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Health Status of Vietham Veterans

Il. Physical Health

The Centars [or Discase Conlrol Vietnam Expericnce Study

The Vietnam Experience Study was a multidimensional assessment of the
health of Vietnam veterans. From a random sample of enlisted men who entered
the US Army from 1965 through 1971, 7924 Vietnam and 7364 non-Vietnam
veterans participated in a telephone interview; a random subsample of 2490
Vietham and 1972 non-Vietnam veterans also underwent a comprehensive
medical examination. During the telephons interview, Vietnam veterans
reported current and past health probtems more frequently than did non-
Visinam veterans, although results of medical examinations showed fow cur-
rent objective differences in physical health between the two groups. The
Vietnam veterans had more hearing loss, Also, amang 2 subsample of 571
participants who had eemen samples evaluated, Vietnam veterans had lower
spserm concentrations and lower mean proportions of morphologically “normal”
sparm cells. Despite differences in sperm characteristics, Vietnam and non-
Vietnam veterans have fathered similar numbers of children.

THE CENTERS for Discase Control
has underiaken a congressionally mun-
dated health study of Vietnam vetorans
called the Vietnam Expericnee Study
(VES). This ia the second of three arts-
cles in Lhis issue of THE JOURNAL about
the healih status of Vietnam velorans.

See also pp 2701 and 2715.

We herein deseribe the physical health
slatus of a sample of US Army Vietnam
valerans and a comparison proup of olh-
er Vietnam-cra US Army veterans, The
Brst report focuses on eurrent payeho-
soeial characteristics of the vetorans'
and the third reporl focuses on repro-
ductive outcomes.*

SUBJECTS AND METHODS
Participant Selection

The selection of participanls and the
metheds used in locating and inlerviow-
ing Lhem have been described in deiail
clsowhore. ' Afiler the vital status of a
random sample of US Army Vietnam-
era vetorans had been ascerlained, 9078
Vietnam and 8789 nen-Victnam voter-
ans mel study criteria and were thus
eligible for telephone interview. OF
these, 7921 Vietham (87%) andd 7364
non-Vietnam (84%) veterans completed
Lelephone health inlervicws. OF the ran-
dom subsample of veterans selected for
Rarther evalualion, 2190 Vietaam (76%)
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and 1972 non-Victnam (63%) vetorana
underwent extensive physieal and pyy-
chological heallh cxaminations,

Medical Examinations

All examinations were performed at
one meddical fucility. Physicians, inter-
viewers, and study technicians were
unaware of which cohort the veterans
were in, Board-certificd internists, der-
matologists, and neurologists paor-
formed complete general physical, dex-
matologie, and neurologieal
cxaminations, respectively, Abnormal
findings from Lhese sereening examina-
tions wero not evaluated further at the
examination facility, but were reviewed
with each veteran in an oxit interview.

The peripheral arberial system was
cvaluated by using a Doppler instru-
ment, Eleetroeardiograms were intor-
preled by board-certified cardiologists.
Chest films were interpreled by radiol-
ogista. Pulmonary funetion was tested
with a4 wedge spiremecter, followed by
computer analysis  of epirometric
rosults.

The nerve conduetion veloeity and
amplitude of upper- and lower-cxtremn-
ity sensory and moter nerves were mea-
surcd by standard teehnigues.® Vibra-
tory and thermal scnsalions were
tested with specially designed instru-
mentg (Pfizer Vibraton® and Thermal
Tester”). Auditory acuity was leated
with an gudiometer thut operated in
aulomalie mode,

Trained toehnicians  administered
standard neuropsycholugical Lests,*® in-
cluding the general technical tesl sec-
iion of Lthe Army Classifieation Battory,

an aptitude test Lhal. participants took
during their induction into the army.
The neuropsychological test battery
evaluated eoneept formation and prob-
lem-solving abilities, memory function-
ing, manual dexterity, verbal abilitics,
visual-perecptual-motor  functioning,
and montal eontrol and attontion.

Laboratory Methods

Standard hemalologic assays were
performed, and T and B lymphoeytoy
wore quantified using monoclonal anti-
hodies." Delayed-type hypersensitivity
was assessed with the Multitest CML.”
Immunoglobulin Iovels were mousured
by immunopreeipitin reaction. ™

Most pertin chomistry assays™ were
porformed on an autoanalyzer (Kodak
Ekiachcm 700). Serum samples also
were tesled for various hormoenes and
for markers of hepatilis I3 infeetion
using commercial radioimmunoassays.®
A 12-hour overnight colleetion of uring
was tested for lovels of ereatinine, 1-
ghucarie acid, and porphyrin, Torphyrin
levels, measured by high-performance
liquid chromatography,” were classi-
fied by chronic hepatic porphyria pat-
tern. " Stool sumples were tested for oe-
cult hloed (Hemoecult, SmithKline
Diapmostics, San.Jose, Calif),

Early analyscs of responses in the
telephone inlerviews showed that Viet-
nam veterans were reporting more dif-
fieulty coneeiving children’; therefore,
analysia of semoen samples wad added to
the examinglion for the lust five monthy
of the study. Of 705 vetorans without
vascetomy who were examined during
this period, 571 participated (81%).*
Participation rates were the same in the
two cohorts. The Ceilsoft system (Cryo
Resources, New York)," which em-
ploys computer analysis of digitized vig-
co imagrea of sperm heads, was uged to
meastite sperm concentration, maove-
ment characteristics, and shapes and di-
mengions of sperm heads. Morphology
of aperm hesds was classified according
1o World Health Qrganization criteria,

Case Definltions

Chloraenelike lesions were defined as
{1} ecomedones in a2 malar ersscent or
periauricular distribution, with nasgal
sparing, or (2) postinflammatory scars
in chlorgene-prone locations with a his-
lory of chloraene. Altered peripheral
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Tablo 1.—Curront Health Status and Posidischarge History of Selectod Heslth Problems Reported During
1he Telephona Interview Among Vieinam and Non-Violnam Veterans
- - - - - - - "

Veterang, %
_ Interviewed —_ Exarnined ,
Vietnam  MonVietnam  Odds Yisinam  MNonVietnam  Odds
Haalth Problems {N=7924) (N=7I64) Ratio”  (N=2490) (N=1972) Pl *
Cumant health atatua
Porcoived health status s
“falr’ or “poor 19.6 111 1.8¢ 20.3 115 I._!'.l
Limitallona i activilles 28.8 2.5 1.3} 209 241 11
Proacribiod madecabion use 191 16.8 1.1t 185 180 11
Somgdic syTnpiormet 88 57 17t 10.2 0.4 17t
Postdischarge hoakth nstory
Hoapitallzod Bb.7 487 1.1t 51.8 496 10
Hyporiension 25.4 203 1.8t 25.0 20.5 1.2f
Canor 1.4 1.4 1.0 1.9 13 14
Benigh growth 180 171 124 20,1 185 13
Diabates 19 14 12 1.7 1.5 1.1_
Chioracne 14 03 3.51 19 03 7.3t
Olhar skin conditions Nz 18.7 1.9¢ 3.0 218 17
Gasirgintoatinal tract uicera 12.5 98 1.2 126 10.2 1.1_
Hopaliiis 4.5 33 1.5% 48 4.0 1.3 _
Cirhosls 07 0.5 13 0.7 06 11
O¢ther Ivor conditions 2.7 18 14t 2.8 21 1.7¢
Urinary tract probloms 157 137 1.2¢ 16.8 15.2 1.1
Fortility difficultiog§ 20.0 156 1.3t 21.0 1456 1.5¢

*“Odda radio adjusted for the s entry charackonstos.
confidanco Interval oxchudes 1.0.

1054,
Fincludes problems such s norwugnoss, faliguo, gasitpintoatinel tract aliments, dizziness, and hoadachos,
§Tod fo concom a child over a poriod of a yoar ar more without succoss.

arterial hemodynamie findings were de-
fined us the presence of & femoral bruit,
an abseni posterior tibial pulse wave-
form (using a Doppler probe), or & rest-
ing brachialankle blood pressure ralio
less than 1. Pulmonary function values
of “never-smokers” wilhout lung dis-
case from the ilwo combined cohorts
were used to develop prediction equa-
tions of expected values based on race,
age, and helght." For all nenropsycho-
logical Lests, seores were standardized
(mean, 0; SD—1) to the two cohoris
combined. For the cuyrenl penceral tech-
nical test, scores, Lhe expecled value of a
standardized seore was —1 or above. To
adjust for cffects of pencral ability, in
other nenropsychological ioste if the
velerans standardized general Lechni-
cul lest score minug his slandardized
tost score was greater than 1, the test
seore was lower than expected.”

Statistical Methods

The primary purpose of ithe analysia
was Lo estimate the nasociation between
serviee in Vietnam and speeific heallth
conditions and measures. Dicholomous
oulcomes were analyzed by lopistic
regression™ Lo compute odds ratios
{ORs) and 9% confidence inlervals
(CI). As a general approximation, if a
959 CI cxcludes 1.0, the OR estimate
can be congidered stalistically sipnilfi-
canl (e, P<.05) These analyses
included the following six primary
covariates, hased on churacteristics of
the partivipants al cntry into the US
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Army: age at enlistment, race, year of
enlistment, cnlistment status (volun-
Lleor vs draftoe), seore on general Lech-
nical test, and primary military cccupa-
tional specialty. In certain analyses,
additional covariates (og, smoking sta-
tus and alenhol use) also were ineluded.
In peneral, ORs changed lLittle after
these other eovariates were added.
Therafore, results presented hercin are
adjusted only for primary covariates,
unless oltherwise noled. When final
models included significant interaction
torms, ORs wore standardized to the
distribution of the Interaclion variable
in both echorts combined. ™™

Similar analyscs were conducted for
continuously distributed measures by
uging multiple lincar repression.” Tesl
resulls Lhat were logarithmically nor-
mally distributed were transformed
before analysis. Unadjusied means are
presenied in Lhe tables for all measures.
Dilfercnees that are statistically signifi-
cant (P<.05) afler adjustment for char-
ucleristics at entry into the army are
noled in the tables.

RESULTS
Partlcipant Characteristics
As  deseribed clsewhere,' demeo-

graphic and current sociocconomic
churacleristies of both groups wore sim-
ilar among both the Lelephone interview
participants and the subsample of vet-
eransd who partieipaled in Lhe medical
examinalions. Among exuminees, 16%
of Vietnam and 43% of non-Vietham
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veterans woere current amokers and
13% and 11%, respeclively, reporied
heavy aleohol use (280 drinks per
month).

Telephone Interview

Although more than 80% of all vetor-
ans raled their current health status as
“good” or “cxcellent,” Vietnam veter-
ans were almost Lwice as likely (19.6%
vs 11.1%) Lo assess their heallh as
“poar” or “fair” (Table 1). Most medical
conditions were reported significantly
more often by Violnam vetorans,
ineluding current limitations in activi-
ties, use of preseribed medieations, var-
ious somalic symptoms, and having
been hospitalized sinee discharge from
active duty, When asked about the past
oecurrence of certain physician-diag-
nosed  conditions, Vietnam vetcrans
reported cach eondition more frequent-
ly than did other velerans, except for
cancer (al] siles eombined). Odds ratios
were preatest for chloracne and olher
types of skin conditions. Within cach
eohort, the prevalence of reporied med-
ical problems among thosc cxaminced
was similar 1o the prevalence in the total
telephone iolerview group (Tuble 1).
Odds ratios based on examination reo-
aults were similar to those based on re-
sults of Lhe telephone Interview,

Medical Examinations

Among cxamination participants,
dermatologic findings were similar in
the lwo cohorts (Tuble 2). Chloraenelike
skin lesions, hyperpigmontation, hiv-
sutism, and skin cancer were rurcly
noled in either group. Infection-related
conditiona and postinfammalory scars
wore gimilarly prevalent in both cohorts
of velerans.

Abuout one third of Vietnam and non-
Victnamn veterans were hypertensive
(Table 8) and abhout 5% of veterans in
each group reported current use of anti-
hyperiensive medieation. Qverall, the
prevalence of any abnormal electrocar-
diographic finding was similar in the
two groups. The largest relative diffor-
ence was for left, ventricular hypertro-
phy, although the 85% CI included 1.0.
Allored peripheral arterial hemody-
namie findings also were rare and were
found al a similar prevalence among
varlerans in the Lwo groups.

The proportion of veterans with
abnormal [indings on chest films was
comparable in the 1wo groups (Tublc 8),
Caleificd nodules were the most com-
men specific pulmonary finding in cach
group. The proporlions of veterans wilh
diminished pulmonary function were
the same in cach proup, and the ORs
were unchanged after adjusiment for
current smoking status.

TFew veterans in cither cohort had any
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ovidence of peripheral neuropalhy
(Table 4). The larpest relative differ-
ence between groups was for those vot-
erang who had primarily subjective
eriteria (symptoms) of ncuropulhy
(O3 — 1.5), hut the lower bound of the
86% Cl included 1.0,

Vieinam vetcrans were 409 more
likely Lo have high-frequency hearing
loss than were non-Vietnam veterans
(Table 4). Differences between the Lwo
grovps in bilateral hearing loss were
proatest among moen with tactical mili-
tary nccupational specialties (infantry-
men, armored vehicle crewmen, combat
engingers, and artillery crewtoen), for
whom the OR (adjusted for preserviece
auditory acuity) was 2.5 (96% CI, 1.6 to
4.0); for men with nontaclical special-
ties, it was 1.2 (95% CI, 0.9 1u 1.6

The current mean gencral technical
Lost, scores were signifieantly lower for
the Vietnam volerans (Table B), a find-
ing that is consisienl with differences
nobted at entry into the axmy. Adjust-
ment for the six enlry characteristics,
including induction general lechnicsl
lest seore, decrcased this difference.
The inercase in peneral technical lest
seores sinee cntry into service was simi-
lar for Vietnam and non-Vietnam vetoer-
ans. There were small but statistically
sigmificant differences botweon cohorts
in mean seores for Lthree subtests —the
RO Complex Fipure Capy, the WATS-R
Block Design, and the Wisconsin Card
Sorting Test (average number of cards
per sort), but the praportions of veler-
ans with tesl seores below expected val-
ues wore gimilar in both groups. For
other tests, there was litlle differchea
between eohorts alter adjustment for
the six entry charaeteristics.

Moean values of the resulla of imiune
funelion testa did not differ significantly
belwoen cohorls (Table 6). The propor-
tions in cach cohort, with values above or
helow the reference range lor all Lest
measuremenls were similar; all ORs
were less than L5 and their 95% Cls
included L4, Tho pereentages of partici-
panls who were ancrgie, defined as a
less than 2-mm response Le all seven
recall antigens in the CMI test, were
3.5% for Vietnam and 3.9%% for non-
Vietnam veterans (OR —=1.0),

Results of most othor Juboratory
lesls were similar between eohorts
(Table 7). For y-glutamyl transferasc,
there were smaull but statistically signif-
icant differences in peometric means.
Afler results were adjusted for currenl
smoking status, aleohol use, illicit drug
use, and body mass, these cohort differ-
ences virtually disasppeared.

Thtal urinary perphyrin levels were
practically Lhe same in the two cohorts.
One Victnam veteran had a pattern of
urinary porphyrin levels Lhat was con-
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Table 2. —Provalence of Solected Skin Gondilions Moted During Dermatologic Examination
L T

—— e
Vietnam -Viotnam Odds 86% Confidence
____Condttion__ (N=2490) N=1972) __ Rallo"  interval
Ehlgt_ac_n_nll_k_o IP_BIOI’\S 09 _ 0.8 A 0728
_ PR
Comedoncy only 43 . As_ 09 ____ormz__
__Any acna 168 &8 908 C&11
Hyporpigmontation 40 9.2 12 08-1.7
Hirautism o2 Toa .
Skin cancor 08 _ " mr__ o8 04-1.7
Infecuona
Folkouklis 210 218 09 _oBta_
Tnos 976 380 1.0 9Bt
Any nlection 9.1 9o e oa1i
Fostinllammatory scars 178 180 10 0912

*0Odds ratio adjustad for Iho six entry charactorisben,

Table 3.—Pravalenes of Cardiorespiralory Conditons Among Examination Partcipants
. ]

o Nowrane,%
Vielnam Non-Vielnam Cdds 5% Confidence
_ Condition M=2490) _  (N=1572) _  Rabio’  _ _  Wnlerval
Hyportensiont _ _#®5 _ _ sla i1 0.0-1.2
Aftorod ponpharal artens o
homodynamic tinding 47 ______8s e 0817
Emmgi i fncinos 19 18 11 _ 6717
Collvonbiculor twporlophy 18 {0 Y18 1083
Any finding) 143 @9 AT sy
BMBtmrlgemgmh'lMgs - - - ~-7/~
Pukmonery 80 M\ w181
Cardlar 10 0.9 1.3 ___or2s
_Any finding A T T ma T T 043
Pulmonery hinction paramatcey
FEV, ~B0%olprdicted 102 109 09 044
FVG, ~60% of prodiciod 71 __ 58 10 L oL~ A
FOV/FVG%, - 70% 8.1 ea e 0813

*Qudds vatio adusted for tha alx onry characteristcs.

¥8ysiowe blood wessure greator than or equal to 140 mm | Ig, diastolic blood prosaure groater than or equal to
90 man Hy. or cuerent use of anifyportensivo Modications,
0 fResting index {brachlalanido progsure) ol loss than 1.0, an absont postarior tblal pulse wavelonmn, or a
moval bvuit

§Clocirocardiographie changos ol isehemea o NfArchon

Includes bradycardis, 1achycardia, extrasystoles, nonspocilic ST and T-wuve changos, and ohors
FEV, indicatos forcod oxpiratory volume i 1 o; and FVC, fortod vital capadity

sistent with porphyria cutanca tarda.
Nine other veterans, five Vietnam and
fonr non-Vietnam, had porphyrin level
patlerns that were consistent with
chronic hepatic porphyria.

Wilh few exceplions, test resulls for
endoerine funclion were simifar in the
iwo cohoris, A 1% higher mean seram
plucose level in Vietnam vetorans per-
sisted after results wore adjusted for
eniry characleristics and other covar-
iates (curvent smoking status, aleohol
use, body mass index, and medieation
use), but the proporlions with values
ahove 140 mg/dL were the same in both
eohorts. After adjusiment for ontry
charpeteristics, Vietnam vetorans had
about & 4% higher mean Lhyreid-stima-
lating hormone (PSM) lewel, a statisti-
caily signifieant difforence. In addition,
Viclnam veterans were twiee as likely
10 have a TSH value above 10 mU/L
{>10 aU/ml) When hypothyroidiam
waa defined cither as a TSI of greater

than 10 mU/L (> 10 pU/mL) or as secll-
reported use of thyroid replacement
medieation, the QR was 1.3 (86% CI, 0.7
Lo 2.4)

The Vietnam and non-Vielnam vetor-
ang dilfered reparding two additional
examination {tems, stool occull blood
and hepatitis B serology. Ocenlt blond
wasg found in the alool samples of more
Vietnam (1.3%) than non-Vietnam
{0.5%) veterans (QR —2.8; 956% Cl, 1.8
10 6.0). Tests for fow Vietnam (0.5%)
and non-Vietnam ((.9%} velerans were
poritive for hepalitis T surface antipen
(O - 0.6). However, the prevalence of
past hepatitis B infection (defined as
having antibody to ‘iither surfuce or
core antigens while biing negative for
hepatitis B surface antigen) was higher
among Vietnam velerans (14.1%) than
among non-Victnam yeterans (15.1%)
(O1 - 1.4; 95% CI, 1.1}to 1.6).

The 571 men wha participated in
somoen sample analysig had demograph-
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Tabla 4.—Frevalonce of Nsirrologlcal Condibons Among Examination Participants

yeterans, %
Vislnami Non=Viotnam Odds 95% Confidence
Condition (= 2490) (N=197%) Amio* Isorval
meumg?w _ 30 1.9 15 _ 1022
Signs oaly} _ 82 85 12 108
Symptoma and signs 1o o8 12_ 0823
High-traquancy hearing lcoa
Right oar 144 08 . S & &
Lof eat w4 12.9 14 12-1.6
Both ears 54 8.2 14 11-18
|

*Ouds rafio adjusted for the six sntry charactorisica

LIOIOCRC
of amplitud tosts of vibrztion end tharmal Threahold

tirighing, burning sansation, or weaknoss of ammes or 1egs.
&l physical mcamlnalon ot put-Gi-reforence-rango values bor nerve conduction velogity

smragamli\msnonwmrmanu‘aqwthl dBE at throo combined frequanceos: 3000, 4000, and £000

Fable 5 -—Salocted Results of Newopsychaologeeal Tesls
- - - |

_ Arlrtwnatic | Moan
—_——f———— % Below Expeciod Value
Vieinam Mon-Vietnam — — e —
Yolorang  Volorona  Vietnam HNon-Vieinam Odda 95% Confidence
_ Moasune® N=2480} (M=1972) WVeiwrans YeoWwrans HRatlof Imorval
ACD general technical tost
senm al scemination 100.4 111.8% 17.4 15.8 11 0513
CVLT, wtal comect
Thals 1-5 45.7 47.0 172 1684 14 1014
Shorl-dolay kee moall 9.5 9.7 18.7 18.0 11 0813
Long-delay froo macall 87 101 177 3.8 1.0 0912
Gmooved pegbaard, 8
Dominant hand 3.7 7.0 241 1.9 1.0 0.9-1.2
Nondominant hand 762 770 237 21.0 10 0.9-1.2
PABAT, total courect in iriad 1 8.8 381 12.0 12.9 0. 0.81.1
) complex figure
Cony o b L 204 148 151 1.0 0.68-1.2
Shoti-dolay rocell 188 204 17.4 B0 1.0 (.81.2
Long-teluy rocall 20.1 205 18.9 176 1.0 0812
WAIB-R
Indarmation aublast 89 10.3 8.0 7.2 1.1 0313
Block dealgn subtest 104 107t 148 168 _ 08 0gi11
Wisconsin Cerd Sovting Tost,
gverage No. of coxds per sork 21.4 2034 244 215 11 1.0-1.4
Word list goneration,
F. A, 5tptal M7 35.7 168 183 140 0.8-1.2

*ACB indicates Ay Claesification Battory;
Addition Tost; RO, Rey-Oatereith Tost, ane
1Odds ratio adjusied for tho aix entry characteristics.

CYLT, Califomia Verbal Loaming Tost; PASAT, Paced Audiory Sorial
R, Wachslor Adull Intaliganoe Soale Reviged,

$P<:.05 (afer adjustmon for the six ontry charactonalics).

ie and medieal history characteristies
that were nearly identical Lo those of all
the veterans whe Look part in the medi-
cal examination,’ supgesting that these
veterans were representative of the
entire examination sample. Some dif-
fercness were found in semen charac-
terislics (Table 8), with Vietnam veler-
ans having significantly lower mean
sperm concentrations than non-Viet-
num veterans and twice the proportion
with valaes below the elinical reference
value of 20 million cclls per milliliter.
Ifive Vietnam and three non-Vietnam
veterans had sperm concenitrations be-
low 5 million cells per milliliter. The
mean perecntage of morphologically
“noymal” cells also was significantly
lower in the Vietnum group than in the
non-Vietnam group (57.9% vs 80.8%)
"Thig differenec wus reflected in 2 higher
prevalence of men with low levels
(<40%) of morphologically normal cells

JAMA, May 13, 1888 Yol 258, No. 18

among  the  Vielnam  veterans
(OR = 1.6), although the 95% CI of the
OR included 1.0. These differenees por-
sisted, oven sfler adjustment for the six
entry charneteristics and six additional
covarigtes (current smoking status, al-
eohol use, illicil drug use, medication
use, lime since previous cjaculation,
and time beltween sample colleetion and
video vecording). Measurements of
sperm head dimensiony indiested that
the Vietnam velerans lower proportion
of normal cells was due to their having
larger and more tapered sperm heads.
The percentage of motile cells was simi-
lar in the iwo ecohorts, 18 were other
mensures of sperm movement charae-
teristics, such as velocity, lateral head
molion, and lincarity of motion.

BSeveral hundred olher condilions
were evaluated during the cxamina-
tione, particularly during the dermato-
logie, neurological, und general physical

CDCViomarn Exparionco Study- MPhyscal i loaith

examinations. Yor the
condilions were found
quency in the Lwo eoho

at parl, thesc
ith similar fre-

COMMENT

Although most of the veierans who
participated in this simdy considered
their heunlth to be good or cxcellent,
Vietnam velerans ichded nol to per-
ccive their current Ith status as
being ag good wa that pf non-Victnam
volerans, In Lhe telephone inlerview,
Vietnam  veterans rpported many
health conditions and gymploms more
frequently than did vther velerans. In
the medical examinatiqn, however, we
found few echort differdnecs,

The diserepancy between the tele-
phone intervicw findings und the
results of the medieal examinations has
scveral possible cxplanaiions. One is
that Lhe econditions had resolved by Lhe
time of the examinations. Alierna-
lively, Vietnam veleruns may have
reported more symptoms and past med-
ical condilions because they experi-
cneord more stross than did non-
Vietnam veterans. In the VES
paychologieal evaluations, we found
that a gresier proporiion of Vietnam
velerana currently were anxious and
depressed.”™ Stress can produce anxi-
cly, depression, and a variety of somatic
symptoms.” 'The VES also has found
that perceived exposure to horbicides (a
perception that in itself may lead to
additional stress) is associated both
with psychological problems and with
seifreported adverse bealth condi-
tions, ™ bhut is not associated with
objective measures of exposure.”

Among the fow differonces found
hetween cohorts at examination, two of
note were stool ocenlt blocd and lefl
veniricular hypertrophy on clectrocar-
diogram. The associntion between mili-
tary service in Victnam and these two
health measures cannot be casily ex-
plained. Forthermore, the large num-
ber of tesls we performed increased the
probahility of spurious associations. In
any cveni, Lhese two abnormalitics
were rare, affecling lesa than 2% of the
voterans in either group, and, {or both
findingrs, the absolute difforonce be-
tween eohorts was less than 1%.

Two of the cohorl differcnecs can be
explained on ihe basie of prior mililary
expericnees. Incrensed hearing loss in
Vicinam vetorans, particalarly among
those who had tactical military oceupa-
tonal speciallies, is consistenl with
resulls of several studies of army Lroops
that show thal exposure Lo militwry
noise results in irreversible hearing im-
pairment.™* Similarly, the higher prev-
alence of past hepatitie B infeetion
umong Victnam veteruns may be
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Table 6, —Fesuits of Hemakologic and Immwine Tasts

Mean*

L hl % Below Reforenca Rangat % Above Refunnen Hmﬂ
Vietnam MNon-Vietnam e d .
Vatorans Velsrans Vietnam Non-Vietnam Odds \flatn-n Non-Vistnam [+IF
Varlabla AN=2490) [N=1972} Veolerans Votorans  Ratio} Yelerana Valarans Ratlof
Homogiobin leval, gA_ {g/dL) 160 (16.2) 160 (16.1} 2.4 23 1.1 4.5 4.2 10
Total whito blood ceitcount, > 109/L (/nm™) 6.7 (6705) 6.5 (6646) 47 78 10 33 286 12
Total lymphocyte count, mm3 _. 18 1939 48 5.3 10 52 48 1.2
Lymphocyto subset J.'mp.llﬂlhm
B-coll count, A 240 230 4.4 4.2 1.1 52 M 1.2
TFcoll cound, Amm? i} 1400 1480 448 5.1 1.0 52 4.7 11
Tcoll subaet papulations
T4, ‘mm? 1020 930 4.5 50 10 5.5 :g.s 1.4
TB, fmm? 560 650 42 44 10 45 63 _ b9
T4TE ratic 1.8 1.8 A7 5.3 0.9 L 4.7 11
Borum immunogicbulin lovols, g/ (mg/dl)
Ig@ 10.78 (1078) 10.77 (107?} 6.0 i 5.0 1.0 4.8 5.1 10
IgM 129 (121) 1.21 {121] 4.7 4.7 1.0 4.5 31 [LE*]
igA 207 (207) 2.08 (203) 4.4 58 08 5.0 48 10

"Moans am arithmetic for homoglobin lovel, total while blood coll count, and totel mphocyto count; all obher moans ara geomatrio.
worer defined a5 valuos botwoon the fth and 95th porcontilos for both cohorts combined, ence for hamogiobn iave! (140 %o 180 g/'L [14 b 18 gfdL])
nslics.

rangos
mrahw]mmubrmwmm

Table 7.——Roeeults of Solectod Laboratory Tests

Gmh'lc Moan

% Out of Referonce Range*
Vietnam Nnn-memarn e —_ -
Volerans Velorans Vistnam Non-wm Odds 95% Confidence
Tonts (N=2430) (N=1872) Vaterane _ Veterans Ratlo} intorval
Sorum analyte levols
‘Alaning aminoiransferase, Ui 26.4 258 5.3 £4 1.2 0.01.5
Aspariale eminowansiorase, L 26,0 2.9 54 44 1.2 0.3-1.8
y-Giutamy! transferaso, WL 432 4113 56 4.4 1.3 1.0-1.8
Total biliubin, pmoi (mg/dl) 13.7 (0.8) 18,7 (0.8) 5.1 49 10 0714
Tnighycerides, mmolAL (mg/dL) 1.06 (94.1) 1.05 (2 8) 47 5.3 ] 07-1.2
Total choleslerol, mmolAL (mgvdL) 5.43 (200.8) 5.36 (2072) 54 47 1.1 0815
HDL gholosterol, mmolL {mgidL) 1.11 (42 8) 1,12 (43.8) 53 4.3 1.2 0915
Fasting ghicosa, mmoliL (mg/dL) 62 (93.4) 51 (924t 0.8 0.8 1.6 0422
Thyrald-gtimukating hormone, MU tplmL) 16 (1.6) 1.6 (1.8} 1.0 0.6 20 0.9-4.3
Free Hyroxing indax - 22 22 5.4 48 Y 0.0-1.5
Tostostarons, nmol/L {ng/mi) 221 (8.37) 223 (644) 5.0 50 10 0.8-13
Folllcie-atimulating homona, WL (mAJimiy 66 (6.6) 6.5 [6.5) 47 R 5.2 0.0 07-1.2
Lukeinizing hormono, LV (miUmL) 133 (13.3) 13.1 (13.1) 52 52 1.0 0.8-1.3
Urine analyto levela

o-ghucaric acid, mg/g of croatinine 10.8 w2 . 51 ___ 44 1.0 0.8-1.4
“Tota) porphyin, pgig of croatinne 43.0 a2 52 45 1.2 0.8-1.8

WBEI0EITON0,
(- 140 mp/dl }; and Ihyrold-stimulating
Hxkis ralky adivstod for the glxX antry charactorstics

$P<..05 (afler afjustment for tho s emry characterlaties)

related to service in & country where
this viral nfeclion is endemie.®

The purposc of the VES was Lo ovalu-
ale health effects thal may have
resulted from Lhe “genceral expericnee”
of having served in Vietnam. In design-
ing the telephone interview and the
physical examinations, we used a hroad
approach but emphasized health condi-
tions thal have been sugpested as being
relaled Lo prior cxposure Lo herbicides
or dioxin.®* On examinalion, we found
no differences between cohords in these
heallh effeets, such ag skin eanditions,
peripheral nouropathy, hepalic dys-
function, porphyria, lipid abnormali-
tiea, und impaired immune funetion.

The observed similarity belween
cohorts regarding herbicide or dioxin-
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related conditions has several possible
explanations. Examinalions were por-
formexd 15 to 20 years after the veterans
had heen in the army, and mogt of the
conditions of inlerest may have
rerolved in that Limo. Alternatively, the
two groups may not differ in such eondi-
tions at present because few of ihe
study participants were heavily
exposed lo dinxin-containing horbi-
cides. An objcetive measure of herbi-
eide exposure, such as a serum dioxin
level, was nol availzble at the time of
the VEJ.® Howover, in a reeent study
of enlisled Vietnam velerans, we found
thal few UUS Army ground troops had
boen heavily exposed Lo dioxin-contain-
ing herbieides.™

Although we found no overall in-

s wore dofinod a8 leen than or equal lo tho D5th percentila lor both coharts combinod, acept for tho following values | 1DL cholosterol, fren thyroxine indo,
-ghimuiating hormaono, and luteinizing hommone, greator than or ogual to the Tifth porcentile for the comiingd cohorts; fasting glicoso, lass than 7.8 mmoiL
hariene, less than or cqual to 10 MWL (-« 10 plkmi)

cregse in eancers reported by Vietnam
voterans, the VIES was not desighed to
assess adequately the risk of rare can-
corg, The Contora for Disease Control is
conducting a separate study® designed
10 evaluate Vietham voterang' risks for
8ix speeific cancers that have been sug-
gestad as boing associated with herhi-
cide or dioxin exposure.

Among the subsample of 6§71 men
whose semen characteristics were aval-
ualed, Victnam velerans were found to
have lower sperm concentrations and a
significantly lower average proportion
of “normal” sperm heads. Low sperm
concentrations, low levels of morpho-
logically normal sperm, and low por-
eentages of molile sperm have tradi-
tionally been used as indieators of

COC viotnam Expenenco Siudy—Physlcal | lealth



Table 8.—Selactod Results of Samen Sample Analysis

Hoan*

—_————

* Balow Reference Rangot

Vielnam Non-Vietnam '_' -

Velorans Vetorante  Vietnam MNon-Visinam Odkds  95% Confidence
8perm Characlorigtic (N=324) (N=247) Veterunsg Veterans Ratiof Interval
Congantration 64,85 70.951 159 B1 23 1.2-4.3
Mobic celle, % §6.9 604 280 24 12 0618 _
Morphoiogically “normal” colts, % 57.9 80.8 159 11.4 1.8 0828

|
*Tho maan for sporm concerdration 15 peomedric; all other means am arittwmotic.

{heforonce ranges

wory defingd a5 concentrution. goator than 20 millicn colls por mlIﬂot. proporbon mollls,

greater then or oqual W 40%; and properiien nomal cells, groator than or equal i 20%

$Odds ralo
EMion ooil:?a"r millitor

sbod Jor tho sin ondry characternistics.

[P<:.05 (afer adustment for tho six enlry characteristics)

roduced  fortility  polentisl, ™™ The
Vietnam veterans were Lwice as bkely
to have low sperm eoncentrations (=20
million/mL) and about 1'% Limes more
likely to have low levels (<40%) of nor-
mal sperm heads compared with Lhe
non-Vietnam group. Although this lal-
ter finding was not stalistically signifi-
eant, il is consirlent with the stalistical-
ly significant decressc in the meun
proportion of normal sperm heads. The
two cohorls had about the same propor-
tion of men whose semen samplos were
Judged to have low molile sperm counts
{=<40% motile cells),

Less clear are the implications of the
observed differenees in semen charac-
leristics for pregnancy oulcomos. No
sladics among humans have dearly
shown thal poor semen qualily s
rolaled to adverse reprodactive out-
comes” “ or birth defeels, In the VES,
although there were difforences in
sporm characteristics between Vielnam
and non-Vietnam vetcrans, wmies of
mesl adverse pregnancy oulcomas wero
gimilar.™* Spceifically, among (hose
who participated in semen sample anal-
yuis, the rates of birth defects (as doter-
mined by birlh reeord information)
ware 5.9% for Vietnam and 5.7% for
non-Victnam veterang' children.

The ferlilily histories of those who
had semen samples analyzed supggest
that, cohort differences in semen charace-
Leristics have not rosulled in aninercase
in the number of men unable to fathoer
children.t In cach cohort, Lhe average
number of children falhercd per veler-
an after asgignment Lo primary towr of
duty was gimilar (1.4 for Vietnam ve 1.5
for non-Vietnam veterang), as was the
proportion who have notl fathered any
children (31% vs 25%). Among 41l VES
participants, the [ertilily histories of
Victnam and non-Viclnam  velerans
were identical (average number of chil-
dren, 1.6; proportion who fathered no
¢hildren, 23%). These results ane con-
sistent with the results of o 20-year fol-
loweup study™ that found thal lower
gperm concentralion corrclated with
the Lime interval te pregnancy bt Lhat
preghnaney rates were not  affected
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unless the sporm eonceniration was
below 5 million cells per milliliter

We were not able Lo delermine the
reasons [or the differcnces in sperm
characteristics belween Vietnam and
non-Vietnam velorans, We cvaluated
acveral fctors thal are known or sus-
pecled to affeet sperm characteristios,
including race, age, reporied hislory of
gexunlly tranamitted discases, and cur-
rent use of alechol, marijuana, olher
drugs, cigarclies, and certain medica-
Lions. None of Lthese aceountad for the
differences in sperm  characloeristics.
W also 4id not find thut the more prov-
alent psychological disturbances expo-
ricneed by Vietnam veterans, including
anxiely, depression, and posliraumatic
stress disorder, secounted for the dif-
ferences in semen charaelerislies.

The differences in sperm characteris-
ties between tho Vietnam and non-Viei-
nam cohoris did nol scom Lo be speeific
1o a particular subgroup of veterany.
There were o consislent varigtions in
ihe finding® of semen sample analysis in
the two cohorls aecording Lo the army
enlry and  serviee characteristices,
including year of entry and military oc-
cupalional speeialty category. The find-
ingra ulso do not seem to be accounted for
by reportaed usce of heroin or other drogs
while in the army. Level of combat
expericnecd in Vietnnm seems not to be
related Lo findings from zemen sample
anulysis, as there was no relationship
belween semen characteristics and mili-
tary oceupational specialty (Luclicol va
nontactical) or self-reported combat
experiences. The possibilily thal expo-
sure Lo dioxin-containing herbicides
may have allected the sperm of Vietnam
voterans is a potential econcern. 1llow-
cver, Lhis explanation seems unlikely
since in a reeent study we found thal fow
army yground iroops were heavily
exposed to diexin-conlaining herhi-
cides™; also, in the VES there was no
differenee in semen  characteristies
acconding to differcnt levels of self-
reporied herbieide exposure.

In Lhis epidemiolngic study, the possi-
bility Lhat biages in design er conduct
may have affected the findings, includ-

COC viotnum Lxporionge Study

ing those from somen sample analysis,
needs to be considered, Some of the
inercased prevalenee of selfreported
condiliong among Vietnam veterans
eould have been due either to their
enhanecd reeall of Lhose conditions com-
pared wilth non-Vielpam velerans or to
their different  health care—sceking
praclices. Such binses, however, should
have had little effect on the examination
findings. The cxaminers and techni-
cians did nol lnow Lhe parlicipanis
cohort status, nor were they allowed to
take any “history” from the partieipants
a4 they conducted the examinations,

Another eoncern is the possibilily of
scleetion or participation bias, Purlici-
pation bias should have boen minimal
for the telephone inlerview component,
since partieipalion rates woere high in
ihat phase of the study. For the medical
oxaminations, however, the participa-
Lion rates wore lowoer, and the Vietnam
group had a higher participation rate
Lhan did Lthe non-Victnam group. Yel,
dolailed analyses of the factors Lhut
inflluenced participation shewed ithat
those examined were similar to Uhose
interviewed by telephone.!

The findings are also not likely to be
explained on the basis of confounding by
other faclors. Tho two cohorts were
similar on mosl. Imporiant charactoris-
tics—og, age, race, and certain personal
habits—-known to influenee health. Far-
ther, additional analyses, adjusted for
the alfects of soveral imporiant charae-
Leristics that influenee health, did not
change the study results.

In conclugion, most Vietnam voter-
ang who participated in this study fell
they woere in good corrent heallh 15 to
20 years afler scervice, However, Viet-
nam veterans more frequenlly reported
curreni somutic symptomy and physi-
cian-diapnosed discases than did non-
Vietnam veterans. Most of these condi-
tiong were nol. currenily detectable by
ihe comprehensive physical and labora-
tory serocning oxXaminalions used in
this study. One physical dilference that
is 5lill deteetable is that Vietnam veber-
ans, parlicylarly those whe served in
laclical military occupalional spocial-
tics, have greater hearing lowss. Pur-
ther, among the subsample of partici-
pants who had scmen  samples
cvaluated, Lhore were cortain differ-
ences in scmen characteristies belween
Victnam and non-Vietnam vetorans.
These included a decrease in the Viet-
nam vetorans sperm coneentrations
and a significant decrease in the average
proportion ol “normal” sperm cells. De-
gpile these differences, Vietnam and
non-Vietnam velerang have fathered
similar numbers of children,

Uy uf trade names iy for identification only and
doos ol condtitule ondorsement by the [Public
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