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The Air Force Health Study is a 20-year comprehensive assessment of the 
health of Air Force veterans of Operation Ranch Hand, the unit responsible for 
aerial spraying of herbicides in Vietnam. The study compares the health and 
noncombat mortality of Ranch Hand veterans with a comparison group of Air 
Force veterans primarily involved with cargo missions in Southeast Asia but who 
were not exposed to herbicides. This report summarizes the health of these 
veterans as determined at the third in a series of physical examinations. Nine 
hundred ninety-five Ranch Hands and 1299 comparison subjects attended the 
second follow-up examination in 1987. The two groups were similar in reported 
health problems, diagnosed skin conditions, and hepatic, cardiovascular, and 
immune profiles. Ranch Hands have experienced significantly more basal cell 
carcinomas than comparison subjects. The two groups were not different with 
respect to melanoma and systemic cancer. 

MANY veterans are concerned that 
military service in Vietnam and, in par­
ticular, exposure to Agent Orange, may 

See also p 1832. 

have adversely affected their health 
and, perhaps, that of their children. Un-
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til recently, little objective evidence has 
been available to address these con­
cerns. The recently concluded Vietnam 
Experience Study' and results from the 
ongoing Air Force Health Study'" have 
provided data on US Army ground 
troops who served in Vietnam (Vietnam 
Experience Study) and US Air Force 
air and ground crew involved in herbi­
cide spray operations during the war 
(Air Force Health Study). 

The Air Force Health Study seeks to 
determine whether members of Opera­
tion Ranch Hand (the personnel tasked 
with spraying operations dnring the 
Vietnam conflict) have experienced 
adverse health and whether those 
health effects, if they exist, can be 
attributed to exposure to herbicides 
or their contaminant, 2,3,7,8-tetra-

chlorodibenzo-p-dioxin (TCDD). Ranch 
Hands were exposed to herbicides dur­
ing flight operations and maintenance of 
the aircraft and herbicide spray equip­
ment. These men flew or maintained the 
spray aircraft or directly handled bulk 
quantities of the dioxin-contaminated 
herbicides daily for a year or longer. As 
a group, the Ranch Hands were among 
the most heavily exposed US personnel 
in Vietnam. 

The Air Force Health Study com­
pares the current health and cumulative 
mortality experience of members ofOp­
eration Ranch Hand with a comparison 
group of other Air Force veterans in­
volved in C-130 aircraft missions in 
Southeast Asia. C-130 air and ground 
crew personnel were selected to serve 
as controls because they are Air Force 
veterans, they served in Southeast 
Asia, they were not occupationally ex­
posed to herbicides in Vietnam, their 
population is of sufficient size, and their 
training is similar to that of the Ranch 
Hands.' A non-Southeast Asia com-
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Comparison Cohort Eligible 
Ranch Hand Cohort Eligible for Baseline Examination 

for Baseline Examination Originals (0): 1241" 
1208 Replacemen1s (R): 448t 

Total (T): 1668 

-.I I -.I I 
Fully Refused Partially Unlocatable 

Fully 
Refused Partially \.Inlocatable Compliant 0:78 Compliant 0:3 

Compliant 
32 Compliant 2 0:936 R:50 0:220 R:6 

1045 129 R: 288 R:87 
T: 1224 T: 128 T:307 T:9 

Died New 
Died New 0: 21 0: 13 
19 - I- 9 R:5 r- '- R:O 

T:26 T: 13 

Eligible for First 
Eligible for First Follow-up Examination 

Follow-up Examination (0): 1233 
1198 (R): 482* 

Total (T): 1715 

I I 
Fully Refused Partially Unlocatable 

Fully Refused Partially Unlocatabl Compliant 0:220 Compliant 0:50 
Compliant* 135 Compliant 40 0:955 R: 107 0:8 R: 17 

1016 7 R: 338 R:20 
T: 1293 T:327 T:28 T:67 

Died New 
Died New 0: 13 .0:4 
14 r-I- 4 R:3 1-. R: 28 

T: 16 T:32 

Eligible for Second 
Eligible for Second Follow-up Examination 

Follow-up Examination . (0): 1224 
1188 (R): 507§ 

. Total (T): 1731§ 

I I J 
Fully Refused Partially, Unlocatable 

Fully 
Refused 

Partially 
Unlocatable 

Compliant 0:242 Compliant 0:32 
Compliant" Compliant 0:939 R: 118 0: 11 R: 1'1 

. 995 171 1 21 R:360 R: 16 
T: 1299 T:360 T:27 T:43 ' 

Number of veterans in each component of the Air Force Health.'Study. Asterisk Ind,icates that four veterans were not contacted, contract 
expired; dagger, 17 veterans not contacted, contract expired; double dagger, 39'replaoement subjects were added during scheduling; and· 
section mark, two veterans were not contacted during the scheduling period. Partially compliant Indicates that subjects were compliant to the 
questionnaire but not to the physical examination. 

examinations are scheduled to occur in 
1992,1997, and20()2. 

SUBJECTS AND METHODS 

. ' 

parison group was not used because the 
objective of this study is to determine 
the effects of exposure to TCDD and not 
of service in Southeast Asia. The Air 

. Force Health Study includes periodic 
analyses of noncombat mortality, in­
person interviews, physical examina­
tions, and psychological testing. Physi­
cal examinations were administered in 
1982 (baseline), 1985, and 1987"; future 

This is the first of two articles about 
the health and mortality of these veter­
ans in THE JOURNAL. This first report 
focuses on $elected parameters ofphysi­
cal health as determined aUhe physical 
examination conducted in 1987 and the 
second7 summarizes cumulative mortal­
ity through 1987, 

Up to 10 comparison subjects were 
matched to each Ranch Hand on date of 
birth (88% to within 1 month, 97% to 
within 1 year, and all to within 5 years), 
race (black and nonblack), rank, and 
military occupation during their duty in 
Southeast Asia (officer pilot, officer 
navigator, nonflying officer, enlisted 
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flight engineer, and nonflying enlisted 
personnel). A total of 10 133 matched 
comparison subjects were selected from 
the population of all 19 101 Air Force 
veterans primarily involved in air cargo 
operations in Sontheast Asia during the 
same period that the Ranch Hand unit 
was active (August 1961 to May 1972). 
The actual spray operations in Vietnam 
took place between January 1962, and 
October 1971. 

During baseline scheduling, one liv­
ing comparison subject was chosen ran­
domly from each matched set and invit­
ed, together with his respective Ranch 
Hand, to the baseline examination in 
1982. These selected matched compari­
son subjects have been desiguated 
"original comparison, su,bjects." If the 
original comparison subject.refused, an­
other comparison subject was selected 
from the same matched set and invited 
to participate. These were ,called "re­
placement comparison subjects.,,2 

The eligible study cohort initially was 

Table 1.-Scrlpps Clinic and Research foundation 
Normal Ranges 

Total bilirubin level 
Triglyceride levels 
Cholesterol levels 

Total 
High-density lipoprotein 

2-h postprandial glucose level· 
Alkaline phosphatase level 
Alanine aminotransferase level 
Aspartate aminotransferase level 
'Y-GlutamyHransferase level 
Erythrocyte sedimentation rate 

Normal 
Range 

<25.6 ILmollL 
:::;:3.61 mmol/L 

<6.7mmoI/L 
>0.6mmoI/L 

<7.8· mmol/l 
s136 U/L 
3-36 U/L 

27-47 U/l 
15·85 U/L 

0-20 mm/h 

"'Impaired range is 7.8 to 11.1 mmol/L; diabetic range, 
greater than or equal to 11.1 mmollL. 

composed of all 1208 living Ranch Hands 
and 1241 original and 448 replacement 
comparison subjects (Figure). There 
were more eligible original comparison 
subjects than eligible Ranch Hands at 
baseline because original comparison 
subjects were invited to participate re­
gardless of the mortality status of the 
corresponding Ranch Hands. 

Nine newly discovered Ranch Hands 
and 13 new original comparison subjects 
were added to the study between 1982 
and 1985. Participants who completed 
the physical examination and question­
naire were considered fully compliant; 
those who completed only the question­
naire were considered partially com­
pliant. 

1987 Physical Examination 
and Testing 

Of the eligible cohort, 84% (995/1188) 
of the Ranch Hands and 75% (1299/1731) 
of the comparison subjects were fully 
compliant to the 1987 examination and 
questionnaire. Of those fully compliant 
at the baseline examination, 90% 
(94411045) of the Ranch Hands and 91% 
(1113/1224) of the comparison subjects 
were again fully compliant. All exami­
nations were performed at Scripps Clin­
ic and Research Foundation. Physi­
cians, interviewers, and paramedical 
technicians were unaware of the expo­
sure status (Ranch Hand or comparison 
subject) of the participants. In desigu­
ing the questionnaire, physical exami­
nation, and associated laboratory bat­
teries, we emphasized conditions that 
have been suggested, either in animal or 
human studies, or reported by veterans 

as being related to exposure to herbi­
cides and TCDD. Board-certified inter­
nists and dermatologists performed 
general physical and dermatologic ex­
aminations. Follow-up evaluation and 
treatment by the examinees personal 
physician was arranged when indicated. 

T and B lymphocytes and subsets 
were quantified using monoclonal anti­
bodies. Because of the complexity and 
expense of the immunologic tests, these 
tests were carried out on a 39% 
(N = 887) random sample of participants 
(390 Ranch Hands and 497 comparison 
subjects). Most serum chemistry as­
says6 were performed on an autoana­
lyzer (Dupont ACA III, Wilmington, 
Del). 

Chloracnelike lesions were defined as 
(1) comedones in a malar crescent or 
periauricular distribution, with nasal 
sparing, or (2) postinflammatory scars 
in chloracne-prone locations with a his­
tory of chloracne. Altered peripheral 
arterial hemodynamic findings were de­
fined as the presence of a palpably de­
creased pulse or a femoral bruit. 

Reported health conditions were elic­
ited through an in-person questionnaire 
in response to the following query: 
"Since the last interview has a doctor 
told you that you had. . . ?" An affirma­
tive response was followed by requests 
for the date of diagnosis, the name and 
address of the physician who made the 
diaguosis, and the names of the pre­
scribed medications. All reported medi­
cal conditions and dates of diagnosis 
were verified by medical record retriev­
al and review. Conditions were coded 
according to the International Classifi-

Table 2. -Demographic and Military Characteristics of Ranch Hands and 
Comparison Subjects 

Table 3.-Socloeconomic and Behavioral Characteristics of Ranch Hands and 
Comparison Subjects 

Comparison 
Ranch Handa Subjects 

Characteristic (n=995) (n = 1299) 

Mean age, y, at 1987 
follow-up 48.6 48.4 

Race, % nonblack 94.3 93.8 
Military occupation,· % 

Officer 38.1 38.1 

Enlisted flyer 17.2 16.3 
Enlisted ground crew 44.7 45.6 

Mean age, y, at enlistment 19.4 19.4 

Year of enlistment, 
% before 1962 58.5 56.0 

Duralion of service in 
,mo 

5.5 

*0.9% of each group have' 
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Ranch Hands, % Comparisons, % 
Characteristic (n=995) (n=1299) 

Marital status at 1987 follow-up 
Married 83.2 84.4 

Divorced, separated, or 
widowed 13.8 12.8 

Never married 3.0 2.8 

Education 
High school graduate or less 51.5 49.7 

College graduate'" 48.5 50.3 

Current alcohol use, % >1 and 
s4drlnks/d 17.4 17.4 

Lifetlme drink-years,t % >0 90.2 91.7 

Curmnt smokers' 35 .• 30.9§ 

Ufetlme pack-years,:J: % >0 73.2 72.1 

Personal income, % >$30,000 51.1 48. 1 

*Assoclate degree or higher. . 
tDeflned as the equivalent of drinking 1.5 oz of 60-proof alcoholic beverage per 

day for 1 year. 
:J:Oefined as the equivalent of smoking one pack of cigarettes per day for 1 year. 
§Statistically significant 
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Table 4.-Current Health Status and Selected Reported and Verified Health Conditions Among Ranch 
Hands and Comparison Subjects 

% PosHlve 

Comparison 
Ranch Hands Subjects Odds 95% Confidence 

HeaHh Condition (n = 995) (n = 1299) Ratio Intarval 
Perceived health as "fair" or 

"poor" 6.7 6.7 1.0 0.7-1.4 

Prescribed medication use 31.5 30.2 1.1 0.9-1.3 
Current thyroid disease 4.1 4.2 1.0 0.6-1.5 
Acne' 

Lifetime 42.0 37.3 1.2§ 1.0-1.4 

After Southeast Aslat 13.9 9.4 1.6§ 1.1-2.1 

Ulcers* 7.1 7.3 1.0 0.7-1.4 

Hepatltls* 38.7 40.6 0.9 0.8-1.1 
Chronic liver disease and 

cirrhosist 
Alcohol related 4.6 3.9 1.2 0.8-1.8 
Not alcohol related 1.1 0.7 1.6 0.7-3.9 

Other liver conditions 9.1 7.4 1.3 0.9-1.7 

Kidney disease or stones 10.9 11.0 1.0 0.8-1.3 
Peripheral disorders 14.2 14.7 1.0 0.8-1.2 
Erythrocyte sedimentation rate, 

% abnormal 7.0 4.2 1.7§ 1.2-2.5 

*No chloracne Inferred. 
tReported as present after the participant's Southeast Asia tour of duty. 
;Verlfled. 
§Significantly different from 1.0. 

Table 5.-Prevalenc.e of Selected Skin Conditions Noted During Dermatologic Examinations 

% 

Comparison 
Ranch Handa Subjecta Odds 95% Confidence 

Condition (n;::995) (n;::1299) Ratio Interval 
Chloracne 0.0 0.0 
Inclusion cysts 10.6 10.5 1.0 0.8-1.3 
Acneiform lesions 10.2 11.2 0.9 0.7-1.2 
Acneiform scars 11.9 10.7 1.1 0.8-1.4 
Comedones 21.4 22.9 0.9 0.8-1.1 

Hyperpigmentatlon 14.7 16.8 0.9 0.7-1.1 
Depigmentation 6.6 6.4 1.0 0.7-1.5 
Dermatology index* 

a 61.2 
61.6 ) 

1 27.4 25.7 

2 8.4 9.3 1.0 0.8-1.2 

3 2.0 2.7 
4 0.9 0.7 

Actinic keratosis 33.8 25.3 1.1 0.9-1.4 

ActinIc elastosis 0.0 0.2 

Cutis rhomboldallst 0.2 0.2 1.3 0.2-9.3 
Other abnormalities 76.3 74.6 1.1 0.9-1.3 

*Indlcates the number of diagnoses of comedones, acneiform lesions, acneiform scars, or inclusion cysts; 
analyzed as an ordinal variable. 

tA form of actinic keratosis. 

cation of Diseases, Ninth Revision, 
Clinical Modification.' Invasive proce­
dures to detect evidence of systemic 
cancer were not used at the physical 
examination. The cumulative preva­
lence of verified conditions in the sur­
viving cohort was analyzed. Mortality 
was analyzed and reported separately. 

Malignant skin neoplasms were cate­
gorized as basal cell carcinoma, squa­
mous cell carcinoma, melanoma, and 
maligna~t "sun-exposure neoplasms" 
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(defined as basal cell carcinomas, squa­
mous cell carcinomas, melanomas, and 
malignant epithelial neoplasms not oth­
erwise specified). The latter diagnostic 
category was included because these le­
sions frequently are misdiagnosed basal 
cell carcinomaS; one Ranch Hand and no 
comparison subjects had this diagnosis. 

Ten laboratory test results reported 
herein were referenced to Scripps Clin­
ic and Research Foundation normal 
ranges (Table 1). The normal range for 

the ratio of total to high-density lipopro­
tein cholesterol was 5 or less. All other 
laboratory test results were analyzed as 
continuously distributed variables. 

Siailsilcal Melhods 
The primary purpose of the analysis 

was to assess the association between 
the type of service in Southeast Asia 
(Ranch Hand or comparison subject) 
and the specific health conditions and 
measures. Analyses adjusting for co­
variates were performed by using step­
wise regression procedures9

,lo from 
which odds ratios (ORs) or means and 
associated two-sided 95% confidence in­
tervals (CIs) were estimated. Stepwise 
entry and exit criteria for all covariates 
were set at .05. Statistically significant 
results (P<.05) are footnoted through­
out this report. These analyses included 
the following three primary covariates: 
age, race, and military occupation (offi.. 
cer, enlisted flyer, or enlisted nonflyer), 
which were retained only ifnot excluded 
by the stepwise procedure. In certain 
analyses, additional covariates (eg, 
smoking status or history and alcohol 
use or history) also were included.' 
When the final model included a signifi­
cant exposure group-by-covariate in­
teraction, the data were analyzed with­
in each level of the covariate. 

The analyses of basal cell and snn­
related skin cancer were adjusted for 
two sun reaction indexes and average 
lifetime residential latitude. One of 
these indexes categorized participants 
to one of three levels according to their 
reported skin reaction after at least 2 
hours of sun exposure (burns palnfully 
or burns, becomes red, or no reaction) 
and the other to one of three levels ac­
cording to their reported skin reaction 
after repeated exposures (freckles with 
no tan, tans mildly or moderately, or 
tans deep brown). Average residential 
latitude was computed from residential 
histories up to the time of the 1985 ex­
amination and was dichotomized at 37°. 5 

The fixed size of the Ranch Hand co­
hort limits the ability of the study to 
detect group differences for rare dis­
eases or conditions. This limitation is 
most obvious with specific types of can­
cer, such as soft-tissue sarcoma and 
non-Hodgkin's lymphoma, which are so 
rare that fewer than one case is expect­
ed in each group. This study does have 
good power to detect relative risks of 
2.0 or more with respect to diseases 
such as basal cell carcinoma, which oc­
cur in at least 5% of comparison 
subjects. 

Serum specimens of all Ranch Hands 
and comparison subjects are being as­
sayed for TCDD levels at the Centers 
for Disease Control, Atlanta, Ga. At 
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Table 6.-Prevalence of Cardiovascular Condltions* 

Condition 
Bradycardia 
Electrocardiographic abnormality 
Heart sound abnormality 
Nonspeclflc T-wave 

abnormality, No. of pack-years 
0 

>0-10 

"'0 
Pulses 

Radial 
Femoral 
Popliteal 
Dorsalis pedis 
Posterior tibial 

Differential cortisol level, nmol/L 
s17 

17-110 
>110 

Peripheral 
Funduscopic examination 
Carotid bruits 
Verified heart disease; 
Verified essential hypertension§ 
Verified myocardlallnfarction§ 

*Diabetics excluded. 
tSlgnlflcantJy different from 1.0. 

Ranch Hands 
(n=865) 

'.2 
15.7 

'.0 

6.5 
7.0 

15.4 

0.2 

2.2 

3.' 
12.4 

3.3 

4.6 

2.' 
15.4 
0.7 

1.0 
38.4 
33.8 

••• 

% 

Comparison 
Subjects Odds 95% Confidence 
(n = 1130) Ratio Intervel 

6.2 0.7 0.5-1.0 
17.8 0 .• 0.7-1.1 

4.6 0 .• 0.6-1.3 

10.5 0.5 0.3-1.0 
10.4 (}.7 0.4-1.2 

12.4 1.. 0.9-2.0 

0.8 0.3 0.1-1.3 

0 .• 2.5t 1.2-5.6 
2.6 1.2 0.7-2.1 

•. 8 1.3 1.0-1.7 

2.8 1.1 0.4-2.8 

1.7 3.0t 1.1-8.7 
3.7 0.6 0.2-1.7 

12.7 1.2 0.9-1.6 
0.8 0 .• 0.3-2.5 

0.' 3.0 0.9-9.7 
37.1 1.1 0.9-1.3 
32.3 1.1 0.9-1.3 

'.6 0 .• 0.6-1.4 

;Intematlonai Classification of Diseases, Ninth ReviSion, clinical modification codes 391 ,393-398,402,404,410-
417 or 420-429. Participants with hypertension or heart disease prior to service in Southeast Asia were excluded. 

§Parllclpants with hypertenSion or heart disease prior to service In Southeast Asia were excluded. 

Table 7.-Results of Immune Tests 

Comparison 
Ranch Hands Subjects 

Test Statistic 
Type of cell 

CO2 Mean 
95%CI* 

CD4 Me .. 
95%CI 

CD8 Mean 
95%CI 

CD20 Mean 
95%CI 

CD14 Mean 
95%CI 

CD25 Mean 
95%CI 

HLA-DR Mean 
95%CI 

CD4/CD6 ratio Mean 
95%CI 

Total lymphocyte count Me .. 
95%CI 

*Cllndlcates confidence interval. 

this writing, 1744 specimens (888 Ranch 
Hands and 856 comparison subjects) 
have been assayed. 

RESULTS 
Demographic (Table 2) and current 

socioeconomic (Table 3) characteristics 
of both groups were similar. Among 
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("=377) (n = 477) P 

1621 1602 
1561-1684 1549-1656 

.61 

.11 8., 

874-949 859-924 
.41 

487 476 
462-514 455-499 . 

.51 

174 171 
. 57 

159-191 156-186 

28 29 
25-32 25-32 

.69 

12 13 
11-14 12-14 

.35 

436 423 

418-455 408-439 
. 27 

1.8 1 .• 
1.7-1.9 1.8-2.0 

.71 

2006 1982 
1933-2081 1919-2047 

.60 

those physically examined, 35.9% of 
Ranch Hands and 30.9% of comparison 
subjects were current cigarette smok­
ers (OR = 1.2; 95% cr, 1.0 to 1.5) and 
17.4% of each group reported having at 
least one and at most four alcoholic 
drinks per day. 

Participants were asked to report 

lifetime and post-Southeast Asia occur­
rences of acne; the ORs for lifetime acne 
(OR= 1.2; 95% cr, 1.0 to 1.4) and post­
Southeast Asia acne (OR = 1.6; 95% cr, 
1.1 to 2.1) were both significantly differ­
ent from 1.0 (Table 4). A significantly 
greater percentage of Ranch Hands 
(7.0%) had an abnormally high erythro­
cyte sedimentation rate than compari­
son subjects (4.2%) (OR=1.7; 95% cr, 
1.2 to 2.5); however, only three partici­
pants (two Ranch Hands and one com­
parison subject) had markedly elevated 
levels ('> 100 mtn!h). The two groups 
were similar to the 11 other conditions 
shown in Table 4. 

Dermatologic findings on physical ex­
amination were similar in the two co­
horts (Table 5). Lesions compatible 
with current or past chloracne were not 
found in either group. 

The OR for nonspecific T-wave ab­
normality (Table 6) differed significant­
ly with levels of smoking history 
(P<.Ol); among participants with 0 
pack-years (n = 570), greater than 0 and 
up to 10 pack-years (n = 570), and great­
er than 10 pack-years (n = 888), the ORs 
were 0.5, 0,7, and 1.4, respectively. 
None of these stratum-specific ORs was 
significantly different from 1.0. A sig­
nificantly greater percentage of Ranch 
Hands exhibited abnormal femoral 
pulse rates than did comparison sub­
jects (2.2% vs 0.9%) (OR =2.5; 95% cr, 
1.2 to 5.6). The OR for posterior tibial 
pulses changed significantly with levels 
of differential cortisol, an indicator of 
stress (P<,Ol). Among veterans with 
differential cortisol levels less than or 
equal to 17 nmoVL and among those 
with differential cortisol levels greater 
than 110 nmollL, the percentage of 
Ranch Hands with posterior tibial ab­
normalities was not significantly differ­
ent from that of the comparison cohort . 
Among veterans with differential corti­
sol levels between17 and 110 nmollL the 
Ranch Hand percentage (4.6%) was sig­
nificantly different from (and greater 
than) that of the comparison population 
(1.7%) (OR=3.0; 95%. cr, 1.1 to 8.7) . 
There were no significant group differ­
ences regarding radial, popliteal, or 
dorsalis pedis pulse deficits or regard­
ing the prevalence of verified heart dis­
ease or heart attack. 

Ranch Hands did not differ from com­
parison subjects with regard to nine 
quantitative immune tests (Table 7). 

With few exceptions, hepatic function 
test results were similar in the two co­
horts (Table 8). The alkaline phospha­
tase group mean levels (Ranch Hand 
mean, 93 U/L; 95% cr, 91.1 to 95.7 and 
comparison cohort mean, 90 UIL; 95% 
Cr,87.8 to 92.1) were significantly dif­
ferent (P<.Ol), although the percent-
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Table B.-Results of Selected Hepatic Function Tests 

Mean Levels 
% Abnormal Ranch Comparison 

95% 
Hands SubJects Ranch Comparison Odds Confidence 

reot ("=995) (n=1299) Hands SUbjects Ratio Interval 
Alanine aminotransferase, UiL 20.B 20.7 12.2 11.2 1.1 0.9-1.5 
Aspartate 

aminotransferase, Ull 26.7 26.5 4.9 4.2 1.2 0.8-1.8 
'Y-Glutamyltransferase, U/l 37.6 36.7 6.4 6.1 1.1 0.8-1.5 
Alkaline phosphatase, Ull >I< 93.4 89.9 4.9 4.6 1.0 0.7-1.5 
Total bilirubin, "molll 13.3 13.4 2.6 3.7 0.6 0.5-1.2 
ll"lglyceride, mmolll 1.2 1.2 6.7 5.4 1.3 0.9-1.8 
Cholesterol, mmol/l 

lOtal 5.6 5.6 14.3 12.3 1.2 0.9-1.5 
High-densny lipoprotein 1.2 1.2 0.9 1.0 1.0 0.4-2.4 
CholesteroVhlgh·density lipoprotein raUo 4'.8 4.9 43.6 41.8 1.1 0.9-1.3 "'Means significantly different. 

Table 9. -~urrences of Verified Skin and SystemIc MaUgnancies After Southeast AsIa Tour 

... ( i . 

Ho.,(%) 

Comparison 
95% 

"tYpe. of Ranch Hands SubJects Odds Confidence 
Mal.lgnancy (n""995) (n=1299) Ratio Interval 

8asalcell 
carcinoma'" 76 (6.3) 76 (6.2) 1.5t 1.0-2.1 

Sun-exlXlSUI{t-
related skin 
cancer'" 88 (9.4) 84 (6.9) 1.5t 1.1-2.0 

Systemic cancer 21 (2.1) 21 (1.6) 1.2 0.7-2.3 >l<Nonblacks only;.938 Ranch H~nq8 and 1219 comparison subjects. tSlgnlficantly different from 1.0." 

Table 10.-Serum 2,3,7,8-TetrachlorodJbenzo-p-dloxin levels 

Ranch Hands 
Stratum No. Median'" Flying officers (pilot) 247 7.3 FlyIng officers 

(navigator) 63 9.3 NonfJylng officers 19 6.6 Flying enlisted personnel 152 17.2 NonfJylng enlisted 
personnel 407 23.6 All personnel 6811 12.4 
*'n parts per triJIlon. 

ages of Ranch Hands with abnormal lev­els were not significantly different from' that of comparison subjects (OR = 1.0; 95%Cr, 0.7 to 1.6). 
After adjustment for the two sun re­action indexes and average residential latitude, the Ranch Hand prevalence of verified basal cell carcinoma (8.3%) was significantly greater than that of the comparison subjects (6.2%) (OR = 1.5; 95% cr, 1.0 to 2.1) (Talil. 9). Of the 78 Ranch Hands with basal cell carcino­mas, 24 (30.8%) had two or more occur­rences of this malignancy. The corre­sponding number for the comparison population was 15 (19.7%) of 76. The 
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Comparison Subjects 
Range'" Ho. Medlsn' Rsnge' 0.0-42.6 239 4.7 0.0-18.5 

1.1-35.9 53 4.5 2.2-7.9 3.1-24.9 11 4.3 0.0-6.0 0.0-195.5 137 4.0 0.0-12.7 
0.0-617.7 416 3.9 0.0-54.8 0.0-617.7 658 4.2 0.0-M.8 

frequencies of participants who bad squamous cen carcinoma were small: six Ranch Hands (0.6%) and five compari­son subjects (0.4%) (OR= 1.6; 95% CI, 0.5 to 5.1). Four Ranch Hands (0.4%) and four comparison subjects (0.3%) had melanoma (OR = 1.3; 95% cr, 0.3 to 5.2). For all sun-exposure-related skin cancer, the Ranch Hand prevalence (9.4%) was significantly higher than that of the comparison cohort (6.9%) (OR= 1.5; 95% cr, 1.1 to 2.0), primarily due to the excess of basal cell carcinoma. The cumulative percentages of Ranch Hands and comparison subjects with verified malignant systemic cancer 

(2.1% vs 1.6%) were not significantly different (OR = 1.2; 95% cr, 0.7 to 2.3). Of the Ranch Hands and comparison subjects with systemic cancer, Ranch Hand vs comparison population counts by selected site were as follows: non­Hodgkins lymphoma (one vs zero), bronchus and lung (three vs three), co­lon and rectum (one vs three), kidney and bladder (five vs three), prostate (two vs five), testicles (three vs zero), connective and other soft tissue (one vs one), and Hodgkin's disease (zero vs one). 
Results of TCDD testing thus far in­dicate that: (1) comparison subjects have background levels; (2) Ranch Hands have higher current TCDD lev­els than comparison subjects; and (3) among Ranch Hands, nonflying enlisted personnel have the highest levels and officers have the lowest (Table 10). Several hundred other medical condi­tions were evaluated particularly dur­ing the dermatologic, immunologic, and general physical examinations. Mostly, these conditions were found with simi­lar frequency in the two cohorts. 

COMMENT 
The purpose of the Air Force Health Study is to evaluate health effects that may have resulted from exposure to herbicides or their TCDD contaminant. On examination, we found few differ­enCeS between the cohorts. Most of the significant differences observed were inconsistent with current knOWledge re­garding the effects of TCDD exposure or were of minor clinical consequence or both. 

Cancer is a major suspect disease following exposure to chlorophenols, phenoxyherbicides, and TCDD. Both systemic cancer and skin cancer were key end points of this study. We have emphasized group contrasts on aggre­gations of disease and separately have considered basal cell carcinoma, sun-re­lated skin cancer, and systemic cancer. Adjusted analysis of the lifetime preva­lence of basal cell carcinoma in nonblack participants revealed significantly more disease among Ranch Hands. However, we found no group differences regard­ing actinic keratosis, actinic elastosis, or cutis rhomboidalis-three clinical in­dicators of sun-related skin damage. H We found no overall group differences in the lifetime occurrence of systemic can­cer. In general, no evidence suggested that Ranch Hands were experiencing significantly increased systemic cancer at any particular site. 
Since chloracne is established as a fre­quent sequela to heavy exposure to cblorophenols and TCDD,"" the der­matologic evaluation was a major com-
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ponent of the physical examination. 
Althongh Ranch Hands reported sig­

nificantly more post-Southeast Asia 
acne than comparison subjects, we 
found no evidence of current or past 
chloracne in the Ranch Hands. This, 
compared with the high incidence of 
persistent chloracne in heavily exposed 
industrial workers2</,21 and children ex­
posed to TCDD in the Seveso, Italy, 
accident," suggests that while the 
Ranch Hand exposure was statistically 
significantly greater than that of the 
comparison popUlation, it was insuffi­
cient to produce chloracne. The absence 
of chloracne during or since their TCDD 
exposure in Vietnam is consistent with 
the apparent lack of chloracne-associat­
ed health effects in Ranch Hands. 

Cardiac and peripheral vascular dis­
eases are not generally recognized se­
quelae of exposure to TCDD. In two 
recent studies using similar cohorts 
from a chemical plant in Nitro, WVa, no 
sig1lificant cardiac impairments were 
de~cted in exposed workers. m." How­
ever, one study found significantly low­
er levels of high-density lipoprotein cho­
lesterol in individuals with persistent 
chloracne than in individuals with only a 
history 'of chloracne or without chlor­
acne," Additionally, a study in Times 
Beach, Mo, noted a borderline statisti­
cally significant increased number of 
subjects with diminished peripheral 
pulses in the exposed group, ~,~ These 
studies suggest that exposure to TCDD 
does not directly affect cardiovascular 
function, although the possibility exists 
that TCDD exposure might alter car­
diovascular risk factors and that the al­
teration may lead to increased disease, 
This causal argnment is not supported 
in this study, We found no significant 
group difference regarding total choles­
terol level, high-density lipoprotein 
cholesterol level, the cholesterol-to­
high-density lipoprotein ratio, or tri­
glyceride levels, 

We found a significantly greater per­
centage of Ranch Hands with femoral 
pulse deficits, but this finding was in-
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Health Status of Air Force 
Veterans Occupationally Exposed 
to Herbicides in Vietnam 
II. Mortality 
Joel E. Michalek, PhD; William H. Wolfe, MD; Judson C. Miner, DVM 

The Air Force Health Study is a 20-year comprehensive assessment of the 
current health of Air Force veterans of Operation Ranch Hand, the unit responsi­
ble for aerial spraying of herbicides in Vietnam. This report compares the 
noncombat mortality of 1261 Ranch Hand veterans to that of a comparison 
population of 19 101 other Air Force veterans primarily involved in cargo mis­
sions in Southeast Asia but who were not exposed to herbicides. The iridirectly 
standardized all-cause death rate among Ranch Hands is 2.5 deaths per 1000 
person-years, the same as that among comparison subjects. After adjustment 
for age, rank, and occupation, the all-cause standardized mortality ratio was 1.0. 
In adjusted cause-specific analyses, we found no significant group differences 
regarding accidental, malignant neoplasm, and circulatory deaths. These data 
are not supportive of a hypothesis of increased mortality among Ranch Hands. 

THE United States Air Force has un­
dertaken a 20-year prospective health 
study, the Air Force Health Study, of 
Operation Ranch Hand members, the 
personnel responsible for aerial herbi­
cide spray operations in Vietnam. This 

See also p 1824. 

is the second of two articles in THE 
JOURNAL concerning the health status 
and mortality of these veterans. The 
first report focuses on physical health. ' 
In this report, we describe the mortality 
of the Ranch Hands relative to a com-
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parison population of Air Fbree veter­
ans who served in Southeast Asia dur­
ing the period of spraying and who were 
involved with C-130 aircraft operations 
but not with spraying herbicides. 

SUBJECTS AND METHODS 
Fbr mortality assessment, the ex­

posed population was taken as all indi­
viduals who were assigned to Air Fbree 
organizations responsible for the aerial 
spraying of herbicides and insecticides 
in Vietnam. The comparison population 
consists of all Air Fbrce veterans who 
concurrently were assigned to a variety 
of C~130 aircraft units throughout 
Southeast Asia. The C-130 aircrew and 
support personnel were selected be­
cause their population was large, they 
had training and psychological back­
grounds similar to the Ranch Hands, 

and they were not occupationally ex­
posed to herbicides in Vietnam. Both 
cohorts were identified from historical 
data sources at the National Personnel 
Records Center, St Louis, Mo, and the 
US Air Force Human Resources Lab­
oratory, Brooks Air Force Base, Tex. 
During population ascertainment, vet­
erans killed in action during the Viet­
nam war were excluded because Ranch 
Hand combat deaths were not caused by 
herbicide exposure. Twenty-two Ranch 
Hands and 98 comparison subjects were 
killed in action in Vietnam.' The Ranch 
Hand cohort, as currently known, num­
bers 1261 individuals. The comparison 
population consists of 19101 Air Force 
veterans. 3 Air Force personnel without 
military service in Vietnam were ex­
cluded from the study because our ob­
jective was to determine the effects of 
herbicide exposure rather than the ef­
fects of service in Vietnam. 

Mortality Determination 
and Population Tracking 

The mortality of Ranch Hands and 
comparison subjects was ascertained 

Members of the AdviSOry Committee on Special 
Studies Relating to the Possible Long-term Health Ef­
fects of Phenoxy Herbicides and Contaminants include 
the following: Robert W. Miller, MD, MPH, DrPh (Chair­
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George W. Comstock, MO, MPH, DrPH, Jan M. Fried­
man, PhD, Kathleen Kreiss, MO, Leonard T. Kurland, 
MD, DrPH, Richard A. Monson, MO, ScD, Norton Nel­
son, PhD, Herbert Pardes, MD, and Craig Ramey, PhD. 
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using USAF Military Personnel Center Table 1. -Cumulative Person-Years, Deaths, Death Rates, Adjusted Expected Deaths, Standardized 
records, the Veterans Administration Mortality RatIos, and 95% Confidence Intervals 

Death Beneficiary Identification and -------~~~~-----"'!!'~~~'!!'".~~------­Ranch Hands Comparison Subjects 
Record Location System, and the Inter­
nal Revenue Service database of active 
social security account numbers. Death 
certificates were ordered from the vital 
statistics department of the appropriate 
state or foreign country. Classification 
of the underlying cause of death fol­
lowed National Center for Health Sta­
tistics decision tables.' Among the de­
ceased, 34 (46%) of74 Ranch Hands and 
268 (25.8%) ofl038 comparison subjects 

Stratum 

Officers 

Enlisted 
personnel 

Flyers 

Nonflyers 

All 
personnel 

No. of 
Person-

Years 
.248 

15716 

12848 

12116 

2496" 

Adjusted 
No. No.of 
of Expected 

Deaths'" Death. 
26 27.8 

48 46.3 

37 43.6 

37 30.5 

7" 74.1 

Adjusted 
No. of No. Standardized Adjusted 

Person- of Mortality 95"10 Confidence 
Vears Death. . Ratio Interval 

111080 334 0 .• 0.6-1.3 

274180 704 1.0 0.7-1.3 

161100 520 0.8 0.6-1.1 

224150 518 1.2 0.8-1.6 

385250 1038 1.0 0.8-1.2 

underwent autopsy. "'Per 1000 person-years. 

Data Analyses 
The analyses in this report are based 

on cumulative mortality as of December 
31, 1987 (verified as of April 1, 1988.) 
Death certificates were received by 
April 1, 1988, for all but two Ranch 
Hand and 22 comparison population 
deaths occurring on or before December 
31, 1987; these 24 deaths were excluded 
from this report. Adjusted standard­
ized mortality ratios (SMRs) and their 
two-sided 95% confidence intervals 
(CIs) were calculated following a re­
gression approach' that accounted for 
age and calendar year in 5-year inter­
vals, with additional adjustment for 
rank (officer or enlisted personnel) and 
occupation (flyer or nonflyer). The SMR 
method was preferred over two-sample 
procedures, such as the proportional 
hazards model, because it appropriately 
treats the comparison population death 
rates as fixed rather than as unknown 
parameters and because the method is 
related closely to current epidemiologic 
practice. All analyses were unadjusted 
for the effect of race because there were 
too few blacks (6.1 %) in the Ranch Hand 
group to permit adjustment. As a gen­
eral approximation, if a 95% CI excludes 
1.0, the SMR can be considered statisti­
cally significantly different from 1.0 
(P<.05). Throughout this report, sta­
tistically significant SMRs are foot­
noted. Due to rounding, some CIs appear 
to contain 1. 0 when in fact they do not. 

These analyses were adjusted, when­
ever possible for military occupation 
and rank due to known socioeconomic 
and suspected 2,3,7,8-tetrachlorodi­
benzo-p-dioxin (TCDD) exposure dif­
ferences among Ranch Hands. With few 
exceptions, enlisted personnel were·not 
college educated and officers were col­
lege graduates. Additionally, current 
TCDD assay results' suggest that 
among Ranch Hands, enlisted person­
nel were more heavily exposed to 
TCDD than were officers and that, 
among enlisted Ranch Hands, nonflyers 
were more heavily exposed than were 
flyers. 
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Table 2.-Ranch Hand All-Cause Mortality 

No. No. of Standardized 
No. of Years Since of Expected Mortality 95% Confidence 

Interval Start of Tour Deaths 

s5 15 

>5 W 

Allyeara 74 

"'Unadjusted. 
tAdjusled. 

Deaths 

15.7* 

73.5t 

74.1t 

The statistical power of this study is 
limited by the size of the Ranch Hand 
group. Based on two-sided testing, this 
study has a power of 96% for detecting a 
relative risk of 1.5 regarding cumula­
tive all-cause mortality. Regarding 
deaths caused by malignant neoplasm, 
the power to detect a relative risk of 1.5 
is 53%; the corresponding power to de­
tect a relative risk of 2.0 is 94%. This 
study has insufficient power to detect 
small or moderate increases in Ranch 
Hand death rates specific to rare can­
cers, such as soft-tissue sarcoma and 
lymphoma. 

In this study, the date of entry into 
follow-up is the date of the start of the 
first tour of duty qualifying the individ­
ual for inclusion in the study. The Ranch 
Hand unit was active from August 1961, 
to May 1972, although the actual spray 
operations took place between January 
1962 and October 1971. The date of data 
analysis is, effectively, December 31, 
1987. Throughout this report, person­
years are rounded to the nearest year. 

'!bur dates for 179 (0.9%) of 19101 
comparison subjects were unavailable 
when analyzed. Rather than exclude 
these 179 (none of whom died on or be­
fore December 31, 1987) from the tables 
and analyses, their missing tour dates 
were replaced with randomly generated 
dates produced by a random number 
generator and distributed in the same 
way as the tour dates of the remaining 
8789 unmatched comparison subjects.' 
These generated dates add negligible 
error to the comparison person-years 

Ratio 

1.0'" 0.5-1.4'" 

0.8t Q.6-1.0t 

1.0t 

and allow use of the full comparison pop­
ulation for future reference. 

RESULTS 
All-Cause Mortality 

After adjustment, Ranch Hand mor­
tality (74 deaths) was found not signifi­
cantly different from that expected rel­
ative to the comparison popUlation (74.1 
deaths) (SMR, 1.0; 95% cr, 0.8 to 1.2) 
(Table I). All within-strata 95% CIs con­
tained 1.0. 

Temporal changes in the SMR were 
investigated by restricting attention to 
5 or fewer years since the start of the 
tour of duty in Southeast Asia and then 
to more than 5 years since start of the 
tour (Table 2). Because of sparse data 
analyses of deaths within 5 years of the 
start of the tour were unadjusted. Ana­
lyses of deaths after 5 years and over all 
years were fully adjusted. 

During the first 5 years from start of 
the tour, the SMR ranged from 1.2 for 
officers to O. 7 for enlisted personnel (not 
shown). For deaths occurring after 5 
years since the start of the tour, the 
rank and occupation-specific SMRs 
ranged from 1.1 for nonflying enlisted 
personnel to 0.6 for officers. All of the 
rank- and occupation-specific CIs con­
tained 1.0. 

Cause-Specific Results 
Cumulative Ranch Hand and compar­

ison population mortality and unadjust­
ed SMRs are summarized by cause in 
Table 3. Unadjusted CIs are shown only 
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for accidental, malignant neoplasm, cir­
culatory disease, and digestive system 
disease deaths because of the sparse­
ness of data in the other categories. The 
death rates in Table 3 are based on the 
total number of Ranch Hand person­
years given in Table 1. 

Without adjustment, Ranch Hands 
are experiencing more than the expect­
ed number of accidental deaths (SMR, 
1.2), fewer than the expected number of 
deaths caused by malignant neoplasm 
(SMR, 0.8) and more than the expected 
number of deaths caused by circulatory 
system disease (SMR, 1.3), but all of the 
corresponding 95% CIs contain 1.0. The 
unadjusted SMR for deaths caused by 
diseases of the digestive system is sig­
nificant (SMR, 2.5; 95% CI, 1.0 to 5.4). 
Five of six Ranch Hand digestive dis­
ease deaths were caused by alcoholic 
liver disease; the other was caused by 
other sequelae of chronic liver disease. 
Digestive system deaths among Ranch 
Hands are distributed by rank and occu­
pation: two flying officers, two flying 
enlisted personnel, and two nonflying 
enlisted personnel. 

Adjusted analyses that contrast 
Ranch Hands with all comparison sub­
jects on accidental, malignant neo­
plasm, and circulatory deaths revealed 
no significant group differences (Table 
4). Similar analyses of digestive system 
deaths could not be carried out because 
the number of digestive system deaths 
among Ranch Hands were too few for 
meaningful adjustment. 

After adjustment, Ranch Hands 
were found to have experienced more 
accidental deaths (SMR, 1.2) and deaths 
caused by circulatory system disease 
(SMR, 1.1) and fewer deaths caused by 
malignant neoplasm (SMR, 0.7), but all 
of the 95% CIs contained 1.0. None of 
the SMRs shown in Table 4 changed 
significantly with rank and occupation. 

Elaboration of cumulative malignant 
neoplasm mortality by site (Table 5) and 
morphological characteristics (Table 6) 
shows that the 12 malignant neoplasms 
among Ranch Hands are distributed 
widely and in a pattern similar to that in 
the comparison population. Regarding 
site, approximately 40% occurred in the 
lung in both groups. One Ranch Hand 
and one comparison subject have died of 
soft-tissue sarcoma. No Ranch Hands 
and 10 comparison subjects have died of 
lymphoma. The death rates in Tables 5 
and 6 were computed with the total 
within-group person-years shown in Ta­
ble 1. 

Temporal changes in cause-specific 
SMRs were assessed by restricting the 
follow-up period to 5 or fewer years 
since the start of the tour and then to 
greater than 5 years since the start of 
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Table 3.-UnadJusted Cumulative Cause-Specific Mortality Among Ranch Hands 

No. No.of Standardized 95% 
of Death Expected Mortality Confidence 

Cause Deaths Rate* Deaths Ratlo Interval 

Accidental 22 88.1 18.8 1.2 0.7-1.7 

Suicide 3 12.0 4 .• 

Homicide 2 •. 0 1.3 

Malignant neoplasm 12 48.1 14.6 0 .• 0.4-1.3 

Circulatory system disease 25 100.1 20.0 1.3 0.8-1.7 

Digestive disease • 24.0 2.4 2.5t 1.0-5.4 

Endocrine disorder 1 4.0 0.2 

III defined 2 •. 0 0 .• 

Unknown 4.0 0.1 

"'Per 100000 person-years. 
tSignHicantly different from 1.0. 

Table 4. -Ranch Hand Adjusted Accidental, Malignant Neoplasm, and Circulatory System Disease Mortality 

Cause 
Accidents 

Malignant 
neoplasm 

Circulatory 
system disease 

Stratum 
Officers 
Enlisted personnel 
Flyers 
Nonflyers 
All personnel 

Officers 
Enlisted personnel 
Flyers 
Nonffyers 
All personnel 

Officers 
Enlisted personnel 
Flyers 
Nonflyers 
All personnel 

No. 
of 

Deaths 

• 
13 

13 

• 
22 

5 
7 

• • 
12 

• 
17 
10 

15 
25 

No.of Standardized 
Expected Mortality 96% Confidence 

Deaths Ratio Interval 
7 .• 1.2 0.5·2.3 

11.2 1.2 0.6·2.0 

12.2 1.1 0.5-1.6 

7.1 1.3 0.6-2.4 

18.4 1.2 0.7-1.7 

7.0 0.7 0.2-1.7 

••• 0.7 0.2-1.2 

10.4 D .• 0.2-1.2 

•. 5 a .• 0.3-2.0 

17.0 0.7 0.3-1.1 

••• D .• 0.4-1.8 

14.5 1.2 0.6-1.7 

13.2 0 .• 0.4-1.4 

••• 1.5 0.9-2.5 

23.6 1.1 0.6-1.5 

Table 6. -Cumulative Malignant Neoplasm Mortality by Site 

Ranch Hands Comparlso,n Subjects 

No. of 
S'te Deaths 

Lip, oral cavity, and pharynx 0 
Digestive organs and peritoneum 3 

Respiratory and intrathoracic organ 5 
Bone, connective tissue, skin, 

and breast 
Genitourinary organs 1 

Other and unspecified sites 2 

Lymphatic and hematopoietic tissue a 
Benign neoplasms a 
Neoplasms of unspecified nature a 

"'Per 100000 person-years. 

the tour. Causes of death were aggre­
gated to external causes (accidental 
deaths, homicides, or suicides) and to 
natural causes (malignant neoplasm, 
endocrine disease, circulatory system 
disease, or digestive system disease), 
The three deaths caused by ill-defined 
or unknown causes were excluded from 

Death No. of Death 
Rate'" Deaths Rate* 

0.0 11 2 .• 

12.0 50 13.0 
20.0 as 22.1 

4.0 12 3.1 

4.0 • 2.1 

•. 0 38 ••• 
0.0 22 5.7 

0.0 1 0.3 

0.0 2 0.5 

consideration. The results are shown in 
Table 7. Analyses of deaths occurring 
within 5 years and analyses of deaths 
caused by external causes after 5 years 
from the start of the tour were unad­
justed. All other SMRs shown in Table 7 
are fully adjusted. 

Regarding external causes, Ranch 
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Table 6. -Cumulative Malignant Neoplasm Mortality by Morphological Type 

Ranch Handa Comparison Subjects 

No. of Death No. of Death 
Morphological Type Death. Rate" Death. Rate" 

Neoplasms NOSt 4 16.0 70 18.2 

Epithelial neoplasms NOS 5 20.0 62 16.1 
Papillary and squamous-cell neoplasms 0 0.0 16 4.1 

Adenomas and carcinomas 4.0 29 7.5 

Complex epithelial neoplasms 0 0.0 0.3 

Nevi and melanomas 4.0 • 2.3 

Fibromatous neoplasms 4.0 0 0.0 

"'Per 100 000 person-years. 
tNOS indicates not otherwise specified. 

Table 7.-Ranch Hand Cause-Specific Mortality 

No. of No. No.of Standardized 
YearaSlnce of Expected Mortality 95% Confidence 

Tour Cause Deaths Deatha Ratio Interval 

"5 Natural'" 0 21.9 
Extemalt 15 5.1 3.0:1: 1.5-4.5 

>5 Natural 44 48.4 0 .• 0.6-1.2 
External 12 24.8 0.5t 0.2-0.8 

All years Natural 44 48.4 0 .• 0.6-1.2 
External 27 24.8 1.1 0.7-1.5 

"'Deaths from malignant neoplasm, endocrine disease, circulatory system disease, or digestive system disease. 
tAccidental deaths, homicides, and suicides. 
:l:Significantly different from 1.0. 

Hands have experienced significantly 
more deaths than expected within 5 
years of the start of the tour (SMR, 3.0; 
95% CI, 1.5 to 4.5) and significantly few­
er deaths than expected after 5 years 
since the start of the tour (SMR, 0.5; 
95%CI, 0.2toO.8). Thirteenof15 Ranch 
Hand deaths caused by external causes 
within 5 years of the start of the tour 
were accidental and two were suicides. 
Of the 13 accidental deaths, 10 were 
caused by noncombat military aircraft 
accidents, two were motor-vehicle acci­
dent fatalities, and one was a motorcy­
cle accident death. Only one of 13 acci­
dental deaths, the motorcycle accident 
fatality, was attributable to alcohol 
consumption. 

COMMENT 
An evaluation of cumulative and all­

cause mortality revealed no statistically 
significant differences between Ranch 
Hands and comparison subjects, after 
adjustment for rank, occupation, date of 
birth, and calendar time in 5-year 
intervals. 

In adjusted cause-specific analyses, 
we found no significant group differ­
ences regarding accidental, malig­
nant neoplasm, and circulatory disease 
deaths. However, in an unadjusted 
analysis, we found that Ranch Hands 
have experienced significantly more 
than the expected number of digestive 
system deaths (SMR, 2.5; 95% CI, 1.0to 

JAMA. October 10. 1990-VoI264. No. 14 

5.4). All of the six Ranch Hand digestive 
system disease deaths were liver-relat­
ed and five of these were attributable to 
alcohol abuse. We consider this finding 
unrelated to Agent Orange exposure 
because these deaths were uniformly 
distributed across the three occupation­
al categories. 

During the first 5 years since the start 
of duty in Southeast Asia, we found ex­
cess Ranch Hand deaths caused by ex­
ternal causes, mostly caused by non­
combat military aircraft accidents. 
Ranch Hand deaths caused by external 
causes after 5 years were significantly 
lower than expected. Ranch Hand mor­
tality was similar to that expected re­
garding natural causes after 5 years 
from the start of duty in Southeast Asia 
and over all years. 

Our results can be compared with 
three previous cohort studies. The first' 
was conducted by the Centers for Dis­
ease Control, Atlanta, Ga, and com­
pared the noncombat mortality of US 
Army veterans who served in Vietnam 
to similar veterans who did not serve in 
Vietnam. The second was conducted by 
the Australian government' and com­
pared the mortality of Australian Army 
veterans who served in Vietnam to that 
of army veterans who did not serve in 
Vietnam. The third' was a mortality 
study of Dow Chemical workers com­
pared with age-specific death rates 
among the white male population of the 

United States. The studies from the 
Centers for Disease Control and Aus­
tralia addressed the general effects of 
service in Vietnam and the study from 
Dow addressed exposure to chlorinated 
dioxins on mortality. 

A 27% excess of external-cause mor­
tality among US Army Vietnam veter­
ans within 5 years of discharge and an 
excess of 30% external-cause deaths in 
Australian Army Vietnam veterans are 
similar to what is seen here, although 
the underlying patterns are different. 
In the Centers for Disease Control 
study, the .excess was attributed to mo­
tor-vehicle accidents and in the Austra­
lian study it seemed to be caused by a 
combination ofmotorwvehicle accidents, 
homicides, and suicides. The Ranch 
Hand mortality rate increase was large­
ly caused by noncombat military air­
craft accidents (five Ranch Hands were 
killed in a single aircraft accident within 
1 year of the start of their Southeast 
Asia tour). 

Ranch Hand and Australian Vietnam 
veterans have experienced increased 
circulatory system disease mortality, 
while the Centers for Disease Control 
found US Army Vietnam veterans ex­
periencing less than the expected car­
diovascular disease mortality. We have 
no explanation for these inconsistencies 
other than the Ranch Hand increase is 
not statistically significant and could be 
caused by random fluctuation. 

The elevated digestive system dis­
ease mortality among Ranch Hands, al­
though probably unrelated to Agent Or­
ange exposure, is consistent with 
similar elevations among exposed Dow 
employees and Australian Vietnam vet­
erans. In the Dow study there were five 
deaths from diseases of the stomach and 
duodenum vs 2.7 expected; cirrhosis of 
the liver increased with duration of em­
ployment. In the Australian study, six 
of seven digestive system disease 
deaths among Vietnam veterans were 
caused by alcohol consumption. Diges­
tive system disease mortality was 
approximately equally distributed be­
tween Vietnam and non-Vietnam veter­
ans in the Centers for Disease Control 
study. 

Our finding of no significant group 
difference regarding aggregate mortal­
ity caused by malignant neoplasm is 
consistent with findings in all three 
studies. None of the cited studies found 
increased cancer mortality in their 
study groups. 

In the hypothetical case that Ranch 
Hand mortality is the same as that ofthe 
comparison population, about 5% of the 
many 95% CIs in this report should be 
expected to exclude 1.0. Confidence in­
tervals for three (9%) of33 odds ratios in 
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this report exclude 1.0. The observation 
of significant results due to mUltiple 
testing, even when there is no group 
difference,. is known as the multiple 
testing artifact and is common to all 
large studies. Awareness of this arti­
fact has tempered our interpretations. 
Each finding was assessed regarding 
strength of association, internal and ex­
ternal consistency, and biologic cred­
ibility. 

In any epidemiologic study, the possi­
bility that bias in design or conduct may 
have affected the findings needs to be 
considered. It is unlikely that these re­
sults are biased due to differential re­
porting because the availability of death 
records is not influenced by group mem-
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However, there was a statistically sig­
nificant increase in digestive system 
disease deaths among Ranch Hands rel­
ative to the comparison population; 
these findings were not suggestive of a 
herbicide effect. Ranch Hands were not 
different from all comparison subjects 
in cumulative accidental, malignant 
neoplasm, and circulatory system dis­
ease mortality. 
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