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Table 1. Confirmed Cardiovascular End Points in the Aspirin
Component of the Physicians' Health Study, According to
Treatment Group.*

95%
Asrirtn  Praceso  ReLATIVE  CONRDENCE
Enp Poiny Groue Grour Resx INTERVAL P Vatue
Myocardial infarction
Fatal 10 26 . 034 0.15-0.75 0.007
Nonfatal 129 213 0.59 0.47-0.74 <0.00001
Total 139 239 0.56 0.45-0.70 <0.00001
Person-years of 54,560.0 54,3557 — - —
observation
Siroke
Fatal 9 6 1.5F 0.54-4.28 0.43
Nonfatal 110 92 1.20  091-1.59 0.20
Total 119 98 122 093-1.60 0.1
Person-years of 54,650.3 54,6358 — - —
observation

*Additional cvents that could not be confirmed because records were not available included
17 myocardial infarfuions (10 in the aspirin group and 7 in the placebo group) and 11 strokes (3
aspirin and 8 placebo).

P = 0.87). In the five categories of death from specific
cardiovascular causes, there was only one statistically
significant finding: a reduction in the rate of fatal
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 not
achieve statistical significance (22 in the aspirin group
and 12 in the placebo 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
disease (ICD 411 to 414) yielded 34 deaths in the
aspirin group and 53 in the placebo group (relative
risk, 0.60; 95 percent confidence interval, 0.37 to 0.98;
P = 0.04). The.addition of sudden death (ICD 798)
resulted in 56 deaths in the aspirin group and 65 in the
placebo group (relative risk, 0.86; 95 percent confi-
dence interval, 0.60 to 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 to 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 to 1.15;
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
events among those assigned to aspirin and 370 among
those assigned to placebo (relative risk, 0.82; 95 per-
cent confidence interval, 0.70 to 0.96; P = 0.01). This
represents a statistically significant, 18 percent reduc-
tion in important vascular events among those as-
signed to aspirin,

As expected with a sample of 22,071 parucxpants :

randomly assigned to treatment groups, there were
no differences in the base-line characteristics — age,
cigarette smoking, incidence of diabetes mellitus,
parental history of myocardial infarction, cholesterol

~level, systolic blood pressure, diastolic blood pressure,

alcohol use, amount of vigorous exercise, and body-
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mass index. When the possible effects of any differ-
ences in the joint distributions of these risk factors
were taken into account through logistic regression,
the relative risks for each cardiovascular cnd point
were unchanged.

We also examined the possible effects of aspirin
in subgroups of physicians with various cardiovascu-
lar risk factors. As shown in Table 4, the effects of
aspirin on the risk of myocardial infarction were
modified by two coronary risk factors — age and blood
cholesterol level. 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 cffect of age on the
relation between aspirin and either 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 cigarette 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-
ify the effect of aspirin, but for cardiovascular mor-
tality, it appeared to do so (P = 0.05). However, nei-
ther the observed reduction in risk 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 effect
on the association between aspirin and myocardial
infarction, stroke, or mortality from 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 to the active
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. Subcategories of Stroke, According to Treatment

Group.*
95%
ASPIRIN  Practso - ReLATIVE  CONFRIDENCE
Tyee or STROKE Group Groue Risk INtERVAL P VaLue
Ischemic
Mitd 69 [1] 113 0.80-1.60 0.48
Moderate, severe, 21 20 1.05 0.57-1.95 0.88
or fatal
Unknown severity 1 1
Total 91 82 1.1] 0.82-1.50 0.50
Hemormrhagic
Mild 10 6 1.67 0.61-4.57 0.32
Moderate, severe, 13 6 2.19 0.84-5.69 0.11
or fatal
Total 23 12 2.14 0.96-4.77 0.06
Unknown cause ’
Mild 2 1 - -_— —_—
Modcrnte, severe, 1 2 —_ — —
or fatal
Unknown severity 2 1 - —_
Total 5 4 — — —
Total . 19 98 1.22 0.93-1.60 0.15

*Severity was defined as follows: mild, impairment not affecting functioning; moderste,
functiona! impairment; and severe, a major change in way of life or dependence.
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Table 3. Confirmed Deaths, According to Treatment Group. -

ASPiIN - PLACEBO RELATIVE c“?:m
Cause* Grour Grour Resk InvervaL P VarLue
Total cardiovascular deathst 81 83 0.96 0.60-1.54 0.87
Acute myocardial infarc- 10 28 0.31 0.14-0.68 0.004
tion (410)
Other ischemic heart 24 25 097 060-155 0.89
disease (411-414)
Sudden death (798) 22 12 1.96 0.91-4.22 0.09
Stroke (430, 431, 434, 10 - 7 1.44 0.54-3.88 047
436)%
Other cardiovascular (402, 15 1 1.38 0.62-3.05 0.43
421,424, 425,428,429,
437, 440, 441)
Total noncardiovascular 124§ 133 093 0.72-1.20 0.59
deaths
Total deaths with confirmed 205 216 0.95 0.79-1.15 0.60
cause
Total deaths§ 217 27 096 0.80-1.14 0.64

Person-years of observation 54,894.6 54,8642 — - —_

*Numbers are code numbers of the /; ! Classification of Diseases, ninh revision.
tAll fatal cardi far events are included, regandiess of previ fatal events.
m&mummom:ﬁemmm:humm;,
WOWMZM).MMMW(OWMZM).
§This category includes one death duc to gastrointestinal hemorhage.

TAdditional cvents that could not be confirmed because records were rol available included
23 deaths (12 aspirin and 91 placcbo), of which 11 were suspected o be cands lar (7
aspirin and 4 placebo) and 12 di lar (5 aspirin 2nd 7 placcbo).

There were 169 participants with ulcer in the as-
pirin group and 138 in the placebo group (relative
risk, 1.22; 95 percent confidence interval, 0.98 to
1.53; P = 0.08). Among those 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 to 2.94;
P =0.04). _

With respect to bleeding, 2979 of the aspirin group
and 2248 of those 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 (rclative risk, 1.71; 95 percent confidence
interval, 1.09 to 2.69; P = 0.02). One death from
~ gastrointestinal hemorrhage was reported. This oc-
curred in the aspirin group, and the event was con-
firmed.

DiscussioN

The results just described were virtually identical to -

the findings presented in our preliminary report.®
Overall, therc was a statistically significant, 44 per-
cent reduction in the risk of myocardial infarction
that included significant benefits of aspirin for both
fatal and nonfatal cvents. There continued to be an
apparent 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

cvents in the aspirin group and 6 in the placebo group;
P = 0.11). No reduction in the risk of mortality from
all cardiovascular causes was associated with aspirin,
Our findings regarding stroke and cardiovascular
mortality must be viewed in the context of the fact
that the trial had too few events to evaluate either 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 benefit 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 discase across the various risk-factor subgroups

classified according to cigarette 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 benefit of aspirin would be
greatest among physicians 50 years of age and older.
For cholesterol, the beneficial effects of aspirin were
apparent at all levels. The observation that the bene-
fits of aspirin for myocardial infarction were greatest
at low levels of cholesterol was unexpected. This ob-
servation may be correct or may reflect random fluctu-
ations in the data from which it was derived. It is not
possible on the basis of the prescnt data to decide
betwceen 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-
ticularly difficult.

The only other randomized trial of the role of 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 significant differences for fatal or non-
fatal myocardial infarction, but the 95 percent confi-
dence intervals were very wide. As in the Physicians’
Health Study, there were more strokes among those
assigned to aspirin, although the difference was not
significant, and there was no significant difference in
mortality from all cardiovascular causes. There were
differences in the design of 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. singlc-blind), compliance (85.71 percent in the
aspirin group and 85.74 percent in the placebo group
after 60.2 months vs. 70 percent in the aspirin group
and 98 percent in the group without aspirin after 36
months of a 72-month follow-up), and definition of
end points. Perhaps most relevant, however, was the
difference in the sample size; 5139 subjccts were ran-
domly assigned to aspirin or control in the British
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Table 4. Risk of Total Myocardial Infarction Associated with Aspirin Use, According to

Level of Coronary Risk Factors.

AsMmIN Group PLAcEBO Group

ro, of myocardial infarcrionsitoral no. (%)

Age (y1)

40-49 27/4521 (0.6) 24/4524 (0.5)

50-59 5113725 (1.49) 873725 (2.3)

60-69 3972045 (1.9) 8412045 (4.1)

70-84 22740 (3.0) 447740 (6.0)
Cigarette sntoking .

Never 5515431 (1.0) 96/5488 (1.8)

Past 634373 (1.49) 10574308 (2.9)

Cument 211213 (1. 311225 (3.0)
Diabetes mellitus

Yes 117275 (4.0) 267258 (10.1)

No 128/10,750 (1.2) 21310,763 (2.0)
Parental history of myocardial infarction

Yes 2371420 (1.6) 3911432 (2.7)

No 112/9505 (1.2) 19219481 (2.0)
Cholesterol level (mg per 100 mi)y*

<159 2/382 {0.5) 9/406 (2.2)

160-209 12/1587 (0.8) INsI(2.5)

210-259 26/1435 (1.8) 4311444 (3.0)

260 14/582 (2.4) 23/570 (4.0)
Diastolic blood pressure (mm Hg)

<69 2/583 (0.3) 91562 (1.6)

70-79 2412999 (0.8) 40/3076 (1.3)

80-89 7115061 (1.4) 128/5083 (2.5)

290 2611037 (2.5) 43/970 (4.4)
Systolic blood pressure (mm Hg)

<109 17330 (0.3) 47296 (1.4)

110-129 405072 (0.8) 75/5129 (1.5)

130-149 63/3829 (1.7) 11573861 (3.0)

=150 19/454 (4.2) 26/412 (6.3)
Alcohol use

Daily 26/2718 (1.0} 5512727 (2.0)

Wecekly 70/5419 (1.3)- 3125313 (2.1)

Rarely ' 40/2802 (1.4) 6512897 (2.2)
Vigorous exercise at Jeast once a week

Yes 9177910 (1.2) 14077861 (1.8)

No 4512997 (1.5) 9213060 (3.0)
Body-mass index?

=23.0126 262872 (0.9) 4142807 (1.5)

23.0127-24.4075 322700 (1.2) 462627 (1.8)

24.4076-26.3865 3212713 (1.2) 752823 (2.7)

>26.3866 4972750 (1.8) 762776 (2.7)

P aLue or vascular events (nonfatal myocar-
ReaTive  RELATIVE dial infarction, nonfatal stroke, or
Rusk Risk . . .
death from cardiovascular discasc),
a 32 percent decrease in nonfatal
myocardial infarction, a 27 percent
112 reduction in nonfatal stroke, and a
gjg 0.02 15 percent reduction in cardiovas-
0.49 cular mortality. All these reduc-
0.58 tions were slat.is'tically significant.
0.59 0.99 Moreover, aspirin was at lcast as
0.57 effective as dipyridamole or sulfin-
0.39 pyrazone. Most recently, the Scc-
0.60 0.22 ond International Study of Infarct
Survival'’ evaluated the role of as-
g:;: 0.97 pirin in cvolving myocardial infarc-
tion in a randomized trial with
0.23 17,187 participants and demon-
0.29 L
0.61 0.04 strated a 49 percent reduction in
0.59 nonfatal myocardial infarction, a 46 -
021 percent decrease in nonfatal stroke,
0.61 and a 23 percent reduction in car-
0.55 0.88 diovascular death after five weeks.
0.56 All these reductions were statisti-
0.22 cally significant.
0.52 0.48 Aspirin’s benefits in reducing the
g:gg incidence of subsequent myocardi-
al infarction have been shown con-
oa clusively in the survivors of myo-
.61 0.26 N . .
0.63 cardial infarction and stroke and in
patients with unstable angina, as
g'gg 0.2t well as in those with an evolving
) heart attack. Our trial demon-
0.6 strates conclusively a benefit of as-
gﬁ 0.90 pirin in reducing the incidence of
0.65 first myocardial infarction and thus

*To coavert cholesterol value to millimoles per titer, multiply by 0.02586.
1Body-mass index is the weight (in kilograms) limes the height (in mcters) squared.

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

The findings of this study of aspirin in the primary
prevention of cardiovascular disease should be viewed
in the context of all the evidence concerning the possi-
ble role of aspirin. In 1985 the Food and Drug Admin-
istration approved the labeling of aspirin as an agent
to be prescribed for the trcatment of patients with a
previous myocardial infarction or unstable angina.'* A
recent overview's of 25 randomized trials of antiplate-
let therapy (aspirin, dipyridamole, or sulfinpyrazone,
alone or in combination) in patients with a history of
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cardiovascular discase demonstrat-
ed a 25 percent reduction in the in-
cidence of subsequent important

extends the previous findings to
healthy people. Bencfits in reducing
the incidence of subsequent stroke
have been shown conclusively in

survivors of myocardial infarction and stroke and
in patients with unstable angina, as well as in those
with an cvolving heart attack. The findings of our
trial of primary prevention, although not statistically
significant, are compatible with an increase in the
number of all strokes among aspirin users. It scems
important to distinguish between ischemic stroke, in
which onc might expect aspirin to be of bencfit, 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 events but 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 mortality have been shown con-

-
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Table 5. Side Effects According to Treatment Group.

Sine ErvecT® Asririv Grour  PLaceso Grour P Varug

numberipercent

Gastrointestinal symptoms 3843 (34.8) 3779 (34.2) 0.48

(except ulces)
Discomfort (535) 2882 (26.1) 2823 (25.6) 0.45
Other noninfectious disorders 345 (3.1) 288 (2.6) 0.02
of the digestive tract
(536, 537.8, 537.9)
Miscellzncous symptoms 2384 (21.6) 2405 (21.8) 0.75
of the digestive tract

. (533.123, 787, 789.0)

Upper gastrointestinal ulcers 169 (1.5) 138 (1.3) 0.08
Esophageal ulcer (530.2) 1 .1 6 (0.05) 0.23
Gastric ulcer (531) 25(0.2) 15 (0.1) o.n
Duodenal ulcer (532) 46 (0.4) 27 (0.2) 0.03
Peptic ulcer (533) 156 (1.4) 129 (1.2) 0.11
Gastrojejunal (534) 3 (0.03) 4 (0.04) 0.70

Bleeding problems 2979 (27.0) 2248 (20.4)  <0.0001
Easy bruising (459) 1587 (14.4) 1027 (9.3) <0.000]
Hematemesis (578.0) 38 (0.3) 28 (0.3) 0.22
Melena (578.1) 364 (3.3) 246 (2.2) <0.00001
Nonspecific gastrointesti- 440 (4.0) 422 (3.8) 0.55

nal bleeding (578.9)
Epistaxis (784.7) 862 (7.8) 640 (5.8) <0.0001
Other bleedingt (599.7. 724 (6.6) 596 (5.4) 0.0004
958.2)
*Numbers in parentheses are code numbers of the & f Classification of Diseases,

ainth revision.
Twenty-nine percent were selated to shaving or brushing the teeth (32 pescent aspirin and 27
percent placebo), and 72 percent were hematuria (70 percent aspirin and 75 percent placebo).

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
causes was associated with aspirin. Although it may
be tempting to speculate about possible explanations
for this finding, the primary consideration must be
that 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 wj
same age distribution over a similar period:
duction was cven 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-
ble to detect reliably whether aspirin had any effect 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 dosc. The Aspirin Myocardial Infarction
Study'® tested a dose of 1000 mg a day, and gastro-
intestinal symptoms were reported by 23.7 percent of
those assigned to active treatment and 14.9 percent of
those assigned to placebo. In the recently completed
United Kingdom Transient Ischemic Attack trial,?
those receiving 300 mg daily experienced 30 percent
fewer 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-
ever, were their relatively low rates of occurrence, due
in part to the low dose and the frequency of adminis-
tration, and also to our cligibility 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 disease as high doses. An overview of the
trials of secondary prevention indicated that patients
receiving 300 mg a day gained the same beneficial
effect as those receiving 1500 mg.'® The benefits of
aspirin observed in both the Sccond International
Study of Infarct 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 buffered or entcric-coated aspirin every oth-
er day completely inhibits platclet aggregation, with
no recovery even 48 hours after 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 dosc of
about 160 mg to give a more rapid antithrombotic

‘effect might be prudent.!”

Since both trials of aspirin in primary prevention
ere confined to men, there is no direct evidence on
the role of aspirin in the primary prevention of cardio-
vascular disease in women. Both the overview's and
the Second International Study of Infarct Survival'’
demonstrated aspirin’s significant benefits for second-
ary prevention of the various manifestations of cardio-
vascular discase in women. One can consider general-
izing 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 different pharmacologic effect in
women.? The only way to evaluate this question di-
rectly is through a randomized trial of healthy women
that has a sufficiently large sample to detect the most
plausible small-to-moderate cffects.

Since the publication of our preliminary report, 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 to re-
duce the risks of cardiovascular disease should be an
individual judgment made only with the advice of a
physician or other health care provider. In the making

A et Y
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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 conscientious 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
continued commitment of the participating physi-
cians, we shall collect 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 10 the staff of the Physicians’ Health Study,
particularly Mary Breen, Joanne Crowley, Medora Hearn, Michael
Jonas, Jean MacFayden, Patrick McCormick, Geneva McNair,
Ayn Stamper, Jemma Picrre, Leslic Power, Miriam Schvartz,
M.D., and Phyllis Johnson Wojciechowski; and to Dominick Mel-
lace of Bristol-Myers Products for his logistic support.
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ORIGINAL INVESTIGATION

Self-Selected Posttrial Aspirin Use
and Subsequent Cardiovascular Disease
and Mortality in the Physicians’ Health Study

Nancy R. Cook, ScD; Patricia R. Hebert, PhD; JoAnn E. Manson, MD;

Julie E. Buring, ScD; Charles H. Hennekens, MD

Background: The randomized aspirin component of
the Physicians’ Health Study (PHS) was terminated early,
after 5 years, primarily because of the emergence of a
statistically extreme (P<<.00001) 44% reduction of first
myocardial infarction (MI) among those assigned to as-
pirin. As a result, there were insufficient numbers of
strokes or cardiovascular disease (CVD)-related deaths
to evaluate these end points definitively.

Methods: Data on self-selected aspirin use were col-
lected until the beta carotene component ended as sched-
uled after 12 years. Posttrial use of aspirin was assessed
at the 7-year follow-up among 18 496 participants with
no previous reported CVD. Randomized and posttrial ob-
servational results in the PHS were compared, and dif-
ferences between those self-selecting aspirin and those
not were examined.

Results: At 7 years, 59.5% of participants without CVD
reported self-selected aspirin use for at least 180 d/y, and
20.8% for 0 to 13 d/y. Use was significantly associated

with family history of MI, hypertension, elevated cho-
lesterol levels, body mass index, alcohol consumption,
exercise, and use of vitamin E supplements. In multivar-
iate analyses, self-selected aspirin use for at least 180 vs
0 to 13 d/y was associated with lower risk for sub-
sequent MI (relative risk [RR], 0.72; 95% confidence
interval [CI], 0.55-0.95), no relation with stroke (RR, 1.02;
95% CI, 0.74-1.39), and significant reductions in CVD-
related (RR, 0.65; CI, 0.47-0.89) and total mortality (RR,
0.64; CI, 0.54-0.77).

Conclusion: These associations between self-selected
aspirin use and CVD risk factors increase the likelihood
of residual confounding and emphasize the need for large-
scale randomized trials, such as the ongoing Women’s
Health Study, to detect reliably the most plausible small
to moderate effects of aspirin in the primary prevention
of stroke and CVD-related death.

Arch Intern Med. 2000;160:921-928
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OW-DOSE ASPIRIN has dem-

onstrated clear net benefits

in randomized trials of sec-

ondary prevention of cardio-

vascular disease (CVD), in-
cluding a wide range of previous occlusive
diseases as well as acute evolving myocar-
dial infarction (MI).! Evidence from pri-
mary prevention trials supports a clear re-
duction in first MI among men, but the
balance of benefits vs risks for stroke and
CVD-related mortality has not yet been
evaluated definitively. Data from obser-
vational studies on these questions of small
to moderate effects have the benefits of
larger numbers of end points and longer
duration, but also have the inherent limi-
tation that their results may result at least
in part from confounding by unmea-
sured, unmeasurable, or unknown risk fac-
tors. The Physicians’ Health Study (PHS),*
a randomized trial of low-dose aspirin in
the primary prevention of CVD, offered a

unique opportunity to compare the ran-
domized and posttrial observational re-
sults and to examine whether and the ways
in which those who self-selected to use as-
pirin after the end of the randomized as-
pirin component differed from those who
did not.

The early impact on first MI found in
the PHS would be expected to translate
into a reduced risk for CVD-related mor-
tality,> but this has yet to be demon-
strated in primary prevention trials, in-
cluding the British Doctors’ Trial* and the
Thrombosis Prevention Trial,” primarily
because of inadequate numbers of deaths.
The impact of aspirin on stroke also re-
mains unclear. Overviews of secondary
prevention trials indicate that aspirin pro-
duces clear and consistent reductions in
stroke,® but in primary prevention there
have been insufficient numbers of strokes
to evaluate this end point definitively. In
the PHS, a possible but nonsignificant ob-
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SUBJECTS AND METHODS

STUDY POPULATION

The PHS was a randomized, double-blind, placebo-
controlled 2 X 2 factorial trial of aspirin and beta carotene
in 22 071 US male physicians. The methods and results
have been described in detail previously.*** Beginning in
1982, participants, aged 40 to 84 years, with no history of
MI, stroke, transient cerebral ischemia, or cancer (exclud-
ing nonmelanoma skin cancer), were randomized to one
of the 4 treatment arms. Participants received monthly cal-
endar packs containing 325 mg of aspirin (Bufferin; pro-
vided by Bristol-Myers, Princeton, NJ) with placebo on
alternate days, 50 mg of beta carotene (Lurotin; provided
by BASF Corporation, Ludwigshafen, Germany) with pla-
cebo on alternate days, both active drugs, or both place-
bos. Eligible participants had no contraindications to aspi-
rin use and were not regularly taking aspirin, other
platelet-active medications, or supplements of beta caro-
tene (vitamin A). Written informed consent was obtained
from all study participants, and the research protocol was
reviewed and approved by the institutional review board at
the Brigham and Women’s Hospital, Boston, Mass.

On January 25, 1988, the aspirin component of the
trial was terminated early, after an average of 60.2 months
of follow-up.? The reported consumption of aspirin or other
platelet-active drugs was 85.7% in the aspirin group and
14.2% in the placebo group at this time. After this date, the
beta carotene component of the trial continued uninter-
rupted, but all physicians were asked whether they pre-
ferred active aspirin or placebo to be included in their cal-
endar packs.

The beta carotene component of the trial continued
until its scheduled end on December 31, 1995." At this time,
follow-up information had accrued for an average of 12
years. At the end of 11 years of follow-up (the last year com-
pleted by all participants), 99.7% of participants were pro-
viding morbidity information, and mortality information
was complete for all but 1 of the 22 071 participants. At
that time, 78.7% of participants were still taking beta caro-
tene or its placebo.

END POINT DEFINITIONS

Throughout the entire follow-up period, written
informed consent was requested to review the partici-
pant’s medical records when a relevant end point was
reported. When necessary, details were requested from
hospitals and treating physicians. Reports of CVD or
cause of death were considered confirmed or refuted
only after the examination of all available information by
an end-points committee consisting of 2 internists, a car-
diologist, and a neurologist, all of whom were unaware
of treatment assignments and aspirin exposure. When
written consent or relevant records could not be
obtained, a reported event was not classified as con-
firmed but remained unrefuted.

Diagnoses of nonfatal MI were confirmed using World
Health Organization criteria.'* Nonfatal stroke was de-
fined as a focal neurologic defect, sudden or rapid in on-
set, that lasted more than 24 hours and was attributed to a
cerebrovascular event. Death due to a cardiovascular cause
was confirmed by convincing evidence from available
sources, including death certificates, hospital records, and
(for death outside the hospital) observers” accounts.

served increase in strokes resulted primarily from an ap-
parent excess of a small number of hemorrhagic strokes
in the aspirin group (23 vs 12; 95% confidence interval
[C1], 0.96-4.77).2

Observational studies of these questions have, not
surprisingly, been inconsistent.”!* In all observational
studies, confounding by indication, such as a possible in-
creased (or decreased) self-selection of aspirin use among
those at higher (or lesser) risk for CVD, is difficult, if not
impossible, to quantify. Our report evaluates random-
ized and observational posttrial data from the PHS and
examines the relation of self-selection of aspirin use to
risk factors for CVD as well as to subsequent morbidity
and mortality after the early termination of the aspirin
component of the PHS.

— T

RANDOMIZED RESULTS

During the 5-year period of the randomized aspirin com-
ponent of the PHS, there were 378 MIs, 217 strokes (173
ischemic and 35 hemorrhagic), 164 CVD-related deaths,
and 444 total deaths (Table 1), as reported previ-
ously.? At this time, there was a highly significant
(P<<.00001) 44% reduction in first MI among those as-
signed to active aspirin. There was also a possible but non-

significant 22% increase in total stroke, which was largely
confined to a possible but nonsignificant increase in hem-
orrhagic stroke. The death rate due to CVD was much
lower than originally anticipated,’ so the 95% confi-
dence interval for this end point was wide. Using a com-
bined end point of MI, stroke, or CVD-related death, there
was a significant 18% reduction due to aspirin use (rela-
tive risk [RR], 0.82; 95% CI, 0.70-0.96).? The total num-
ber of deaths was similar in both groups.

POSTTRIAL ASPIRIN USE

After the randomized trial period, participants were asked
whether they wanted the white pill in their calendar packs
to contain active aspirin or placebo. At the 7-year follow-
up, nearly 86.6% requested active aspirin (98.6% of those
in the randomized aspirin group, and 74.6% in the pla-
cebo group). Actual use as assessed by study question-
naire, however, was lower. Of the 18 496 participants with
no previous reported CVD, 11 010 (59.5%) reported tak-
ing aspirin at least 180 days during the past year; 2136
(11.6%), 121 to 179 days; 1501 (8.1%), 14 to 120 days; and
3849 (20.8%), 0 to 13 days. Use was higher among those
who had been randomized to active aspirin, with 65.5%
reporting use of at least 180 days, compared with 53.5%
in the placebo group. These proportions remained rela-
tively stable through the remainder of follow-up. This com-
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DEFINITION OF ASPIRIN USE

By the 7-year follow-up questionnaire, all participants had
entered the posttrial period (past January 25, 1988), and
self-selected aspirin use at this time was the primary ex-
posure in these analyses. On this and subsequent ques-
tionnaires, participants were asked, during the past 12
months, how many days they had taken the white pills from
their calendar packs, with possible response categories of
0,1 to 13, 14 to 30, 31 to 60, 61 to 90, 91 to 120, 121 to
180, and more than 180 days. Participants were also asked
on how many days they had taken additional aspirin or
medication containing aspirin, using the same response cat-
egories. Total aspirin use was estimated from the white pill
count and reported outside use. Responses were collapsed
into the following 4 categories for analysis: 0 to 13, 14 to
120, 121 to 179, and at least 180 days of self-selected as-
pirin use in the past year.

STATISTICAL METHODS

Analyses of randomized aspirin use have been published
previously and are based on person-years from time of ran-
domization to the time of first CVD event or termination
of the randomized aspirin component.? Analyses of self-
selected aspirin use at the 7-year follow-up considered events
occurring during the observational posttrial period from
7 years through database closure on October 24, 1995, an
approximate 5-year follow-up period. All analyses of the
posttrial period excluded participants with any previous re-
port of CVD, including MI or other ischemic heart dis-
ease, stroke, transient ischemic attack or other cerebrovas-
cular disease; atrial fibrillation; coronary artery bypass graft;

percutaneous transluminal coronary angioplasty; carotid
artery surgery; or angina. A total of 18 496 participants re-
mained available for analysis. Analyses of cancer or total
mortality also excluded those with a diagnosis of cancer
before the 7-year follow-up (n = 595).

Known cardiovascular risk factors were considered as
correlates of self-selected aspirin use. These included age,
smoking, body mass index (BMI; calculated as weight in ki-
lograms divided by the square of height in meters), hyper-
tension, cholesterol level and treatment, diabetes, previous
pulmonary embolism or deep vein thrombosis, intermittent
claudication, migraine, family history of M1, use of warfarin
sodium (Coumadin) or heparin, exercise, use of alcohol, and
use of supplements of vitamin E. All of these variables were
assessed at the 7-year follow-up, except for BMI and family
history of MI (assessed at baseline), smoking (assessed at 5
years), and exercise (assessed at 3 years). Crude means and
proportions of these variables were computed for the 4 cat-
egories of self-assessed aspirin use. Multivariate odds ratios
were assessed using logistic regression with the 4-category
aspirin variable using the CATMOD procedure of SAS soft-
ware (SAS Institute, Cary, NC), comparing each aspirin group
to the 0- to 13-d/y category. To test for trend across these as-
pirin categories, cumulative logistic regression with the
LOGISTIC procedure of SAS software was used.

The association between self-selected aspirin use and
subsequent CVD or mortality in the posttrial period was
assessed using Cox regression models. Trend in risk across
the 4 categories was tested with an ordinal variable. All analy-
ses presented also control for the cardiovascular risk fac-
tors described above, as well as for randomized aspirin as-
signment. Interactions of self-selected use with randomized
assignment and age were also examined.

pares with use in the randomized period of 65.3% taking
aspirin at least 180 days at the 5-year follow-up in the ac-
tive aspirin group (86.0% taking it =90 days) and 6.8% in
the placebo group taking aspirin at least 180 days.

We compared characteristics according to cat-
egory of self-selected posttrial aspirin use at the 7-year
follow-up, excluding those in whom CVD had devel-
oped before 7 years (Table 2). All reported odds ratios
and P values control for all other characteristics consid-
ered. Several statistically significant differences be-
tween groups emerged. First, posttrial aspirin use dif-
fered by previous randomized assignment. Of those who
chose to take aspirin at least 180 d/y, 55.1% had been
randomized to active aspirin, compared with 37.8% among
those with no or little use of aspirin. There were slight
differences in age and BMI at baseline, with frequent us-
ers at 7 years being slightly older and heavier. Larger dif-
ferences were apparent in the proportions with family his-
tory of MI, with frequent users of aspirin more likely to
have such a history. There was significantly less use of
warfarin or heparin, although 8 frequent users of aspi-
rin also reported use of these anticoagulants. There were
no significant differences in previous reports of diabetes
or migraine, although those with migraine reported
slightly less subsequent use of aspirin. There was also no
difference in previous report of headache (data not
shown).

Table 1. Results From the 5-Year Randomized Aspirin
Component of the Physicians’ Health Study
Among 22 071 US Male Physicians*

Treatment,
No. of Events

Active

Aspirin Placebo RR (95% CI)t P

Myocardial infarction 139 239 0.56 (0.45-0.70) <.00001
Stroke
Total 119 98 1.22(0.93-1.60) .15
Ischemic 91 82 1.11(0.82-1.50) .50
Hemorrhagic 23 12 214 (0.96-4.77) .06
Cardiovascular 81 83 0.96 (0.60-1.54) .87
mortality
Total mortality 217 227 0.96 (0.80-1.14) .64

*From Steering Committee of the Physicians’ Health Study Research
Group.?
tComparison of randomized aspirin vs aspirin placebo.

There were significant differences in treatment of
hypertension and high cholesterol level, as well as differ-
ences in cholesterol levels, among the self-selected aspi-
rin groups. Treatment for hypertension was more preva-
lent among those who chose to use aspirin at least 180
d/y. After controlling for this variable, blood pressure
level itself did not predict posttrial use (data not shown).
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Table 2. Correlates of Self-selected Aspirin Use at 7-Year Follow-up Among Subjects
With No Major Previous Cardiovascular Disease*

Aspirin Use, d/yt
I 1

0-13 14-120 121-179 =180
(n = 3849) (n = 1501) (n = 2136) (n =11010) Trend
Randomized aspirin, % 37.8 39.0 53.8 55.1 3
OR 1.00 1.07 1.95 2.04 1.74
P o .31 <.001 <.001 <.001
Randomized beta carotene, % 50.0 50.0 49.8 50.1 S
OR 1.00 1.00 0.98 1.00 1.00
P ... .98 .76 97 .94
Mean age, y 58.9 58.1 58.3 59.1 ...
OR (per 10y) 1.00 0.95 0.93 1.04 1.01
P ... 16 .03 .06 .001
Mean baseline BMI, kg/m? 24.8 24.9 24.8 24.9 S
OR 1.00 1.00 1.01 1.02 1.01
P ... .80 22 .01 .006
Family history of MI, % 10.9 11.7 13.0 13.7 .
OR 1.00 1.07 1.18 1.27 1.20
P ... 49 .04 <.001 <.001
PE-DVT, % 1.7 14 1.1 1.1 .
OR 1.00 1.02 0.89 0.80 0.82
P .. .95 .64 .20 14
Intermittent claudication, % 1.3 11 0.8 1.1 L.
OR 1.00 0.99 0.75 0.84 0.89
P .. .98 .32 .32 .39
Use of warfarin sodium or heparin, % 0.8 0.3 0.1 0.1 ...
OR 1.00 0.42 0.13 0.10 0.14
P A .08 .006 <.001 <.001
Diabetes, % 3.6 3.2 2.7 3.6 ...
OR 1.00 0.99 0.81 0.97 1.00
P A .96 19 .79 .98
Migraine, % 9.9 10.9 8.9 8.8 e
OR 1.00 1.12 0.90 0.91 0.92
P A .26 27 A7 .08
Treatment for hypertension, % 13.7 10.9 13.3 16.3 ..
OR 1.00 0.79 0.98 1.17 1.20
P .. .01 .80 .006 <.001
Cholesterol level
treatment, % 34 2.5 4.8 55 .
OR 1.00 0.68 1.35 1.49 1.45
P .. .05 .03 <.001 <.001
Mean level, untreated, mmol/L (mg/dL) 5.2 (200.9) 5.2 (201.5) 5.3 (203.3) 5.3 (204.1) o
OR (per 10 mg/dL) 1.00 1.00 1.02 1.02 1.02
P ... .68 .06 <.001 <.001
Smoking
Current, % 6.8 8.1 6.4 7.0 C
OR 1.00 1.40 1.02 1.10 1.02
P .. .01 .87 .25 .69
Past, % 41.3 447 441 43.7 o
OR 1.00 1.18 1.10 1.06 1.01
P ... .01 .09 A7 .83
Alcohol use
Daily, % 16.3 16.1 16.8 18.5 o
OR 1.00 1.28 1.38 1.44 1.31
P ... .02 <.001 <.001 <.001
Weekly, % 43.8 50.8 491 48.9 e
OR 1.00 1.49 1.46 1.45 1.27
P .. <.001 <.001 <.001 <.001
Monthly, % 13.9 13.7 15.1 12.9 .
OR 1.00 1.28 1.42 1.22 1.12
P ... .02 <.001 .002 .03
Exercise (=1 time per week), % 53.3 58.1 56.7 57.8 S
OR 1.00 1.18 1.1 1.19 1.13
P A .01 .07 <.001 <.001
Current vitamin E use, % 43 52 3.1 52 L.
OR 1.00 1.26 0.73 1.21 1.21
P A ah .04 .04 .007

*OR indicates odds ratio; BMI, body mass index; MI, myocardial infarction; PE-DVT, pulmonary embolism and/or deep vein thrombosis; TIA, transient ischemic
attack; CABG, coronary artery bypass graft; and PTCA, percutaneous transluminal coronary angioplasty. Crude means and proportions are shown for each aspirin
category. Odds ratios and P values are from logistic model predicting aspirin use and compare each category to the 1-13-d/y group, adjusting for all other
variables listed. Multivariate trend tests are from a cumulative logistic model.

tExcludes those with reported MI, stroke, TIA, atrial fibrillation, CABG, PTCA, carotid artery surgery, or angina before the 7-year follow-up.

tReference category.
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Table 3. Posttrial Self-selected Asprin Use at 7 Years and Subsequent CVD and Mortality in the Physicians’ Health Study*
Aspirin Use, d/yt
I 0-13 14-120 121-179 =180 Pfor Trend
Myocardial infarction
No. of events 76 24 39 172
RR (95% Cl) 1.00 0.83 (0.52-1.31) 0.90 (0.61-1.33) 0.72 (0.55-0.95) .02
Stroke
Total
No. of events 55 21 30 160
RR (95% Cl) 1.00 1.05 (0.63-1.74) 1.11 (0.71-1.74) 1.02 (0.74-1.39) .96
Ischemic
No. of events 42 13 20 110
RR (95% Cl) 1.00 0.85 (0.46-1.59) 0.98 (0.57-1.68) 0.92 (0.64-1.33) 73
Hemorrhagic
No. of events 6 2 1 25
RR (95% Cl) 1.00 0.89 (0.18-4.42) 0.28 (0.03-2.37) 1.29 (0.52-3.20) 44
CVD-related death
No. of events 60 10 20 115
RR (95% Cl) 1.00 0.45 (0.23-0.89) 0.63 (0.38-1.05) 0.65 (0.47-0.89) .03
Death due to acute Ml
No. of events 10 4 3 27
RR (95% Cl) 1.00 1.02 (0.32-3.26) 0.53 (0.14-1.93) 0.86 (0.41-1.79) .67
Cerebrovascular death
No. of events 13 2 2 20
RR (95% Cl) 1.00 0.44 (0.10-1.99) 0.29 (0.06-1.30) 0.51 (0.25-1.05) 10
Cancer deatht
No. of events 62 32 24 149
RR (95% Cl) 1.00 1.33 (0.87-2.04) 0.72 (0.45-1.15) 0.78 (0.58-1.05) .03
Non-CVD and noncancer death
No. of events 67 24 21 93
RR (95% Cl) 1.00 1.02 (0.63-1.62) 0.68 (0.42-1.12) 0.53 (0.39-0.74) <.001
Total deatht
No. of events 182 62 60 348
RR (95% Cl) 1.00 0.91 (0.68-1.22) 0.64 (0.47-0.85) 0.64 (0.54-0.77) =.001

*Analyses are adjusted for all cardiovascular risk factors listed in Table 2. End points are accrued from the 7-year follow-up through October 1995.
RR indicates relative risk; Cl, confidence interval; CVD, cardiovascular disease; and MI, myocardial infarction.
tExcludes those with reported MI, stroke, transient ischemic attack, atrial fibrillation, coronary artery bypass graft, percutaneous transluminal coronary

angioplasty, carotid artery surgery, or angina before the 7-year follow-up.

tExcluding those with previous cancer before year 7. May not equal the sum of CVD-related, cancer, and non-CVD, noncancer deaths since some patients

with cancer had CVD or non-CVD, noncancer death.

The relationship of aspirin use with cholesterol was
more complex. Treatment for elevated cholesterol levels
was more prevalent among those choosing aspirin. How-
ever, besides treatment, level of cholesterol also pre-
dicted aspirin use, and there was a significant interaction
of cholesterol level and treatment on the choice of aspi-
rin. Among those not receiving medication for lowering
of cholesterol levels, there was a positive relation of cho-
lesterol level with aspirin use. Among those using such
medication, those with lower cholesterol levels were
more likely to choose aspirin. Thus, those with choles-
terol levels under greater control were more likely to use
aspirin.

Although there were no significant differences in
smoking status among the groups, there were strong dif-
ferences in alcohol use and exercise, even after adjust-
ing for the other cardiovascular risk factors. Frequent us-
ers of aspirin tended to report more frequent use of alcohol
(at least up to daily use) and exercise, particularly when
compared with those who did not use aspirin. Frequent
aspirin users were also more likely to take supplements
of vitamin E.

POSTTRIAL CVD

We assessed the relationship of self-selected posttrial as-
pirin use at 7 years with subsequent CVD and mortality
in the period from 7 to 12 years of follow-up among those
with no major CVD before this time (Table 3). All analy-
ses were adjusted for all of the risk factors considered in
Table 2 as well as randomized aspirin assignment. Dur-
ing this 5-year posttrial follow-up period, there were 311
unrefuted reports of MI, 266 strokes (including 185 is-
chemic and 34 hemorrhagic), 205 CVD-related deaths,
and 782 total deaths, 652 of these among persons with
no previous cancer. For MI, there was a statistically sig-
nificant 28% lower rate of events in the frequent users
(=180 d/y) compared with the nonusers (0-13 d/y) (RR,
0.72;95% CI, 0.55-0.95). The test for trend across all 4
categories was also significant (P = .02). There were no
apparent effects of self-selected aspirin use on stroke, in-
cluding ischemic or hemorrhagic stroke.

For CVD-related mortality, we observed a statisti-
cally significant 35% lower rate among frequent users of
aspirin compared with nonusers (RR, 0.65; 95% CI,
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by Randomized Aspirin Assignment*

Table 4. Self-selected Aspirin Use at 7 Years and Subsequent CVD and Mortality in the Physicians’ Health Study

Effect of Aspirin Use, =180 vs 0-13 d/yt

I 0 Interaction,
Active Aspirin Group# Placebo Group P
Myocardial infarction
RR (95% CI) 0.84 (0.55-1.27) 0.62 (0.42-0.90) :I 08
P A .01 '
Stroke
Total
RR (95% Cl) 1.13 (0.68-1.89) 0.93 (0.62-1.38)] 54
P .63 .70 '
Ischemic
RR (95% Cl) 1.26 (0.66-2.41) 0.77 (0.49—1.21)] 21
P 48 .25
Hemorrhagic
RR (95% Cl) 1.85 (0.42-8.03) 0.89 (0.27-2.99) :I 45
P A .86 ’
CVD-related death
RR (95% Cl) 0.90 (0.55-1.49) 0.49 (0.32-0.76) :I 07
P .69 .002 '
Death due to acute Ml
RR (95% Cl) 1.94 (0.45-8.43) 0.50 (0.19-1.32)] 13
P .38 16 '
Cerebrovascular death
RR (95% Cl) 1.34 (0.39-4.62) 0.20 (0.06-0.66) :I 03
P .65 .008 '
Cancer death}
RR (95% Cl) 0.81 (0.50-1.31) 0.78 (0.53-1.15)] 90
P .39 21 '
Non-CVD and noncancer death
RR (95% Cl) 0.57 (0.35-0.95) 0.53 (0.35-0.81) :I 81
P .03 .003 '
Total death§
RR (95% Cl) 0.75 (0.56-1.00) 0.58 (0.46-74) :I 18
P .05 <.001 ’

*Analyses are adjusted for all cardiovascular risk factors listed in Table 2. Abbreviations are explained in the first footnote to Table 3.
tExcludes those with reported MI, stroke, transient ischemic attack, atrial fibrillation, coronary artery bypass graft, percutaneous transluminal coronary

angioplasty, carotid artery surgery, or angina before the 7-year follow-up.
FRandomized treatment assignment during the trial period.
§Excluding those with previous cancer.

0.47-0.89). Rates were also lower in the 2 intermediate
groups, and the test for trend was significant (P = .03).
Although the numbers of events were small, the differ-
ence was more apparent for deaths due to cerebrovas-
cular disease than for those due to acute MI. There was
also a marginally significant 22% lower rate of death due
to total cancer in the frequent user vs nonuser group (RR,
0.78;95% CI, 0.58-1.05), after excluding those with re-
ported cancer before the 7-year follow-up. The test for
trend across the 4 groups was statistically significant
(P =.03), with a lower rate in the 121- to 179-d/y aspi-
rin group as well. The rate of death due to non-CVD and
noncancer causes was also lower in the frequent user
group (RR, 0.53; 95% CI, 0.39-0.74). These differences
were reflected in the rates of total mortality, which was
36% lower in the frequent user group than in the non-
user group, even after excluding those with previous can-
cer (RR, 0.64; 95% CI, 0.54-0.77). The trend across the
4 groups was highly significant (P<<.001), with the 121-
to 179-d/y group also experiencing lower mortality.
Randomized aspirin assignment was not a signifi-
cant predictor of any of these outcomes in the posttrial

period after controlling for observational aspirin use. No
statistically significant interactions of randomized aspi-
rin assignment and posttrial self-selected use were found
for MI or stroke (Table 4), although the risk reduc-
tions for MI and CVD-related mortality were stronger
among those who had been randomized to placebo. The
interaction was significant and in the same direction for
cerebrovascular-related deaths. For cancer-related deaths,
other (non-CVD and noncancer) deaths, and total deaths
among those with no previous cancer, the RR estimates
were comparable among those who had been random-
ized to aspirin and to placebo. In separate analyses, no
significant interactions of age and posttrial aspirin use
were found (data not shown).

B COMMENT

In the randomized trial, aspirin decreased the risk for a
first MI by 44% (95% CI, 30%-55%). There were, how-
ever, insufficient numbers of events to reliably determine
whether there were reductions for stroke or CVD-related
mortality. In the posttrial period, those who self-selected
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for aspirin use of at least 180 d/y had rates of MI that were
28% lower than those who took aspirin O to 13 d/y, a dif-
ference that was statistically significant and consistent with
the 44% reduction seen in the randomized trial. There was
no significant decrease or increase in total or ischemic
stroke in the randomized or posttrial periods. Although
based on very small numbers, the randomized results sug-
gested a possible increase in hemorrhagic stroke with as-
pirin use that was not apparent in the observational data.
In addition, in the posttrial period, there was a significant
reduction in CVD-related mortality with self-selected as-
pirin use, including mortality due to cerebrovascular causes,
cancer, and noncancer and non-CVD causes and, as a re-
sult, in total mortality, findings that were not seen during
the randomized period.

ATA FROM from randomized trials show

a clear impact of aspirin on CVD, al-

though data on mortality are limited. In

primary prevention, an overview of the

PHS and British Doctors’ Trial found a
33% reduction in nonfatal MI, but no clear effect on CVD-
related death or nonfatal stroke.!” In addition, there was
no significant effect on ischemic stroke, but a possible
1.9-fold increase in risk for hemorrhagic stroke, based
on small numbers. Secondary prevention trials, as well
as trials of suspected evolving ML,'® have shown a clear
benefit of aspirin use on stroke as well as on MI and death
due to vascular causes. In an overview of 142 trials of
antiplatelet therapy in high-risk patients who had sur-
vived a previous occlusive event, nonfatal MI and non-
fatal stroke were reduced by one third, and death due to
vascular causes was reduced by one sixth.® Aspirin alone
was associated with a highly significant 25% reduction
in vascular events. A recent meta-analysis of primary and
secondary prevention trials with stroke subtype infor-
mation found significant reductions in MI, stroke, and
CVD-related mortality, with an increase in risk for hem-
orrhagic stroke.'” The totality of evidence from random-
ized trials thus suggests a definite benefit of aspirin on
MI, stroke, and CVD-related death in secondary preven-
tion and in treatment of a suspected evolving MI. The
evidence concerning primary prevention indicates a clear
protective effect for M1, at least in men, but insufficient
data are available for stroke or CVD-related death, and a
possible small increased risk for hemorrhagic stroke re-
mains plausible.

With respect to observational studies of aspirin, the
earliest show a reduction in risk for first MI among men
and women’ but no significant benefit concerning deaths
due to coronary heart disease.® A study among the elderly
found a nonsignificant reduction in MI among men, but
possible increases in ischemic heart disease among wom-
en.” A more recent prospective study among middle-aged
women in the Nurses’ Health Study found a significant re-
duction in first MI among those taking aspirin 1 to 6 times
aweek compared with those taking none'* and nonsignifi-
cant reductions in CVD-related deaths and important vas-
cular events. No effects on stroke were seen. In addition,
women who self-selected aspirin 7 or more times a week
had no decreases in MI, stroke, or death. In the Cardio-

vascular Health Study, examining short-term predictors of
stroke among the elderly, an increase was seen among men
and women self-selecting aspirin that appeared to be stron-
ger in the subgroup with no previous CVD.!! In a more re-
cent analysis after 4.2 years of follow-up in the same popu-
lation, women, but not men, who used aspirin frequently
experienced higher rates of ischemic stroke, and in both
sexes combined there was an increase in hemorrhagic
stroke.'> These observational findings need to be inter-
preted with caution, however, because questions remain
concerning the reasons for aspirin use and doses used, and
because the observed increased risk for ischemic stroke is
not consistent with the totality of evidence from random-
ized trials.'®

In the analysis of posttrial self-selected aspirin use
in the PHS, different dose-response effects were seen for
various outcomes, although the numbers in the middle
2 categories of aspirin use were small. The observed re-
duction in MI was restricted to those taking aspirin at
least 180 d/y. These results are consistent with an ear-
lier analysis in the PHS that showed the strongest ben-
efit on MI among those with the highest levels of adher-
ence." The confidence intervals for the 2 middle posttrial
aspirin groups were wide, however, and could not ex-
clude even a large reduction. For mortality, significant
risk reductions were also observed in lower categories
of use, especially for CVD mortality. These reductions
in mortality, however, especially for non-CVD-related
mortality, are not consistent with trial results.

The differences seen according to frequency of as-
pirin use as well as apparent discrepancies among the trial
and observational results, particularly for mortality, may
be due to residual confounding. Several risk factors were
highly predictive of self-selected aspirin use in these data,
including age, BMI, family history of MI, treatment of hy-
pertension, and elevated cholesterol level. Smoking was
not predictive of aspirin use, but other lifestyle factors
were associated with more frequent self-selection of as-
pirin, including exercising at least once per week, more
frequent alcohol consumption, and use of vitamin E
supplements. Risk factors for CVD as well as an interest
in prevention, as assessed through measures such as ex-
ercise, antioxidant use, and lipid-lowering medications,
are thus associated with the frequency of aspirin use
among these physicians.

Correlates of self-selected aspirin use seen in this
study were similar to those seen among women in the
Nurses’ Health Study.'® Predictors in common included
the traditional CVD risk factors of hypertension, high cho-
lesterol levels, higher body weight, and family history of
MI. In the Nurses’ Health Study, however, aspirin users
were more likely to smoke and exercised less than non-
users, although they also reported higher alcohol con-
sumption. Both study populations differ in that less than
10% of the nurses taking aspirin were doing so for pri-
mary prevention of CVD. Although not undergoing as-
sessment in the PHS, the latter proportion is likely higher
in the population of physicians enrolled in a trial in which
aspirin clearly reduced the risk for first MI. The preva-
lence of self-selected aspirin use was also much higher
in the PHS, with 60% vs 22% in the Nurses’ Health Study
reporting use at least once every other day.
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Thus, despite multivariate adjustment for a large
number of risk factors, uncontrolled confounding by in-
dication and unmeasured health behavior is likely to re-
main in these observational data. The unexpected reduc-
tions seen in non—CVD-related mortality, in particular,
are unsupported in trial data, and may be due to such
residual confounding. In primary prevention, the ben-
efit of aspirin on MI is clear, but effects on stroke and
vascular death remain unclear because of inadequate num-
bers of these events in randomized trials. Thus, the most
reliable evidence on the balance of risks and benefits of
aspirin will accrue from large-scale and long-term ran-
domized trials, most notably the ongoing Women’s Health
Study, testing the effect of low-dose aspirin and vitamin
E on CVD and cancer among 39 876 female health pro-
fessionals.®
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Confounding by Indication in Epidemiologic Studies of
Commonly Used Analgesics

Lisa B. Signorello,"** Joseph K. McLaughlin,'* Loren Lipworth,"* Seren Friis,’
Henrik Toft Serensen,”* and William J. Blot'~

Confounding by indication is a bias frequently encountered in observational epidemiologic studies
of drug effects. Because the allocation of treatment in observational studies is not randomized and
the indication for treatment may be related to the risk of future health outcomes, the resulting
imbalance in the underlying risk profile between treated and comparison groups can generate
biased results. Confounding by indication is often present in studies of drugs that are not widely
prescribed, because the indications for their use are narrow and not likely to be present in com-
parison groups; however, this bias is also observed in the study of widely used over-the-counter and
prescription drugs, as exemplified by studies of analgesics. In this article we review examples from
the published literature to demonstrate how confounding by indication can affect the findings of
pharmacoepidemiologic studies relating analgesic use to various health outcomes.

Keywords: non-narcotic analgesics, confounding factors, epidemiology, acetaminophen, aspirin.

INTRODUCTION

In epidemiology, when one seeks to estimate the effect
of an exposure on an outcome (for example, a disease
or other medical event), a confounder is an extraneous
factor that, if not properly accounted for, can bias or
distort the association observed between the exposure
and outcome. In order for a factor to be considered a
confounder, it must satisfy specific criteria. A con-
founding factor must be: a risk factor for the outcome,
independent of the exposure of interest; associated
with the exposure in the source population from
which the cases arise; and not be an intermediate step
in the causal pathway between the exposure and the
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outcome.! In the presence of confounding, if one cal-
culates a crude estimate of the effect of the exposure
on the outcome, one would partially see the effect of
the exposure and partially the effect of the con-
founder. This bias prevents investigators from validly
assessing a cause-and-effect relationship. Numerous
sources exist that provide greater detail about the gen-
eral issue of confounding.'?

Confounding by indication is the term given to a
specific type of confounding often encountered in ob-
servational epidemiologic studies of drugs or other
clinical therapies. Unless the allocation of treatment is
dictated by a randomization process (ie, in the context
of a randomized intervention trial), there will always
be an indication for treatment — that is, a reason why
some patients receive a particular treatment and oth-
ers do not. The indication for treatment is rarely easy
to characterize, because it is typically a combination of
several factors that contribute to the physician’s deci-
sion-making process about whether to assign a par-
ticular treatment or, in the case of over-the-counter
(OTC) medications, to the individual’s decision to self-
medicate with a particular drug. Factors that make up
the indication (or, just as importantly, the contraindi-
cation) for treatment can include the stage or severity
of the disease, family history of disease, symptoms,
concomitant medical conditions, concurrent therapies,
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past response to other treatments, the physician’s per-
sonal estimation of the prognosis of the patient, the
patient’s individual preferences, and the age or sex of
the patient.>*

Unfortunately, the indication for treatment is usu-
ally not present in comparison groups of nontreated
individuals, and usually predictive—if only indi-
rectly—of future health outcomes. This creates a situ-
ation whereby the indication itself becomes a con-
founder (thus the term “confounding by indica-
tion”), and the underlying risk profile or baseline
prognosis of treated individuals is likely to differ
from nontreated individuals, rendering the two
groups noncomparable.

It is often true that, among patients with the same
disease, those with a worse prognosis are more heav-
ily represented in the treated group. In addition,
among patients who have the same disease but un-
dergo different treatments, certain treatments are of-
ten reserved for the most ill.” For example, in a hypo-
thetical population of hypertensive patients, assume
that 90% of those treated with a particular drug—but
only 15% of those untreated—have an advanced or
severe form of the disease. In a study of the possible
effect of the drug on mortality, comparing the drug-
treated patients to a randomly sampled control group
from the general population is hazardous, because the
inevitably higher mortality rate among those taking
the drug may be incorrectly attributed to the drug and
not to the higher baseline risk of death among the
drug users, because of their underlying hypertension.
Even comparing the treated hypertensive patients to
the nontreated hypertensive patients would be inad-
equate, because—given the disparity in the severity of
disease between the two patient groups—mortality
would be higher, independent of treatment, for the
treated than the untreated group. In crude (or incom-
pletely adjusted) analyses, one would see the effect of
poor prognosis mixed with any treatment effect of the
drug, potentially masking any beneficial effect that the
drug provides.>*”

Confounding by indication is often present in stud-
ies of drugs that are not widely prescribed, because
the indications for their use are narrow and not likely
to be present in comparison groups; however, this bias
is also frequently noted in the study of widely used
prescription and OTC drugs, as exemplified by studies
of analgesics. In this article we present examples in
which confounding by indication may have played a
role in the findings of epidemiologic studies examin-
ing the relationship between analgesics and various
health outcomes. The examples selected in this article
have important public health implications, because
the exposures studied are exceptionally common (ie,
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aspirin and acetaminophen) and the health outcomes
studied impart a significant burden in most popula-
tions (ie, cardiovascular disease, renal failure, asthma,
and upper gastrointestinal disorders).

ASPIRIN AND MYOCARDIAL
INFARCTION

The Physicians” Health Study is among a number of
randomized trials that have provided strong evidence
to show that low-dose aspirin is a significant factor in
the primary and secondary prevention of adverse car-
diovascular outcomes.>'* The Physicians’ Health
Study was a randomized, double-blind, placebo-
controlled trial that had as one of its objectives to es-
timate the protective effect of aspirin on cardiovascu-
lar disease and mortality. This component of the study
(randomization to aspirin intake every other day) was
halted after an average of 5 years of follow-up when a
clear and significant 44% reduction in the risk of first
myocardial infarction (MI) was detected.” All partici-
pants were then offered the opportunity to take aspi-
rin after the trial stopped, and the study population
remained under observation.

After the termination of aspirin randomization, in
the posttrial period (at 7 years follow-up), Physicians’
Health Study participants completed a follow-up
questionnaire that asked about use of aspirin. Twelve
years into the trial, the investigators performed a fol-
low-up to their original analysis, affording an oppor-
tunity to directly compare the earlier randomized re-
sults with new, essentially observational results (re-
sulting from self-selected aspirin use)."® This provided
a unique opportunity to directly estimate the magni-
tude of possible confounding by indication that would
be present in an observational study of aspirin intake
and ML

The term confounding by indication is appropriate be-
cause the indication for taking aspirin (as a result of
medical advice or personal choice) was independently
related to the risk of MI. Although the earlier random-
ization assured balance between patients assigned and
not assigned aspirin during the trial, in the posttrial
period, patients on aspirin therapy were not compa-
rable to those who did not take aspirin with respect to
the underlying risk of an MI event. The Physician’s
Health Study investigators compared the characteris-
tics of subjects who reported taking aspirin at least 180
days out of the previous year with those who took less
or none at all."®> Subjects who chose to take aspirin for
180 days or more (compared with nonusers) were: 1)
slightly heavier, 2) slightly older, 3) about 30% more
likely to have a family history of MI, 4) almost 20%
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more likely to be under treatment of hypertension, 5)
almost 50% more likely to be under treatment to lower
their cholesterol (and still had higher cholesterol lev-
els), and 6) about 45% more likely to be daily alcohol
drinkers. Conversely, they were shown to be more
likely to exercise at least once per week and also to
take vitamin E supplements. Hence, the baseline pro-
files between the aspirin and comparison groups dif-
fered. Assessing the first MI risk from 7 years to 12
years of follow-up—using self-selected aspirin use—
relative risks of 0.83 (95% CI = 0.52-1.31), 0.90 (95% CI
=0.61-1.33), and 0.72 (95% CI = 0.55-0.95) for takers of
14 to 120 aspirin, 121 to 179 aspirin, and =180 aspirin
per year, respectively, were observed.'” These results
were adjusted for more than 15 confounding factors,
including age, body mass index, smoking, exercise,
personal and family history of cardiovascular prob-
lems, comorbidities, and other clinical factors. The dif-
ference between these results and those of the ran-
domized trial may then be, at least in part, because of
uncontrolled confounding by indication.

Although in this particular exercise the difference
between the randomized and the observational results
was not extreme, under another set of circumstances—
especially in a more heterogeneous population or in a
study where complete information on confounders
was not collected—it could have been, and the authors
clearly demonstrated the potential for these confound-
ing factors to mask the protective effect of aspirin.

ANALGESICS AND RENAL FAILURE

Conclusive evidence has linked renal failure to heavy
use of phenacetin-containing analgesic preparations'?;
however, in the time since phenacetin was removed
from the market, several epidemiologic studies have
also suggested that other analgesics, namely aspirin
and acetaminophen (paracetamol, a major metabolite
of phenacetin'”), could be associated with the risk of
renal failure, and a number of review papers have
been published on this topic.'®>° Most studies have
used patients who are enrolled late in the natural his-
tory of chronic renal failure or patients who have
reached end-stage renal disease.'® This is problematic
because, at the onset of renal failure, doctors some-
times recommend a switch from using aspirin and
other nonsteroidal anti-inflammatory drugs (NSAIDs)
to using acetaminophen when an analgesic or antipy-
retic drug is needed, because of acetaminophen’s rela-
tive safety with regard to renal function.?!**

In a case-control study in the United States, an in-
creased risk of end-stage renal disease was associated
with acetaminophen, but a decreased risk was associ-
ated with aspirin,* possibly reflecting this switching
from the one analgesic to the other. In a recent case-
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control study that we performed in Sweden,* we
found a positive association between both acetamino-
phen and aspirin and the risk of chronic renal failure.
Despite the fact that the cases were identified in the
early stages of renal failure, all had pre-existing renal
or systemic disease that was likely to be symptomatic
in the years preceding their enrollment in the study.
Symptoms of the underlying conditions predisposing
to renal failure could have triggered analgesic con-
sumption among these patients, possibly accounting
for some measure of the observed association. This
variant of confounding by indication is often called
protopathic bias.*® Protopathic bias occurs when drugs
are prescribed to treat symptoms that are actually
early manifestations of the outcome of interest (or
manifestations of precursors to the outcome of inter-
est).>*?° Technically, this type of bias is not true con-
founding, but a reversal of cause and effect, in which
the outcome precedes the exposure of interest.”” Be-
cause analgesics are used to treat aches and pains,
which are frequently the harbingers of more serious
disease, epidemiologic studies relating analgesic use
to disease outcomes are especially vulnerable to pro-
topathic bias.

ACETAMINOPHEN AND CANCER MORTALITY

We recently conducted a study to investigate the as-
sociation between acetaminophen use and mortality
from cancer and other diseases. Using a population-
based prescription database and national mortality
files in Denmark, we compared the mortality rates of
nearly 50,000 adults prescribed acetaminophen to
those observed in the general population.® Overall,
acetaminophen users exhibited a uniform two- to
three-fold excess of mortality for all site-specific can-
cers (excesses of mortality for all other causes of death
were also observed, although the increases were gen-
erally not as great as for cancer). A systematic pattern
emerged, whereby statistically significant four- to
eight-fold increases in cancer mortality were observed
during the first year after the acetaminophen prescrip-
tion, but all relative risks were sharply attenuated, and
some became close to unity or nonsignificant begin-
ning in the second or third year of follow-up. There
was also no indication that cancer mortality increased
with increasing numbers of acetaminophen prescrip-
tions. The nonspecific results implicating acetamino-
phen as a risk factor for every type of cancer death, the
mortality excess decreasing or disappearing with in-
creasing follow-up, and the lack of dose-response all
argue against a causal association. The most plausible
explanation is that individuals who are suffering from
cancer are prescribed acetaminophen for pain relief
during time periods 1 or more years before death.
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Hence, the relationship observed between acetamino-
phen use and cancer mortality is most likely an artifact
generated by protopathic bias in which, in this exag-
gerated case, the drug is prescribed after overt mani-
festation of the disease rather than precursor symp-
toms of the disease are discovered, making the bias
much easier to identify.

ACETAMINOPHEN AND ASTHMA

Recent studies have suggested an association between
acetaminophen use and asthma. An international eco-
logic analysis found that sales of this drug were posi-
tively correlated with asthma prevalence at the na-
tional level.?® At the individual level, the same authors
also reported a significant association between acet-
aminophen use and asthma®’; however, this case-
control study used prevalent asthma cases and evalu-
ated analgesic usage after the onset of the disease.’
Thus, it is likely that the indication for taking acet-
aminophen could be related to the disease itself. Asth-
matics are often recommended to take acetaminophen
for analgesic purposes because of the severe adverse
reactions that aspirin and other NSAIDs can induce in
many asthmatics.?’* It is also possible that asthmatics
may have a higher prevalence of comorbidities than
healthy controls and may seek to relieve symptoms
associated with asthma or headaches induced by (3,-
agonist treatment. Thus, the causal nature of the re-
ported association between acetaminophen and
asthma is questionable and requires a more appropri-
ate study design to assess.

ACETAMINOPHEN AND UPPER
GASTROINTESTINAL DAMAGE

The consumption of aspirin and NSAIDs long has
been implicated, convincingly, as an etiologic factor in
upper gastrointestinal (GI) disorders such as ulcers
and bleeding.**?* For decades, patients prone to gas-
tric damage, or who have a history of gastric or duo-
denal ulcer or upper GI bleeding in particular, are
often counseled to replace their aspirin and NSAID
use with acetaminophen.’>* This pattern of prescrib-
ing is well-established in clinical practice and has also
been documented in epidemiologic studies. For ex-
ample, McIntosh et al*® directly addressed this issue
within their case-control study of analgesics and pep-
tic ulcer. These authors separated new and recurrent
cases of peptic ulcer, and showed that the acetamino-
phen use of new and recurrent cases was significantly
different; more than twice as many recurrent cases
than new cases used acetaminophen daily. Among the
cases with recurrent ulcer, 62% of those taking acet-
aminophen daily reported that they had received
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medical advice to use acetaminophen instead of aspi-
rin or other antiarthritic drugs because of their history
of ulcer. Overall, despite the obvious association be-
tween acetaminophen intake and recurrent ulcer,
these investigators noted no association between daily
use of acetaminophen and risk of a first diagnosis of
peptic ulcer (relative risk = 1.2, 95% CI = [0.5-2.6] for
an average daily dose of 1050 mg among the cases, for
more than 4 consecutive weeks in the past 6
months).*® This study demonstrates that failure to dis-
tinguish between new and chronic cases could create
an artifactual association between acetaminophen and
ulcer. A previous diagnosis of ulcer has clear implica-
tions for subsequent exposure to different analgesics,
in particular the avoidance of medications considered
to be ulcerogenic:.36 Thus, in this case, the indication
for taking acetaminophen is likely to be linked to one’s
underlying risk of future adverse gastric outcomes,
and any study that attempts to establish an association
between acetaminophen and these outcomes will need
to overcome this confounding by indication.

One such example is a recent case-control study of
upper GI complications in relation to prescribed acet-
aminophen and NSAID use.*” Although several pre-
vious epidemiologic studies have found no associa-
tion between acetaminophen intake and adverse GI
effects,>>**** % and clinical evaluations suggest only
minor amounts of gastric mucosal damage in response
to acetaminophen use,*"** Garcia Rodriguez and Her-
nandez-Diaz”” found that current users of prescribed
acetaminophen (at doses greater than 2 g per day)
were about three and a half times more likely to suffer
from upper GI complications than nonusers. The au-
thors used a general practitioners’ research database
to identify their study subjects. Detailed information
on the length of time that patients were covered by the
computerized database (ie, how much of their medical
history would be available to the investigators) was
not provided, and it is likely that complete or long-
term medical histories were not available for many
subjects. In that case, predisposing medical events or
diagnoses (for example, incidences of dyspepsia, gas-
troesophageal reflux disease, or ulcer, which would
make up part of the indication or contraindication for
drug treatment) would be missed. These types of con-
ditions would clearly be risk factors for future upper
GI disorders, as the authors demonstrate with their
study data, in which prior GI conditions (independent
of any analgesic treatment) strongly increased the risk
of future upper GI complications.>” Without complete
data on these aspects of the subjects’ medical history,
the investigators would be unable to successfully use
stratification or statistical adjustment to fully control
for the confounding influence of these factors. When
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the authors adjusted for the data that they did have
(including the available information on antecedents of
upper GI disorders), the relative risks they calculated
fell dramatically, indicating strong confounding bias.
Since the information on predisposing conditions is
likely to be incomplete, residual confounding by indi-
cation is nearly unavoidable, and the relative risk es-
timates are therefore potentially biased.

As mentioned previously, patients known or sus-
pected to be at high risk of GI complications may pref-
erentially be prescribed acetaminophen rather than
NSAIDs. This is especially true when high doses are
required, because high-dose NSAIDs are known to be
associated with very large increases in gastric compli-
cation risk.** Consequently, even the dose-response
relationship observed by Garcia Rodriguez and Her-
nandez-Diaz®” could be attributable to confounding
by indication. Physicians would be especially careful
not to prescribe high doses of NSAIDs to those at
greatest risk of GI bleeding, and patients who are
switched to increasingly higher doses of acetamino-
phen may be the groups at increasingly higher risk of
adverse outcomes.

Another potential explanation for an association be-
tween acetaminophen and upper GI disorders is pro-
topathic bias, when the GI disorder precedes and trig-
gers the use of acetaminophen. It has been shown that
analgesic use may be prompted by the symptoms as-
sociated with GI discomfort.*> In their case-control
study, Langman et al** found a modest positive asso-
ciation with acetaminophen use in the time period im-
mediately preceding hospital admission for upper GI
bleeding, but no association with longer-term regular
use of acetaminophen in the 3 months preceding ad-
mission. Taking into account the reported reasons for
taking acetaminophen, the association between acet-
aminophen and GI bleeding was not detected when
the reason for use was non-Gl-related (ie, for head-
ache, colds, influenza), but was observed only when
the reason was indigestion.

CONCLUSIONS

Use of OTC and prescription analgesics is widespread,
and new products are frequently introduced. Hypoth-
eses will arise continually regarding the association
between these drugs and various health outcomes.
Thus, investigators are increasingly faced with the
challenge of addressing confounding by indication
through design or analytic methods, and readers of
the literature are increasingly faced with the challenge
of critically interpreting the results of these studies. In
studies of commonly used analgesics, these challenges
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may be greater than those encountered when studying
other drugs. Unlike more specialized prescription
drugs, which may have well-defined indications for
use, analgesics are used universally for a broad and
often nonspecific array of indications. Therefore, the
task of identifying the constellation of factors that
make up the indication for their use—factors that need
to be accounted for in analysis—can be more difficult,
if not impossible. When studying adverse effects of
prescription drugs, data on the indication for prescrib-
ing may be accessible in the patients’ medical records,
or in computerized databases, which is usually not the
case for OTC analgesics. Thus, investigators more of-
ten need to rely on collecting data on important con-
founders via self-report, which may lead to higher de-
grees of information bias. Regular or heavy users of
analgesics also often have a high level of comorbid-
ity* that can easily obscure the relationship between
analgesics and future health outcomes, if not properly
accounted for. Finally, as mentioned previously, be-
cause pain is a common symptom that precedes the
clinical diagnosis of countless health outcomes, proto-
pathic bias can spuriously generate associations be-
tween analgesics and the disorders that triggered their
use, reversing the true sequence of cause and effect.

Although new analytic techniques that seek to
counter the effects of confounding by indication (in-
cluding case-crossover and case-time control designs*
and propensity score methods*®*) are at the disposal
of investigators, this bias is still very difficult to avoid
in observational studies. A critical awareness of this
methodologic problem is therefore warranted when
evaluating pharmacoepidemiologic studies regarding
analgesic use. This is particularly true for clinicians,
who often base decisions in medical practice on
the available published evidence, and are often
called upon to interpret publicized study findings for
their patients.
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