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Abstract The Physicians' Heafth Study is a randomized,
dauble-blind, placebo-controlled trial designed to deter-
mine whether low-dose aspirin (325 mg every other day)
decreases cardiovascular maortality and whether beta car-
otene reduces lhe incidence of cancer. The aspirin
component was terminated eadlier than scheduled, and
the preliminary findings were published. We now pre-
sent delailed analyses of the cardiovascular componenl

for 22,071 participants, at an average lollow-up time of
60.2 months,

There was a 44 percent reduction in the risk of myocar-
dial infarction (relative risk, 0.56; 95 percenl conlidence
interval, 0.45 to 0.70; P<0.00001) in the aspirin group
(254.8 per 100,000 per year as compared with 439.7 in the
placebo group). A slightly increased risk of stroke among
those taking aspirin was not slatislically significant; this
rend was obsarved primarily in the subgroup wilh hemor-
rhagic stroke (relative risk, 2,14: 95 percent confidence
interval, 0.96 10 4.77: P = 0.08). No reduction in maortalily

NTHOUGH chewing willow bark, which has

aspicin-fike properties, was prescribed for pain
relicf by Hippocrates in the fifih century B.C., the
possible role of aspirin in reducing the risk of cardio-
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from all cardiovascular causes was associated with aspirin
(relative rsk, 0.96; 95 percent conlidence interval, 0.60
to 1.54).

Further analyses showed that the reduction in the risk of
myocardial infarction was apparent anly among those who
were 50 years of age and older. The benefit was present at
alt [evels of chalesteral, but appeared greatesl al low ley-
els. The relative risk of ulcer in the aspirin group was 1.22
(169 in the aspirin group as compared with 138 in the
placebo group; 95 percent confidence interval, 0.98 to
1.53; P = 0.08). and the relative risk of requiring a blood
transfusion was 1.71.

This trial of aspirin for the primary prevention of cardio-
vascular disease demonstrates a conclusive reduction in
the risk of myocardial infarction, bul the evidence concern-
ing stroke and folal cardiovascular deaths remains in-
conclusive because of the inadequale numbers of physi-

cians wilh these end points. (N Engl J Med 1989; 321;
129-35)

vascular diseasc has been recognized only very recent-
ly- Such a possibility derives from the capacity of aspi-
rin in low doses to inhibit cyclooxygenase-dependent
platelet enzymes virtually completely, resulting in the
whibition of aggregability for the life of the platelet.!
These effects arc so profound that higher doses add
little benefit but do increase the risk of side eflects.?
Although an carly case—contral study® raised the pos-
sibility of a large benefit, most observational studies®
have suggested a cardiovascular benefit of about 20
percent. In such circumstances, the amount of uncon-
trolled confounding in case-control or cohort studies
may be as large as the small-to-moderate effects being
sought®; consequendly, conclusive data can result only
rom a randomized trial whose sample is sufficiently
large.’® -

The Physicians' Health Study is a double-blind,
placebo-controlled, randomized trial designed 1o test
two primary-prevention hypotheses in a population of
healthy male physicians: whether aspirin in low doses
{Buflerin, Bristol-Myers Products, 325 mg every other
day) reduces mortality from cardiovascalar diseasc,
and whether beta carotene (Lurotin, BASF, 50 mg on
alternate days) decreases the incidence of cancer. Al
though the beta carotene component of the trial is
continuing at least through 1990, the Data Monitoring
Board récommended the carly termination of the

Repriated from the New England Journal of Medicine
321:129-135 (July 20). 1989
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blinded aspirin component of the trial on December
18, 1987. This decision was based on all available evi-
dence, including three major considerations: the pres-
ence of a significant {(P<<0.00001) reduction in the risk
of total myocardial infarction among thosc in the aspi-
rin group; the fact that no cffect of aspirin on cardio-
vascular mortality could be detected in the trial
until the year 2000 or later, because of the exception-
ally low cardiovascular death rates among the par-
ticipating physicians; and the fact that aspirin was
subsequently prescribed for more than 85 percent of
the participants who experienced nonfatal vascular
cvents, which made any finding about cardiovascular
mortality particularly difficult to interpret. The trial’s
prcliminary findings were published on January 28,
1988.° We report here the results of the final analyses
of the cardiovascular component up to January 25,
1988, when the participanis were told whether they
had been assigned to the aspirin or the placcbo group.

MeTHoDS

The subjects and methods of the Physicians” Healih Study were
described in detail in the preliminary report.? Briefly, 22,071 physi-
ciany were randomly assigned, according to two-by-two factorial
design,'? 10 one of four treatment groups: aspirin and beta caro-
tene, aspinin and beta cacotene placcba, aspirin placebo and bera
caroicne, or aspirin placcbo amd bera cacatene placebo. Alo-
gether, 11,037 physicians werc assigned at random to receive aspirin
and 11,034 to reccive aspirin placcbo. All 22,071 participants ran-
domly assigned w0 a trcatment group have been included in all
analyses,

Every six months for the fiest year and anoually therealier, the
participants were sent a supply of monthly calendar packs (pro-
vided by Bristol-Myers Products) containing white tablees (aspirin
or placcho) for odd-numbered days and red capsules {bera carotenc
or placebo) for even-numbered days. They were also sent briel
questionnaires asking about their compliance with the treatment
regimen and the occurrence of any relevant cvents.

By January 23, 1888, the pacticipants had been lollowed for an
average of 60.2 months {range, 45.8 to 77.0); 99.7 percent were still
providing information on morbidity, and the vital status of all
22,071 doctors was known. The ceported cansumption of aspirin or
other platelet-active drugs was 85.71 peccent in the aspirin group
and 14,23 peccent in the placebo group. A tatal of 1269 physicians
(624 1aking aspirin and €45 taking aspirin placeba) requested an
enteric-coated preparation (supplied by Bristol-Mycrs Products),
and an additional 29 (16 assigned to aspirin and 13 assigned to

ptaccbo) specifically requested Ecotrin or its placcho {supplicd by

SmithKlinc Beckman).

When a participant reporied 2 relevant outcome event, written
consent far the review of his medical records was obtained, The
information was requested from hospitals and responsible physi-
cians. Reported diagnoses of cardiovascular discase or deaths
were considered confirmed only aficr the cxamination of all
available information by an End Points Cammittec of physicians
that included (wo tncernists, a cardiologist, and a ncurologisi, all
blinded 10 the assigned treatment. When written consent or the
relevant records could nor be obrained, a reparted cvent could not
be confirmed. Records were available for review for 95.6 percent of
the reported myocardial infarctions, 95.2 percent of the strokes, and

94.8 percent of all deaths. All our analyses were based on confirmed
cvents,

The diagnoses of nonfatal myocardial infarction were confirmed
with usc of the criteria of the World Health Organization." Monfa-
tal streke was defined as a typical neurologic deficit that was suddch
or rapid in onset, lasted more than 24 hours, and was attributable 1o

a cerebravascular event. Sicokes were {urther classified according ta -

the severity of the residual impairment at the time of hospiral dis-
charge (mild, moderate, or scvere) and according to the probable
cause {ischemie or hemorrhagic) on the basis of medical records
and the judgmeni of the neurelogist. Death due 1o a cardiovascular
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cause was documented by convincing evidence of a cardiovascular
mechanism from all available saurces, including death ceriificares,
hospital records, and — for death outside the hospital — observers’
impressions.

For the end points of myocardial infarction and stroke (Tables 1
and 2), ealy the first cvent within cach category was counted. For
cardiovascular martality {Tablc 3), all deaths were induded in the
analyses. Thus, for the 15 subjects who had both a nonfatal myocar-
dial infarction and a nonlatal stroke, both events were counted as
end poinLs. For the 23 who had a nonfatal myocardial infarcdon {or
stroke) [ollowed by death lrom a cardiovascular cause, the nonflatal
event was included in our analysis of myocardial infarction {or
stroke), and the fatal cvent was included in cardiovascular deaths.
[n addition, we performed analyses using as end peints only the Arst
cardiovascular event experienced by the participants — myecardial
infarction, stroke, or cardiovascular death -~ and this method yield-
ed virwally identical results, For the combined end paint of nonfa-
tal myocardial infarction, nonfatal stroke, and death from a cardio-

vascular cause, only a participant’s first cardiovascular event was
counted.

The relative risk was calculated as the number of events per
person-year of observation in the aspirin group divided by the cor-
responding number in the placebo group alter adjustment for age
and for assignmene to beta carotene treatment,'? even though no
significant effect of beta carotene was observed on any of the major
cardigvascular end points. Since the trial was so large, the adjusted
ratios were, in practice, nover malterially different [rom the ratios of
the crude numberes affected in each group.® For cach relative risk,
the two-sided P value and the 95 pereent confidence interval were
cafeulated,'? Multiple logistic-regression analysis'? was used 1o con-
trol simultancausly for the joint eflfccts of any small differences in
base-linc cardiovascular risk factors, although no individual facior
differed significantly between the aspirin and placebo groups,

REsSuLTS

There were 139 myocardial infarctions among those
assigned to aspirin and 239 among those assigned to
aspirin placcbo (relative risk, 0.56; 95 percent confi-
dence interval, (.45 10 0.70; P<<0.00001) (Table 1).
This represcnts a 44 percent reduction in risk, and
the benefits of aspirin were significant for both fatal
and nonfatal myocardial infarction. In terms of ab-
solute rates of cvents, the figures can be extrap-
olated to 254.8 per 100,000 per year in the aspirin
group and 439.7 per 100,000 per year mn the placebo
group. As for total stroke, there were 119 events in the
aspirin group and 98 in the placebo group — an in-
crease in risk that was not statistically significant (rel-
ative risk, 1.22; 95 percent confidence interval, 0.93 to
1.60; P = 0.15). Strokes were then subdivided into is-
chemic and hemorrhagic events and, further, into
those resuolting in mild, moderate, or severe disability
or death (Table 2). in the subgroup with hemorrhagic
strokes, aspirin was associated with an increased risk
that was ol borderline statistical significance (relative
risk, 2.14; 95 percent confidence interval, 0.96 to 4.77;
P = (.06). This subgroup included 10 mild hemor-
rhagic strokes in the aspirin group and 6 in the pla-
ccbo group (relative risk, 1.67; 953 percent confidence
interval, 0.61 10 4.57; P = 0.32), as well as 13 moder-
ate-to-severe ot fatal hemorrhagic strokes in the aspi-
rin group and 6 in the placebo group (relative risk,
2.19; 95 percent confidence interval, 0.84 to 5.69;
P=20.11).

With respect to total cardiovascular mortality {Ta-
ble 3), there were 81 deaths among thosc assigned to
aspirin and 83 among those given placebo (relative
risk, 0.96; 95 percent confidence interval, 0.60 to 1.54;
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Table 1. Confirmed Cardiovascular End Pgints in the Aspirin
Component of the Physicians' Health Study, According to
T Treatment Group.*

~ -

- 95%
0 AN Puceso  Rewamive Cownpemcs
EnNp Boint ™ 7 Grour Guour Rusx InTeavar P VaLue
Myoenrdial infarction
Faal 10 26 oM 0.15-0.75 0.007
Honfaral 129 211 059 0.47-0.74 <0,00001
Total 139 239 0.5 045-0.70 <0.00001
Pesson-years of 54, 560.0 54.355.7 _ —_ —_
otz rvation
Siroke
Faual 9 6 1.51 0.5%4-4.28 0.43
Noafatal 110 92 - L2 0.91-1.59 0.20
Tow! 19 9 1.22 0.93-1.60 0,15
Person-years of 54,6503 54.635.8 — — —
olscrvalion

" Addisional events 1 could non be confirmed heatayse ronords wore not e labic included
17 myocandial inlurctuons {10 in Itre aspirin group and 7 in the placebo group) and § | strokes (3
i and 8 placebo)

P = 0.87). In the five catcgorics of death from specific
cardiovascular causcs, there was only one statistically
significant finding: a reduction in the rate of faal
myocardial infarction (10 in the aspirin group and 28
in the placebo group; P = 0.004). For sudden death,
there was an apparent increase in risk that did noc
achieve statistical significance {22 in the aspirin group
and 12 in the placcbo group; P = 0.09). Combining
the category of fatal acute myocardial infarction (ICD
[International Classification of Diseases number) . 410}
with the categories of all other fatal ischemic heart
discase (ICD 411 to 414) yiclded 34 deaths in the
aspirin group and 53 in the placebo group (relative
risk, 0.60; 95 percent confidence interval, 0.37 o 0.98;
P = 0.04). The addition of sudden death (ICD 798)
resulted in 56 deaths in the aspirin group and G5 in the
placebo group (relative risk, 0.86; 95 percent confi-
dence interval, 0.60 10 1.22; P = 0.41). There was no
reduction in the risk of all deaths from noncardiovas-
cular causes {124 in the aspirin group vs. 133 in the
placebo group; relative risk, 0.93; 95 percent confi-
dence interval, 0.72 o 1.20; P = 0.59). Thus, there
were 205 deaths with a confirmed cause in the aspirin
group and 216 in the placebo group (relative risk,
0.95; 95 percent confidence interval, 0.79 w L.15;
P = 0.60).

To help clarify a risk-to-benefit ratio, we considered
a combined end point consisting of nonfatal myocar-
dial infarction, nonfatal stroke, and death from a car-
diovascular cause. There were 307 important vascular
cvents among those assigned 1o aspirin and 370 among
those assigned to placebo (relative risk, 0.82; 95 per-
cent confidence interval, 0.70 10 0.96; P = 0.01). This
represents a statistically significant, 18 percent reduc-
tion in important vascular events among Lhose.as-
signed o aspirin.

As expected with a sample of 22,071 participants
randomly assigned to treatinent groups, there were

no differences in the base-line characteristics — age, -

cigarette smoking, incidence of diabetes mellitus,
parental history of myocardial infarction, cholesierol
level, systolic blood pressure, diastolic blood pressure,
alcohol use, amount of vigorous exercise, and body-
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mass indcx. When the possible effects of any dilfer-
ences in the joint distributions of these risk faclors
were taken into account through logistic regression,
the relative risks for each cardiovascutar cnd point
were unchanged.

We also examined the possible elfects of aspirin
in subgroups of physictans with various cardiovascu-
lar risk factors. As shown in Tabic 4, the cflccts of
aspirin on the risk of myocardial infarciion were
modified by two coronary risk factors — age and blood
cholesteral tevel. The reduction in the risk of myo-
cardial infarction associated with the use of aspirin
was apparent only in those 50 years of age or old-
er (P = 0.02). No consistent effect of age on the
relation between aspirin and cither stroke or cardio- -
vascular mortality was observed. For cholesterol, the
beneficial effects of aspirin on myocardial infarction
were apparent at all levels but appeared greatest
at low levels (P = 0.04). For cigarctte smoking, the
reduction in the risk of myocardial infarction associ-
ated with the use of aspirin was similar among those
who had never smoked, past smokers, and current
smokers, For stroke, cigarette smoking did not mod-
iy the effect of aspirin, but for cardiovascular mor-
tality, it appeared 10 do so (P = 0.05). However, nci-
ther the abserved reduction in nisk among nonsmokers
(P = 0.18) nor the apparently increased risk among
current smokers (P = 0.20) was significant. Final-
ly, blood-pressure levels had no consistent ellect
on the association between aspirin and myocardial
infarction, siroke, or mortality {rom cardiovascular
causes.

During the 60.2 months of follow-up, gastrointesti-
nal discomfort was reported by 26.1 percent of the
aspirin group and 25.6 percent of the placebo group;
0.5 percent was therefore attributable 1o the acrive
drug, a nonsignificant excess (P = 0.45) (Table 5).
For all gastrointestinal symptoms except ulcer, the
corresponding figures were 34.8 percent and 34.2 per-
cent, respectively (P = 0.48, also not significant).

Table 2. Subcalegories of Stroke, According lo Trealment

Group.*
95%
Asrmin Pracead Roativi Cownpesce
Tvre Of Sreocc Grour Gaour R INTEA VAL P VaLuve
Ischemic
Mild 69 61 113 {.80-1.60 0.48
Modcraic, severe, 21 20 105 0.57-1.95 0.88
or faial
Unknown scverity l [
Total 91 82 1.1l 0.82-1.50 0.50
Hemowrhagic
Mild 10 6 0.61-4.57 0.32
Modcmte, sever, 13 ] 0.84--5.69 a.ll
or fara)
Total 23 12 2.14 0.96-4.77 0.05
Unknown cause
Mild 2 t —_ — _
Moderatz, severe, | 2 — —_
o faral
Unknown sevcrity 2 1 - - -
Tatal 5 4 —_ —_ —_
Total 119 98 .22 4.93-1.60 015

*Beverity wa defincd as follews: mild, impairment nos affecting fanctioning: moderair,
funclianal impairment; and seveic, a majar change i way of life or dependence.
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Table 3. Confirmed Deaths, According to Treatment Group.

95%
Asun Praceso ReLamive Connperce
Catrse® Grour Grour Ruse IvTERVAL P VaLuE
Total cardiovascular deathst 4] 83 086 0.60-1.54 047
Acule myocardin] infarc- [11] 28 031 0,14-0,68 0,004
tion (410)
Onher ischemic heart 24 235 Q.97 0.60-1.55 089
discase (411-4[4)
Sudden death (798) 22 12 1.9 091-4.22 ©.09
Suoke (430, 431, 434, 41 7 144 0.54-3B8 047
3614
Ocher cardiovascular (402, 15 11 VI8 G.62-305 0.4
A2, 424 425 478, 439,
437, €40, 241)
Tot! noncardiovascular 1245 133 091 0.72-1.0 0.59
deaths
Toul deaths with confirmed 20% 216 095 0.79-1.15 0.60
cause
Toul deaths¥ 217 227 09 O0E80-1.14 0484

Person:years of obsexvation  54,894.6 34.864.2 - —

of the F.
Lar crerd Are

*Mumnbery are odc b i Classificarion of Ditrmyes. ninth eviion,

1AL {ual card Tudod, repandicss of p nonfans] evenss,

fTha category includes ixchemac {1 im the opinn group and 3 in b placcbo group).
Temontugx (7 xpuin and 2 placrbo), wnd unknown cause (O aspinin and 1 placebo].

Ttz cmrpocy includes onx desth duc to gasiroinicatinal hemamhage.

TAddvional cvenrs that coutd not be confimmed hetruts reconds wore pot svailable included
23 demha {12 mypiria and 11 placeko). of whick 11 were d 1o be cards Lar (7
w=pcin and 4 pl s 11 oo war (5 axpine and 7 placcho).

There were 169 participants with ulcer in the as-
pirin group and 138 in the placchbo group (relative
risk, 1.22; 95 percent confidence interval, 0.98 to
1.53; P = 0.08). Among thosc with ulcer, 38 of the
participants taking aspirin experienced some hemor-
rhage, as compared with 22 taking placebo (relative
risk, 1.77; 95 percent confidence interval, 1.07 1o 2.94;
P = 0.04).

With respect to bleeding, 2979 of the aspirin group
and 2248 of thosc taking placebo reported problems
such as easy bruising, hematemesis, melena, non-
specific gastrointestinal bleeding, epistaxis, or other
bleeding (relative risk, 1.32; 95 percent confidence in-
terval, 1.25 to 1.40; P<0.00001). Furthermore, 48 in
the aspirin group and 28 in the placebo group required
transfusion (relative visk, 1.71; 95 percent confidence
interval, 1.09 o 2.69; P = 0.02). One death (rom
gastrointestinal hemorrhage was reporied. This oc-

curred in the aspirin group, and the event was con-
Rrmed.

DiscussioN

The results just described were virtually identical to
the findings presented in our preliminary report.?
Overall, there was a statistically significant, 44 per-
cent reduction in the risk of myocardial infarction
that included significant benchts ol aspirin for both
fatal and nonfatal events. There continued to be an
apparcnt but not significantly increased risk of stroke,
— primarily in the subgroup of all hemorrhagic

strokes — associated with the use of aspirin. In the .

subgroup of moderate-to-severe or fatal hemorrhagic
stroke, the increased risk that we had observed pre-
viously was no longer statistically significant (13
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events in the aspirin group and 6 in the placebo group;
P = 0.i1). No reduction in the risk of mortality from
all cardiovascular causes was associated with aspirin.
QOur findings regarding stroke and cardiovascular
mortality must be viewed in the context of the fact
that the trial had too [ew events to evaluate cither of
these end points.

Even in a trial with our large sample, the ability to
identify particular subgroups of participants more or
less likely to bencfit from aspirin is limited. We ob-
served no significant modification of the effects of as-
pirin on any of the major manifestations of cardiovas-
cular disease across the various risk-factor subgroups
classificd according to cigareute smoking, the history
of diabetes mellitus, parental myocardial infarction,
diastolic blood pressure, systolic blood pressure, alco-
hol use, amount of exercise, and body-mass index.
The reduction in the risk of myocardial infarction as-
sociated with aspirin was apparent only among those
50 or older. More important, however, was the low
absolute risk of myocardial infarction at younger ages,
suggesting that any net beneht of aspirin would be
greatest among physicians 50 years of age and older.
For cholesterol, the bencficial effects of aspirin were
apparent at all levels. The observation that the bene-
fits of aspicin for myocardial infarction werc greatest
at low levels ol cholesterol was unexpected. This ob-
scrvation may be correct or may reflect random fluctu-
ations in the data from which it was derived. It is not
possibie on the basis of the present data to decide
between these explanations. For stroke and cardiovas-
cular mortality, there was no apparent modification of
the effects of aspirin according to risk factors, with the
possible exception of cigarette smoking (in relation
only to cardiovascular mortality). The number of
these end points was too small for us to detect whether
overall results were meaningful; the analysis of these
end points according to subgroup was therefore par-
tcularly difhcult.

The only other randomized trial of the role ol aspi-
rin in the primary prevention of cardiovascular dis-
case is a smaller study of British doctors.™ In contrast
to the Physicians’ Health Study, the British Doctors’
Trial showed no signihcant diflerences [or (atal or non-
fawal myocardial infarction, but the 93 percent conhi-
dence intervals were very wide. As in the Physicians’
Health Study, there were more strokes among those
assigned 1o aspirin, although the difference was not
significant, and there was no significant diflerence in
mortality {rom all cardiovascular causes. There were
differences in the design ol the U.S. and British trials,
including the doses (325 mg on alternate days vs. 500
mg daily), blinding (double-blind with placebo con-
trol vs. single-blind), compliance (85.71 percentin the
aspirin group and 85.74 percent in the placebo group
aflter 60.2 months vs. 70 percent in the aspirin group
and 98 percent in the group withourt aspirin after 36
maonths of a 72-month follow-up), and defirition of
end pownts. Perhaps most relevant, however, was the
dilference in the sample size; 5139 subjects werc ran-
domly assigned to aspirin or control in the British
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Tatle 4. Risk of Tolal Myocardial Infarction Associaled with Aspirin Use, Accarding to

Level of Coranary Risk Factors.
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cardiovascutar discase demonstrat-
ed a 25 percent reduction in the in-

Aurn Guour Puacieo Guour

na. of m ol infarcricasfiatel ra. (%)

Agt (yr)

40-49 2744527 (0.6) 2414524 {0.5)

50--3% 51725 (L.4) 8723725 (23}

60-69 AIW2045 (1.9) BA2045 (4.1)

T0—-B4 227740 (3.0) 441740 (6.0
Cigarcste smoking

MNever 5515431 (1.0} 95488 (1.8}

Past 6M4373 (1.4) 105/4301 (2 .4)

Cument 21213 (b IU1225 (3.0}
Drabetes melfius

Yes 117275 {4.0) 265,158 {19.1)

No 12810,750 (1.2} 213410,761 (2.0)
Parcraal hisiory of myocardial infarction

Yes 231420 (1.6} 3901432 (2.7)

Mo 1129505 (1.2} 192r9481 (2.0)
Chalesterol level {mg per 100 mh®

<159 1382 {0.5) 97406 (2.2}

160-209 1271587 (0.8) INISN (2.9

210-259 2641425 (1.8) 4371444 {3.0)

=260 14582 {2.4) 23570 (4.0}
Diastolic blood pressure {mm Hg)

=69 U583 (0.3} 9562 {1.6)

70-79 24r799% (0.8) 4003016 (1.2}

2039 THS061 (1.4) 128/5083 (1.5)

=90 260107 (2.9) 43370 (4.4)
Systolic blood pressure (mm Hg)

<109 [TER YO 47296 (1.4}

110-129 45072 {0.8) 1515129 {1.5)

130- 149 awie2n (1.7} 1150861 (3.0}

=150 191454 (4.2) W12 (6.3}
Alcohol use

Daily 26,2718 (1.0) SSEI2T .0

Werkly 5419 (1.3 L5213 (2.1

Harely 42802 (1 4) 6572897 (2.2)
Yigorous excreise at lcast once 3 werk

Yes 91190 (1.2} 1407861 (L.5)

MNo . 4572997 {1.5) 9253060 (3.0}
Body-mass index{

=2).0126 262872 (0.9} 4172807 (1.5)

23.0127-24.4015 32r2100 (1.2) 4612627 {1 .B)

24,4076-26.3865 22713 (1.2} 1SV R

=26.1866 4972750 (1.8) T&2TT6 (2.7}

cidence of subsequent important

iy vascular events (nonfatal myocar-
RELATIVE RELATIVE dial infarction, nonfatal stroke, or
fa st death from cardiovascular discasc),
a 32 percent deccrease in nonfatal
myocardial infarction, a 27 percent
112 reduction in nonfatal siroke, and a
0.58 0.m 15 percent reduction in cardiovas-
g'_if; cular moriality. All these reduc-
tions were statistically significant.
g:gg .59 Moreover, aspirin was at least as
0.57 cffective as dipyridamole or sulfin-
019 pyrazonc. Most recently, the Scc-
.60 0.2 ond International Study of Infarct
Survival'? evaluated the rolc of as-
g'gz 097 pirin in evolving myocardial infarc-
’ tion in a randomized trial with
0.2} 17,187 participants and demon-
g'_?l 0.04 strated a 49 percent reduction in
0.59 nonfatal myocardial infarction, a 46
021 percent decrease in nonfzflal _5trokc,
0.61 0.85 and a 23 percent reduction In car-
0.55 - diovascular death after five weeks.
0.56 All these reductions were stalisti-
on cally significant.
0.52 0.48 Aspirin’s benefits in reducing the
g:‘;; incidence of subsequent myocardi-
al infarction have been shown con-
0.45 clusively in the survivors of myo-
a.61 0.26 e . :
0.6 cardial infarction and stroke and n
patients with unstable angina, as
g'g"‘; 0.2 well as in those with an evolving
) heart attack. Qur trial dcmon-
0.61 strates conclusively a benefit of as-
gﬂ 0.90 pirin in reducing the incidence of
0.65 first myocardial infarction and thus

~To convert cholewam! valus to millimoles per Tnee, muliiply by 0.02536.
tBady-mass index is the weight (in kilograms) times the Beight {in moiers) oyoared.

trial, and 22,071 in the U.S. study. To minimize the
effect of this difference in sample size, we undertook
an overview of the two trials of primary prevention.'*
Since the U.S. trdal was so much larger, this over-
view showed a significant, 33 percent reduction in
nonfatal myocardial infarction associated with aspirin
{P<0.0002). A repcated analysis, in which data from
this final report werc used, gave virtually identical
results.

The findings of this study ol aspirin in the primary
prevention of cardiovascular disease should be viewed
in the context of all the evidence concerning the possi-
ble cole of aspirin. In 1985 the Food and Drug Admin-
istration approved the labeling of aspirin as an agent
to be prescribed for the treatment of patients with a

previous myocardial infarction or unstable angina.” A.

recent overview'® of 25 randomized trials of antiplate-
let therapy (aspirin, dipyridamolc, or sulfinpyrazone,
alone or in combination) in patients with a history of

extends the previous findings to
healthy pcople. Benefits in reducing
the incidence of subscquent stroke
have been shown conclusively in

survivors of myocardial infarction and stoke and
in patients with unstable angina, as well as in those
with an evolving heart attack. The findings of our
trial of primary prevention, although not statistically
significant, arc compatible with an increase in the
number of all strokes among aspirin users. It seems
important to distinguish between ischemic stroke, n
which one might expect aspirin to be of benefit, and
hemorrhagic stroke, in which one might expect an ad-
verse effect. The possibility of an increase in the inci-
dence of hemorrhagic stroke among aspirin users is
not unexpected, since any agent that decreases clot-
ting may help prevent ischemic cvents hut increase
bleeding. To evaluate this matter further, future trials
in which the sample size is adequate to distinguish
between ischemic and hemorrhagic stroke are re-
quired.

Finally, aspirin’s benefits in reducing the incidence
of cardiovascular moruality have been shown con-
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Table 5, Side Elfecls According to Treatment Group.

Sioe EFrrcT® Astuin Grour PLacioo Guosr P Vatue
Awndwripercent
G i tnal sympl 843 (M. B) 3T (34.2} 0.48
{except ulcor)
Discomflon {535) 2882 (26.1) 2821 (25.6) 0.45
Chher noninfectious disorders Hsoh 238 2.6) 0.02
of the digestive ract
{536, 537.8, 537.9)
Miscet] 1ymyp 2184 (21.6) 2405 (21.8) 0.73
of the dipestive vact
{533,123, 787, 789.0)

Upper pasucinlestinal ulcers 169 {1.5) 138 {1.}) 0.08
Esophageal uleer (530,2) 1 {0.1) 6 (0.05) 0.3
Gasiric ulcer (531) 25(0.2) 1500.1) o
Duodenal ulcer (532) 46 (0.9 17 (0.2) 0.03
Pepiic ulcer {(533) [56 {1.4) 129 (1.2} 0.11
Gastrojejunal {(534) 3{0.01) 4 {0.05) .70

Bleeding problems 2919 (11.0) B (20.4) <0,0001
Easy bruising {459} 1587 (14.4) 1017 (9.3) <(.0001
Hemaremesis (578.0) 35 0.9 24 (0.3) 0.12
Meclena (378.1) 35 (1) 246 {2.2) <0000
Nonspecific gasurointeati- 440 (1.0} 422 (3.8) Q.55

nal blceding {5785}

Epistaxis (784.7) B4 (7.8) 540 (5.8) <0,0001
Orher blecdingt (599.7, 724 (6.6} 596 (5.4) 0.0004
958.2) ’
"BNumbecez in | h are code of the Jouer I Clanificarion of Docases,

inth fevitioa,
FTwemy-nioe pemenr were eclated o shaving ar brushung the 1ecth {32 perrem adparin and 27
Prrecns placebo), and 72 percom were bemarunia (70 porcont spirin and 75 percent placeho)

clusively in the survivors of myocardial infarction
and stroke and in patients with unstable angina, as
well as in those with an evolving heart attack, In our
trial of primary prevention, however, no reduction
in the risk of mortality from all cardiovascular
€auses was associated with aspirin. Although it may
be tempting to speculate about possible explanations
for this finding, the primary consideration must be
thar the cardiovascular mortality rate among the phy-
sicians in this trial was only 15 percent of that expect-
ed for a general population of white men with the
same age distribution over a similar period. This re-
duction was even greater than our conservative esti-
mates of the “healthy volunteer” effect had suggest-
ed. The chiel consequence of this extremely low
cardiovascular mortality rate was to render it impossi-
bie to detect reliably whether aspirin had any eflcct on
total mortality from cardiovascular causes until at
least the year 2000. In addition, over 85 percent of the
participants who had a nonfatal myocardial infarction
were being treated with aspirin, making any finding
about cardiovascular mortality particularly difficult to
interpret.

The side effects of aspirin are clearly related to the
size of the dose. The Aspirin Myocardial Infarction
Study'® tested a dosc of 1000 mg a day, and gastro-
Intestinal symptoms were rcporied by 23.7 percent of
those assigned to active treatment and 14.9 percent of

th0§e assigned to placebo. In the recently completed |
United Kingdom Transient Ischemic Attack trial,?

thase receiving 300 mg daily experienced 30 percent
ﬁ::wcr side cffects than those receiving 1200 mg — a
significant reduction (P<<0.0001). In the Physicians’
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Health Study, in which the dose was 325 mg on alter-
nate days, the rate of gastrointestinal discomfort at-
tributable to aspirin was relatively low (0.5 percent).
As expected, increased risks of upper gastrointestinal
ulcers and bleeding problems were attributable to as-
pirin in this trial. Of greater clinical relevance, how-
cver, were their relatively low rates of occurrence, due
in part to the low dose and the [requency of adminis-
tration, and also to our eligibility criteria and the pre-
randomization run-in phase of the study, which ex-
cluded participants unable to tolerate the drug.® For
all these reasons, the frequency and severity of gastro-
intestinal discomfort, ulcers, and bleeding complica-
tions attributable to aspirin were far lower than those
reported in previous trials.

There is some suggestion that low doses of aspirin
are at least as effective in reducing the risk of cardio-
vascular disecase as high doses. An overview of the
trials of secondary prevention indicated that patients
recciving 300 mg a day gained the same beneficial
effect as those receiving 1500 mg.'® The benefits of
aspirin observed in both the Second International
Study of Infaret Survival'? and the Physicians’ Health
Study resulted from low-dose therapy — 160 mg daily
and 325 mg every other day, respectively. A dosc of
325 mg of bullered or enteric-coated aspirin cvery oth-
er day completely inhibits platelet aggregation, with
no recovery cvent 48 hours aflter the last dose.'? Phar-
macologic studies have suggested that the dose of as-
pirin necessary to inhibit platelet aggregation may be
lower than 80 mg.” However, in the acute stage of a
cardiovascular event (unstable angina, transient is-
chemic attack, or myocardial infarction), a dose of
about 160 mg to give a more rapid antithrombotic
elfect might be prudent.’?

Since both trials of aspirin in primary prevention
were confined 10 men, there is no direct evidence on
the role of aspirin in the primary prevention of cardio-
vascular disease in women. Both the overview' and
the Second International Study of Infarct Survival?
demonstrated aspirin’s significant benefits for second-
ary prevention of the various manifestations of cardio-
vascular diseasc in women. One can consider gencral-
1zing the results of our primary-prevention trial to
women, but any such clinical judgment must take into
account their absolute risks of various cardiovascular
events as well as the possibility that aspirin in low
doses may have a dillerent pharmacologic cffect in
wamen.?! The only way (o evaluate this question di-
rectly is through a randomized trial of healthy women
that has a sufficiently large sample 10 detect the most
plausible smail-to-moderate cfects.

Since the publication of our preliminary rcport, 74
percent of the participating physicians who were as-
signed to placebo have requested that their calendar
packs be changed to aspirin. For the general public,
however, the decision whether to take aspirin o re-
duce the risks of cardiavascular disease should be an
individual judgment made only with the advice of a
physician or other health care provider. In the making
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of this decision, the cardiovascular risk profile of the
patient and the risks and benefits of the drug should
be weighed.

The dedicated and conscieatious collaboration of
our study’s 22,071 physicians has provided important
information and has made it possible to conduct the
trial at a small fraction of the usual cost. With the
continucd commitment of the participating physi-
cians, we shall collcct more observational data on
stroke and cardiovascular mortality. In addition, the
ongoing randomized component of the trial should
provide important information on the possible role of
beta carotene in the prevention of cancer.

We are indebted to the staff of the Physicians’ Health Suwudy,
particularly Mary Breen, Joanne Crowley, Medora Hearn, Michael
Jomas, Jean MacFayden, Patrick McCormick, Geneva Mcair,
Ayn Suamper, Jemma Pierre, Lelie Power, Miriam Schvartz,
M.D., and Fhyllis Johnson Wajciechowski; and to Dominick Mcl-
lace of Bristol-Myers Products for his logistic support.
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