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SICKLE-CELL TRAIT AS A RISK FACTOR FOR SUDDEN DEATH IN PHYSICAL TRAINING
Jony AL Kark, M.D., Davip M. Posey, M.D., HarorLp R. ScHUMAcHER, M.D.,
AND CHARLES J. RUEHLE, M.D.
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 sickie- and 0.7, 0.5, and 1.1 among nonblack recruits without
cell trait (hemogiobin 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 hemogiobin AS, as compared with 1.2, 1987; 317:781-7.) .
i foe T \ s T
HE sickle-cell trait has been regarded as a risk  of death during comparable exposures.”™'? The in-
factor for sudden death during exertion, because creased risk of mortality associated with hemoglobin
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.'"'¥ Most of these lead to biased estimates of discase risk. Three series of
patients had exertional rhabdomyolysis, heat stroke, cascs of sudden unexplained death among military
or heat stress with acute renal failure,>'2 although men with the sickle-cell trait. collected trom the Au-
a few died before diagnostic evaluation was possi- topsy Registry of the Armed Forces Institute of Pa-
ble.!**Y However, more deaths related to heat expo- thology (AFIP) (Washington, D.C.), have been cited
sure during exertion or to rhabdomyolysis have heen 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"™*" Since there is no  for calculation of death rates.
means of distinguishing histologically between incon- We investigated the risk of sudden death in compa-
scquential postmortem sickling and serious antemor- rable populations with and without hemoglobin AS
tem vascular obstruction by sickled erythrocytes, the who experienced similar physical stress. by 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 w0 1981,
lish that the sickle-cell trait posed an increased risk  The number of recruits according to race, age, and sex
was known, and the frequency of hemoglobin AS was
From the Division of Aerospace Pathology. Armed Forces Institute of Pathol- estimated with use ol well-established pr(‘\'zll(‘ncv
e e e a1 rates among American recruis. All natural deaths
Capital Region, Bethesda, Md. Address reprint requests to John A. Kark. Col.. during basic training were investigated by means of a
M.C.. Division of Acruspace Pathology. Armed Forces Institute of Puthology. critical review of clinical data, evewitness accounts,
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natural death rates among subjects with and without
the sickle-cell trait, examines the eflect of age on the
mortality risk. and notes the association of hemoglo-
bin AS with deaths of sudden onset during exertion
that were unexplained by a predisposing cause.

Meruops

Study Population

The study population consisted of all enlisted recruits 17 o 34
vears old who enteved basic traming in the period from January |,
1977, through December 310 1981, Dat on the recruits were ob-
tained from the Defense Manpower Data Center ( Monterev. Calif)
and Accessions Operations, Department of Defense (Washington.
D.COL Annual vates of entry of black and nonblack recruits were
subdivided according to sex and age. The wtals of these recruits
were known with at least | pereent accuracy for the Regular Armed
Forces components and with 3 percent accuracy for the active Re-
serve Armed Forees components (20 percent of the total). Published
studies of American military reeruits have reported that the preva-
fence of hemoglobink AS was 8 percent among 20,000 black re-
cruits™ = and 0.08 percent among 19,000 nonblack recraits.” ! Simi-
tar prevalence rates have been reported for American civilians, 2447
These rates were used to calculate the numbers of black and non-
black recruits an the study population who had hemoglobin AS.
Basic military training fasted 8 ta 11 weeks (with rare exceptions).
dependmg on the branch of service.

Identificat'on of Deaths and Records

The records of all deaths during the period 197721981 among
active-duty or retired enlisted personnel 17 to 34 vears old were
obtained from autopsy hiles. morgue logs. patient administration
fles.and patient administration logs of the 17 hospitals serving the
13 basic-training centers tor recruits. Personnel who had been trans-
terred to civilian facilities for medical care or autopsy, which rarely
happened. were identified in the logs of the military hospitals and
their records were obtaimed. It hospital records were missing, copics
were obtained trom the Autopsy Registry of the AFIP and the
National Personnel Records Center (St. Louis).

The military service records were used to determine which deaths
had occurred among recruits during basic training. Deaths of re-
tred enbisted personnel were examined to determine whether retire-
ment occurred during hospitalization due o recruit training, The
accuracy of case identification was contirmed by reviewing records
in data bases maintained by the Defense Manpower Data Center
fMonterev. Califhr. the National Personnel Records Center, the
Naval Medical Data Services (Bethesda, Md.). and the Patient
Administration Svstems and Biostatistics Activity (Fort Sam Hous-
ton, Fex 1

Military hospitals routinely conduct a comprehensive study of
natural deaths of recruits, which are always unexpected deaths.
These investigations use the following records, sought for each sub-
jectin this studv: (1) the death certibicate, (2) the complete autopsy
protacol with toxicology reports, (3) the AFTP autopsy consultation,
4 the clinical records (including the military-entry medical exami-
nation, outpatient clinic records of recruits in basic training. and
ambualance and hospital records of the fatal illness), (3) the serviee
record, and (6) the report of the investgation into the circum-
stances of the death, which includes a critical search for undisclosed
previous medical history and evewitness accounts of the events sur-
rounding the fatal illness.

Sixty-three of 80 deaths in the recruit population were considered
to be nataral. The autopsy protocol was reviewed in classilving all
deaths except that of one subject dying with meningitis, in whom
autopsy was not performed. One black reeruit who died of acute
complications of sickle cell disease was excluded from the study.
Haospital and clinical records were reviewed for 60 of the 63 deaths.
Uhe tour deaths tor which autopsy or hospital records were missing
all occurred among nonblack recruits without hemoglobin 8. The
AFIP autopsy consultation was reviewed for the 31 cases that were
submitted to the AFIP Autopsy Registry, Eyvewitness accounts were
known to the autopsy prosector for all cases of sudden death, except

for one unwitnessed death during sleep, and were available 1o the
study invest ators for 35 of 12 sudden deaths

Classification of the Manner and Cause of Death

The investigators critically reviewed cach case in order o select
natural deaths and to exclude deaths due to acadent, suicide,
or homwcide. e cantrast o the swuation in most sudden deachs
among civilians,™ ™ immediate cardiopulmonary resuscitation,
rapid transport by ambulance, and institution of life support on an
intensive care unit were routinely provided to recruits collapsing at
military training sites. Sudden natural death was therefore defined
as death due o an illness producing an irreversible critical condition
within one hour of ouset. This definidon included cases i which
survival was extended by the continuous use of life-support svstem.
Sudden deaths were further divided into those thought 1o be ex-
plained or unexplained by a known preexisting cause. Important
attributed causes for such explained deaths in voung adults are
sitlent structural heart disease, epilepsy. intracranial bleeding, asth-
ma. medications, and drug abuse ? ¢! The present collection of
cases was similar except tor the absence of deaths atiributed 10
cpilepsy. medications, or drug abuse. Sudden uncxplained deaths
included those due to exertional heat stress, heat stroke, or rhabdo-
myolysis. as well as those in which the mechanism was completely
unknown, which are generally classified as cardiac deaths.$! The
rematning deaths with slower onset were classified as non-sudden
natural deaths. Causes of these deaths in the study population in-
cluded pneumonia, meningitis, viral infections, structural heart dis-
ease, and systemic discases missed during the physical examination
at entry, which are similar to causes reported previously for voung
American adults. %

Diagnosis of the Sickle-Cell Trait

Testing for hemoglobin AS was performed and the results were
reported during the acute illness or post mortem in all 26 black
recruits with natural deaths, but only 3 of 36 nonblack recruits with
natural deaths. The histologic findings were reviewed for sickled
ervthroevies in all cases submitted with tissues or slides to the
AFIP. The results of routine screening of black recruits for hemo-
globin 8 at entry into the Navy and Air Force were recorded in the
medical records when positive, All subjects with the sickle-cell trait
were identitied both by the finding of sickling morphology post
mortem and. more important, by hemaoglobin electrophoresis an
cellulose acetate at an alkaline pH consistent with the hemoglobin
AS genotype — 1e. fess than 50 percent hemoglobin S, more than
50 percent hemoglobin A, and normal levels of hemoglobin A, and
hemoglobin F. ln addition, we required that pathological examing-
tion of the spleen not show evidence of chronic bemolvtic ancinia o
prior infarction due to sickling, '

Statistical Analysis

In computing death rates and relative risks. the actual numbers
of recruits were used. Death rates (per 100,000 recruit entries) were
computed for the categories of death (non-sudden. sudden ex-
plained. and sudden unexplainedt among subgroups defined by
race (hlack vs. nonblack) and by the presence or absence of the
sickle-cell trait themoglobin AS ve. non-hemoglobin S50 In ordet
to test the possible associstion between hemoglobin AS and risk
of mortality. the relative risk for cach category of death (sudden
death [explained and unexplained|. non-sudden death. and natural
death) was calculated as the death rate for a hemoglobin AS group
defined by race (hlack, nonblack. and all races) divided by the death
rate for the carresponding non-hemoglobin S8 racial group. ™ To
examine the risk associated with race alone, relative risks were also
caleulated tor cach category of death. by dividing the death rate for
the black group without hemoglobin & by the death vate oy the
nanblack group without hemoglobin 8. Assuming that the number
of deaths followed Poisson distributions (the small-rate assump-
tion), significance tests for the difference in death rates and 93 per-
cent confidenee intervals for relative risks were obtained with the
exact conditional method. ™ For observed relative risks of sero, an
upper 97.5 percent confidence interval was caleulated. Al stated P
values are two-sided. The attributable risk (or risk differencet of
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death as related to hemoglobin AS was calculated as the death rate
tor black recruits with hemoglobin AS iunus the death rate for
black recruits without hemoglobin 3.

The effect of age on the relative risk of death in relation to hemo-
globin AS was examined by stratitving death rates according 1o age,
using tive groups with approximately equal numbers of cases with
hemoglobink AS. The age disuibution of black and nonblack
recruits (obtained from the Defense Manpower Data Center)
showed little difference between these racial groups (3 percent more
nonblacks in the youngest group, aged 17 o 18, and less than a 2
percent difference in all older age groups). Age-specific death rates
were calculated under the assumption that recruits with hemoglo-
bin AS had the same age distribution as those without hemoglo-
Lin 8. This assumption is supported by reports of a similar preva-
lence of hemoglobin AS among American black populations of
different ages?!*7 and by reports of a nearly constant prevalence of
hemaoglobin AS with aging.” 2479 Trends in relative risk with age
were examined with the maximum-tikelihood method tor testing a
common relative risk against a trend. ™

REesuLts

The distribution of the 62 natural deaths of recruits
during military basic training (1977 to 1981) is shown
in Table | according to hemoglobin phenotvpe (hemo-
globin AS vs. non-hemoglobin $), race (black vs. oth-
cr). and category of death. Thirteen recruits with he-
moglobin AS died during basic training. All were
black. and all had sudden deaths related to exercise.
Twelve deaths were classified as unexplained, and one
as explained. Forty of the 42 sudden deaths (both
explained and unexplained) among the entire recruit
population were closely associated with exercise. pre-
senting as collapse during or closely following exer-
cise. The other two deaths occurred in nonblack
recruits without hemoglobin S: one died from aller-
gic epiglottitis and the other was found dead in bed.
Thirtv-five sudden deaths related to exertion occurred
during schec' uled military training, three during stren-
uous activity in the first few days at the training camp
before the start of formal physical training, and the
remaining two during recreational athletics. The pro-
portion of women was similar in the total recruit pop-
ulation (12 percent), the group with sudden deaths (12
percent), and the group with sudden deaths who had
hemoglobin AS (15 percent). Sudden unexplained

Table 1. Distribution of Deaths during Basic Training (1977-
1981), According to Hemoglobin Phenotype, Race, and
Category of Death.

WiTH WiTHOUT

Carecaomy OF DEATH HEMOGE OBIN AS HEMOGLOBIN § Tora

BACK NONBEACK BLACK NONBL ACK
number of deaths

Sudden death*

Unexplained I2 0 5 11 28
Explained 1 0 s 8 14
Non-sudden death 0 0 3 17 20
Total of sudden deaths 13 4] 10 19 42
Total of all deaths 13 0 13 16 62
No. of recruits ( X100 'y 173 1.3 429 1617 2084

*kxpiained or unexplained by preexisting disease 0f exogenous agents
tin Tables | through 3. the actual numbers of recruits have been rounded off to the nca
hundred or thousand for clanty
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Figure 1. Annual Incidence of Sudden Death among Enlisted Re-
cruits during Military Basic Training.
Values are the numbers of deaths per 100,000 recruits in subjects
with hemoglobin AS (solid bars) and those without hemoglobin S
(hatched bars).

deaths could be divided into those with no known
mechanism (sudden unexplained cardiac deaths) and
those due to heat stroke, heat stress, or exertional rhab-
domyolysis (or anv combination of these three syn-
dromes). Within the category of sudden unexplained
deaths, the unexplained cardiac deaths accounted for
5 of 12 deaths among black recruits with hemoglobin
AS, 4 of 5 deaths among black recruits without hemo-
globin S, and 6 of 1l deaths among nonblack recruits
without hemoglobin S. Annual rates for sudden death
per 100,000 recruits did not exhibit any consistent
trend during the five-year period studied (Fig. 1),
Table 2 summarizes the death rates for subjects
with and without hemoglobin AS and compares the
relative risk related to hemoglobin AS among black
recruits and among recruits of all races. Amone black
recruits, the relative risk of sudden unexplained death
was 27.6 (95 percent confidence interval, 9 to 100),
with no significant increased risk of sudden explained
death or non-sudden death. The increased relative
risk of sudden death or natural death was due o the
large contribution of sudden unexplained deaths (in
12 of 13 recruits with hemoglobin AS). There were no
deaths in the small group of nonblack recruits
with hemoglobin AS. The corresponding relative risks
among the nonblack groups were all zero, and the 95
percent confidence mtervals were broad, extending
from 0 o at least 300 (data not shown). Among re-
cruits of all races { Table 2). the relative risk of sudden
unexplained death was 39.8 (95 percent confidence
interval, 17 to 90). Again, the risk of sudden death or
natural death was significant, but the risk of sudden
explained death or non-sudden death was not. The
higher relative risks found among all recruits were due
to higher rates of sudden death among black re-
cruits without hemoglobin 8 than among nonblacks
without hemoglobin S (data from Table 1). Dcath
rates per 100,000 among recruits without hemoglobin
S were 1.2 sudden unexplained deaths, 1.2 sudden
explained deaths, and 0.7 non-sudden deaths among
blacks, as compared with 0.7, 0.5, and 1.1 among
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Table 2. Risk of Death among Recruits with and without
Hemoglobin AS.*

Ritativy
Cruraory o Drap Deuan Rane* Risk use Cl PNty
Hh AS  Non-Hb S

Black recruits
Sudden death

Unexplained 322 1.2 27.6 9100 <0.001

Explained 27 P2 23 0.05-21 NS
Non-sudden death 0 0.7 0 0-28 NS
All sudden deaths My 2.3 15.0 6--3%8 = 0.001
All deaths RER REY 1.5 5-27 ~ 000
All recruits
Sudden death

Uncxplained KI] R ey 17 90 ~ 0001

Explained 26 0.6 41 02-27 NS
Non-sudden death ] 1.0 \] -9 NS
Al sudden deaths RR) 1.4 238 11-47 <X0.001
All deaths 337 24 4.1 726 <0 M)

*Hb denotes hemaogiobin, CT confidence mtenval. and NS not sigmticant
Number ot deaths per TOO OO0 recruits

nonblacks. The relative risk of death among blacks as
compared with nonblacks was therefore examined
among subjects without hemoglobin S. The relative
risks of sudden unexplained death. sudden explained
death, and sudden death were 1.7, 2.4, and 2.0, re-
spectively. None of these relative risks were statistical-
Iv significant (93 percent confidence intervals, 0.3 1o
5.3.0.6 10 8.2, and 0.8 10 +.5). The relative risk of non-
sudden death was 0.7 (P not significant: 95 percent
contidence interval, 0.1 to 2.3).

To examine the sensitivity of the relative risks
shown in Table 2 (o the estimated prevalence of hemo-
vlobin AS. similar calculations were made that as-
sumed an improbably high prevalence of hemoglobin
AS among both the black and nonblack recruits. If 12
percent of black recruits had hemoglobin AS. the rela-
tive risks of sudden unexplained death, sudden death,
and natural death would have been 18, 9.5, and 7.3.
respectively. These risk ratios would still be significant
(P<0.001). with corresponding 95 percent confidence
intervals of 610 64+ 1o 24, and 3 1o 17. 11 0.16 percent
of nonblack recruits had hemoglobin AS. the relative
risk of death in subjects with hemoglobin AS among
the entire recruit population would decrease by only 5
percent in each of the categories of
death shown in Table 2. Further-
more. the absence of identified

Sept. 2 1987

hemolysis or sickle cell disease on examination of
the spleen. The fraction of hemoglobin S varied
between 30 and 44 percent in the 12 recruits with
sudden unexplained death. 'The median was 39 per-

cent, and the extremes were low values of 30, 35, 35,
and 36 percent and high values of 41.5, 42,42, and +4
percent.

Table 3 summarizes the relation of age-specific
rates and relative risks for sudden unexplained death
to increasing age among those with and without he-
moglobin AS. Table 3 demonstrates an increasing
trend in the rate of sudden unexplained death among
recruits with hemoglobin AS, but no trend in the
death rate with age for recruits without hemoglobin S.
The trend in relative risk with age was significant
(P<0.04).*" Age-specific rates for sudden explained
deaths and non-sudden deaths could be examined for
trends only among the recruits without hemoglobin
S: these death rates showed no significant trend
with age.

Discussion

We have identified the sickle-cell trait as an inpor-
tant risk factor for sudden death unexplained by prior
disease, by estimating the rates of naturil death in a
cohort of 2.1 million recruits who eniered the U.S.
Armed Forces for basic training during the period
1977-1981. The risk of exertion-induced sudden unex-
plained death was 28 to 40 times higher among those
with hemoglobin AS, as estimated among black re-
cruits or among recruits of all races, respectively. The
risk of sudden unexplained death attributable to he-
moglobin AS among biack recruits was 31 deaths per
100.000. Hemoglobin AS was not significantly associ-
ated with sudden cxplained or non-sudden deaths.
The risk of sudden death (both explained and unex-
plained) among the subjects without hemoglobin 8§
was approximately twice as high in black as in non-
black recruits. Although the increase in the risk among
black recruits was not statistically significant. it is
coristent with findings of much larger national mor-
tal'ty surveys conducted during the same period,
which have suggested that blacks in the same age
range as that of the recruits had higher rates of nat-
ural death than whites." The number of nonblack re-

Table 3. Age-Specific Death Rates and Relative Risk of Sudden Unexplained Death.*

deaths among such a nonblack pop- At PERCENTAGE €1F S1 DUEN Un. APLAINED Ritaiing
ulation with hemoglobin AS. con- Cuory Rickurst Deatns Deatu Rared Risk
sisting of 2600 recruits, would not Ho AS Non-Hb § HhAS  Non-Hb S HRAS  Non-Hb
have suggested a statistically signif- 17-18 a3 474 2 9 120 09 12
icant difference in risk when com- 1920 Ay W4 2 4 163 06 282
pared with the deaths in the black 2.1 122 Ry 2 0 426 00 -
group with hemoglobin AS. which 23-25 7.9 7.0 4 2 131 13 942
averaged one sudden unexplained 26-30 18 14 2 ! 136 14 9
death per 3200 recruits. 3.4 0y o8 0 N 0 e -
None of the subjects with hemo- Total 12 16 a0k 98

globin AS had signilicant elevations
ot hemoglobin A, or hemoglobin F,

and none had evidence of chronic Per 10000 recruns

*Hb denotes hemoglobin P-.tH 04 tor test for irend with age
#The total number of recruits with hemoglotin AS was 38,600, the total number without hemoglobin § was 2046 (K0
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cruits with hemoglobin AS was too small to provide a
reliable estimate of risk associated with hemoglobin
AS in this group.

Attempts were made in this study to eliminate po-
tential sources of bias by ensuring that identification
of cases of natural death was complete and that such
cases involved only recruits in basic training, that clas-
sifications of the type of death and hemoglobin pheno-
1 pe were accurate, that demographic data on the re-
cruits (numbers according to race, sex, and age) were
accurate, and that conclusions were not dependent on
unrec enably low estimates of the prevalence of he-
mogloe  AS. Selection bias was avoided by attempt-
g todeatify all cases of deaths of recruits with use of
the record systems maintained separately by military
hospitals. personnel branches, and Department of De-
lense organizations. The study search reviewed a larg-
cr set of cases than the actual number of deaths so that
rare cases would not be overlooked because of mis-
diagnosis at autopsy. delaved entry, high rank, trans-
fer out of the local hospital. or retirement during the
terminal iliness. To ensure that cases involved the
deaths of recruits in basic training, military status was
not inferred trom medical records but was established
by military personnel records. The diagnosis of the
sickle-cell trait and its distinction from sickle-cell
disease were based on reliable and sensitive labora-
tory and histologic criteria. In contrast to many ret-
rospective studies in which reliance on the death
certificate alone hes resulted in erroneous diagno-
sis.'' the present - tudy determined the manner and
cause of death from full autopsy protocols, includ-
ing biochemical studies. clinical data, and contem-
porancous critical review by the AFIP stafl. Accu-
rate recognition and description of illness of sudden
enset. without selection bias, would be expected
hecause recruits are constantly under observation
and evewitness accounts of such events are con-
sistentlv reported. Moreover, subclassification of
natural deaths was not essential 1o demonstrate the
visk associated with the sickle-cell trait, since the
relative risk of natural death had a high level of sig-
nificance. Precise figures for the populations at risk
were ehtained from contemporancous Department of
Detrse records of recruits entering the services.
The prevalence of hemoglobin AS was not meas-
ured in this study. but consistent values have been
observed in similar populations, including military
recruits (see Methods), The relative risks of death
in persons with hemoglobin AS remained  statisti-
cally significant even when a much greater preva-
lence than has been reported among recruits was
assumed.

All of the 12 cases of sudden unexplained death in
subjects with hemoglobin AS occurred during exer-
tion. These cases could be divided into deaths present-
ing with acute cardiac arrest of undefined mecha-
nism®** and deaths related to exertional heat stroke.
heat stress, or rhabdomyolysis. The data were insufhi-
cient to test whether hemoglobin AS was more closely
associated with any specific subset of sudden unex-

SICKLE-CELL TRAIT AND SUDDEN DEATH -— KARK E'1° AL THY

plained deaths. It has been suggested that higher
fractions of hemoglobin S would be an important risk
factor for complications related to sickling, since rel-
atively many affected persons have hemoglobin S
fractions above 42 percent and relatively few have
fractions below 36 percent. '™ However. differences
from the expected distribution of hemoglobin S frac-
tions among cases with complications related to the
sickle-cell trait appear to have been subtle. 71311
The proportion of deaths in our study with very
low or very high fractions of hemoglobin § was not
different from expected values in healthy persons with
the sickle-cell trait.'****' Although the metabolic
changes occurring in severe cases of heat stroke or
rhabdomyolysis would be expected to provoke polym-
crization of hemoglobin S, which in theory could in-
crease mortality by causing tissue infarction,”” ™!
there is no cvidence permitiing one to determine
whether the association between sudden unexplained
death and the sickle-cell trait is a direct causal rela-
tion or an indirect one, such as (for example) the
consequences of some unrecognized genetic variant
linked to hemoglobin S.

There was a significant trend with age in the rela-
tive risk of sudden unexplained death in subjects
with hemoglobin AS, because the risk-ratio numera-
tor (the rate of sudden unexplained death among
recruits with hemoglobin AS) increased with age
while the risk-ratio denominator (the rate of sud-
den unexplained death among recruits without hemo-
globin ) did not change substantially with age (Table
3). This observation is potentially important since
it implies that the pathogenesis of sudden death as-
sociated with hemoglobin AS differs (rom that of
sudden death not associated with hemoglobin S, This
trend in relative risk was consistent with data on
age groups varving in number and range, subsets de-
fined according to race or military staius (regular
or reserve forces). and categories of death (sudden
unexplained deaths or all sudden deaths). The prin-
cipal hmitation of this analysis was the low degree
of precision of death rates in the older age groups.
which were relatively small, so that the wend n
relative risk would be sensitive to the movement
of a few deaths between the higher and lower age
groups. However, the age distribution of the cight
additional published cases of sudden unexplained
death in persons with hemoglobin AS among recruits
in U.S. military basic training seems consistent with
our data. 9801 Ajthough only approximately 23
percent of all recruits were older than 200 67 per-
cent (8 of 12) of vur subjects with hemoglobin AS
who had sudden unexplained deaths and 63 percent 13
of 8) of the subjects of these published cases were
above this age.

It is tempting to explain the age dependence ot the
risk in persons with hemoglobin AS as a consequence
of partial hyposthenuria (attributed to silent renal
papillary necrosis). because this concentrating detecs
progresses with age and is observed in about 85 pe
cent of men in the age range of reernits. 5 Howove
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