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Introduction 
The Air Force Health Study (AFHS) is a 20-year prospective study examining health, mortality 
and reproductive outcomes of the operation Ranch Hand veterans responsible for handling and 
aerial spraying of herbicides, including Agent Orange contaminated with 2,3,7,8- 
tetrachlorodibenzo-p-dioxin (TCDD), in Vietnam from 1962 to 1971 1-2.  In this study we examine 
potential health effects related to diseases of the prostate including prostate cancer, benign 
prostatic hyperplasia and inflammatory diseases of the prostate.  
 
Exposure to TCDD was positively associated with increased incidence or prevalence of prostate 
cancer in several studies of occupationally exposed workers2-5 but some other studies have found 
no association 6-7. Results of some animal studies suggest that TCDD may also be involved in 
hyperplasia of prostatic gland manifested primarily as increased volume and tenderness of the 
gland 8-10.  
 
Materials and Methods  
The Air Force Health Study (AFHS) compares the health status and the cumulative morbidity and 
mortality experience of Ranch Hand Vietnam veterans with a comparison group of other Air Force 
veterans who served in Southeast Asia during the same time period but were not involved in 
spraying herbicides.  Comparison veterans are matched to Ranch Hand veterans on age, race, and 
military occupation.  All Ranch Hand and Comparison veterans are male.  Details of the study 
design and methods were published elsewhere 1. 
 
Comprehensive medical examinations of veterans were conducted in 1982, 1985, 1987, 1992, 
1997, and 2002.  Blood for TCDD measurements for most of the veterans was collected in 1987.  
Participation was voluntary and written informed consent was obtained at the examination site 
after a complete description of the study and a full explanation of all procedures.  Diseases of the 
prostate were identified using International Classification of Diseases, ninth revision (ICD-9).  
Codes 600.1, 600.2, 600.3, and 600.9 for hyperplasia of the prostate, codes 601.0, 601.1, 601.2 
and 601.9 for inflammatory diseases of the prostate, codes 602.0, 602.1, 602.2, 602.8 and 602.9 
for other prostate disorders, and C619 for prostate cancer were identified in medical records of 
participating veterans and used in this analysis.  Data was available for 2438 veterans (1009 Ranch 
Hand and 1429 Comparison) who participated in at least one of the first five physical 
examinations and had a measurement of serum TCDD. 
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We employed logistic regression models to contrast cohorts with regard to prostate cancer 
incidence, and the first diagnosed incidence of non-malignant diseases of the prostate.  We 
assigned each veteran to one of four exposure categories: Comparison, Background, Low, and 
High, based on his cohort (Ranch Hand, Comparison), dioxin concentration, and half-life 
extrapolated initial dioxin concentration.  Ranch Hand veterans with dioxin exceeding 10 ppt had 
their initial dioxin at the end of service in Vietnam estimated using a first-order kinetics model 
with a constant half-life of 7.6 years.  Ranch Hand veterans with a dioxin level exceeding 10 ppt 
and an initial dioxin lower than or equal to 118.5 ppt (the median dioxin in veterans with dioxin 
level>10 ppt), were assigned to the Low category and those with an initial dioxin higher than 
118.5 ppt were assigned to the High category.  We analyzed by category of time spent in 
Southeast Asia (SEA), with a cut point of 24 months, and category of the percentage of time spent 
in Vietnam (Ranch Hand 100% time in Vietnam, Comparisons 0% time in Vietnam).  Statistical 
models were adjusted for age at tour of duty in SEA, primary military occupation, and race.  
Veterans with cancer or other diseases of the prostate during or prior to their service in SEA were 
excluded from all analyses.   
 
Results and Discussion 
Personal and demographic characteristics of participants are presented in Table 1.  TCDD levels in 
the Background Ranch Hand category veterans were comparable to the Comparison veterans [5.7 
vs. 4.0 parts per trillion (ppt)], but the median values were three [15.1 vs. 4.0 (ppt)] and ten times 
[47.6 vs. 4.0 (ppt)] higher in the Low and High Ranch Hand categories.  
 
We found a significantly increased risk of prostate cancer in white veterans who spent at most 2 
years in SEA in the High exposure category (OR=6.74, 95% CI 1.76-25.8) (Table 2).  The odds 
ratio was also increased for the Ranch Hand veterans in the High category who spent 100% of 
their SEA service in Vietnam relative to Comparison veterans who spent 0% of their SEA service 
in Vietnam and served elsewhere in SEA (OR=5.37, 95% CI 1.05-27.5).  No increase in odds 
ratios for Ranch Hand veterans was observed if the veterans spent less than 100% of their time in 
Vietnam. 

 
At this point, only the results of a preliminary analysis are available for non-malignant diseases of 
the prostate.  These results suggest that the Ranch Hand veterans do not seem to have increased 
risk of first diagnosed non-malignant diseases of prostate.  In general, inverse, statistically non-
significant associations were observed in the High Ranch Hand category.  For benign prostatic 
hyperplasia, the odds ratio was 1.02 (95% CI 0.74-1.42), for inflammatory diseases of the prostate 
it was 0.70 (95% CI 0.31-1.58), and for other diseases of the prostate it was 0.46 (0.10-2.04).  
Limiting analyses to veterans who spent at most 2 years in SEA or 100% of their duty in Vietnam 
(Ranch Hand) did not materially changed the observed associations.  However, further analyses 
are needed before more definitive conclusions can be drawn.  

 
The strengths of this study include a very detailed 20-year follow-up of veterans who participated 
in study, repeated verifications of their health status and medical records, and measured blood 
TCDD as a surrogate of individual exposure.  Inferences that could be made from these data are 
limited by relatively small number of prostate cancer cases and low levels of serum TCDD in 
about half of Ranch Hand veterans.  Elevated TCDD levels in the High category of Ranch Hand 
veterans were on average about 4 times lower than in some occupationally exposed workers 3.   
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Alterations in incidence of prostate cancer in this still relatively young cohort of veterans is an 
important finding deserving further evaluation.  These results are in support of previous finding in 
a study of Australian veterans that found an increase in risk in relation to national rates11.  To date, 
it appears that no adverse associations with other diseases of the prostate were identified in this 
cohort.   
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Table 1.  Demographic characteristics of US Air Force veterans by TCDD category  
 

Ranch Hand 
Comparison Background Low High 

Number 1429 442 284 283 
Mean TCDD (SD) ppt 4.4 (2.8) 5.8 (2.3) 16.1 (4.5) 70.2 (67.1) 
Median TCDD 4.0 5.7 15.1 47.6 
Range 0.4-54.8 0.6-10.0 10.0-29.2 18.0-617.8 
Extrapolated Mean TCDDa   55.0 (18.0) 302.5 (327.3) 
Extrapolated Median TCDD   51.7 194.7 
Range   27.2-93.8 94-3290.2 
     
Age at tour (SD) 29.9 (7.3) 30.6 (7.0) 31.2 (7.3) 26.8 (6.8) 
BMI at tour (SD) kg/m2 24.9 (3.0) 24.0 (2.7) 25.3 (3.1) 25.2 (3.1) 
Black Number (%) 92 (6.4) 23 (5.2) 23 (8.1) 14 (4.9) 
Military occupation     
Officer 542 (38) 266 (60) 106 (37) 8 (3) 
Enlisted flyer 225 (16) 55 (12) 59 (21) 59 (21) 
Enlisted ground crew 662 (46) 121 (27) 119 (42) 216 (76) 

a Half-life extrapolated at the end of the tour of duty in Vietnam. 
 
 
Table 2.  Odds ratios for prostate cancer by dioxin category and time spent in South East Asia in 
white US Air Force veterans. 
 
     
 Comparison Background Low High 
     
At most 2 years in SEA N=580 N=287 N=151 N=174 
     
Number (%) 7 (1.21)   10 (3.48)  6 (3.97)  5 (2.87) 
Odds Ratio a 1.00  2.28  2.54  6.74  
95% CI Ref.  0.83-6.23   0.82-7.87  1.76-25.8 
     
RH 100% in Vietnam, 
Comparison 0% 

N=291 N=252 N=132 N=165 

Number (%) 3 (1.03) 9 (3.57) 4 (3.03) 4 (2.42) 
Odds Ratio a 1.00 2.66 2.56 5.37 
95% CI Ref. 0.56-12.6 0.48-13.7 1.05-27.5 
     
a All analyses adjusted for age at tour of duty in SEA and military occupation. 
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