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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 hot 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 raported
health problems, diagnosed skin conditions, and hepatic, cardiovascular, and
immune profiles. Ranch Hands have experienced significantly more basal celt
carcinomas than comparison subjects. The two groups were not different with
respect to melanoma and systemic cancer.

(JAMA. 1990;264:1824-1831)

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

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

Seecalso p 1832,

have adversely affeeted their health
and, perhaps, that of their children. Un-
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troops whe gserved 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 during 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, 2,8,7,8-tetra-

chlorodibenzo-p-dioxin (TCDD). Ranch
Hands were exposed to herbicides dur-
ing flight operations and maintenance of
the aireraft and herbicide spray equip-
ment. These men flew or maintained the
spray aireraft 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 of Op-
eration Ranch Hand with a comparison
group of other Air Force veterans in-
volved in C-180 aircraft missions in
Southeast Asia. C-130 air and ground
crew personnel were selected to serve
ag controls because they are Air Force
veterans, they served in Southeast
Agia, they were not oceupationally 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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Studies Relating to the Possibte Long-term Health Ef-
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man), Charles C. Brown, PhD, Julianne Byme, PhD,
George W. Comstock, MD, MPH, DrPH, Jan M. Frisd-
man, PhD, Kathleen Kreise, MD, Laonard T. Kurland,
MD, DrPH, Richard R. Monson, MD, ScD, Norton Nal-
son, PhD, Herbert Pardes, MD, and Craig Ramey, PhD.
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parison group was riot 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 meortality, in-
person interviews, physical examina-
tions, and psychological testing. Physi-
cal examinations were administered in

1982 (baseline), 1985, and 1987*; future
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examinations are scheduled to occur in
1992, 1997, and 2002,

This is the first of two articles about
the health and mortality of these veter-

ans in THE JOURNAL. This first report .

focuses on gelected parameters of physi-
cal health as determined at the physical
examination conducted in 1987 and the
second’ summarizes cumulative mortal-
ity through 1987.

SUBJECTS AND METHODS

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 (officér pilot, officer
navigator, nonflying officer, enlisted
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flight engineer, and nonflying enlisted
personnel). A total of 10133 matched
comparison subjects were selected from
the population of all 19101 Air Force
veterans primarily involved in air cargo
operations in Southeast 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 designated
“original comparison subjects.” 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.™

The eligible study cohort initially was

Table 1.—Scripps Clinic and Ressarch Foundation
Nomal Ranges

Normal

Range
Total billrubin level <25.6 pmol/L
Triglyceride levels =9.,61 mmol/L

Cholesterol levels

Total <6.7 mmoliL
High-density lIpoprotein >0.6 mmol/L
2-h postprandial glucose level® <7.8* mmolL
Alkaline phosphatase lavel =136 UL
Alanine aminoivansferase lovel 3-36 UL
Aspartale aminotransferase level 27-47 UL
vGlutamyltransferase lavel 15-85 Uil
Erythrocyte sedimentation rate 0-20 mm/h

*Impaired rangeis 7.81011.1 mmaliL; diabetic range,

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%
(944/1045) 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 design-
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 examinee’s 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-
says® were performed on an autoana-
Iyzer (Dupont ACA III, Wilmington,
Del). - S
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 gquery:
“Since the last interview has a doctor
told you that you had. . . ?” Anaffirma-
tive response was followed by requests
for the date of diagnosis, the name and
address of the physician who made the
diagnosis, and the names of the pre-
seribed 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-

grester than or aqual to 11.1 mmoi/L.
Table 2.—Demographic and Military Characteristics of Ranch Hands and Table 3.—Socioaconomic and Behavioral Characteristics of Ranch Hands and
Comparison Subjects Comparison Subjects
GComparison Ranch Handa, % Comparigons, %
Ranch Hande Subjects Characteristlc {n=995) (n=1208)
Characieristic {n=895) (n=1269) Marital status at 1987 follow-up
Mean age, y, at 1987 Marriad 83.2 84.4
follow-up 48.8 48.4 o 9 ” -
ivorced, separated, or .
Race, % nonblack 94.3 938 widowed 18 ° . 128
Military occupation,* % - -
Officer 301 38.1 Never martled 3.0 ) 28
Enlisted flyer . . 17.2 16.3 Educatlon
Enlisted ground crew 44.7 45.8 High school graduate or less 51.5 49.7
Mean age..y, at enlisiment 19.4 19.4 College graduate® 455 50.3
Year of enlistment,
% beforg 1962 58.5 56.0 Current alcoho! use, % >1 and .
Duration of service in ) ’ =4 drinkafd 174 : 17.4
Southeast Asia, Mo AR . .
95th percentila A 2.0 14.0 Lifstime drink-years.t % >0 80.2 - Nn7
50th percentile . S 120 _ 180 Current smokers” 35.9 30.9§
75th percartile L Ll 1A 28.0 : : T —
L i f s . .
Curremt milary stalus, % S — Lifetime pack-yeare,t % >0 7a.2 721
Active duty : 52 . 55 Personal income, % >$30,000 51.1 ©48a
Retired S BTAC . 56.2
Separated T T a0 318 ~ *Assoclate degree or higher. ] - _
i - o - tDefined as the equivalent of drinking 1.5 oz of B0-proof alcoholic beverage per
Reaserve 2 : o 58 day for 1 year. )
- $Defined as the equivalent of smoking one pack of cigaretiea per day for 1 year.
§Statistically signlficant. '

£0.9% of aach group have dleﬁ%ﬁf_ﬂe, )
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Tabte 4.—Current Health Status and Selected Reported and Verifled Health Conditions Among Ranch

Hands and Comparison Subjects

% Positive
Comparlson
Ranch Hands Subjects Odds 95% Confidence
Health Condition (n=1985) . (n=1299) Ratlo Intarval
Perceived health as "fair" or
"poor” 6.7 67 1.0 0.7-1.4
Prascribed medication use 31.5 30.2 1.1 0.9-1.3
Current thyroid disease - 4.1 4.2 1.0 0.8-1.5
Acne*
Lifatime 42.0 37.3 1.2§ 1.0-1.4
After Southeast Aslat 13.9 2.4 1.6§ 1.1-21
Ulcerst 71 7.3 1.0 0.7-1.4
Hepalitisy 38.7 40.6 0.9 0.8-1.1
Chronic liver disease and
cirrhosisf
Alcohol related 4.6 39 1.2 0.8-1.8
Not alcohol mlated 1.1 0.7 1.6 0.7-3.9
Other liver congitions 9.4 74 1.3 0.9-1.7
Kidney diseasa or atones 10.9 11.0 1.0 0.8-1.3
Peripheral disorders 14.2 147 1.0 0.8-1.2
Erythrocyte sedimentation rate,
% abnommal 7.0 4.2 1.7§ 1.2-2.5

*No chloracne Infarred.

TReporied as present efter the participant's Southeast Asia tour of duty.

tVarlfled.
§Significantly dlfferent from 1.0.

Table 65.—Prevalence of Selected Skin Conditions Noted During Dermatologic Examinations

L ]
. % .

' Comparison
Ranch Handa Subjects Odds 86% Confidence
Condltlon {n=995) {n=1299) Ratio Interval

Chloracne 0.0 0.0 S ...
Inclusion cysts 10.8 10.5 1.0 0.8-1.3
Acneiform lesions 10.2 11.2 0.9 0.7-1.2
Acneiform scars 119 10.7 1.1 0.8-14
Comedones .4 229 0.9 0.8-1.1
Hyperpigmentation 14.7 16.8 0.9 0.7-1.1
Depigmentation 6.6 6.4 1.0 0.7-1.8
Dermatology index*

0 61.2 81.6

1 27.4 25.7

2 - 8.4 2.3 1.0 0.8-1.2

3 2.0 27

4 - 0.8 0.7
Aclinic keratosis 33.8 253 1.4 0.9-1.4
Actinic slastosis 00 0.2 L L
Cutis rhomboldalist 0.2 0.2 1.3 0.2-9.3
Other abnormalities 76.3 748 1.1 0.9-1.3

*Indicates the number of diagnoses of comedones, acneiform lesions, acnetform scars, or inclusion cysts;

analyzed as an ondinal varlabls.
A form of actinic keratosis.

cation of Diseases, Ninth Revision,
Clinical Modification.’ Invasive proce-
dures. to detect evidence of systemie
cancer were not used at the physical

examination. The cumulative preva-

lence of verified conditions in the sur-
viving ecohort was analyzed. Mortality
was analyzed and reported separately.
Malignant skin neoplasms were cate-
gorized as basal cell carcinoma, squa-
mous cell carcinoma, melanoma, and
malignant “sun-exposure neoplasms”

JAMA, QOctober 10, 1990--Vol 264, No. 14

(defined as basal cell carcinomas, squa-
mous cell carcinomas, melanomas, and
malignant epithelial neoplasms not oth-
erwise specified), The latter diagnostie
category was included because these le-
gions 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 Seripps Clin-
ic and Research Foundation normal
ranges (Table 1). The normal range for

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

Statistical Methods

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 procedures®® from
which odds ratios (ORs) or means and
associated two-sided 96% confidence in-
tervals (CIs) were estimated. Stepwise
entry and exit criteria for all covariates
were set al .05. Statistically significant
results (P<.06) are footnoted through-
out this report. These analyses included
the following three primary eovariates:
age, race, and military occupation (offi-
cer, enlisted flyer, or enlisted nonflyer),
which wereretained only if not 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 sun-
related skin cancer were adjusted for
two sun reaction indexes and average
lifetime residential latitude. Qne of
these indexes categorized participants
to one of three levels according to their .

- reported skin reaction after at least 2

hours of gun exposure (burns painfully
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°.°
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 typés 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 careinoma, 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.—Provalence of Cardlovascular Conditions*

m

*Diabetics excluded.
1Significantly different from 1.0.

%
Comparison
Rench Hands Subjecta Odds 95% Confidence
Condition (n =865) {n=1130) Ratio Interval
Bradycardia 4.2 6.2 0.7 0.5-1.0
Electrocardiographic abnormality 15.7 17.8 0.9 0.7-1.1
Heart sound abnormality 4.0 4.6 0.9 0.6-1.3
Nonspecifle T-wave
abnormality, No. of pack-yoars
[} 8.5 10.5 0.5 0.3-1.0
>0-10 7.0 10.4 a7 0.4-1.2
=10 15.4 12.4 1.4 0.9-2.0
Pulses
Radial : 0.2 0.8 .03 0.1-1.3
Femoral 2.2 0.9 2,51 1.2-5.6
Popliteal 2.4 28 1.2 0.7-21
Dorsalls pedis 124 9.8 1.3 1.0-1.7
Posterior tibkal
Differentlal cortisol level, nmol/L
=17 3.2 2.8 1.1 0.4-28
17-110 4.8 1.7 3.0t 1.1-8.7
>110 24 3.7 0.6 0.2-1.7
Peripheral 15.4 12.7 1.2 0.9-1.6
Funduscopic axamination 07 0.8 0.9 0.3-2.5
Carotid bruits : 1.0 04 .0 0.9-9.7 -
Verlfled heart disease} 38.4 a7za 1.1. 0.9-1.3
Verlfied easential hypertension§ 33.8 323 1.1 0.8-1.3
Verified myocardial infarction§ ) 44 46 0.9 0814

$Intemational Classlfication of Dissases, Ninth Revision, clinical modification codes 321, 393-398, 402, 404, 410-
417 or 420-429. Participants with hypertension or heart disease prior o service in Southeast Asia were excluded.
§Participants with hypartenslon or heart disease prior to service in Southeast Asla ware excluded.

Table 7.—Results of Immune Tests

b

Comparison
' Ranch Hands Subjects
Tost Statistic {n=377) {n=4717) P
Type of call :
cbh2 Meaan 1621 1602 &
95% CI* 1561-1684 1549-1656
CD4 Mean 911 a1 a1
95% CI 874-949 859-824 '
cD8 Maan 487 478 51
95% Cl 462-514 455-499 - )
cD20 Mean 174 171 57
95% CI 159-191 158-166 '
cD14 Mean 28 20
95% Ci 25-32 25-32 %9
cDa2s Mean 12 13 a5
95% Ci 11-14 12-14 ’
HLA-DR Mean 438 423 o7
95% CI 418-4E5 . 408-439 ’
CD4/CDa ratio Mean 1.8 1.9 -
95% G 1.7-1.9 1.8-2.0 :
Total lymphocyte count Mean 2006 1982 a0
95% Cl 1933-2081 1619-2047 ’

*Cl indicates confidence interval.

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

RESULTS

Demographic (Table 2) and current
socioecoriomic (Table 3) characteristics
of both groups were similar, Among
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those physically examined, 36.9% of
Ranch Hands and 30.2% of comparison
subjecta were current cigarette smok-
ers (OR =1.2; 95% CI, 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 agked to report

lifetime and post-Southeast Asia occur-
rences of acne; the ORs for lifetime acne
(OR=1.2; 95% CI, 1.0 to 1.4) and post-
Southeast Asia acne (OR = 1.6; 95% CI,
1.1to2.1) 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% CI,
1.2 to 2.5); however, only three partiei-
pants (two Ranch Hands and one com-
parison subject) had markedly elevated
levels (>>100 mm/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<.01); 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; 96% CI,
1.2 to 5.6). The OR for posterior tibial
pulses changed significantly with levels
of differential cortizol, an indicator of
stress (P<.01). Among veterans with
differential cortisol levels less than or
equal to 17 nmol/L and among those
with differential cortisol levels greater
than 110 nmol/L, the percentage of
Ranch Hands with posterior tibial ab-
normalities was not significantly differ-
ent from that of the comparison eohort.
Among veterans with differential corti-
sol levels betweenl7 and 110 nmol/L 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% CI, 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% CI, 91.1 to 95.7 and
comparison cchort mean, 90 U/L; 95%
CI, .87.8 to 92.1) were significantly dif-
ferent (P<.01), although the percent-
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Table 8. —Resuits of Selected Hapatic Function Tests

Maoan Levels

aminotransferase, L 267 265
y-GIutamyltransferase, UiL :
Alkaling phosphatase, U *
Total bilirubin, ol
Thglyceride, mmolL
Cholesterol, mmolL

Tatal

High-density lipoprotein

Cholestemlfhlgh-density )
Iipoproteln ratio 4.8

*Means significantly different,

Table 9.

Comparison

95%
Hands Subjects Ranch Comparison Odds  Confidence
Tost {n=995) (n=1209) Hands Subjects Ratio intervai
Alaning aminotransferase,

358 20.8 20.7 12.2 1.2 1.4 0.9-1.5
Aspartate -

-—Qccurrenqes of '\a_'erlﬂad Sfcin and 'Systemlc Mallgnancies After Southeast Asia Tour

: - No. (%} S
'_‘__—-—l\____’—‘

% Abnormal

48 . 4.2

0.8-1.8

: , _ Comparison ' 95%

" Typeof " ° - Hanch Hands Subjects Odds Confidence
‘Malignancy ; {n=095) {n=1299) Ratio _ " Interval
Basalcell . S .
carcinoma* .78 (8.3) 1.0:2.1
Sun-axposure— }

refated skin '

‘cancar* . .88 (9.4} 84 (6.9) 1.1-2.0
Systemic cancer 21 (2.4) 21 (1.6) 1.2 0.7-2.3

Sigatficantly different fram 1.0

- Stratum ._-_-No. Median*
Flying officars (pilot) 247 7.3

Flying officers :
{navigator) 83

Nonflyihg officers
Flying enfisted personneal 152 17.2

*In paris par trillion;

ages of Ranch Hands with abnormal Jev-

els were not significantly different from~

that of comparison subjects (OR=1.p;
96% CI, 0.7 to 1.6).

ter adjustment for the two sun re-
action indexes and average residential
latitude, the Ranch Hand prevalence of
verified basal cel] carcinoma (8.3%) was
significantly greater than that of the
comparison sihjects (6.2%) (OR=1.5;
%% CI, 1.0 to 2.1) (Table 9). Of the 78
Ranch Hands with basal cell carcine-
mas, 24 (30,8%) had two or more oceur-

rences of thig malignancy. The corre-

sponding number for the comparison
population wag 15 (19.7%) of 76, The
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*Nonblacks anly; 938 Ranch Hands and 1219 éomparlson subjects,

00426

Table 10.—-Serum 2.3,7,8-Tetrachlorodlbenzn-p-dloxin Levels '
. Ranch Hands Comparison Subjects
'__’_—ﬁ__——\ ‘__‘_—‘-____.

Nonflying enfisted '
petsonng! 407 23.6 0.0-617.7 416 3.9 0.0-54.8
All personnei 888 124 0.0-617.7 as56 4.2 0.0-54.8

No., Median*
239 4.7

Range'*
0.0-18.5

Range*

0.0-195,5 137 4.0 0.0-12.7

frequencies of participants who had
Squamous cell carcinoma were small: six
Ranch Handg (0.6%) and five compari-
son subjects (0,4%) (OR=1.8; 95% CI,
0.5 to 5,1). Foup Ranch Hands (0.49%)
and four comparison subjecta (0.3%)
had melanoms (OR =1.8; 959 CI, 0.3t
6.2). For all Sun-exposure-related skin
cancer, the Ranch Hand brevalence
(9.4%) was significant]y higher than
that of the comparison eohort (6.9%)
(OR =1.5;95% CI, 1.1 to 2.0), primarily
dueto the excess of basal cell carcinoma,

The cumulative percentages of Ranch

Hands and comparison subjects with
verified malignant systemic cancer

@.1% vs 1.6%) were not significantly
different (OR = 1.2, 95% CI, 0.7 to 2.3).
Of the Ranch Hands and comparison
subjects. with systemic cancer, Ranch
Hand vs comparison popuiation counts
by selected site were as follows: non-
Hodgking lymphoma
bronchus and lung (three v three), co-
lon and rectym (one vs three), kidney
and bladder (five vg three), prostate
(two vs five), testicles (three vs Zero),
connective and other soft tissue (one vg
one), and Hodgkins diseage (zero vs
one),

Results of TCDD testing thus far in-
dicate that: (1) comparison subjects
have background levels; (2) Ranch
Hands have higher current TCDD lev-
els than comparigon subjects; and (3)
among Ranch Hands, nonflying enligted
personnel have the highest levels ang
officers have the lowest (Table 10),

Several hundred other medical condj-
tions were evaluated particularly dur-
ing the dermatologic, immunologic, and
general physiea) €xaninations. Mostly,
these conditions were found with simj-
lar frequency in the two cohorts.

COMMENT

The purpose of the Ajp Force Health
Study is to evaluate health effects that
may have resulted from exposure to
herbicides or thejr TCDD contaminant,
On examination, we found few differ-
ences between the cohorts, Most of the
sigmificant differencey observed were
inconsistent with current knowledge re-
garding the effects of TCDD exposure
Or were of minor clinjeal consequence or
both, .

Cancer ig g major suspect diseage
following exposure to chlorophenols,
phenoxyherhicides, and TCDD, Both
Systemic cancer and skin cancer were
key end points of this study. We have
emphasized £roup contrasts on aggre-
gations of disease angd Separately have
considered bagal ce]) carcinoma, sun-re-
lated skin cancer, and systemic cancer,
Adjusted analysis of the lifetime breva-
lence of basal cell carcinoma in nonblack
participants revealed significantly more

or cutis rhomboidalis —three clinical in-
dicators of sun-related skin- damage. "
We found no overall group differences in
the lifetime ocenrrence of systemic cgn-
cer. In general, no evidence suggested
that Ranch Hands Were experiencing
significantly increased Bystemic cancer
at any particular site,

Since chloracne ig established as a fre.
quent sequela to heavy €xposure. to
chlorophenols and TCDD,*" the der-
matologic evaluation wag major com-
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ponent of the physical examination.
Although 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 workers™® and childrén ex-
posed to TCDD in the Seveso, Italy,
accident," suggests that while the
Ranch Hand exposure wag statistically
significantly greater than that of the
comparison population, it was insuffi-
cient to produce chioracne. 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-
eages 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
significant cardiac impairments were
detected in exposed workers.”” How-
ever, one study found significantly low-
er levels of high-density lipoprotein cho-
lesterol in individuals with persistent

chloracne thanin individuals withonly 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 argument 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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cofisistent with the lack of significant
group difference on popliteal pulse ab-
normality. Subgroup differences in pos-
terior tibial pulse deficits with levels of
different cortisol were inconsistent with
other pulse findings. Corresponding re-
sults from the 1985 examination using a
Doppler instrument instead of manual

palpation revealed no significant group .

differences.‘ The Doppler data together

with the lack of significant group differ- -

ences regarding hypertension, heart
disease, myocardial infarction, brady-
cardia, and electrocardiographic or
heart sound abnormality suggests that
these pulse findings are unrelated to
TCDD exposure,

Highly toxic to the immune system of
a number of animal species,”™ TCDD
has been shown to suppress CD20 celis
in mice.” Comparable adverse effects
have not been demonstrated consistent-
ly in humans.®* We found no significant
group differences regarding nine quan-
titative immunologic assays.

‘The liver is a major target organ
for single high-dose and chronic low-
dose exposure to chlorophenols and
TCDD.™* Numerous studies of indus-
trial exposure have demonstrated sig-
nificantly abnormal liver function test

results for direct bilirubin, alkaline

phosphatase, triglycerides, cholester-

ol, alanine aminotransferase, aspar-.

tate aminotransferase, and D-glucaric

- acid,™ gs well as altered porphyrin‘ex-

cretion™® following acute and subacute
exposures. The mean alkaline phospha-
tase level among Ranch Hands was sig-
nificantly different from (and greater
than) the mean in the comparison group,
but there was no group difference in the
percentage of subjects with abnormaily
high levels. Additionally, there were no
detectable differences between Ranch
Hands and comparison subjects regard-
ing eight other measures of liver
function.

Current Ranch Hand TCDD levels
are higher than those found in other
Vietnam veterans® but are lower than

those seen in industrial workers®* and
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The possibility that unintentional bi-
ages in design or conduct may have af-
fected these findings needs to be congid-
ered, Some of the increases in the
prevalence of self-reported conditions
among Ranch Hands could have been.
due to enhanced recall of these condi-
tions compared with the comparison
veterans or to different health care—
seeking practices. Such biases, howev-
er, should have had little effect on the
examination findings. - : :

In the hypothetical case that Ranch
Hand physical health is the same as that
of the comparison subjects, about 5% of
the many resultsin this report should be
expected to be statistically significant.
In this article, six (9%) of 64 results
were statistically significant. The ob-
gervation of significant results due to -
multiple testing, even when there is ne -
group difference, is known as the multi-
ple testing artifact and is common to all
large studies. Awareness of this artifact
has témpered ourinterpretations. - o

The few positive associations found
between physical health and exposure -
generally are weak and inconsistent.
None of the agsociations reported here-
in changed. significantly with military
occupation, currently our best indicator
of current TCDD body burden. We are
left with the interpretation that the few
positive findings are not supportive of a
hypothesis of adverse health effects in
Ranch Hands. Until dose-response ef-
fects can be investigated with TCDD
assay results, we conclude that there is
insufficient scientific evidence to impli-
cate a causal relationship between her-
bicide exposure and adverse health in
the Ranch Hand group.
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Health Status of Air Force

Veterans Occupationally Exposed

to Herbicides in Vietham
Il. 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 weterans 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.
(JAMA. 1000;264:1832-1836)

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.'
Inthis report, we describe the mortality
of the Ranch Hands relative to a com-

From the USAF School of Asrospace Medicine
[AFSC), Brooks Alr Force Base, Tex.

Reprint requasts to Epidemiclogy Division, USAF
Schoo! of Aerospace Medicine (AFSC), Brooks Air
Force Base, TX 78235-56301 (Dr Wolfe).
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parison population of Air Force 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

For mortality assessment, the ex-
posed population was taken as all indi-
viduals who were assigned to Air Foree
organizations respongible for the aerial
spraying of herbicides and insecticides
in Vietnam, The comparison population
consists of all Air Force veterans who
concurrently were assigned to a variety
of C-130 aircraft units throughout
Southeast Agia, 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
ldlled in aetion in Vietnam.? The Ranch
Hand cohort, as currently known, num-
bers 1261 individuals. The comparison
population conaists of 19101 Air Force
veterans.® 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.

Mortallty Determination
and Population Tracking

The mortality of Ranch Hands and
comparison subjects wae ascertained

* Members of the Advisory Committee on Special
Studies Relating 1o the Possible Long-tern Hestth Ef-
facts of Phenoxy Herbicides and Cortaminants include
the following: Robert W. Miller, MD, MPH, DrPh (Chair-
man), Charles C. Brown, PhD, Julianne Byme, PhD,
George W. Comstock, MO, MPH, DrPH, Jan M. Friad-
man, PhD, Kathleen Kreiss, MD, Leonard T. Kurland,
MD, DrPH, Richarg R. Monsen, MD, ScD, Norton Nel-
gon, PhD, Herbert Pardes, MD, and Craig Ramey, PhD.
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using USAF Military Personnel Center
records, the Veterans Administration
Death Beneficiary Identification and
Record Location System, and the Inter-
nal Revenue Service database of active
goclal 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-
tisties decision tables." Among the de-
ceased, 34 (46%) of 74 Ranch Hands and
268 (25.8%) of 1038 comparison subjects
underwent autopsy.

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 oceurring 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 edjustment for
rank (officer or enlisted personnel) and
occupation (flyer or nonflyer). The SMR
method was preferred over two-sample
procedures, such ag 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 eurrent 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 torounding, some Cls 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 werenot
college educated and officers were col-
lege greduates. 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 1.—Cumulative Person-Years, Deaths, Death Rates, Adjusted Expected Deaths, Standardized
Mortality Ratlos, and 95% Confidence Intervals

Ranch Hands Comparison Subjects

Adjusted Adjusted
No. of No. No. of No. of No, Stendardized Adjusted
Person- of Expected Person- of Mortality 85% Confldence

Stratum Years Deaths™ Doatha Years Deaths " Ratlo Interval
Offlcers 9248 28 278 111 080 334 0.9 0.8-1.3
Enlisted

personnal 15716 48 46.3 274 180 704 1.0 0.7-1.3
Flyerse 12848 37 43.8 161 100 520 0.8 0.8-1.1
Nonflyers 12118 37 30.5 224 150 518 t.2 0.8-1.8
All

personnel 24 984 74 74.1 385 250 1038 1.0 0.8-1.2

*Per 1000 person-years.

Table 2. —Ranch Hand All-Cause Mortality

No. No. of Standardized
No. of Years Since of Expected Mortallty 95% Confidence
Start of Tour Deaths Deaths Ratlo Intorval
=5 15 15.7* 1.0% 0.5-1.4*
>5 59 73.6% 0.8t 0.6-1.01
All years 74 741t 1.04 0.8-1.2¢

*Unadjusted.
TAdjusted.

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 eumula-
tive all-cause mortality. Regarding
deaths caused by malignant neoplasm,
the power to detect arelative risk of 1.5
is B3%; 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 hetween January
1962 and October 1971. The date of data
analysis is, effectively, December 31,
1987. Throughout this report, person-
years arerounded to the nearest year.

Tour dates for 179 (0.9%) of 19 101
comparison subjects were unavailable
when analyzed. Rather than exclude
these 179 (none of whom died on or be-
fore December 81, 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
B789 unmatched comparison subjects.’
These generated dates add negligible
error to the comparison person-years

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% CI, 0.8 to 1.2)
(Table 1). All within-strata 95% Cls con-
tained 1.0.

Temporal changes in the SMR were
investigated by restricting attention to
b 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 0.7 for enlisted personnel (not
shown). For deaths oceurring 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-specifiec CIs con-
tained 1.0,

Cause-Specific Results

Cumulative Ranch Hand and compar-
ison population mortality and una.d]ust—
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
(8MR, 0.8) and more than the expected
number of deaths caused by circulatory
system disease (SMR, 1.3), but all of the
corresponding 95% Cls 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-
eage deaths were caused by aleocholic
liver disease; the other was caused by
other sequelae of chronie liver disease.
Digestive system deaths among Ranch
Hands are distributed by rank and occu-
pation: two flying officers, two flying
enlisted persennel, 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% Cls contained 1.0, None of
the SMRs shown in Table 4 changed
gignificantly with rank and oceupation.

Elahoration of cumulative malignant
neoplasm mortality by site (Table 5) and
moerphological characteristics (Table 6)
shows that the 12 malignant neoplasma
among Ranch Hands are distributed
widely and in a pattern similar to that in
the comparison population. Regarding
gite, approximately 40% oceurred 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 shownin 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 5%
of Death Expected Mortality Confidance
Cause Deoaths HRate* Doaths Ratlo Interval
Accldental 22 88.1 16.8 1.2 0.7-1.7
Suicide 3 12.0 4.8
Homicide 2 8.0 1.3 . L
Malignant neoplasm 12 48.1 14.8 0.8 0412
Circulatory system disease 25 100.1 20.0 1.3 0.8-1.7
Digestive disease 6 24.0 24 2.5t 1.0-5.4
Endocrine disorder 1 4.0 0.2
Wl defined 2 8.0 0.8
Unknown 1 4.0 0.1

3
§

*Par 100 000 person- .
tSignificantly ditterant from 1.0.

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

No. Ho. of Standardized
of Expected Mortality 96% Confldence
Cause Stratum Deaths Deaths Ratio Interval
Accidents Officers 9 78 1.2 0.5-2.3
Enlisted parsonnel 13 11.2 1.2 0.6-2.0
Flyors 13 12.2 1.1 0.5-1.6
Nonflyers 8 7.1 1.3 0.6-2.4
All personnel 22 18.4 12 0.7-1.7
Malignant
neoplasm Officers 5 7.0 0.7 0.2-1.7
Enlisted personnel 7 0.9 0.7 0.2-1.2
Flyers 8 10.4 0.6 0.2-1.2
Nonflyars 6 6.5 0.9 0.3-2.0
All personnael 12 17.0 0.7 0.3-1.1
Circulatory
systamn disease Officars B 8.5 0.9 0.4-1.8
Enlisted personnal 17 14,5 1.2 0.6-1.7
Flyers 10 13.2 0.8 04-1.4
Nonflyers 15 9.8 1.5 0.9-25
All personnel 25 23.6 14 0.6-1.5

Table 5. —Cumulalive Malignant Neoplasm Mortality by Site

Ranch Hands Compariacn Subjects

No. of Death Ho. of Death

Slte Doaths Rato* Deaths Rate*
Lip, oral cavity, and pharynx 0 0.0 11 2.8
Digoslive organs and perlitoneum 3 12.0 50 13.0
Respiratory and intrathoracic organ 5 20.0 85 22.4

Bonae, connective tissue, skin,

and breast 1 4.0 12 3.1
Genitourinary organs 1 4.0 8 2.1
Other and unspecified sites 2 B.0 38 0.9
Lymphatic and hematopoletic tissue 0 0.0 22 5.7
Benign neoplasms 0 0.0 1 0.3
Neoplasms of unapecified nature 1] 0.0 2 0.5

*Par 100 000 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

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 shownin Table 7
are fully adjusted.

Regarding external causes, Ranch
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Table 8. —Cumulative Malignant Neoplasm Mortality by Morphological Type
]

Ranch Hands M&M

No, of Death No. of Death

Morphological Type Deathe Rate* Deaths Rate*
Neoplasma NOSt 4 16.0 70 18.2
Epithelial neoplasms NOS 5 200 62 16.1
Papillary and squamous-cell neoplasms 0 0.0 16 4.1
Adenomas and carcinomas 1 © 4.0 29 75
Complex epithelial neoplasms 0 0.0 1 0.3
Nevl and melanomas 1 4.0 9 23
Flbromatous neoplasms 1 4.0 0 0.0

*Par 100 000 person-years.
1NOS indicates not otherwise specilied.

Table 7.—Ranch Hand Cause-Specific Mortality

No. of No. Ho. of Standardized .
Years Since of Expuctod Mortallty 95% Confidence
Tour Cause Deatha Deatha Ratio Interval
=5 Natural* 0 21.9 . Vo

Externatt 15 5.1 3.0% 1.5-4.5

»5 Natural 44 48.4 0.9 0.8-1.2
Extemal 12 24.8 0.5 0.2-0.8

~ All years Natural a4 48.4 0.9 0.6-1.2
: Extemnal 27 24.8 1.1 0.7-1.5

*Deaths from malignant neoplasm, endocrine diseass, circulatory system disease, or digestiva system disease,

tAccidental deaths, homicldes, and suicides.
1Significantty ditferent 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, 1.6 to 4.5) and sigmificantly few-
" er deaths than expected after 5 years
since the start of the tour (SMR, 0.5;
95% CI, 0.2t00.8). Thirteen of 15 Ranch
Hand deaths caused by external causes
within b years of the start of the tour
were accidental and two were suicides.
Of the 13 accidental deaths, 10 were
caused by noncombat military aireraft
accidents, two were motor-vehicle acci-
dent fatalities, and one was a motorcy-
cle accident death, Only one of 13 acci-
dental deaths, the motoreycle accident
fatality, was attributable to alechol
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-
hant neoplasm, and cireulatory disease
deaths. However, in an unadjusted
analysis, we found that Ranch Hands
have experienced significantly more
than the expected number of digestive
gystem deaths (SMR, 2.5;95% CI, 1.0to
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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 aireraft accidents.
Ranch Hand deaths caused by external
causes after b 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 Vietham
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 § years of discharge and an
excess of 30% external-cause deaths in
Aystralian 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 of motor-vehicle 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 aireraft 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, i8 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
gtudies. None of the cited studies found
increased cancer mortality in their
study groups.

In the hypothetical case that Ranch
Hand mortality is the same ag that of the
comparison population, about 5% of the
many 95% Cls in this report should be
expected to exclude 1.0. Confidence in-
tervals for three (9%)-of 33 odds ratics 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 consigtency, and biologic cred-
ibility.

In any epidemiologic study, the possi-
bility that bias in design or conduet 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 gvailability of death
records is not influenced by group mem-
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