Rate (mmlhr) 
(Continuous) (Continued) 

Comparison 1.60 4.66 4.85 7.55 4.60 3.00 
(948) (933) (923) (929) (948) 

Background 1.72 4.45 4.63 7.27 4.39 2.67 -0.33 
RH (347) (339) (330) (337) (347) 
LowRH 1.92 5.06 5.24 8.59 5.12 3.20 0.20 

(230) (224) (227) (223) (230) 
HighRH 1.87 5.11 5.56 8.70 5.37 3.50 0.50 

(236) (233) (230) (232) (236) 
Low plus 1.89 5.09 5.40 8.65 5.25 3.35 0.35 
HighRH ~466) (457) (457) ~455) (466) 

• Transformed from natural logarithm scale of erythrocyte sedimentation rate + 0.1. 
b Difference between 1997 and 1982 examination means after transformation to original scale. 

0.220 

0.784 

0.050 

0.143 

'P-value is based on analysis of natural logarithm of 1997 erythrocyle sedimentation rate + 0.1; results adjusted for 
percent body fat at the date of the blood measurement of dioxin, natural logarithm of 1982 erythrocyte sedimentation 
rate + 0.1, and age in 1997. 

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

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

=--------------------------=---=--=-=-=-=---=-=-=--
9.2.3.3.2 Erythrocyte Sedimentation Rate (Discrete) 

Longitudinal analyses of erythrocyte sedimentation rate in its discrete fonn were conducted to examine 
the relation between abnormal erythrocyte sedimentation rate!: and group, initial dioxin, and categorized 
dioxin for participants at the 1997 follow-up. Only participants with nonnal erythrocyte sedimentation 
rates in 1982 were included in the study. 

Analyses were statistically significant when erythrocyte sedimentation rate differences were examined 
across all occupations (Table 9-16(a): Adj. RR=1.66, p,,0.016). The results revealed that the percentage 
of abnonnal erythrocyte sedimentation rates for Ranch Hands was higher than for Comparisons (7.0% 
and 4.4%, respectively). Erythrocyte sedimentation rates compared within the officer strata did not 
significantly differ (p=0.847). Within the enlisted flyer stratum, the Ranch Hands versus Comparison 
contrast was marginally significant (Adj. RR=2.61, p=O.077). More Ranch Hand (9.0%) than 
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Comparison (3.7%) enlisted flyers had abnormal erythrocyte sedimentation rates. In addition, results 
were; significant (Adj. RR=2.03, p=O.025) for the enlisted groundcrew stratum. Percentages of abnormal 
erythrocyte sedimentation rates were 7.7 for Ranch Hand and 4.2 for Comparison enlisted groundcrew. 

A significant positive association between initial dioxin and erythrocyte sedimentation rate was found 
(Table 9-16(b): Adj. RR=1.36, p=O.022). The analyses indicated that erythrocyte sedimentation rate 
increilsed as initial dioxin level increased. 

Analyses of associations between erythrocyte sedimentation rates and categorized dioxin revealed 
significant differences between Comparisons and Ranch Hands in the high and Ranch Hands in the low 
and high dioxin categories combined (Table 9-l6(c): Adj. RR=2.38, p=O.003 and Adj. RR=1.88, 
p=O.OIO, respectively). Both contrasts indicate that more Ranch Hands than Comparison had a higher 
percentage of abnormal erythrocyte sedimentation rates (8.7% for Ranch Hands in the high dioxin 
category, 7.7% for Ranch Hands in the low and high dioxin categories combined, and 4.3% for 
Comparisons). The contrasts involving the background and low Ranch Hand dioxin categories were both 
nonsignificant (p>0.22 for each contrast). 

Table 9-16. Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 

AU Ranch Hand 19 (2.3) 50(6.2) 54 (6.8) 130(16.3) 67 (8.2) 

(819) (801) (792) (797) (819) 
Comparison 39 (4.0) 50(5.2) 45 (4.7) 153 (16.0) 57(5.8) 

(976) (958) (949) (956) (976) 

Officer Ranch Hand 6 (1.9) 10 (3.3) 12 (4.0) 38 (12.4) 18 (5.8) 
(312) (308) (304) (307) (312) 

Comparison 12 (3.2) 15 (4.0) 14 (3.8) 49 (13.1) 26 (6.8) 
(380) (374) (368) (375) (380) 

Enlisted Flyer Ranch Hand 4 (2.7) 13 (9.0) 15 (10.5) 30 (20.7) 16 (10.8) 
(148) (145) (143) (145) (148) 

Comparison 9 (6.2) 10 (6.9) 5 (3.5) 27 (18.9) 5 (3.5) 
(145) (144) (143) (143) (145) 

Enlisted Ranch Hand 9 (2.5) 27 (7.8) 27 (7.8) 62 (18.0) 33 (9.2) 

Groundcrew (359) (348) (345) (345) (359) 
Comparison 18 (4.0) 25 (5.7) 26 (5.9) 77 (17.6) 26 (5.8) 

(451) (440) (438) (438) (451) 

9-52 

. \.) 

'''<, 

i) 

. __ . __ ._. __ ~ __ . -.. -.----.--'-·I----··----·-----·~ ____ ~ __ '_··_' ____ ·'·-~--·-----r·--r'·--·------·--'-'-··-·-·-----·---.. ·-'·------------



c) 

() 

Table 9·16. Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 
(Continued) 

All 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 
Ranch Hand 
Comparison 
Ranch Hand 
Comparison 

800 
937 

306 
368 
144 
136 
350 
433 

56 (7.11) 
41 (4.4) 

16 (5.2) 
18 (4.9) 
13 (9.0) 
5 (3.7) 

27 (7.7) 
18 (4.2) 

p;;,,~. 

0.016 

1.07 (0.53,2.14) 0.847 

2.61 (0.90,7.55) 0.077 

2.03 (1.09,3.77) 0.025 

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

Note: Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference purposes 
for participants who. attended the 1982, 1992, and 1997 examinations. Statistical analyses are based only on 
participants who had a normal erythrocyte sedimentation rate ($12 mmlhr) in 1982 (see Chapter 7, Statistical 
Methods). 

Low 5 (3.3) 13 (8.6) 7 (4.6) 27 (18.1) 11 (7.1) 
(154) (151) (153) (149) (154) 

Medium 3 (1.9) 14 (9.0) 16 (10.3) 33 (21.2) 18 (11.3) 
(159) (156) (156) (156) (159) 

High 4 (2.6) 13 (8.7) 14 (9.5) 26(17.3) 15 (9.8) 

(153) (150) (148) (150) (153) 
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Table 9-16. Longitudinal Analysis of Erythrocyte Sodimentation Rate (Discrete) 
(Continued) 

q" 'i:,'LV::":' 

i!::!.j.:;i:;:~~t:~: 
Low 

Medium 
High 

149 
156 
149 

8 (5.4) 
15 (9.6) 
12 (8.1) 

1.36 (1.05,1.76) 

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

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

0.022 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary "tatistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who had a normal erythrocyte sedimentation rate (S; 12 mmlhr) in 1982 (see Chapter 7, 
Statistical Methods). 

39 (4. I) 
(948) 

Background RH 7 (2.0) 10 (3.0) 17 (5.2) 42 (12.5) 22 (6.3) 

(347) (339) (330) (337) (347) 

LowRH 7 (3.0) 19 (8.5) 14 (6.2) 43 (19.3) 20 (8.7) 

(230) (224) (227) (223) (230) 

HighRH 5 (2.1) 21 (9.0) 23 (10.0) 43 (18.5) 24 (10.2) 

(236) (233) (230) (232) (236) 

Low plus High RH 12 (2.6) 40 (8.8) 37 (8.1) 86 (18.9) 44 (9.4) 

(466) (457) (457) (455) (466) 
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Table 9-16. Longitudinal Analysis of Erythrocyte Sedimentation Rate (Discrete) 
(Continued) 

l)j~IlCat\lgOty 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

340 
223 
231 
454 

20 (5.9) 
15 (6.7) 
20 (8.7) 
35 (7.7) 

a Relative risk and confidence interval relative to Comparisons. 

lAO (0.80,2045) 
1047 (0.79,2.73) 
2.38 (1.34,4.23) 
1.88 (1.16,3.03) 

b Adjusted for percent body fat at the time of the blood measurement of dioxin and age in 1997. 

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

0.238 
0.225 
0.003 
0.010 

Summary statistics for 1985 are provided for reference purposes for participants who attended the 1982, 1985, 
and 1997 examinations. Summary statistics for 1987 are provided for reference purposes for participants who 
attended the 1982, 1987, and 1997 examinations. Summary statistics for 1992 are provided for reference 
purposes for participants who attended the 1982, 1992, and 1997 examinations. Statistical analyses are based 
only on participants who had a normal erythrocyte sedimentahon rate ($ 12 mmIbr) in 1982 (see Chapter 7, 
Statistical Methods). 

9.3 DISCUSSION 

In clinical medicine, the assessment of an individual's general state of health is based on subjective and 
objective indices including the individual's history, physical examination, and laboratory testing. The 
variables analyzed in this chapter are frequently employt~ by clinicians in outpatient practice and were 
selected to be sensitive to the overall state of health rather than specific to any organ system. 

The clinical evaluation of the patient begins with the medical history, which often begins with an 
intentionally open inquiry into the patient's self-perception of health. In the current examinations, as in 
most of the previous, a significantly higher percentage of Ranch Hand participants than Comparisons 
perceived themselves to be in poor health (14.3 percent versm: lOA percent). Once again the contrast 
was most apparent in enlisted groundcrew, who had the highest average level of dioxin exposure (18.0 
percent of Ranch Hands versus 12.8 percent of Comparisons). In a dose-response pattern, an increasing 
body burden of dioxin was significantly associated (p=()'o02) with negative self-perceptions of health in 
Ranch Hands in the low, medium, and high 1987 dioxin categories (8.0 percent, 14.3 percent, and 19.3 
percent, respectively); this association became marginally significant (p=0.079) with adjustment for 
relevant covariates. No group differences were noted in the appearance of illness or relative age, as 
recorded by examining physicians, nor were these variables correlated with serum dioxin levels in the 
Ranch Hand cohort. 
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The body fat measure is an easily derived index and, to the extent that it can reflect significant weight, ...... ')' 
gain or loss over time, it can serve as a valuable clinical clue to the presence of occult disease. The·.­
prevalence of obesity (>25 percent body fat) was similar in the Ranch Hand and Comparison cohorts. In 
Randh Hands by both continuous and discrete analyses, a consistent and highly significant (p<O.OOI for 
both) positive association was noted between obesity and the 1987 serum dioxin leveL Although a 
mobIle equilibrium exists between serum dioxin and adipose tissue, the current results confirm those of 
the 1992 examinations and suggest a difference in dioxin pharmacokinetics in obese versus lean 
individuals. 

The erythrocyte sedimentation rate can be a sensitive, if nonspecific, index of general health. The effect 
of agp on the erythrocyte sedimentation rate is pertinent to thl~ longitudinal design of the current study: a 
rate as high as 40 millimeters per hour is not considered unusual at age 65. Extreme elevations in the 
erythrocyte sedimentation rate consistently are associated with serious underlying infections, 
inflammation, or malignant disease processes. 

In prior examinations, erythrocyte sedimentation rate analyses have yielded inconsistent results. In the 
1985 and 1987 examinations (but not in 1982 or 1992), abnormally elevated erythrocyte sedimentation 
rates were significantly more prevalent in Ranch Hands than Comparisons. In the 1987 and 1992 
examinations, dioxin analyses raised the possibility of a subtle dose-response inflammatory effect 
occmiring in association with initial and then current serum dioxin levels. In the 1992 examinations, for 
example, the Ranch Hand enlisted groundcrew, the occupation with the highest average dioxin level, had 
a slig~tly higher mean erythrocyte sedimentation rate than Comparisons, but the difference (9.27 mmlhr 
versus 8.43 mmlhr) cannot be considered clinically meaningful. In the models that employed 1987 serum 
dioxin levels, the analyses yielded results that were consistent with a subtle dose-response effect, but the 
differences were slight and of uncertain biologic meaning..) 

Similarly, in this current srody, by both continuous and discrete analyses, significant associations were 
notedl between the erythrocyte sedimentation rate and 1987 serum dioxin levels. In a pattern consistent 
with a dose-response effect, Ranch Hand participants in the low, medium, and high 1987 dioxin 
categories had abnormally elevated erythrocyte sedimentation rates of 6.6, 8.0, and 9.7 percent, 
respectively. By continuous analysis, the differences in the means were so slight (adjusted means of 4.34 
mmlhr, 4.62 mmlhr, and 5.29 mmlhr in the low, medium, and high 1987 dioxin categories, respectively) 
as to ~e of doubtful clinical meaning. As in the 1992 examinations, the erythrocyte sedimentation rate 
analySes found no group differences between the Ranch Hand and Comparison cohorts. 

Dependent variable-covariate analyses confirm numerous associations that have been documented in 
previous AFHS examinations and that are weJl-established in clinical practice. Consequent to the higher 
incidence of nicotine-related cardiovascular and pulmonary disease that occurs by middle age, cigarette 
smokers often appear older and more chronically ill than nonsmokers and perceive themselves as such. 
That the highest prevalence of obesity (33.6 percent) was found in reformed smokers is consistent with 
the w~ight gain that so often occurs with smoking cessation. Given the high incidence of chronic 
bronchitis associated with cigarette use, it is not surprising that the highest prevalence of abnormally 
elevated erythrocyte sedimentation rates (12.4 percent) was noted in those smoking more than one pack 
per d<\y. 

Anal~ses based on associations with occupation confirm previous AFHS results. As a group, officers 
continue to appear healthier than enlisted personnel by several indices including perceptions of health, 
relative age appearance, and body fat. Older participants wen, more likely to have abnormally elevated 
erythrocyte sedimentation rates than younger participants. 
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Longitudinal analyses confirm results and trends that have been established over 15 years of observation. 
At the baseline examination in 1982. the prevalence of self-pt~rceived ill health was significantly greater 
in Ranch Hands than Comparisons (18.7 percent versus 13.2 percent). By 1987. despite advancing age. 
the percentage of Ranch Hands and Comparisons reporting ill health declined to 5.5 percent and 4.4 
percent. respectively. In 1992 this trend was reversed. particularly in those Ranch Hands in the medium 
and high categories of current and initial levels of serum dioxin. In the 1997 examinations there has been 
a close to identical increase (40 percent) in the prevalence of reported poor health in each cohort (14.4 
percent versus 10.6 percent). a trend that is consistent with the increased incidence of chronic illness in 
any aging population and that is now independent of all indicf!s of exposure to dioxin. In contrast. in 
neither the appearance of illness or distress nor in relative age> appearance were there any significant 
associations with the 1987 body burden of dioxin. 

In the 1985 and 1987 examinations. Ranch Hand participants were noted to have a higher percentage of 
abnormal erythrocyte sedimentation rates than Comparisons and, in 1987. a significant positive 
association was found between group and the change in the percentage of abnormal erythrocyte 
sedimentation rates. In 1992, the prevalence of abnormal erythrocyte sedimentation rates was close to 
identical in the two cohorts with no evidence of a dioxin effe(~t. In the current study. Ranch Hands once 
again have a significantly higher percentage of abnormal erythrocyte sedimentation rates than 
Comparisons (7.0 percent versus 4.4 percent of participants considered normal in 1982) in a pattern 
consistent with a dose response. This pattern also was present with categorized dioxin, where 8.7 percent 
of Ranch Hands with the highest levels of serum dioxin had an abnormally elevated erythrocyte 
sedimentation rate. compared with 4.3 percent of Comparisons (p=0.OO3). This positive association 
raises the possibility of a subtle inflammatory. infectious, or occult malignant disease process related to 
the body burden of dioxin. 

In summary, consistent with all previous examinations. Ranch Hands continue to perceive themselves as 
less healthy than Comparisons. Since the last examinations in 1992. a comparable and significant 
increase in the prevalence of self-perceived ill health has occurred in both cohorts and is consistent with 
the inevitable development of chronic disease in any aging population. 

9.4 SUMMARY 

9.4.1 Modell: Group Analysis 

The unadjusted and adjusted group analyses (Ranch Hands versus Comparisons) produced similar results 
for each variable examined within the general health assessment. The self-perception of health analysis 
revealed significant differences among Ranch Hands and Comparisons across all occupations and within 
the enlisted groundcrew stratum. For both contrasts, more R,mch Hands than Comparisons indicated 
their health as fair or poor. All other group analyses were nonsignificant. The results are summarized in 
Table 9-17. 

Longitudinal analyses of erythrocyte sedimentation rate in its discrete form indicated that significantly 
more Ranch Hands then Comparisons were normal in 1982 and abnormal in 1997. This difference was 
noted in the two enlisted strata. 
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Tabl~ 9-17. Summary of Group Analysis (Modell) for General Health Variables (Ranch Hands vs. 
Comparisons) 

Quettionnaire 
Self-perception of Health (D) 
PhySical Examination 
Appearance of Illness or Distress (D) 
Relative Age Appearance (D) 
Body Fat (C) 
Body Fat (D) 
Laboratory 
Erythrocyte Sedimentation Rate (C) 
Erythrocyte Sedimentation Rate (D) 

Note: NS or ns: Not significant (p>O.IO). 
'C: Continuous analysis. 
0: Discrete analysis. 
+: Relative risk <: 1.00. 

P-value given ifpS;0.05. 

+0.007 

NS 
NS 
ns 
ns 

NS 
NS 

NS NS +0.028 

NS NS NS 
NS NS NS 
ns ns ns 
NS ns ns 

ns ns NS 
ns NS NS 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 

I • b . 

Questionnaire 
Self-perception of Health (D) +0.010 NS NS +0.035 

Physical Examination 
Appearance of Illness or Distress (D) NS NS NS NS 

Relal1ive Age Appearance (D) NS NS NS NS 

Bod~ Fat (C) ns ns ns ns 

Body Fat (D) ns NS ns ns 

Laboratory 
Erytlirocyte Sedimentation Rate (C) NS ns ns NS 

ErytlJrocyte Sedimentation Rate (D) NS ns NS NS 

Note: NS or ns: Not significant (p>O. 10). 
C: Continuous analysis. 
0: Discrete analysis. 
+: Relative risk <: 1.00. 

'P-value given ifpS;0.05. 
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Table 9-17. Summary of Group Analysis (Modell) fClf General Health Variables (Ranch 
Hands vs; Comparisons) (Continuect) 

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

9.4.2 Model 2: Initial Dioxin Analysis 

The unadjusted analysis of body fat in its continuous form revealed a marginally significant association 
between body fat and initial dioxin. The relative risk estimat(~ for the adjusted analysis became 
significant, with body fat increasing as initial dioxin increased. All remaining analyses of other variables 
examined revealed nonsignificant results, as shown in Table 9-18. 

A significant relation was observed in longitudinal analyses between abnormal erythrocyte sedimentation 
rates in 1997 and initial dioxin for participants who had normal erythrocyte sedimentation rates in 1982. 
The percentage of participants who were normal in 1982 and abnormal in 1997 increased as initial dioxin 
increased. 

---------------=------------=----------------~ 
Table 9-18. Summary of Initial Dioxin Analysis (Model 2) for General Health Variables 

(Ranch Hands Only) 

=··.;;, • .;;,:.;;,1 •• .;;, .. .;;, •• .;;,;· .• .;;, •• :.;;,.::iJ,.;;,i.I.;;,:.I • .;;,~.-il;l:::l: •• :I;,~·~';;":';;" • .;;".;;,;.;;, .••. .;;,i .;;,: •.• ;:;;.i.;;, .. ;.;:;;!;.l.;;,·i,.;;,:.k;:;;ii .. .;;,;i;:;; .... =.i·;;;;l.i.tfr~~., .. ii~i~iPi;;E iii.; 'i.i·i!!~iM~i. 'ii.,<1 
Questionuaire 
Self-perception of Health (D) 
Physical Examination 
Appearance of Illness or Distress (D) 
Relative Age Appearance (D) 
Body Fat (C) 
Body Fat (D) 
Laboratory 
Erythrocyte Sedimentation Rate (C) 

Erythrocyte Sedimentation Rate (D) 

Note: NS or ns: Not significant (p>O.IO). 
NS': Marginally significant (0.05<p:s;0.1O). 
C: Continuous analysis. 
0: Discrete analysis. 
+: Relative risk ~ 1.00. 

P-value given if p:S;0.05. 

NS ns 

ns ns 
NS NS 
N~'* d +0.020 
NS NS 

NS NS 
NS NS 

A capital "NS" denotes a relative risk of 1.00 or greater for discrete analysis or differences of means 
nonnegative for continuous analysis. A lowercase "ns" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative for continuous analysis. 
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9.4.3 Model 3: Categorized Dioxin Analysis 

Table 9-19 summarizes the results of the categorized dioxin analyses. More Ranch Hands in the low 
dioxin category and in the low and high combined Ranch Hand category appeared ill or distressed than 
did Comparisons, without adjustment for covariates. After adjustment for covariates, the result was 
marginally significant in the low dioxin category and nonsignificant in the low and high combined Ranch 
Hand category contrasts. 

The unadjusted and adjusted analyses of categorized dioxin yielded similar results for the self-perception 
of health and body fat (continuous) variables. Significantly more Ranch Hands than Comparisons 
perccpived their health to be fair or poor when the low, high, and low and high combined Ranch Hand 
dioxin categories were contrasted with Comparisons. For the continuous analyses of body fat, the mean 
in the background Ranch Hand category was significantly lower than the Comparison mean, and the 
means in the low, high, and low and high combined Ranch Hand dioxin categories were significantly or 
marginally significantly higher than the Comparison mean. 

Unadjusted and adjusted analyses of body fat in its discrete form revealed a significantly lower 
percentage of obese Ranch Hands in the background dioxin category, and a marginally significant higher 
percentage of obese Ranch Hands in the low dioxin category, than Comparisons. hi the combined low 
and high dioxin category, a significantly greater percentage of Ranch Hands than Comparisons were 
obese; this difference was marginally significant after adjustment for covariates. 

All results for categorized dioxin analysis of relative age appearance and the discrete and continuous 
forms of erythrocyte sedimentation rate were nonsignificant. 

Longitudinal analyses revealed significantly more Ranch Hands in the low dioxin category than 
Comparisons who were normal in 1982, but appeared ill or distressed in 1987. The difference between 
Ranch Hands in the high dioxin category and Comparisons was not significant. 

The I?ercentage of participants with abnormal erythrocyte sedimentation rates in 1997, who were normal 
in 1982, increased as categorized dioxin increased. Ranch H.mds in the high dioxin category had a 
significantly greater percentage of 1997 erythrocyte sedimentation rate abnormalities than Comparisons, 
based on both cohorts being normal in 1982. 
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Table 9·19. Summary of Categorized Dioxin Analysis (Model 3) for General Health Variables 

(Ranch Hands vs. Comparisons) 

Questionnaire 
Self-perception of Health (D) ns 
PhymcalExannnation 
Appearance of Illness or Distress (D) ns 
Relative Age Appearance (D) NS 
Body Fat(C) -<0.001 
Body Fat (D) -<0.001 
Laboratory 
Erythrocyte Sedimentation Rate (C) ns 
E!Xthrocxte Sedimentation Rate (D) NS 

Note: NS or ns: Not significant (p>O.lO). 
NS*: Marginally significant (0.05<psO.10). 
C: Continuous analysis. 
0: Discrete analysis. 

+0.005 +<0.001 +<0.001 

+0.031 NS +0.041 
NS NS NS 

+0.045 0.001 <0.001 
NS* ns +0.042 

NS NS NS 
NS NS NS 

+: Relative risk;:: 1.00 for discrete analysis; difference of means nonnegative for continuous analysis. 
-: Difference of means negative for continuous analysis. 

P-value given if p~0.05. 

A capital "NS" denotes a relative risk of 1.00 or greater for diI;crete analysis or differences. of means 
nonnegative for continuous analysis. A lowercase "os" denotes relative risk less than 1.00 for discrete 
analysis or difference of means negative fol' continuous analysis. 
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Table 9-19. Summary of Categorized Dioxin Analysis (Model 3) for General Health 
Variables (Ranch Hands vs. Comparisons) (Continued) 

Self,perception of Health (D) NS 
PhySical Examination 
Appearance of Illness or Distress (D) ns 
Relative Age Appearance (D) NS 
Body Fat(C) -<0.001 
Body Fat (D) -0.001 
Lab!lratory 
Erythrocyte Sedimentation Rate (C) ns 
Eryt!rrocyte Sedimentation Rate (D) NS 

Note: NS or ns: Not significant (p>O.1 0). 
NS*: Marginally significant (O.OS<pS;O.lO). 
C: Continuous analysis. 
0: Discrete analysis. 
+: Relative risk ~ 1.00 for discrete analysis. 

+0.020 +0.002 +0.001 

NS* NS NS 
NS NS NS 

NS* 0.001 0.001 
NS* NS NS* 

NS NS NS 
NS NS NS 

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

P-value given if PS;O.OS. 

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

9.4.4 Model 4: 1987 Dioxin Level Analysis 

Several significant associations between the measures of general health studied in this assessment and the 
1987 ,dioxin level associations were found, as presented in Table 9-20. Each of the unadjusted analyses 
of aS$ociations of 1987 dioxin levels and self-perception of health, body fat (continuous and discrete 
forms), and erythrocyte sedimentation rate (continuous and discrete forms) were significant. For these 
significant associations, discrete analyses produced relative risks greater than 1.0, and continuous 
analyses showed an increase in body fat and erythrocyte sedimentation rate as 1987 dioxin levels 
increased. After covariate adjustments, results remained significant for the body fat (continuous and 
discrete) adjusted analyses. The adjusted analysis of erythrocyte sedimentation rate in its continuous 
form also remained significant in the adjusted analysis, but the result was nonsignificant for the discrete 
adjusted analysis. The association between 1987 dioxin levels and self-perception of health became 
marginally significant. Associations were nonsignificant for both unadjusted and adjusted analyses of 
appeljfance of illness or distress and relative age appearance. 

9-62 

) 

·----~----···-·----'-i--'--··---·------~--------·----·--·----·--~---r·~__r·-·-------·--"-'-.. -···-~-·-·--···-l._,--_ .. ,,--_._-.. _.-. 



() 

Table 9-20. Summary of 1987 Dioxin Analysis (Model 4) for General Health Variables (Ranch 
Hands Only) 

~~;~Y_··~~~~.~~an~·~ab~~~··_··_·;·_;··~~~~~ __ ·_···~··~;·",p~.~$~.ed __ ·~··~~ __ ~ ___ ·_··~~~.~~·~~~~··~ ____ ~ 
Questionnaire 
Self-perception of Realth (D) 
Physical Examination 
Appearance of Illness or Distress (D) 
Relative Age Appearance (D) 
Body Fat(C) 
Body Fat (D) 
Labqratory 
Erythrocyte Sedimentation Rate (C) 
Erythrocyte Sedimentation Rate (D) 

Note: NS or ns: Not significant (p>O.lO). 
NS*: Marginally significant (0.05<pS;0.10). 
C: Continuous analysis. 
D: Discrete analysis. 

+0.002 

NS 
ns 

+<0.001 
+<0.001 

NS' 

NS 
ns 

+<0.001 
+<0.001 

+0.004 +0.037 
+0,(.::!)4::::0 __________ -'N~S~ ___ _ 

+: Relative risk;;, 1.00 for discrete analysis; slope nonnegative for continuous analysis. 

P-value given ifpS;0.05. 

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

----------=--------------,--------=------------
9.5 CONCLUSION 

The self-perception of health analysis reveale.d significant differences among Ranch Hands and 
Comparisons, with more Ranch Hands than Comparisons indicating their health as fair or poor. As in 
previous examinations, the difference was most apparent in enlisted groundcrew, who had the highest 
average dioxin levels. This observation also was confinned in the categorized dioxin analysis, where 
Ranch Hands with the highest dioxin levels perceived their he:alth as fair or poor more often than 
Comparisons. Also, among Ranch Hands, those with the higher 1987 dioxin levels reported fair or poor 
health more often than Ranch Hands with lower levels. These results are consistent with the 1985, 1987, 
and 1992 examinations. No group differences were note.d in the appearance of illness or relative age, as 
recorded by examining physicians, nor were these variables correlated with serum dioxin levels in the 
Ranch Hand cohort. 

The analysis of body fat indicated positive associations with dioxin levels. The results of the 1997 
examination confinned those of the 1992 examination and appear consistent with a difference in dioxin 
pharmacokinetics in obese versus lean individuals. 

No differences in the percentages of abnormal erythrocyte sedimentation rates between Ranch Hands and 
Comparisons or relations between abnonnal erythrocyte sedimentation rates and dioxin levels were 
observed during the 1997 examination. Erythrocyte sedimentation rates increased as 1987 dioxin levels 
increased. 
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Longitudinal analyses showed that Ranch Hands, particularly the two enlisted strata, had an increased 
percentage of abnormal erythrocyte sedimentation rates than did Comparisons over the 15 years of the 
study since 1982. These analyses also showed that the percentages of abnormalities increased from 1982 
to 1<)97 as dioxin levels increased. This result was seen at the 1987 study, but not in 1992. This positive 
association raises the possibility of a subtle inflammatory, infectious, or occult malignant disease process 
related to the body burden of dioxin. 

In conclusion, fair or poor self-perception of health displayed an adverse association with dioxin, but the 
relat~on with other health conditions is unknown. Increased body fat was associated with increased 
levels of dioxin exposure, a finding most likely related to the pharmacokinetics of dioxin elimination. 
Longitudinal analyses indicate an increased percentage of abnormal erythrocyte sedimentation rates in 
Ranch Hands over Comparisons in the 15 years of the AFHS, and a relation between abnormal 
erythrocyte sedimentation rates and levels of dioxin during these 15 years. Other measures of general 
health revealed no association with levels of dioxin. 
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10 NEOPLASIA ASSESSMENT 

10.1 INTRODUCTION 

10.1.1 Background 

Between 1977 and 1988, numerous long-term exposure studies established the multi-organ 
carcinogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxin) in experimental animals (1-8). The 
oncogenic response to dioxin occurs in multiple strains and species, in both sexes, and by several routes 
of administration: dermal (5), feeding (I, 2) and gavage (3, 4, 6), and intraperitoneal injection (7). 
Across a wide dose range and duration of exposure, dioxin can be considered a "complete" carcinogen 
solely responsible for a variety of malignant tumors at multipll~ sites (9). In rats, it has produced tumors 
of the liver, thyroid, adrenal cortex, lung, nasopharynx, tongn,:, brain, kidney, and breast (I, 2, 4); in 
mice, tumors of the liver, thymus, breast, stomach, and skin (3-6); and in the Syrian Hamster, a squamous 
cell carcinoma of the skin (7). The histopathologic characteristics of the neoplastic response 
demonstrated even greater variety-more than 30 distinct maliignancies have been characterized 
microscopically (10). 

As summarized in a recent review article (11), much of the basic research into the carcinogenicity of 
dioxin in laboratory animals has focused on the properties of the aryl hydrocarbon (Ab) receptor and the 
induction of the cytochrome P-450 enzyme system (11-17). The biologic basis for the assessment of risk 
related to dioxin exposure has been well established in molecular, biochemical, and pharmacologic 
studies and reviews (13, 18-24). The Ah receptor has been isolated from the tissues of several human 
organs (25-28) and the comparative properties of animal and human receptors have been studied (29, 30). 
These experiments have demonstrated far fewer Ab receptor slites and a significant reduction in dioxin 
binding affinity in human cells relative to rodent cell lines. These results suggest that at any level of 
exposure, humans may be less at risk for dioxin toxicity than laboratory animals (24). 

Despite the conclusive evidence that dioxin is a potent carcinogen in animal experiments, the 
carcinogenicity of dioxin in humans remains controversial (31-36). The limitations of most 
epidemiological studies are well recognize~d and include the recall bias inherent in the retrospective 
collection of data, confounding by exposure to other potential toxins, histologic misclassification, and the 
lack of accurate indices of prior exposure to dioxin (31, 37, 38). Despite these limitations, the Institute of 
Medicine has concluded that there is "sufficient" evidence to ,:stablish an association, although not a 
causal relation, between dioxin exposure and the occurrence of soft tissue sarcoma (STS), non-Hodgkin's 
lymphoma, and Hodgkin's disease. The evidence for an association with respiratory cancers, prostate 
cancer, and multiple myeloma was considered "limited/suggestive" (39). Each of these malignancies is 
among the clinical endpoints included in mortality and morbidity data collected in this and previous 
examinations of the Air Force Health Study (AFHS). 

Most of the longitudinal studies of dioxin toxicity have included malignancy as a clinical endpoint and 
have been based on cohorts of veterans who served during the Vietuam era (40-49) and of civilian 
populations exposed to dioxin by occupation (50-59) or as a consequence of industrial accidents (60-64). 
The development of assay techniques that quantitate the tissue concentration of dioxin in parts per 
quadrillion (65) and the validation of the reproducibility and reliability of the serum dioxin assay in parts 
per trillion (ppt) (66) have placed epidemiological studies of dioxin toxicity on a much more scientific 
footing. The serial analysis of serum dioxin levels from specimens taken 15 to 25 years after exposure 
has demonstrated that the best estimate for the half-life of dioxin in humans is 8.7 years (67). Although 
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an increasing number of published studies have incorporated serum dioxin levels into their analyses (68-

~i~~[~:x~::;:<:,n;g, ~~, i~~:~~c~3~~ malignancy and associated mortality in relation to this index of '.) 

As part of the National Institute of Occupational Safety and Health's (NIOSH) Dioxin Registry, cause­
specific mortality was determined in 5,172 workers exposed to dioxin at chemical production plants (50). 
The mean dioxin level of 253 members of the exposed cohort was 233 ppt versus 7 ppt in the unexposed 
cohort. In the entire group of exposed workers, there was a slight but statistically significant increase in 
mortillity from all cancers combined but not from those associated with dioxin exposure (non-Hodgkin's 
lymphoma, Hodgkin's disease, and STS). In a subcohort of 1,520 workers with longer exposure (greater 
than il year; mean serum dioxin of 418 ppt) and greater latency (more than 20 years since first exposure), 
there, was a further increase in the mortality from all cancers combined (15% excess), a 42 percent excess 
of respiratory cancers, and a ninefold excess of STS sarcoma (35). In the most recently published report 
fromithe NIOSH study, which extended the period of observation for another 6 years through 1993, the 
standardized mortality ratio for all cancers combined in the cohort with the highest exposure was 1.60 and 
for lung cancer, 1.65 (74). 

Although methodological limitations of the NIOSH study such as tissue classification (75), confounding 
(34, ~ 1), and others (10) have been commented upon in the literature, some of the results are consistent 
with those of several other occupatioual epidemiological studies from Germany. In a 34-year follow-up 
of G~rman factory workers exposed during a chemical explosion in 1953, the increase in mortality from 
all cancers combined was statistically significant only after a latency period of greater than 20 years (63). 
Similarly, in another mortality study of herbicide production workers who were followed over a 32-year 
perioti and whose exposure was verified by adipose tissue level (average dioxin level of 296 ng/kg), the 
increase in all-cancer mortality was significant only in those with more than I-year exposure and latency 
period greater than 20 years. In this group, a significant increase in mortality was noted from both lung .... ) 
and Ijematopoietic cancers with a threefold increase in risk for non-Hodgkin's lymphoma (52). In the 
mosuecently published report ofthis study, the mortality follow-up was extended another 3 years and the 
significant increase in all-cancer mortality was confirmed (59). Taken together, the NIOSH and German 
studieS are consistent with a carcinogenic effect of dioxin in humans with demonstrable dose-response 
and latency effects. 

By far the most extreme human exposure to dioxin occurred c:onsequent to the industrial explosion at 
SeveSo, Italy, in 1976 (60, 64, 76, 77). In the population closest to the explosion (Zone A), serum levels 
of di@xin ranged from 828 ppt to 56,000 ppt, the highest ever recorded (78). In the most recent follow-up 
repot:( published (60), residents of Zone B, farther from the source of contamination with serum dioxin 
levelS ranging from 74 ppt to 526 ppt shortly after the accident, statistically significant increases in 
sevetal cancers were noted, including primary hepatic and hematopoietic cancers and, particularly, non­
Hodgkin's lymphoma in men and, in women, cancers of the gallbladder and biliary tree. The Seveso 
studies are limited by the small sample sizes (particularly in the group most heavily exposed), the limited 
data ;;tvailable on serum dioxin levels, and the lack of sufficient latency for the development of cancer. 

In the incorporation of serial serum dioxin data into longitudinal analyses, the AFHS is unique among 
those that have examined the incidence of malignancy in Vietnam War veterans. During the 1992 
examinations, after 10 years of observation, the median serum dioxin level in the Ranch Hand cohort was 
nearly three times that of the Comparison group (12.5 ppt versus 4.1 ppt) (44). Further, stratification of 
the Wanch Hand cohort by occupation revealed significantly higher median levels of serum dioxin in the 
enlisted groundcrew (24.1 ppt) and enlisted flyers (17.8 ppt) than in the officers (7.7 ppt). 

In th¢ 1992 follow-up examination, Ranch Hands continued to have a slightly higher history of benign 
and $alignant skin neoplasms than Comparisons, but group differences were no longer significant. A 
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statistically significant inverse dose-response effect was noted, as basal cell skin cancer decreased as the 
level of serum dioxin increased. In contrast to the 1987 examinations, when Ranch Hands were found to 
have significantly more benign systemic neoplasms relative to Comparisons, in the 1992 examinations, 
the occurrence of benign systemic neoplasms was similar in each cohort with no evidence for a dose­
response effect. There were no significant group differences iln the morbidity or mortality associated with 
any systemic malignancy, nor was there any increased risk associated with current or initial levels of 
serum dioxin. In a recently published AIRS article, based on data collected through the 1992 
examination, there was no significant increase in cancer risk in Ranch Hands with the highest levels of 
serum dioxin, nor was there any consistent evidence for a dose-response effect (79). 

The term "neoplasm" is used throughout this report and refers to any new growth that mayor may not be 
malignant. Malignant neoplasms are those neoplasms capable of invasion and metastasis. Malignant and 
benign neoplasms, carcinomas in situ, and neoplasms of uncertain behavior or unspecified nature, as well 
as skin and systemic neoplasms, were studied. "Systemic neoplasm" denotes a nonskin neoplasm. 

10.1.2 Summary of Previous Analyses of the Air Force Health Study 

10.1.2.1 1982 Baseline Study Summary Results 

Cancer received major emphasis during the AFHS baseline examination in 1982. The neoplasia 
assessment used data from both the in-home questionnaire and the review-of-systems questionnaire 
obtained during the physical examination, as well as data from the examination itself. All data were 
verified by a medical records review. In addition, tabulation of mortality count data from the Baseline 
Mortality Report was used in conjunction with cancer morbidity information. The overall results did not 
show a significant difference in systemic cancer between the 1wo groups, but did show significantly more 
skin cancer (p=O.03) in the Ranch Hand group. 

Of 50 reported systemic cancers from the Ranch Hand and Comparison groups, 28 (14 in each group) 
were verified by medical records and pathology reports. A visual inspection of anatomic sites showed a 
slight excess of genitourinary cancer and oropharyngeal canct,r but a relative deficit of digestive system 
neoplasms in Ranch Hands. A combined morbidity-mortality assessment derived from the initial 1:1 
match (Ranch Hand to the Original Comparison member) disdosed similar distributions. One case of 
STS and one case of Hodgkin's disease were confirmed, both in the Comparison group. 

Questionnaire data verified by a medical records review revealed significantly more skin cancer in Ranch 
Hands (odds ratio 2.35). Basal cell carcinoma accounted for 83.9 percent ofthe reported skin cancers in 
both groups and was concentrated anatomically on the face, head, and neck. The few melanoma and 
squamous cell cancers were distributed evenly between the R:mch Hand and Comparison groups. Skin 
cancer in both groups was associated with exposure to industrial chemicals (p=0.03). Adjustments for 
occupational exposures (e.g., asbestos, degreasing chemicals) did not alter the increased rate of skin 
cancer in the Ranch Hand group. Outdoor occupations subsequent to military service as a covariate did 
not account for the significant skin cancer association. 

10.1.2.2 1985 Follow-up Study Summary Results 

The baseline and 1985 follow-up data were combined for the .assessment of lifetime history of cancer; 
occurrences of oancer prior to their service in Southeast Asia (SEA) were excluded. 

For the unadjusted analyses (Blacks and non-Blacks included), Ranch Hands had a significantly greater 
frequency of a verified skin neoplasm (malignant, benign, or uncertain behavior or unspecified nature) 
than Comparisons. There were no significant unadjusted group differences in non-Black participants for 
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basal, cell carcinoma, squamous cell carcinoma, melanoma, or all malignant skin neoplasms. For verified 
sun exposure-related malignant skin neoplasms, Ranch Hands had a marginally significantly greater 
frequency than Comparisons. The groups did not differ significantly for verified and suspected sun 
exposure-related malignant skin neoplasms. The adjusted group contrast for the sun exposure-related skin 
cancers, the majority of which were basal cell carcinomas, also was significant (p=0.030). 

The unadjusted group contrasts for all systemic cancers combined were not significant. There was one 
new @ccurrence of an STS (Ranch Hand) and one suspected cancer of the lymphatic system (Ranch 
Hand~, in addition to the one previously reported STS and one Hodgkin's disease in the Comparison 
group. There were no cases of non-Hodgkin's lymphoma in either group at the time of the 1985 report. 

10.1.2.3 1987 Follow-up Study Summary Results 

The unadjusted analysis of all verified neoplasms indicated that the proportion of Ranch Hands with a 
neopl,asm was significantly greater than that of Comparisons. After including suspected neoplasms with 
verifi¢d neoplasms, the Ranch Hand proportion was marginally greater than the Comparison proportion. 
The majority of malignant neoplasms observed in Ranch Hands were basal cell carcinomas, a nonlife­
threatening form of skin cancer. When the analysis was performed only on skin neoplasms for non-Black 
partioipants, significantly more Ranch Hands had a skin neoplasm than did Comparisons. 

In the unadjusted analyses of verified basal cell carcinoma, a marginally significant group difference was 
founc!. After adjustment for age, residential history, sun exposure, ethnic background, and ionizing 
radialion exposure, the Ranch Hand risk was statistically significantly increased for verified basal cell 
carcinoma. Also, Ranch Hands had a significantly higher percentage of participants with multiple 
verified basal cell carcinomas than did Comparisons. 

Sun exposure-related malignant skin neoplasms also exhibited group differences. (Approximately 90 
percent of the participants with a sun exposure-related malignant neoplasm had a basal cell carcinoma.) 
In both the unadjusted and adjusted analyses, Ranch Hands exhibited a significantly increased risk for 
these neoplasms. 

No significant group differences were found in the analyses of systemic neoplasms by number, behavior 
(malignant, benign, or uncertain behavior or unspecified nature), or site. Thus, the increase in overall 
malignancy was because of elevated relative risks for skin cancer (basal cell carcinoma). The number of 
STS and non-Hodgkin's lymphoma was comparable in the two groups. 

10.1.2.4 Serum Dioxin Analysis of 1987 Follow-up Study Summary Results 
, 

The ahalyses generally did not establish a positive association between dioxin and the presence of a skin 
neoplasm. Significant relative risks were found for the skin neoplasm analyses; although, the relative 
risks ""ere almost always less than 1.0. For the analyses focusing on enlisted flyers with a basal cell 
carcinoma of other sites (and a sun exposure-related malignant skin neoplasm of other sites), relative risks 
were found to be significant and greater than 1.0. These differences were not noted in the enlisted 
groundcrew who, as a group, had higher levels of serum dioxin than the enlisted flyers. 

In gel/eral, the analyses of all systemic neoplasms combined produced some significant or marginally 
significant relative risks greater than 1.0. The relative risk for participants with a benign systemic 
neoplasm was significantly greater than 1.0. The relative risk of malignant systemic neoplasms was 
generWly not significantly increased with increases in dioxin levels. 
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The study provided no evidence of increased history of malignant neoplasms most commonly suspected 
as being associated witb exposure to chlorophenols (Hodgkin's disease, non-Hodgkin's lymphoma, and 
STS). The number of participants with these specific malignancies was small; therefore, tbe statistical 
power to detect small or moderately elevated relative risks was low. There is no evidence of a relation 
between dioxin and either skin or systemic malignancies in these data. There was a suggestion of a dose­
response relation between dioxin and benign systemic neopla~'ms. 

10.1.2.5 1992 Follow-up Study Summary Results 

Analyses of all Ranch Hands and Comparisons indicated no significant difference between the two groups 
witb regard to benign or malignant neoplasms. All statistically significant associations between initial 
dioxin and benign or malignant neoplasm endpoints for Ranch Hands showed an inverse dose-response 
relation. In the categorized dioxin analyses occurrence of neoplasms for Ranch Hands in the background 
and low dioxin categories was often greater than the occurrence for Comparisons before adjustment for 
covariates. After adjustment, the only significantly increased risks were for Ranch Hands in the low 
category (overall skin neoplasms and malignancies of the colon and rectum). In contrast, the occurrence 
of neoplasms of any type for Ranch Hands in tbe high dioxin category was never significantly elevated 
and was often less than the occurrence for Comparisons. Parallel to analyses using initial dioxin, results 
observed when current dioxin was used as the measure of exposure often indicated a negative dose­
response relation, although this was statistically significant in the adjusted analyses only for benign skin 
neoplasms. In summary, there appeared to be no overall diffelrence between Ranch Hands and 
Comparisons, and there was no evidence to suggest a positive dose-response relation between dioxin and 
neoplastic disease. 

10.1.3 Parameters for the 1997 Neoplasia Assessment 

10.1.3.1 Dependent Variables 

The neoplasia assessment was based on the occurrence of neoplasms (both benign and malignant) after 
service in SEA. Information on tbe occurrence of neoplasms was indicated in the health questionnaires 
and the physical examinations at the 1982 baseline examination and at tbe 1985, 1987, and 1992 follow­
up studies and was coded according to conventions in the Intemational Classification of Diseases, 9th 
Revision, Clinical Modification (lCD-9-CM) manual. This information was combined with data 
collected at the 1997 follow-up examination to form a complete neoplastic history for each participant. 

The neoplasia assessment was based on the number of participants with a neoplasm and not on the 
number of neoplasms. A participant was considered to have an adverse health condition for the neoplasia 
assessment if he had one or more neoplasms. 

10.1.3.1.1 Medical Records Data 

During the 1997 health interview, each study participant was asked a series of questions on tbe 
occurrence of cancer since the date of his last healtb interview. The self-reported conditions were verified 
by a medical records review and combined with cancer information collected at previous AFHS 
examinations. Only verified neoplasms were used in the neoplasia assessment. 

Some possible neoplastic conditions were discovered by the physicians at the physical examination. 
Contingent upon participant authorization, suspicious skin lesions were biopsied and tbe patbology 
determined; no other invasive procedures were used to detect ~:ystemic neoplasms. 
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10.1.3.1.1.1 Skin Neoplasms 

The analysis of skin neoplasms was divided into two sets. Analysis Set I consisted of analyses of skin 
neoplasms by behavior type. Four behavior types were examined: (I) all skin neoplasms, (2) malignant 
skin neoplasms only, (3) benign skin neoplasms only, and (4) skin neoplasms of uncertain behavior or 
unsp¢Cified nature. 

Analysis Set 2 consisted of analyses of malignant skin neoplasms by cell type. The following four cell 
types, were analyzed: (1) basal cell carcinomas, (2) squamous cell carcinomas, (3) nonmelanoma (basal 
cell carcinomas, squamous cell carcinomas, and malignant epithelial neoplasms not otherwise specified), 
and (/I) melanoma. Analysis of basal cell carcinomas was conducted for all sites combined and by site. 
The (ollowing four sites were examined for basal cell carcinomas: (I) ear, face, head, and neck; (2) 
trun~; (3) upper extremities; and (4) lower extremities. 

Ther¢ were relatively few Black participants in this study (approximately 5%). With the exception of one 
Blac!} participant with a pre-SEA melanoma, Blacks have been observed to exhibit only benign skin 
neoplasms in all phases of the study to date. Consequently, skin neoplasm analyses, except for the 
anal~ses of benign skin neoplasms, were limited to non-Blacks. Both Blacks and non-Blacks were 
incluaed in the analysis of benign skin neoplasms. Participants with a pre-SEA skin neoplasm were 
excluded from the analysis of the skin neoplasm variables. 

10.1.3.1.1.2 Systemic Neoplasms 

The systemic neoplasms were analyzed by behavior and anatomical site. As with skin neoplasms, each 
analysis was conducted using verified data. The analysis of the systemic neoplasms was divided into two 
sets, described below. 

, 

Analysis Set I consisted of analyses of systemic neoplasms by behavior type. The following four 
behavior types were examined: (1) all systemic neoplasms, (2) malignant systemic neoplasms, (3) benign 
systetnic neoplasms, and (4) systemic neoplasms of uncertain behavior or unspecified nature. 

Analysis Set 2 consisted of analyses of malignant systemic neoplasms by the following sites: (1) ear, eye, 
head,,face, and neck; (2) oral cavity, pharynx, and larynx; (3) esophagns; (4) brain; (5) thymus and 
mediastinum; (6) thyroid gland; (7) bronchus and lung; (8) liver; (9) colon and rectum; (10) kidney and 
blad<\er; (11) prostate; (12) testicles; (13) extrahepatic bile duct; (14) ill-defined sites; (15) connective and 
other soft tissues; and (16) carcinomas in situ ofthe penis. 

In addition to the analyses described above, the number of pruticipants with Hodgkin's disease, 
non-lilodgkin's lymphoma, and a malignant systemic neoplasm of lymphoid and histiocytic tissue was 
analyud. 

Participants with a pre-SEA malignant systemic neoplasm or a pre-SEA systemic neoplasm of uncertain 
behavior or an unspecified nature were excluded from the analysis of the systemic neoplasm variables. 

10.1.3.1.1.3 Skin and Systemic Neoplasms 

Statistical analysis was performed on all malignant neoplasms, which was a combination of malignant 
skin and malignant systemic neoplasms. In addition, statistical analysis was performed on all neoplasms, 
which was a combination of all skin and all systemic neoplasms (benign, malignant, and uncertain 

..) 
"'. _ ~J' 

behavior). Participants with a pre-SEA skin neoplasm, a pre-SEA malignant systemic neoplasm, or a pre- ,", '_')" 
SEA systemic neoplasm of uncertain behavior or an unspecified nature were excluded from the analysis 
of this variable.-
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10.1.3.1.2 Laboratory Examination Data 

The prostate-specific antigen (PSA) test was developed to detect prostate enlargement and prostate 
cancer. Each participant had his PSA measured as a standard part of the laboratory assay. This 
measurement was continuous in nature, and the units were ng/mi. An analysis was performed on the 
continuous measurement, as well as on a discrete form. The discrete form of PSA was categorized as 
high or normal, based on a cutpoint of 4 nglml. 

10.1.3.2 Covariates 

In the analysis of the 1997 examination results, covariates in adjusted statistical analyses assessing skin 
neoplasms included age, military occupation, skin color, hair color, eye color, skin reaction to sun after 
the first exposure, skin reaction to sun after repeated exposure, lifetime exposure to ionizing radiation and 
industrial chemicals (yes or no), and average lifetime residen~ial history. A composite skin-reaction 
index, which is a composite of the two individual reactions of skin to sun covariates, also was 
investigated. 

Age, race, and military occupation were determined from military records. Information on skin, hair, and 
eye color was obtained at the 1997 physical examination for participants who did not attend the 1985, 
1987, and 1992 examinations, and this information was combined with data from participants who 
previously provided this information. Information on the skin reaction to sun after the first exposure and 
after repeated exposure was reported by the participant during thl) questionnaire phase at the 1997 
examination. Also, the participants' lifetime exposures through 1992 to ionizing radiation, industrial 
chemicals, and herbicides (used in the analysis of systemic neoplasms, discussed below) was updated 
with information reported in the 1997 qut'8tionnaire. 

The emphasis on choosing risk factors related to cancer was increased during the 1985 follow-up study 
and has been emphasized since that time. In particular, the interval health questionnaire was modified to 
collect information on each geographic location in which a participant lived for more than 12 months. 
Because ultraviolet light exposure has been acknowledged as the primary cause of basal cell carcinomas, 
this information was used to compute a cumulative sun-exposure index based on residential history. An 
average lifetime residential history was estimated by dividing the total degree-years (i.e., the sum of the 
product of latitude [degrees] and the number of years lived at each residence) from all residences by the 
total number of residential years reported on questionnaires since 1985 . Average lifetime residential 
history was dichotomized as less than 37 degrees latitude (southerly) or greater than or equal to 37 
degrees latitude (northerly), which was the approximate meditm in previous AFHS examinations. 

Covariates in adjnsted statistical analyses assessing systemic neoplasms and PSA included age, race, 
lifetime exposure to ionizing radiation and herbicides, lifetim(~ cigarette smoking history (in pack-years), 
and lifetime alcohol history (in drink-years). 

Lifetime cigarette smoking history was based on questionnair,~ data. For lifetime cigarette smoking 
history, the respondent's average smoking was estimated over his lifetime based on his responses to the 
1997 questionnaire, with 1 pack-year defined as 365 packs of cigarettes smoked during a single year. 

Each participant was asked about his drinking patterns throughout his lifetime. When a participant's 
drinking patterns changed, he was asked to describe how his alcohol consumption differed and the 
duration of time that the drinking pattern lasted. The participlmt's average daily alcohol consumption was 
determined for each of the reported drinking pattern periods throughout his lifetime, and an estimate of 
the corresponding total number of drink-years was derived. One drink-year was the equivalent of 
drinking 1.5 ounces of an SO-proof alcoholic beverage, one l2-ounce beer, or one 5-ounce glass of wine 
per day for 1 year. 
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Almost all Ranch Hands reported herbicide exposure at some point in their lifetime (see Chapter 8, 
Covariate Associations with Estimates of Dioxin Exposure). Consequently, herbicide exposure in Ranch-,) 
Hands was of limited use as a risk factor for explaining the presence of a systemic neoplasm. Therefore, . 
man~ of the Model 2 and Model 4 analyses of systemic neoplasms and PSA, which were based on Ranch 
Hands only, did not use herbicide exposure as a covariate. Analyses that did not use herbicide exposure 
as a covariate are specified in footnotes to the table. 

Categories of covariates and definitions are summarized below: 

• Skin Color: dark, medium, pale, dark peach, and pale peach (classified for analysis purposes as 
(I) dark, medium, pale, or (2) dark peach, pale peach). 

• Hair Color: black, dark brown, light brown, blonde, red, and bald (classified for analysis 
purposes as (I) black, dark brown, or (2) light brown, blonde, red, bald). 

• Eye Color: brown, hazel, green, gray, and blue (classified for analysis purposes as (I) brown, (2) 
hazel, green, or (3) gray, blue). 

• Skin Reaction to Sun After First Exposure: bums painfully, bums, becomes red, and no reaction. 

• Skin Reaction to Sun After Repeated Exposure: freckles with no tan, tans mildly, tans 
moderately, and tans deep brown. 

• Composite Skin-Reaction Index: a composite variable based on two reactions of skin to sun 
exposure variables was defined as follows: (1) bums painfully or freckles with no tan, (2) bums 
or tans mildly, and (3) all other reactions. 

• Average Lifetime Residential History: average latitude less than 37 degrees and average greater 
than or equal to 37 degrees. 

• Exposure to Carcinogens: ionizing radiation, industrial chemicals, and herbicides (yes or no for 
each). These exposures represent lifetime exposure based on self-reported questionnaire data 
from the 1997 examination combined with previous examinations. 

10.1.4 Statistical Methods 

Table 10-1 summarizes the -statistical analysis performed for the neoplasia assessment. The first part of 
this (able identifies the dependent variables, covariates, exclusions, and the statistical methods. This 
infotlnation is presented in the following four sections: skin neoplasms, systemic neoplasms, skin and 
systemic neoplasms combined, and PSA. Data source, data form, and cutpoints are summarized at the 
end @fthe table. The second part of the table describes the covariates. A covariate was used in its 
continuous form whenever possible for all adjusted analyses; if necessary, or if the covariate was 
inhetently discrete (e.g., military occupation), or if a categori7.eci form was needed to develop measures of 
asso~iation with the dependent variable, the covariate was categorized as shown in Table 10-1. 
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Table 10-1. Statistical Analysis for the Neoplasia Assessment 
I 

Dependent Variables 

: ••.• ~~~I',y .•.•• 
''',,;, 

.<'E~cl,,~~~i· ·~~i\liIII!'sIs Si~ ~ctV~ria~ '. '!!JId'I'd~~ •• '. "'", ,'''"", 

Skin Neoplasms 

Behavior 

All All Sites Combined (I) (a) U:LR 
A:LR 

Malignant All Sites Combined (1) (a) U:LR 
A:LR 
L:LR 

Benign All Sites Combined (I) (b) U:LR 
A:LR 

Uncertain Behavior or All Sites Combined (I) (a) U:LR,CS 
Unspecified Nature A:LR 

CeU Type and Site 

Basal Cell Carcinoma All Sites Combined (1) (a) U:LR 
Ear, Face, Head, and Neck A:LR 
Trunk 
Upper Extremities 
Lower Extremities 

() Squamous Cell Carcinoma All Sites Combined (I) (a) U:LR 
A:LR 

Nonmelanoma All Sites Combined (I) (a) U:LR 
A:LR 

Melanoma All Sites Combined (1) (a) U:LR,CS 
A:LR 

Systemic Neoplasms 

Behavior 

All All Sites Combined (2) (c) U:LR 
A:LR 

Malignant All Sites Combined (2) (c) U:LR 
A:LR 
L:LR 

Benign All Sites Combined (2) (c) U:LR 
A:LR 
L:LR 

Uncertain Behavior or All Sites Combined (2) (c) U:LR 
Unspecified Nature A:LR 

Site 

Malignant Eye, Ear, Face, Head, and Neck (2) (c) U:LR 
A:LR 

C Malignant Oral Cavity, Pharynx, and Larynx (2) (c) U:LR 
A:LR 
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Table 10-1. Statistical Analysis for the Neoplasia Assessment (Continued) 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Malignant 

Carcinoma In Situ 

Hodgkin's Disease 

Non-Hodgkin's Lymphoma 

Other Malignant Systemic 
Neoplasms of Lymphoid and 
HistiQcytic Tissue 

Skin and Systemic Neoplasms 

Esophagus 

Brain 
Thymus, Heart, and Mediastinum 

Thyroid Gland 

Bronchus and Lung 

Liver 

Colon and Rectum 

Kidney and Bladder 

Prostate 

Testicles 

Extrahepatic Bile Duct 

Ill-Defined Sites 

Connective and Other Soft Tissues 

Penis 

All All Sites Combined 

Prostate-Specific Antigen 

Prostate-Specific Antigen 
(ng/ml) 

DIC 

Dependent Variables (Except for PSA) 

High: >4 
Normal: :>4 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(3) 

(2) 

(c) Descriptive 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(c) 

(d) 

(e) 

Descriptive 

U:LR,CS 
A:LR 

U:LR,CS 
A:LR 

U:LR,CS 
A:LR 

U:LR,CS 
A:LR 

U:LR 
A:LR 

U:LR,CS 
A:LR 

U:LR 
A:LR 

U:LR,CS 
A:LR 

Descriptive 
Descriptive 

U:LR,CS 
A:LR 

Descriptive 

U:LR,CS 
A:LR 

U:LR,CS 
A:LR 

U:LR,CS 
A:LR 

U:LR 
A:LR 

U:LR,GLM 
A:LR,GLM 

Data $ource: Review of medical records and verification based on AFHS 1997 follow-up questionnaires and 
physi¢al examinations, except for PSA, which was measured by Scripps Clinic in 1997. 
Data Form: Discrete. 
Cutpoints: Yes or No. 
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Table 10-1. Statist/cal Analysis for the Neoplasia A,gsessment (Continued) 

a Covariates: 
(I): age, military occupation, skin color, hair color, eye color, skin reaction to sun after first exposure, skin reaction 
to sun after repeated exposure, composite skin-reaction index, resid<:ntial history, ionizing radiation exposure, and 
industrial chemicals exposure. 
(2): age, race, military occupation, ionizing radiation exposure, herbicide exposure, lifetime cigarette smoking 
history, lifetime alcohol history. 
(3): age, race, military occupation, skin color, hair color, eye color, skin reaction to sun after first exposure, skin 
reaction to sun after repeated exposure, composite skin-reaction indl'x, residential history, ionizing radiation 
exposure, industrial chemicals exposure, herbicide exposure, lifetime cigarette smoking history, lifetime alcohol 
history. 

b Exclusions: 
(a): participants with pre-SEA skin neoplasms, Blacks. 
(b): participants with pre-SEA skin neoplasms. 
(c): participants with pre·SEA uncertain behavior neoplasms, participants with pre-SEA malignant systemic 
neoplasms. 
(d): participants with pre-SEA skin neoplasms, participants with pn:-SEA uncertain behavior neoplasms, 
participants with pre-SEA malignant systemic neoplasms. 
(e): participants with a prostatectomy or radiation treatment on the prostate gland. 

Covariates 

Age (years) MIL DIC Born ~1942 
Born <1942 

Race MIL D Black 
Non-Black 

Occupation MIL D Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Skin Color PE D Non-Peach: Dark, Medium, Pale 
Peach: Dark Peach, Pale Peach 

Hair Color PE D Black, Dark Brown 
Light Brown, Blonde, Red, Bald 

Eye Color PE D Brown 
Hazel, Green 
Gray, Blue 

Skin Reaction to Sun After First Exposure Q-SR D Bums Painfully 
Burns 
Becomes Red 
No Reaction 

Skin Reaction to Sun After Repeated Exposllre Q-SR D Freckles with No Tan 
Tans Mildly 
Tans Moderately 
Tans Deep Brown 
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Table 10-1. Statistical Analysis for the Neoplasia Assessment (Continued) 

Composite Skin-Reaction Index Q-SR 

Average Lifetime Residential History Q-SR 

Ion/zing Radiation Exposure Q-SR 

Industrial Chemicals Exposure Q-SR 

Herbicide Exposure Q-SR 

Lifetime Cigarette Smoking History (pack-years) Q-SR 

Lif¢time Alcohol History (drink-years) Q-SR 

nll.ia····· 
'F!>rm . 

D 

D 

D 

D 

D 

DIC 

DIC 

• Burns Painfully After 2 Hours, 
or Freckles with No Tan After 
Repeated Exposure 

• Burns After 2 Hours, or Tans 
Mildly After Repeated 
Exposure 
All Other Reactions 

Latitude <37· 
Latitude ;,37· 

Yes 
No 

Yes 
No 

Yes 
No 

0 
>0-10 
>10 

0 
>0-40 
>40 

'\ ) 

Abbreviations . ) 

Data Source: MIL: Air Force military records 
PE: 1997 physical examination 
Q-SR: Health questionnaires (self-reported) 

Data Form: D: Discrete analysis only 
D/C: Discrete and continuous analysis for dependent variables; appropriate form for analysis 
(either discrete or continuous) for covariates 

Statistical Analysis: U: Unadjusted analysis 
A: Adjusted analysis 
L: Longitudinal analysis 

Statistical Methods: CS: Chi-square contingency table analysis (continuity-adjusted for 2x2 tables) 
GLM: General linear models analysis 
LR: Logistic regression analysis 

Many covariates were available for use in adjusted analyses of skin and systemic neoplasms. In addition, 
the number of neoplasms was small for many of the dependent variables. The modeling strategy for this 
clini¢al area was to include as many covariates as feasible. When the number of participants with a 
history of a particular neoplasm was too small to support analysis including all covariates, elimination of 
covariates was necessary to develop and support meaningfullmalysis. The covariates that were removed 
from analysis for a given health endpoint and model are specified in footnotes to the table. 
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('" Table 10-2 provides a summary of the number of participants with missing covariate data. In addition, 
" .' the number of participants excluded is provided. 
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Table 10-2. Number of Participants Excluded or with Mlss,ing Data for the Neoplasia Assessment 

Skin Reaction to Sun after COY 0 0 I 0 
First Exposure 
Skin Reaction to Sun after COY 0 0 I 0 
Repeated Exposure 
Composite Skin-Reaction COY I 0 0 I I 0 
Index 
Lifetime Cigarette Smoking COY 2 2 2 I 
History 
Lifetime Alcohol History COY 6 2 3 6 6 I 
Blacks EXC 55 73 36 55 55 70 
Pre-SEA Skin Neoplasm EXC 10 11 7 10 10 11 
Pre-SEA Malignant Systemic EXC 5 0 4 5 5 0 
Neoplasm 
Pre-SEA Systemic Neoplasm EXC 5 2 3 5 5 2 
of Uncertain Behavior 
Prostatectomy or Radiation EXC 41 61 24 40 40 61 
Treatment on Prostate Gland 

Note: COY = Covariate. 
EXC = Exclusion. 
870 Ranch Hands and 1,251 Comparisons. 
482 Ranch Hands for initial dioxin; 863 Ranch Hands for 1987 dioxin. 
863 Ranch Hands and 1,213 Comparisons for categorized dioxin. 

10.1.4.1 Longitudinal Analysis 

Longitudinal analysis of malignant skin neoplasms, malignant systemic neoplasms, and benign systemic 
neoplasms was conducted to evaluate the associatiou between exposure and the change in neoplasm status 
between the 1982 baseline examination and the 1997 follow-up examination. 

10.2 RESULTS 

10.2.1 Dependent Variable-Covariate Associations 

The associations between the dependent variables examined in the neoplasia assessment and the 
covariates used in the adjusted analyses were investigated, and the results are presented in Appendix F, 
Table F-2. These associations are pairwise between the dependent variable and the covariate and are not 
adjusted for any other covariates. The exclusions specified in Table 10-1 were used in the dependent 
variable-covariate associations described below. 
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Test~ of covariate association were conducted for any skin neoplasm and malignant skin neoplasms. .' .. ') 
Results were similar for both variables. Significant associations with age (p<O,OO 1 for both) were found, 
where older participants displayed a greater history of a skin neoplasm or a malignant skin neoplasm than 
did younger participants. Significant associations also were found with occupation (p=O,OO4 and 
p<O.OOI, respectively), More benign or malignant skin neoplasms were found for officers, followed by 
enlisted fiyers, and then enlisted groundcrew. Skin color was associated with skin neoplasms and 
mali~ant skin neoplasms (p<O.OOI and p=O.003, respectively). A higher percentage of skin neoplasms 
was found for participants with peach-colored skin as compared to participants with non-peach-colored 
skin .. A significant association also was found between malignant skin neoplasms and hair color 
(p=Ol025). More participants with light brown, blonde, or red hair had malignant skin neoplasms than did 
participants with black or dark brown hair. Eye color displayed a significant association with both 
variables (p=O.026 and p=O.023 for any skin neoplasm and any malignant skin neoplasm, respectively). 
Participants with brown eyes exhibited the smallest percentage of skin neoplasms. 

Significant associations also were found between any skin and malignant skin neoplasms and both sun 
reaction covariates (p<O.OO 1 for each). The percentage of participants with skin neoplasms increased as 
the levels of sun sensitivity increased for both covariates. In addition, the composite skin-reaction index 
displayed significant associations with both variables (p<O.OOI for both). For the skin-reaction index, the 
skin neoplasms and malignant skin neoplasms increased as the reaction to sun increased. The 
associations with average lifetime residential history were significant (p=O.017 and p<O.OOI, 
respectively). The occurrence of both types of neoplasms was greater for those participants who had 
lived in more southerly latitudes than in the northern latitudes. Ionizing radiation exposure also displayed 
significant associations with both variables (p=O.002 and p=O.031, respectively). More skin neoplasms 
and malignant skin neoplasms were observed for those participants who reported exposure to ionizing 
radiation than for those who did not report exposure. . "') 

Results from the covariate association tests for benign skin neoplasms were significant only for skin color 
(p=Oi025). Participants with peach-colored skin showed mom benign skin neoplasms (24.6%) than did 
parti¢ipants with non-peach-colored skin (19.8%). 

The covariate association test results for (a) any basal cell carcinoma and (b) basal cell carcinoma of the 
ear, face, head, or neck were similar. Each variable displayed a significant association with age and 
occupation (p<O.OOI for each association). The history of a basal cell carcinoma was higher for older 
parti¢ipants and highest for officers. Associations with skin color were also significant for both basal cell 
carcinoma variables (p=O.OI9 and p=O.018, respectively), revealing more basal cell carcinomas for 
parti~ipants with peach-colored skin than for participants with non-peach-colored skin. Hair color also 
was lISsociated significantly with both variables (p=O.OI9 and p=O.OO5). Participants with lighter hair 
colory; displayed more of the two basal cell carcinoma dependent variables than did participants with 
darkllr hair colors. Basal cell carcinoma was significantly associated with eye color (p=O.034). The 
smallest percentage of participants with basal cell carcinoma was for those with brown eyes. 

Significant associations with any basal cell carcinoma and basal cell carcinoma of the ear, face, head, or 
neck also were found for both sun reaction covariates (p<O.OOI for each). Basal cell carcinomas 
increased as the levels of sun sensitivity increased. In addition, the composite skin-reaction index 
displayed significant associations with both covariates (p<O.OOI for both), where basal cell carcinoma 
increased as the reaction to sun increased. Significant associations also were found for both variables 
with the average lifetime residential history (p<O.OOI for both variables). The occurrence of basal cell 
carcihoma was greater for participants who had lived in the more southerly latitudes. A significant 
assoqiation with ionizing radiation exposure was found for basal cell carcinoma of the ear, face, head, or 
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neck (p=0.049). This association revealed more basal cell carcinomas for participants reporting exposure 
to ionizing radiation. 

Tests of covariate association conducted for basal cell carcinoma on the trunk and basal cell carcinoma on 
the upper extremities showed similar results. Each variable was associated significantly with age 
(p=0.OO7 and p=0.031, respectively). Older participants had more basal cell carcinomas on the trunk and 
upper extremities than did younger participants. Occupation was also a significant covariate (p<O.OOI for 
both). Officers had more basal cell carcinomas of the trunk 01' upper extremities. Eye color was 
associated significantly with basal cell carcinoma of the upper extremities (p=O.OO5). Participants with 
hazel or green eyes had more basal cell carcinomas. 

Significant associations with basal cell carcinoma of the trunk and basal cell carcinoma of the upper 
extremities were also found for both skin reaction to sun after the first exposure (p=O.OO6 and p<O.OOI, 
respectively) and skin reaction to sun after repeated exposure (p<O.OOI for both dependent variables). 
The occurrence of basal cell carcinomas increased as the sensitivity to sun increased. In addition, the 
composite skin-reaction index displayed significant associations with both variables (p<O.OOI for both 
basal cell carcinoma variables), where basal ceIl carcinoma of the trunk or upper extremities increased as 
the sensitivity to sun increased. Significant associations also were found for both basal cell carcinoma 
variables with average lifetime residential history (p<O.OOI and p=0.039, respectively). Basal cell 
carcinoma of the trunk or upper extremities was higher for participants who had lived in the more 
southerly latitudes. 

Tests of association for squamous cell carcinoma showed several significant findings. A significant 
association with age (p=O.OO2) displayed more squamous cell carcinomas for older participants (3.0%) 
than for younger participants (0.9%). The association with oc(;upation also was significant (p=0.OO7). 
More squamous cell carcinomas were found for officers (3.3%), then enlisted flyers (1.6%), and enlisted 
groundcrew (1.2%). The associations with both skin reaction Ito sun covariates also were significant 
(p=O.OII for reaction after first exposure and p<O.OOI for reaction after repeated exposure). Both skin 
reaction to sun covariates displayed more squamous cell carcinomas as skin sensitivity to sun increased. 
The composite skin-reaction index association with squamous cell carcinoma was significant (p<O.OOI). 
Squamous cell carcinoma increased as the reaction to sun increased. Squamous cell carcinoma for 
participants who had lived in the more southerly latitudes had occurred more often than for participants 
who had lived in the northern latitudes (p,=O.OO9). 

Several covariates were associated significantly with nonmelanoma. Significantly more nonmelanomas 
(p<O.OOI) were observed in older participants (20.3%) than in younger participants (9.7%). 
Nonmelanoma also was associated significantly with occupation (p<O.OOI). Nonmelanoma was highest 
for officers (20.0%), then enlisted flyers (16.0%), and enlisted groundcrew (11.5%). The significant 
association between nonmelanoma and skin color (p=0.OO3) dJisplayed more nonmelanoma for 
participants with peach-colored skin than for participants with non-peach-colored skin (17.1 % vs. 11.2%). 
The association between nonmelanoma and hair color was significant (p=0.016). Those participants with 
lighter hair colors exhibited more nonmelanomas (18.7%) compared to those with darker hair colors 
(14.4%). A significant association betwelm nonmelanoma andl eye color showed a smaller percentage of 
nonmelanoma in participants with brown eyes (p=0.039). 

Both skin reaction to sun covariates were significant (p<O.OOI for both covariates) and showed more 
nonmelanomas as the skin sensitivity to sun increased. The composite skin-reaction index association 
with nonrnelanoma also was significant (p<O.OOI). Nonmelanoma increased as the reaction to sun 
increased. Nonmelanomas were significantly greater for participants who had lived in more southerly 
latitudes (p<O.OOI). 
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A sillDificant association between melanoma and average lifetime residential history was observed"')' 
(p=0,()()8), Melanoma was significantly greater for participants who had lived in more northerly latitndes, 

Test~ of covariate association for any systemic neoplasm were significant for age (p<O,OOI), occupation 
(p=O,OO8), and herbicide exposure (p=O,OO3). A history of systemic neoplasms was higher for older 
participants (37.2%) than for younger participants (21.8%). Officers displayed the largest occurrence of a 
systemic neoplasm (33.9%), followed by enlisted flyers (31.1 %), then enlisted groundcrew (27.1 %), In 
addition, participants reporting exposure to herbicides exhibited more systemic neoplasms (32.7%) , 
compared to those who did not report exposure to herbicides (26.4%), 

Several covariates displayed a significant association with malignant systemic neoplasms. Age was 
significant (p<O,OOI), with older participants showing more malignant systemic neoplasms (10.2%) than 
younger participants (2.4%). A significant association between malignant systemic neoplasms and 
occupation was found (p<O.OOI), with the largest occurrence in officers (8,6%) and enlisted flyers (8.6%), 
followed by enlisted groundcrew (4.4%). The association with ionizing radiation exposure also was 
significant (p=O,OO4). For participants who had reported exposure to ionizing radiation, 9.5 percent had a 
malignant systemic neoplasm compared to 5.8 percent of participants who had not reported exposure. 
The ~ssociation between malignant systemic neoplasms and herbicide exposure was significant 
(p=0~OO4). Participants who had reported being exposed to herbicides had more malignant systemic 
neoplasms (8.0%) than participants who had not reported being exposed (4.6%). Lifetime cigarette 
smoking history also was associated significantly with malignant systemic neoplasms (p<O,OOl). 
Participants who had smoked the heaviest (in terms of pack-years) had more malignant systemic 
neoplasms. 

Benign systemic neoplasms displayed significant associations with age (p<O.OOI) and herbicide exposure ',')' 
(p=01045), Older participants exhibited more benign systemic neoplasms (28.9%) than did younger 
participants (19.2%), A greater percentage of participants who had reported being exposed to herbicides 
had t)1ore benign systemic neoplasms (26.1 %) than those participants who had not reported exposure to 
herbicides (22.1%), 

Covariate association tests with systemic neoplasms of uncertain behavior or unspecified natnre revealed 
a significant result for occupation (p=O,031), Officers displayed the most systemic neoplasms of 
uncertain behavior or unspecified natnre (2.9%), followed by enlisted groundcrew (1.5%), then enlisted 
flyers (0.9%). 

A significant association between age and a malignant systemic neoplasm of the eye, ear, face, head, or 
neck was found (p=0.035). Older participants had more malignant systemic neoplasms of the eye, ear, 
face, head, or neck (1.4%) than did younger participants (0.4%). 

Tests of covariate association for malignant systemic neoplasms of the oral cavity, pharynx, and larynx 
were, significant for age (p=0,041). Older participants displayed more malignant systemic neoplasms of 
the oral cavity, pharynx, and larynx (0.9%) than did younger participants (0,1 %), 

Malignant systemic neoplasms of the bronchus and lung were associated significantly with lifetime 
cigarette smoking history (p<O.OOI). Only participants who had smoked the most (> 10 pack-years) 
showed a malignant systemic neoplasm of the bronchus or lung (1.4%). 

Several significant results were revealed from the covariate association tests conducted for malignant 
systemic neoplasms of the kidney and bladder. A significant association with age (p=O,014) showed 
more malignant systemic neoplasms of the kidney or bladder in older participants (1.3%) than in younger ",) 
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participants (0.2%). The association with lifetime cigarette smoking history was significant (p<O.OOI). 
Malignant systemic neoplasms of the kidney or bladder increased with smoking. The association with 
lifetime alcohol history also was significant (p<O.OOI). The greatest percentage of participants with 
malignant systemic neoplasms of the kidney or bladder was for non-drinkers (3.4%). 

Tests of covariate association for malignant systemic neoplasms of the prostate revealed several 
significant results. Older participants had significantly more (p<O.OOl) malignant systemic neoplasms of 
the prostate (5.3%) than did younger participants (0.2%). A significant association with occupation 
(p=0.OO2) revealed more malignant systemic neoplasms of th" prostate in officers (4.6%), followed by 
enlisted flyers (3.3%), then enlisted groundcrew (1.7%). A significant result also was found with ionizing 
radiation exposure (p=O.044). For participants reporting exposure to ionizing radiation, 4.5 percent had a 
malignant systemic neoplasm of the prostate, compared to 2.6 percent who did not report exposure. 
Results also were significant for the tests of association with herbicide exposure (p=O.035). The 
percentage of participants reporting exposure to herbicides with malignant systemic neoplasms was 3.7 
percent, compared to 2.0 percent who did not report exposure to herbicides. Lifetime cigarette smoking 
history showed a significant association with malignant systemic neoplasms of the prostate (p=O.017). 
The greatest occurrence of malignant systemic neoplasms of the prostate was for participants who had 
smoked the most (4.1%). 

Covariate association tests conducted for all malignant skin arId systemic neoplasms and all skin and 
systemic neoplasms were similar. Age, race, and occupation (~ach were significant for both variables 
(p<O.OOI for each test). Older participants showed more neoplasms for both variables than did younger 
participants. Skin and systemic neoplasms occurred more often in non-Blacks than in Blacks. Officers 
showed more skin and systemic neoplasms than did enlisted flyers and enlisted groundcrew. Skin color 
was associated significantly with both dependent variables (p<O.OOI for each). Participants with peach­
colored skin had more skin and systemic neoplasms than did participants with non-peach-colored skin. 
The association between hair color and all malignant skin and systemic neoplasms was significant 
(p<O.OOI). Participants who had lighter hair colors had more malignant skin or systemic neoplasms. Eye 
color associations for both variables were each significant (p<O.OOI for both tests). Participants with 
brown eyes showed the smallest occurrence of a skin or systemic neoplasm. 

Significant associations with all malignant skin and systemic neoplasms and all skin and systemic 
neoplasms also were found for both skin reaction to sun and the composite skin-reaction index covariates 
(p<0.02 for all tests). Skin or systemic neoplasms increased as skin sensitivity to the sun increased. A 
significant association also was found for all malignant skin and systemic neoplasms with the average 
lifetime residential history covariate (p<O.OOl). Malignant skin or systemic neoplasms occurred more 
often for participants who lived in more southerly latitudes. The ionizing radiation exposure and 
herbicide exposure covariate tests were each significant for both variables (p<0.02 for all tests). 
Participants reporting exposure to either ionizing radiation or herbicides displayed more skin and 
systemic neoplasms (both malignant systemic neoplasms and all systemic neoplasms combined) than did 
participants who did not report exposure. 

Covariate association tests for both the continuous and discrete forms of PSA were significant for age 
(p<O.OOI for PSA in both discrete and continuous forms) and occupation (p<O.OOI, continuous, and 
p=0.014, discrete). PSA levels and the proportion of participants with high PSA levels increased with 
age. Enlisted groundcrew showed the lowest average levels of PSA and the lowest percentage of 
participants with high PSA levels. 
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10.2,2 Exposure Analysis 

The following section presents results of the statistical analysis of the dependent variables shown in Table 
10-1. Dependent variables were derived from a medical records review and verification and a laboratory 
measurement of PSA at the 1997 follow-up examination. 

Four models were examined for each dependent variable given in Table 10-1. The analyses ofthese 
models are presented below. Further details on dioxin and the modeling strategy are found in Chapters 2 
and 7, respectively. These analyses were performed both unadjusted and adjusted for relevant covariates. 
Modell examined the relation between the dependent variable and group (Le., Ranch Hand or 
Comparison). In this model, exposure was defined as "yes" for Ranch Hands and "no" for Comparisons 
without regard to the magnitude of the exposure. As an attempt to quantify exposure, three contrasts of 
Ranch Hands and Comparisons were performed along with the overall Ranch Hand versus Comparison 
contrast. These three contrasts compared Ranch Hands and Comparisons within each occupational 
category (officers, enlisted flyers, and enlisted groundcrew). As described in Table 2-8 and previous 
reports, the average levels of exposure to dioxin were highest for enlisted groundcrew, followed by 
enlisted flyers, then officers. 

Model 2 explored the relation between the dependent variable and an extrapolated initial dioxin measure 
for Ranch Hands who had a 1987 dioxin measurement greater than 10 ppt. If a participant did not have a 
1987 dioxin level, the 1992 level was used to estimate the initial dioxin level. If a participant did not have 
a 1987 or a 1992 dioxin level, the 1997 level was used to estimate the initial dioxin level. A statistical 
adjustment for the percentage of body fat at the time of the participant's blood measurement of dioxin 
was included in this model to account for body-fat-related differences in elimination rate (80). 

Model 3 divided the Ranch Hands examined in Model 2 into two categories based on their initial dioxin 
mea~ures. These two categories are referred to as "low Ranch Hand" and "high Ranch Hand." Two 
additional categories, Ranch Hands with 1987 serum dioxin levels at or below 10 ppt and Comparisons 
with 1987 serum dioxin levels at or below 10 ppt, were formed and included in the model. Ranch Hands 
with 1987 serum dioxin levels at or below 10 ppt are referred to as the "background Ranch Hand" 
category. Dioxin levels in 1992 were us~AI if the 1987 level was not available, and dioxin levels in 1997 
were used if the 1987 and 1992 levels were not available. These four categories-Comparisons, 
background Ranch Hands, low Ranch Hands, and high Ranch Hands-were used in Model 3 analyses. 
The relation between the dependent variable in each of the three Ranch Hand categories and the 
dependent variable in the Comparison category was examined. A fourth contrast, exploring the relation 
of the dependent variable in the combined low and high Ranch Hand categories relative to Comparisons, 
also was conducted. This combination is referred to in the tables as the "low plus high Ranch Hand" 
category. As in Model 2, a statistical adjustment for the perclmtage of body fat at the time of the 
participant's blood measurement of dioxin was included in this model. 

Mod¢l14 examined the relation between the dependent variable and 1987 lipid-adjusted dioxin levels in all 
Ranch Hands with a dioxin measurement. If a participant did not have a 1987 dioxin measurement, the 
1992 measurement was used to determine the dioxin level. If a participant did not have a 1987 or a 1992 
dioxin measurement, the 1997 measurement was used to determine the dioxin level. 

Some participants had multiple neoplasms, and a participant may be represented in more than one table; 
therefore, totals added across tables may not agree. For example, 496 of the 2,121 participants in this 
study (29.8%) had at least two neoplasms and 94 (10.8%) had at least two malignant neoplasms. 
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10.2.2.1 Medical Records Review 

10.2.2.1.1 Skin Neoplasms (All Sites Combined) 

Significant group differences were found for all occupations combined and within the officer and enlisted 
flyer occupational strata in both the Modd 1 unadjusted and adjusted analyses of a history of skin 
neoplasms (Table 1O-3(a,b): Est. RR=1.29, p=0.OO7; Adj. RR.=1.32, p=0.OO5, for all occupations; 
Est. RR=1.36, p=0.034; Adj. RR=1.38, p,,0.030, for officers; and Est. RR=l.64, p=O.040; Adj. RR=1.66, 
p=0.040, for enlisted flyers). Each contrast displayed more Ranch Hands than Comparisons with skin 
neoplasms. Results were nonsignificant for the enlisted groundcrew contrasts (p>0.33 for both the 
unadjusted and adjusted analyses). 

Table 10-3. Analysis of Skin Neoplasms 

Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew Comparison 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Medium 150 
151 

1,168 

329 
480 

140 
173 

336 
515 

56 (40.0) 
50 (28.9) 

119 (35.4) 
169 (32.8) 

1.32 (1.09,1.60) 

1.38 (1.03,1.85) 
1.66 (1.02,2.69) 
1.16 (0.86,1.56) 

64 (42.7) 

1.36 (1.02,1.81) 

1.64 (1.02,2.63) 

1.12 (0.84,1.50) 

• 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 10-3. Analysis of Skin Neoplasms (Continued) 

439 0.81 (0.68,0.98) 

• Relative risk for a twofold increase in initial dioxin. 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

359 
210 
229 
439 

155 (43.2) 
94 (44.8) 
75 (32.8) 

169 (38.5) 

1.49 (1.17,1.90) 
1.54 (1.14,2.07) 
0.91 (0.67,1.23) 
1.17 (0.93,1.47) 

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: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. 

Background RH 
LowRH 
HighRH 
Low plus High RH 

358 
210 
229 
439 

1.46 (1.13,1.88) 
1.49 (1.10,2.04) 
1.05 (0.76,1.45) 
1.25 (0.98,1.58) 

• Relative risk and confidence interval relative to Comparisons. 

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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0.001 
0.005 
0.546 
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0.004 
0.011 
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Table 10-3. Analysis of Skin Neoplasms (Continued) 

Medium 256 

• Relative risk for a twofold increase in 1987 dioxin. 

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. 

Results from both the unadjusted and adjusted Model 2 analyses indicated a significant inverse relation 
between initial dioxin and skin neoplasms (Table 1O-3(c,d); Est. RR=0.78, p=O.OOI; Adj. RR=O.81, 
p=0.028, respectively). As initial dioxin in Ranch Hands increased, the occurrence of skin neoplasms 
decreased. 

The Model 3 analyses contrasting Ranch Hands in both the background dioxin category and low dioxin 
category with Comparisons displayed significant results in the unadjusted and adjusted analyses of skin 
neoplasms (Table 1O-3(e,f): Est. RR=I.49, p=O.OOI; Adj. RR=1.46, p=O.OO4; and Est. RR=1.54, 
p=0.OO5; Adj. RR=1.49, p=O.OII, respectively). A marginally significant difference between Ranch 
Hands in the low plus high dioxin category and Comparisons was revealed in the adjusted analysis of skin 
neoplasms (Table 1O-3(f); Adj. RR=1.25, p=0.073). Each contrast displayed more Ranch Hands than 
Comparisons with skin neoplasms. All other Model 3 contrasts were nonsignificant (Table 10-3(e,f); 
p>0.18). 

The Model 4 unadjusted analysis revealed a significant inverse relation between skin neoplasms and 1987 
dioxin levels (Table 10-3(g): Est. RR=0.88, p=O.012). After adjustment for covariates, the association 
was nonsignificant (Table 1O-3(h); p=O.l47). 

10.2.2.1.2 Malignant Skin Neoplasms 

The Model I enlisted flyer contrast revealed a marginally significantly higher percentage of a history of 
malignant skin neoplasms for Ranch Hands than for Comparisons in both the unadjusted and adjusted 
analyses (Table 1O-4(a,b); Est. RR=1.79, p=O.059; Adj. RR=1.86, p=0.055, respectively). All other 
Modell contrasts were nonsignificant (Table 1O-4(a,b); p>0.16). 
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Table 11l-4. Analysis of Malignant Skin NeOPlasms.) 
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All Ranch Hand 
Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew Comparison 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Medium 150 

805 
1,168 

329 
480 

140 
173 

336 
515 

144 (17.9) 
187 (16.0) 

77 (23.4) 
95 (19.8) 

29 (20.7) 
22 (12.7) 

38 (11.3) 
70 (13.6) 

1.29 (0.90,1.85) 
1.86 (0.99,3.51) 
0.86 (0.56,1.34) 

30 (20.0) 

1.14 (0.90,1.45) 

1.24 (0.88,L74) 

L79 (0.98,3.29) 

0.81 (0.53,1.24) 

• 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. 

a Relative risk for a twofold increase in initial dioxin. 
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0.055 
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Table 10·4. Analysis of Malignant Skin Neoplasms (Continued) 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

1,133 

359 
210 
229 
439 

179 (15.8) 

65 (18.1) 
47 (22.4) 
32 (14.0) 
79 (18.0) 

1.21 (0.88,1.66) 
1.52 (1.06,2.19) 
0.84 (0.56,1.27) 
1.12 (0.83,1.51) 

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. 

Background RH 
LowRH 
HighRH 
Low plus High RH 

358 
210 
229 
439 

1.13 (0.81,1.58) 
1.45 (0.98,2.14) 
1.19 (0.76,1.85) 
1.30 (0.95,1.80) 

a 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. 

Medium 56 (21.9) 
40 

a Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = :;;;7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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0.237 
0.023 
0.417 
0.457 

0.476 
0.062 
0.453 
0.104 
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