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SICKLE-CELL TRAIT AS A RISK FACTOR FOR SUDDEN DEATH IN PHYSICAL TRAINING

JOHN A. KARK, M.D., DAVID MI. PosEY, M.D., HAROLD R. SCHUMACHFIR, MI).,

AND CHARLESJ. RtjEHI.E, MI).

Abstract Case reports of sudden death during exertion 1.2, and 0.7 among black recruits without hemoglobin S
have not established an association between the sickle- and 0.7, 0.5, and 1.1 among nonblack recruits without
cell trait (hemoglobin AS) and exercise-related death. To hemoglobin S. Among black recruits the relative risk of
test this association, all deaths occurring among 2 million sudden unexplained death (hemoglobin AS vs. non-hemo-
enlisted recruits during basic training in the U.S. Armed globin S) was 27.6 (95 percent confidence interval, 9 to
Forces in 1977 to 1981 were classified from autopsy and 100; P<0.001), whereas among all recruits tnis risk was
clinical records as non-sudden deaths or as sudden 39.8 (95 percent confidence interval, 17 to 90; P<0.001).
deaths explained or unexplained by preexisting disease. The relative risk of sudden unexplained death among all

On the basis of known numbers of entering recruits (ac- recruits increased with age (P<0.04), from 13 (ages 17 to
cording to race, age, and sex) and published prevalence 18) to 95 (ages 26 to 30).
rates for hemoglobin AS (8 percent for black and 0.08 ->We conclude that recruits in basic training with the
percent for nonblack recruits), death rates (per 100,000) sickle-cell trait have a substantially increased, age-
were 32.2 for sudden unexplained deaths, 2.7 for sudden dependent risk of exercise-related sudden death unex-
explained deaths, and 0 for non-sudden deaths among plained by any known preexisting cause.,N Engl J Med
black recruits with hemoglobin AS, as compared with 1.2, 1987; 317:781-7.)

T HE sickle-cell trait has been regarded as a risk of death during comparable exposures. 7
-9. 

'
2 'he in-

factor for sudden death during exertion, because creased risk of mortality associated with hemoglohin
of reports of single cases and small clusters of cases in AS was discussed in two reports describing spatial and
which the hemoglobin AS phenotype was associated temporal clusters of cases with this association."
with sudden fatal or severe illness during exertion, However, studying unusual single case clusters can
especially in military basic training. I - '2 Most of these lead to biased estimates of disease risk. Three series of
patients had exertional rhabdomyolysis, heat stroke, cases of sudden unexplained death among military
or heat stress with acute renal failure, 2' 2- although men with the sickle-cell trail. lollected from the Au-
a few died before diagnostic evaluation was possi- topsy Registry of the Armed Forces Institute of lPa-
ble. ':" ' However, more deaths related to heat expo- thology (AFIP) (Washington, I).C.), have been cited
sure during exertion or to rhabdomyolysis have been by Diggs. ' These data, which were not reported in
reported in members of the military or athletes who peer-reviewed journals, provide no population base
did not have hemoglobin S.2. 1

3-20 Since there is no for calculation of death rates.
means of distinguishing histologically between incon- We investigated the risk of sudden death in conipa-
sequential postmortem sickling and serious antemor- rable populations with and without hemoglobin AS
tem vascular obstruction by sickled erythrocytes, the who experienced similar physical stress. I, examining
only way to determine whether hemoglobin AS is truly all deaths occurring during basic training of enlisted
associated with death in such cases would be to estab- recruits in the U.S. Armed Forces from 1977 to 1981.
lish that the sickle-cell trait posed an increased risk '[he number of recruits according to race, age, and sex

was known, and the freqtuncV of hemoglobin AS was
From the Division of Aerospace Pathology. Armed Forces Institute of Pathol- estimated with use of well-established prevalence

ogy, Department ol Hematology. Walter Reed Army Institute of Research. rates among American recruits. All natural deaths
Washington. D.C., and the Department of Hemalopathology. Naval Hospital.
Capital Region. Bethesda. Md. Address reprint requests to John A. Kark. Col.. during basic training were investigated by means ti
M.C.. Division of Aerospace Pathology. Armed Forces Institute of Pathology. critical review of clinical data, eyewitness accounts,
Washington, DC 20306-6aX)nc.

Presented in abstract form at meetings of the Aeromedical Association. May and autopsy, which included performancc of hetno-
1984 (Aviation Space Environ Med 1984; 55:459). and the American Society of globin electrophoresis if the recruit was black. l)eaths
Hematology. December 1986 (Blood 1986; 68:63a). were classified on the basis of sudden or non-sudden

The opinions expressed herein are the private views of the writers and are not tii
e construed as official or as reflecting the views of the Department of the Army onset and the presence or absence of a likely preexist-

or the Department ot Detene. ing cause fot death. This report presents estimates ofl

Reprinted from the New England Journal of Medicine
317:781-787 (September 24), 1987
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ntural dea'tth rates anlonlg siubJects wvithl aid withou)It flle tine uttine-et deatht ditrii sleep. ati io dvl tilaliioti,
i sickle-cell trait, examines hei efhect of' aige on the\ im t ttr til- 3Ia of 12 .SUditi that itsl

mortatlitv risk, and notes tire, association of' hemoght- Classification of the Manner and Cause of Death
hil Ai.-S with dear Is of' sudd en onsto- durrig e'xe rt ion
that were unexplained b il a rediSpo0Si1ig cauSe. Hic ivstigatois c rit ailk rci ii- eacit case- fi iidcr to c'cli

natural deaths andthoi exclude deaths diii, tol atciitiit, stlijidcit
METHoI3S tie tioctdc. tit (oitast to tile sji tidatiii fi moi st suddd-i ltlt

Study Population raptit traiisptirt In~ amtlaitce. anid instiiuitin of liti- stiriitit (ili all

ititetisist' care unit se rotinel\ proviided tio retriits citilapsitig *it

-aOdi %%ll i* tit ittt-t Itsit triintg lit tilt- pe-riod butt iitidi\ is i due to aii illiness pouigart irrevetrsiblie critirdi tutlitint

177.e tfrotthe De--llit 1 i1Ildda li-r-rtr sr-u i t i fei tt huu of, iiist-t. [Ihis delttti included (asts ill w Ii it
tiiiid iitti h~i~-lisi- Mnipowesr ilit ( eju- Xonittitres. Calil.) stix ival i-s extended liv the- contttinuus use iii lii--stitptirt s\strn.

indl Aitissionit ()rti'iu its D~epairtiit of' Defenise (Wasiigtoni. Suddeni-t deaths sitti' fitriti iviidid tilt rttose ithouight i, bei ex-
DUJ. Anintual late, it iitt otf Itlick and itutillt ck rril t el t hS i tatine oitr tiiixltlaiied It% kitts now preexistingi (itisi. important
sitilidrtit acitirlditg to si-x anti agei. hliv tottals ofi tileisiet rvt atti iitited causes lir ( cit ( etlainied deths in sitting adults at,-

it n- kiutn %,tili at least I percnit ati-tractsiit rilt Regi- rmedt t silteit structural hteart distease, pitlepsi. ittace ni.ia] leeing', astli-Cimpt nentit andits i itr itt k'u %i itrai ti attiv Re ma. medications. and drug ttuse.2 it The pre sent coillectiiii o f,
studie O Alvla iilaitt iii u its avrp rditit( pr%, pilipsi. medications, or drug abutsi Sudden untexplainied deathis

It-tinof ltherttgltthii AS %%as 8 illil nin 20,000 ltk e 11hdtoedCt xrinlfvtsrsfctsrk.o hbo
rns ' "arid 0.08 piteeu ittitRi I 1.111( i tiri rci uts Sirnt ::u.]vis, as will ats titose fiiiit w idi the miech lanism is sompletech

Lit pri-sil-tict ates, hue brett rttortedt fll .\nterii ant c is ii iris " uniknowns ii hich art- gi iralk claissiftedi as c irdi ic dieaths. Th
Iltese i-arcs iseit uct loi calctulate tlii nurmbers of laick iand inoni renmaining dteathus with slowe cc titet wert cai ssiied its rin-studciet
bttk i cults fit nt- snid\ poputtlationi iiti hrai ll rnrituj lirt runtural deaths. C.autses lot these deathis lit rue situdv popuiiationt itt-
hiasic riiitars irdiutirig listed 8 to If w eeks imdciti (IN rare t-tlttuus. tideld pnicinmia. meningitis, viral ile-titits. structural hteari dis-
tii-iii-dtuug tin tit- Icaticl 01 etsr-i--ast, antd sisrenric diseasts missed during tire- phiysical exannatitit

Identificationi roes Dethi-dRcodIa n icit art' similar lo t'aulses repiteted prci-vtusts for \-titriIdenifictia of eath an RecrdsAmierican adtilts.2
iii

tiii recortds ofi all ictt-lls tiriit (It- pettnti IN177- 181 anritng
ittic -tlut\ tOc retie-d misted pistirtel 17 to if 3-vsars oild "CIV Diagnosis of the Sickle-Cell Trait
tiltaittei fruom itutpss tifes. rnirici tugs, patienit adrnristiatiiu jesting fll hitmougloinii AS %% as lutrllirnied all]tilt' ri-sAilis is ii
ilts. andc jiatiott rttttiistlation i of tiltlc 1 7 hiospitals mering (lie- i- 1tind titi-iu (hei acute illness tir pos otli all 26i black
I-)tsiidtttgtnir i ricritits juustinittl scttihail bieen ti-arts- u-itnlsisiith tatraldieanths. but titu 30'3 it lt ttrtttitk tot tliiswsith
ti-rc oi ii uart iLutliltits lot- itint-till ia14 of tic ttitttpcs istnl ar-tv nattural titis. liT-e iistitltii litditis sit r i v v tost i it sit kltci
tialperti. wetre iditittiet l ill Itt , ofn illit, tnu1iinai hoispiitals andt ervntrtities iii all tusts stiumitted istl tissue s ori slches to d
Owtn it-tutilss ir itttailteiL It hotsptital i ictids\%i-riuissittg. tolpics AI'I P. [:it( resuilts oft rttitir stnieenitg ofi Wlik iii itits h tt tti
isene obitaineid Itiil lit .- uitup,\ Rgisnes ii01tti- \-Ip f intl ill, glii S at etin to thte Nais\urnd Air For cie %c rt rt ctiud lti ilti
Nantional Irersoictl Ret-itis Centelr St. Louisi , m.nedlical rit-trtiss we por iisitist. \l subjt~tis \i iristit sic kit til li t

ii mniitars set-ie ri-curtis i citist itrrtteitii usedlt *erti itietilied bhnt itste litiiti of- sit klig tistirprliuts post
tad ts-ctrid .itiig it eruits ditritig liasit tr-ainirng. l)eatiis ofi re- ntuttens aind, mritei imtttitat b\ lten-iugtuhii teic trt 1 hiirisis titi
inert enlisted personnitel is rt xaintrd iiidetut-rsitte\scetirr retire- ItiitiOSe at-etateil an it alkaulineti- contsistenit i tilt- iti i tiiit
rlu itti trrii (filinig liot~it~ipiiafiaiii ii ill recrutit training. [lit'- A-S girult r - itx.- ivsS ritai3 pvi rieit liinigltti S. mort tihiait]
.Mict-c itf cise idtifiication i-s ci ntlined hs it-sie-ing recourds 501 piert (it htemoglobiin A, arid nitietl lvels of, littrittglutiti A ,atnd
itt data ibtasres minta tin~ted b\ t If(e lefiitse M aripitiser Data Cent er hiemotgltini F. Ili additionrs we requcired that pathloltgicail txantt-
'Nirititiin Calt ti. ti- Nationral Personnel Recourds Ceter, the tut ii oft- spleen riot shtows v\-idi-tie (of ciriiit lietticict atit-liai
Nas-il \lNIC1lt Da )ta (Bsc'sIhethiesdia . I atnd t'it(patienst prittr irtitretiur duei toscln.I22
A\dntttrttstratittu isseis antiiI Bisiatistics.\c-iitii (Fotrt Sars iotis'

( i -e'j Statistical Analysis
Milit irs istspital its utiieic conurict a comrrprehientsiv-e stuid% of

ntu~itral di itis ofi wimriis. isiicl art- aissays tunexpec-ted tieaths. 11, coimnputinig dteathi titeN iutl ilatisi risks. rthe atttal tututtuir
I ltise iris estig itittis tise thei61m f ihtwtg ret-trds, soutghst fbr eatch Stilt- oii rcitt titswcused. lDeatii tes liter tlll ri-tiutit iritrits ii ir
left ittthis studs (1 itie ceath certificate. (2i tist'ctnriplrtrte ottps itintitiit lute rt- cat-goiets ofi dieth I riii-sutici-t. stitil ix-
rrtitli iistltitixit ititg\ riterts. 3) the-Fi P aurttpss- c-ttisuttiit plairted. antd suidde-n iiti-sjtalitei atututg sublgroutps titfitiei Ith\ut) ti( ulnitcal ret urds (iticitditi tire rtilitarvN-rrv mediical exaiti- rate WlkI s-s. nitttilack I atd hv On'- it'Stt Oif iliseiI-e Ofi Ou

inatitnt iiutrr ii( uiectrds oii et-crtits itt basic tratining. andt sicklc-tcil trait ( iciiiiuglitiii AS \s. ttiu-litiitigiitii -Si. In oitt
amblance it a nd houspital ri-curds ii rt titftil illrtiss), (5 I jit-l svjijiii-e 10 tist iut- poissile assoittou n-u it-rivv ihe-moglinr AS midtlisk
ri-turd. itnd (6) iti reprt 01i te its-estigatiiir initotilt tti c rtiin f oi tilitv. thi i-latis i risk [or tati cairgiti ofi deathi I stittrii
statc is i hli dieath is-hit-i incluides af crirical startit for rtttr lsvdsit dleathr Iixltairiiei arid tunexp'lained I iitti-stidtii-i deatih. antl inititri
tri-s ittis rn i al itistriv ind eMess-itnieSS actciOltiS (if' run e\ erits stir- tdeath) wa scailttilatid as thit-.ieath rain- tlti a itirngloitii AS griiut
titlittti tie lit ii illntess. deifined-i b\ rate vlilac-k. rititilack. ,itnd all itvs) (i fliiedi It\ ii-

SixtN -tite iii 80i deatirs fitillrut recrt populationi were tittsititrci i-art- fll lit- coirrespntdinig rionniigll S racial gitup. ''Io
I-i na-tutral. 'Fire autopsy pritoicolt wsas resirised in c-assklug all exainte the risk assittati t \%il ris e a lonei' rt'iami-i risks \t-it' uit,

dealtlis i-etei lhar of' t)int' subject dying wsiith mnttingitis, iil wsihomt ciltilated liii-eatitl ti r of diteatnhi b\fiditig iii ctath rant loti
at i tts its not pn'rlturmt't (One black reerut whit diiedt oif- actute the lilack grcocp withocict hi uttitili S itl rise icatit tte t(t cte

itoltlit-atiuns uli sitki' i-eli diiseaste isas texcludcet] froim tile stid-. ittitiliak groitp isiithot ir i nugloiutn S. -Assuing that dic- irtirsi
H-lispiral andi i finic-al reco-rds wsere rev-iieted for 611 ti' the 613 dthts. oif, diearths flilowsed Pitissitri istr ibtion tutu tIe sttsal I-ti ii assit it
lI If four deatihs for sici autotpsy tie hotspital records w-ere missing rlin). igii(lt-aitst ss fur tit- dilit itr in deats riiies fitri (f) lv-
all iOf timerd aintirg ntitilaik rie rirs "siittiut hemoitgloin S. 'Ilii' ((trl toiinc e ituit-esais lii i ris ie risks sse otanined istitt tilt-
All P a ito tipstnisuti antin isas revi-led fur- tint' )I case's that wcere' exact toitio mnai methotd." Foirs ibsti netail-i- risks if' len t. ill
sutrne t tl t- A jlIP Am ttpss Registrcc Ey-ewsi tness accountits wert' upper 97.5 pmeri-r coidentces intrirt istwas calcculated. All si tt-il 1
kniiin ill nt he otitOtii- prtise(itor fite ill cast's tif suiddenr death. extept saltier are ts-o-sided, list tirtibur il risk tie risk diflrrr tii fi
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death as eclated lo hemoglobin AS was cahculated as the death) rait' 70
fore black recruits with hemolllgloblini AS i...IIIs thll death rate- filr
black recruits %%ithout hiettoglobin S. ", Lu 60

The effect of, age onI thel relatise risk (If death ill relationl to henlo'
gloiiz .\S sa ('au itd atiyig latlt ilatI's according to mi.~ 50

ulsing fix e groups stIth appro smatch equal numbiers oit case s I, ith I
ter 40-

re-cruits (olbtaitned fron11t theI Defense Nlanpowker D ata Ceter WU
shllssed little difference between these racial grOU l' (5 pel'cel trior t 0
nIib~lacks ittll ltlltougest gr, tip. agedl 17 to 18. aitd less thant a 2 z 3
percenit dilereitcc in all oldier age groups). Age-specific death tra tes 20
Nsere calculated unlder tfil assumtption lthIat recruits w~ith hiemoglo-

[)ll AXS had the samec age distribttion ats thlose wkith1 Lit helull0gll
binl S. t his assuimptionl is supported b\ reporets of at similar pTC.n 1.0

fencre of- hemoglllbin AS a nil 'ig Anlirican black polla t ions Ill
dilbrent ageO -7 and In- repllrts of ac i IarIS ci Istani prevalence of 0

Ilemllglllhin AS %i tli aginig -' .7; tretnds fit relat s risk wit I age 1 977 1 978 1 979 1 980 1 981
Nvere examnlred %% ifi the illaximnti -liliclillllld inlttid foir testilog at
Clit11iml relative risk against at trendt. 'Figure 1. Annual Incidence of Sudden Death among Enlisted Re-

cruits during Military Basic Training.
RESULTS Values are the numbers of deaths per 100,000 recruits in subjects

The istibuionol' he 2 nturl dethsof ecrits with hemoglobin AS (solid bars) and those without hemoglobin Strh ditiuin.' 2ntua etso'rcut (hatched bars).
duigriiavbasic trainting ( 1977 to 1981 ) is shown o etsrk.ha tes reettnlhb

inTbl according to hemoglobin phienotype ( hemno- deaths could be divided intoi thos~e .vith tio ktownS~
gloin S v. on-emolobn ), rach(lack vs. oth- mehns(ud nuexlidcaicdat)al]1er). and category of death. Thirteen recruits wVith hie- mhsm (suddo en utroejle cadaheat srso xrnls raidmoglobin AS died during basic training. All were do\o\ss(i n-cmiainof' teetres

black, and all had sudden deaths related to exercise.
Twelve deaths were clsiidas unexplained, adoe doe) ihntectgr lsde nxlie

I as explained. Forty of the 42 sudden deaths (both deaths. the unexplained cardiac (deaths accounted folr

expline an unxpline) amng he ntie rcru: 5 f 1 dethsamog backrecruits with hemoglobin
expline an unxpline) aongtheentre ecrttt AS. 4 of'5 deaths among black recruits without hiemo-population were closely associated with exercise, pre- g lobin S, and 6 of' II (deathis among ntonhblack recruits

senting as collapse during or closely following exer- wthout hemoglbnSAnulrts(rudedah
cise. The other two deaths occurred in noriblack pi10,0 reobits (li ;notua raite for- suddndeth
recruits without hemnoglobin S; one died from alter- pt 00)renddrtn iit ida prto exhubitd an (Fig.s tIt.
gic epgottsadth teFa ondda nbd able 2 summarizes the death rates for subjects
Thirty-live sudden deaths related to exertion occurred with and without hiemoglobin AS and compares the.
during scheculed military training, three during stren- reaiers9eae ohmgoi Sain lc
tiotis activity in the first fiew days at the training camp reuisaltnngrcisofllae.Aoizblk
before the s tart of formal physical training, and the recruits, the raive reits of 'l s rdden .neplait llldact
remaining two during recreati'onal athletics. T1he pro- recis, t7( (95latie risk cofiden inepae deaoth(l

po(rtion (If women was similar iti the total recruit pop- with no. significnt ncreas e isk rvfastid () expa1nt)r
ulation ( 12 percent). the group with sudden deaths (12 deth o non-sudenda.'h increased riko'udnelained
percent). and the group with sudden deaths who had det orInsde lai Teicesdrltx
hemoglobin AS (15 percent). Sudden unexplained risk of' sudde1 n death orI natural deathi was due1 if ilt.-

large ('(ttri buttiont (If' sutdden untexpl a ined (leaftIis (in
1 2 (of' 13 recrtuits wvith It heoiglobi n AS ). Th ere %xwe til

Table 1. Distribution of Deaths during Basic Training (1977 deat hs ill the s mit! grou o~(f' non black recruits
1981), According to Hemoglobin Phenotype, Race, and wihero

Category of Death. wih e ooin A'S. Tlhe colrresponidinig relative risks
among the nout black gro~ups wvere ill Izero , an d thle 95

WITH WrITo 51 per-en t con fidetnce i itterva Is wecre [)ro ad, ('xwdcit (il
at (F DFrm ,.(Kolt, AS HE~o"LOIN S fol i rom 0 to at least 300 (data not1 sliow if). Aitg re-

ill51 %INVI51V SIAC . 511.1 5 Vcruits o~f all races ('Table 2). the relative risk Il suiddeti
ll~lher ,I ,Iljll u nex plainied deathI was 39.8 ( 95 percenii confi id ci

Suddendeath*interval, 17 to 90). Again. tlte risk of'suddett deathi mtIT
1t'nexpafld 12 (0 . 11 natural death was significant. but the risk of' studdein
Explained 0 5 8 1 exp~lained dea'th or non-sudden death was hnot. Tie
Non-sudden death 0i 0 3 17 2t0 htigher relative risks fibund amnitlg all recrutits were (fitl

Toa of %udndats 1(1it 1 2 t higher rates of sutdden deathI a nit nig 1)ack i-
Thial uf sudde deaihs 13 Itcrtiits wit hotit hemoglobthin S thIani a muong itonllacks

Tot~al of all deaths 13 111 13 36 62 without hemnoglobin S (data 1root '['able I ). l ''a L-

'V1, "I rrU"tS 't 3 4 7 1. _ 429 16/7 2084 rates per 100,000)1 amtong recrulits without htenmoglobint
S were I1.2 suddent tunexplaiited deathls, 1 .2 stiddeita

tsi afl5 I Ullemglllfe 3. th ee x sll n is ave n nllCfllll ffll t explained deaths, and (0.7 ioi-suddei t h aniong

houdle,nd,~ tfl.~afld t,laelly blacks, as ctompared with 0.7, 0.5, atid 1.1 atliong

I I C



lIi III, \1%"%% ss.j t'N.1 i%(IFA I Stlt(:-: pt) 21. 1987,

Table 2. Risk of Death among Recruits with and without hemolvsis or sickle cell disease onl examination of
Hemoglobin AS., -t spleen. '[he fraction of hemoglobin S varied

RrtA~ between 30 and 44 percent in the 12 recruits vvith
........ rrr o' Iil ]I m, HRm Risk 'IS14 CI '~ r itI Sudden unexplained death. The median was '39 p('r-

tlh AS N-ris S cent, and( the extremes were low values of* 30, :35. 35,

Black recruits and 363 percent and high values of 41.5, 42. 42, and .4
Sudden death pe'rcet.

Linexplamned 3 2 2 1 2 27.6 9 - 1WM v0IH1 'Table 3 Summarizes the relation of' age-specific
I spained 2 1 2 2 3 (1.(5 -21 NS

Non-sudden death 1) 7 0I 0 128 NS rates and relative risks fbr sudden unexplained dleathi

All sudden death, 34 9 2 3 11.0 h_ 38 0, WXI to increasing age among those with and without he-
All death, 341) .30 o S S-27 1) I rn oglobin AS. Tabsle 3 demonstrates anl increasing

All recruits trend in the rate of'sudden unexplained death aniottg

Sudden death recruits 'With hemoglobin AS. hut no trend in the
C.7nexplained 3! 11 ON , W ( 7 90l (9)) 0151 eath rate with age for recruits wAithout hemoglobin S.
Explained 25 6 06 4 1 1 (2 -27 NS '[hel( trend in relative risk with age was significant

Non-sudden death I () 1 1-9 NS (13<0.04)."' Age-specific rates for sudden explained
All sudden deaths 33 7 I 4 238 H 11-47 <lO il deaths and nion-sudden deaths could he examined for
Alt death, 33.7 2.4 1.4.1 7.26 < 0I I trends only among the recruits without hemoglobin

'lih dcnrrme h-ruoglobrtrr (I -. 1ei&- ntrrrc. .,sid NS rrrr( ,gi-nbrr S: these death rates showed no significant trend
5
N-t-he ,I deaths (\'r 10.0 ....r....ur wi I th age.

non blacks. Th'le relattive irisk of' dleath arrm ngi blacks ats DISCUSSION
compjared w\ithi nonblacks was itherefiire examined W\e have identified the sickle-cell trait as ats iiiipor-
among subjects withot hemnoglobiti S. '[le relative tant risk factor for sudden death unexplaine'd b\ prior
risks of' studden unexplained de ath, sudden explained disease. Iby estimating the rates of natur Li deathl in a
death, atnd Sudden dleath wevre 1.7, 2.4. and 2.0. re- cohort of' 2.1 milliotn recruits who en: tied the U.S.
spectivel\. Nonie if these relative risks weice statistical- Armned Forces for basic training d-(ring the period
I\ sigttificat (95 Percent contfidetnce inltervals, 11.5 to 1977-1981 . Tlhe risk (If exertion-induced sudden unex-
5.3, 0.6 to 8.2. and (1.8 to1 4.5 . T'he relative risk (tIf oni- 1 laiited death was 28 to 40 times higher among those
sudden death was 0.7 (P not siignificant: 95 pe(rce'nt with hemoglobin AS, as estimated among black re-
('ottiden('e interv'al. 0. 1 to 2.3). crtits or among r'crits of all races, respectively. 'Te

I, e'xamine( the seiisitivit (of' the relative risks risk of' sudden une'xplained death attributable to ble-
slio\win in Tlable 2 to the e'stimtated p~revalenue isf hemo- milglobin AS amoisg black recruits was 31 deaths per
globiti AS. similar calculatins wce c made that ats- 100,000. Hemoglobin AS was not significantly associ-
sumled anl imprttbabl\ high prevalence of' hemoglobin ated with sudden explained (or non-sudden deaths.
AS aistolg bo~th th(' black attd itoimblack recruits. If- 12 '[he risk of' sudden death (both explained and uni'x-
pecn (If' black recruits had htemoglobiit A.S. ti't rela- plained) among the subjects without hemoglobin S
ivt' risks of'sudden unexplained deatht, sutdden' dea th, was approxinmately' twice ats high in black as in non-

and natutral death wotuld have been 18. 9.5, and 7.3. black recruits. Al]though thme increase in the risk amrong
rcspectA vlv . Tlhese risk ratios wiotld still be signtificant black recruits was not statstcall\ significant, it is

1P<01.01 ) b, withI corures ponin~ g 95 pecet ciottfidencite'I cueis tenit with f intd intgs of' mu ich larger tnat ionalt mor-
intrvals (If 6 to 64. 1- to 24, att] :3 to 17. 11 0). l6 pecn tza)'Pa surveys ('onducted (luring the same pe'riodl,

(if' nii la('k rec'ruits had htemotglobtiit AS, the relative 'vhiclt have suggested that blacks in tlte siaine age
risk (If' deatht in Subjects With hemoglobiit AS amlongv range ats that of ithe recruits had higher rates oif nlat-
the entire- recruit population wvould decrease by olty I iral death than whites," TI'Ihe number of nonblack re-
pe rcenit in each Isof' thbe catego rtes of'
(death shown its Tlable 2. Further- Table 3 Age-Specific Death Rates and Relative Risk of Sudden Unexplained Death.*
more, the absence of' ide it tified
de aths amnttg sith 'it a noniblack poll- Ar .i IIkrl'rrsr.t M S. Ir't I~~ SrIttHi s

illa tion withI hen- Iglobil itAS, coitt- HrrI H II Rs' Ts" us NAst RH t HRs

sisting (If' 26(10 re'crutits, would nlot fibl \S N.,rnHis S Hh AS NrruHis S is AS Nrrn.tHb S

have suggested it statistically signif' 17 -I1 43 4 47 4 2 9 120 119 (2 9
icatit difierettee in risk whens conl- N 210 31 9 30 4 2 4 16.3 0.6 25 2

pared wtth tlse deaths in the black 21 -22 1221 11.01 2 (1 42.6 11.0 -

group with Isemoglobits AS. whiich 23-25 79 711 4 2 131 1.3 94 2

averaged osue sudden utnexplained 26-30 3H9 3 4 2 I 136 1 4 9S I

dleat h per 3200 recruits. 11-34 (19 it 1 Y1) 1

No ne of' t he stubjects withI henti - Tortal 12 M6 31 110' .?Q

globin AS had sign licant elevations -lt d,tte ireu.rglorhn .1 , it (MIest h,u trend with iige

if Isemoglohits A, ttr hemoglobin F", t I h tr't.l nurru ,I -at with hunnglrtrn AS wa., 39,10n. tthr Till numbert -rtthim hrurglrhrn S w .it rr~

and none had evidence (If' (chronic I(Per Il lINHI Tecruit,
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III its With hemglob~gin i A S was too0 smull to provide at plain ccl dea thIs. I( hats fbicII suggeste-d thI at hitg htr
relijab le estimate of' risk associated with hemoglobhin 1ract ion s of' Ihemogl obi n S wo u fli he anl imrnpo(rtant risk
AS ini this group. factor h Ir compl1)1ica tions related to sick lin g. sinrce reI-

Attemlp ts were inade iii t itis stud v to cli minte po- ativelv mail\, afh'cted pe~Srson havc eyloglohin S
It'ilfiaf SOM Ts o1' Nias 1w ensuring that identification fractions above 42 percent anid relatively, fe%\ 1015
of'~ of nattural death was complete anid that such Fractions below 36) percent. 12. " How.ever. diflerences
, .1;(s involived otIs recriuits in basic training, that clas- from the expected distrihution of* henoglobin S frac-
silica ti ois of, the( tv pc of cleat h anid htemoglobhinr phein - t i os a mo~ng cases with comnpl ica tions rela ted to tit(
t\ pe wvere accurate, that demographic data onl the re- sickle-cell trait appear to have been S ut)11-.' 7.9. ,i1. 12. 1

cruits (numbers according to race. sex, and age) were The proportion of' deaths in our sttudy with ver%
accurate. and( that conclusions were niot dependent onl low or very high fractions of hemoglohin S \%as riot
11111. t,tabl\ low% estimnates of' the prevalence of' he- difli-rent from expected values in healthy, personls \ithI
n111 (i AS. Select ion i as was avoided by attempt- the sickle-cell trait. 12.11.11 AXlthoUghl thle me 141 hi (
itlg to iceittily\ all cases of deathis of recruLits wAith) use of, changes occurring ill severe cases of' heat stroke o
the record sys t(is matintainled separately by military rh abciomvolysis would ise expected to provoke pol\t31-
hospitals. fpersonlnel branchies, and D)epartment ofIDe- erization of' hemoglobin S. wvhich it) theory- could iii-
1cisc ortgaiizations. 'The study search reviewed a larg- crease mortality b\ causing tissue infjlrct (iI "712-

ur set oIf cases t han the actual niumber (If deaths so that there is no cvidence permitting (Ine to cleterini I
rare cases would niot Ite overlooked because of mis- whtether the association between sudden uInexplainled
diaijgnis t aitops. dvac .t high rank, t ranls- death and tile sickle-cell trait is a direct causal rvla-

fir oult A*Iflthe local hospital. or retirement during tile tion or anl indirect cone, Such as (fi~r examp1 le ill(
truiilal illness. TO) ensure that cases involved tlte consequences of' some unrecognized go-netic varianlt
iitatis (If'recruits in basic training. military status was linked to htemogloJbinl S.
hnot iinferrecl from medical records ilut was established There wais at sign~ifica~nt trend with atge inl the rela-
by inilitar,. persoInnel records. The diagnosis of* tile live risk of' sudden untexpslained deat Iin il 5b juct
sickle-cell trait and its distinction from sickle-cell with hemolglobitl AS. bc-cause tile risk-ratto lutnera-
disease were based (I) reliable and sensitive labora- tot, (thle rate 0If Stiddeni unlexplaiinec cleathI arrong
illry anid h isto(logic criteria. I it colntrast to many ret- recruits witht hemoglobinl AS) increased witih age
rI splcctive stutdics ill wihich reliance onl the death while the risk-ratio dlenomninatoIr ( tit( rate (If' sl-
crtificate alone hvs resulted in erroneous diagno- denl unexplained death amnliig recruits Witilout Ilettlo-
sis. it the presenlt ,tudv determined the manner and globirl S) did riodt chlange substanitially witi age (Ta ble
(allilI 01f death r' m full autopsy protocols. includ- 3). Thbis observationl is potentially impo~irtalnt sine
ing biochlemical studies, clinical data, anid ccontem- it implies that the pathogenesis (If' siucdcen deathi s-
poirall(oIis critical reviewv by the AFT P staf. Accu- sociated with henmogloibin AS differs from t hat of'
rate rvcoIiritioni aitd description of' illness of' sudden sudden death riot1 assolciated with hemoglobin S. Thlis
o'nset, withllu select ioni bias, would be expected trend iil relative risk was consistent wvithI data onl
bIcau(se recruits are constaitlV unider (observation age groIups varyiing ill number arid rangve. siubsets do-
itni e)Vwi Iness accounts (If such even~ts are cotn- filled according tol race oIr inili tar% Stattis (regular
xisteiltl\ r eported. Moreover. subclassificatiotn (If or reserve forces). anid categories O(Ictill ( suddeit
ntuiraIl deaths was iot essential to1 demonstrate the unexplained deaths or all suddein deaths) . I'lte- prill-
risk ass((ciateoi wjtht the sickle-cell trait, since the cipal limitatiotn of' tilis analysis wa-is titc liw dccrtc
ivdativ risk oIf' na~tural death had a high ee I sig oIf' precision oIf' deathl rates in Ill(- older age groutp~s,
ificancc tt. Precise figures fir the populIa tions5 at risk wxhich were ref at ivel)v sinall, so thait tile- t rentd in

xx lit Itaitiecd fromi conitempolraneolus D~epartment of' relative risk woutlcd be senlsitive to tite trmlHventt
IO )t6 c recto(ris tf' recruits enteriing the services. of' a fewv deathis between the hligher .Iilcl lower age
Tllc jurealence If' htemoglobin AS was not mneas- groups. However, the age distribution of' tile cigit
Ureul Itt t his stuid\. but consistent values have been additional puiblished cases (If' sudden uitexpslained
i IIsrvell itt simiilar po(pulationfs, inceludinlg military, death itt persons with h etnigloiin AS amoing recrutits
reurtt its (c Methods). Thle relative risks of death ill U.S. military baisic traiining seems colnsisteint withI
iti personhs wvitl hemoglobiin A.S remaitned statisti- our data.'-","-," 'I Although oilly approxiniately 23
call), significaint event wheni much greater preva- percent oIf' all recrtuits were older thbain 2(0, 67 far-
IllitV than hats been reported among recruits was cent (8~ tf 12) (If tutr subjeccts w ith Ilcmoulobitl AS
k .IsItM Cd . v lid) had sudden u nexpliniied d eaiths anld 63 perlcenlt i.-
A\ll of' thle 12 cases of' stidden unexpslained death in (If' 8) (If' tile subjects (If thlese putblishled cases x r

subljects with hemoglobin AS occurred during exer- aboive tihis age.
ti(Ii. These cases could be divided in to deaths present- It is temp)tinlg to explaint the alge depeildetlce f the(
ing with acute cardiac arrest of undefined mecha- risk it persons withl heinoglobinl AS ats at cow ItlutiIelI
ilistil'" it arid deaths related to exrrtional heat stroke, (If' partiail itvf)(sthlnria (attributecd to Silet Itl11
beat stress. or rhtald(IiytooIsis. Tihe data were insufli- papillary ntecrolsis). blecause this collcvnltr.Itin c ,I
(tint tol test ditetlier htemoglobin AS wats more closely progresses witit age aiind is ob15'Il~e ill ihoul p'
assolciated with any% specific stibsei oIf' stiddeni uriex- (('il of nteii ill the age iaitgeo lI 16rtitsN I I O
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