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Background: Experimental studies have shown that ad-
ministration of nonsteroidal anti-inflammatory drugs
(NSAIDs) to susceptible individuals can lead to the de-
velopment of congestive heart failure (CHF). There have
been few epidemiological investigations of the impor-
tance of this adverse effect.

Objective: To estimate the relative risk of first admis-
sion to a hospital with CHF in recent users of NSAIDs,
compared with nonusers, and to determine whether the
estimated relative risk was increased in those with a his-
tory of heart disease and the extent to which the level of
risk varied with the dose and half-life of the drugs con-
sumed.

Methods: We conducted a matched case-control study
of the relationship between recent use of NSAIDs and hos-
pitalization with CHF. Cases (n = 365) were patients ad-
mitted to hospitals with a primary diagnosis of CHF. Con-
trols (n = 658) were patients without CHF who were
admitted to the same hospitals as case patients. Struc-
tured interviews were used to obtain information on sev-
eral study factors, including recent use of aspirin and other
NSAIDs.

Results: Use of NSAIDs (other than low-dose aspirin)
in the previous week was associated with a doubling
of the odds of a hospital admission with CHF (ad-
justed odds ratio, 2.1; 95% confidence interval,
1.2-3.3). Use of NSAIDs by patients with a history of
heart disease was associated with an odds ratio of 10.5
(95% confidence interval, 2.5-44.9) for first admission
with heart failure, compared with 1.6 (95% confidence
interval, 0.7-3.7) in those without such a history. The
odds of a first admission to a hospital with CHF was
positively related to the dose of NSAID consumed in
the previous week, and was increased to a greater
extent with long half-life than with short half-life
drugs. Assuming these relationships are causal,
NSAIDs were responsible for approximately 19% of
hospital admissions with CHF.

Conclusions: The burden of illness resulting from
NSAID-related CHF may exceed that resulting from
gastrointestinal tract damage. NSAIDs should be used
with caution in patients with a history of cardiovascu-
lar disease.
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T HE BENEFICIAL and harm-
ful effects of nonsteroidal
anti-inflammatory drugs
(NSAIDs) are related pri-
marily to their inhibition of

prostaglandin synthesis.1 Although pros-
taglandins have both vasodilator and va-
soconstrictor actions, the overall effects of
NSAIDs are to raise systemic vascular re-
sistance and to reduce renal perfusion in
susceptible individuals.2,3 In some indi-
viduals with impaired ventricular func-
tion, these mechanisms can exacerbate
their tendency to develop congestive heart
failure (CHF).3 There have been experi-
mental studies demonstrating the delete-
rious hemodynamic effects of NSAIDs in
persons with preexisting CHF.3 How-
ever, there have been few pharmacoepi-
demiological studies designed to esti-

mate the risk of CHF in users of NSAIDs
in the population.4 NSAIDs are widely used
by elderly patients.1 Congestive heart fail-
ure is a common reason for admission to
the hospital, and is associated with poor
survival following discharge from the hos-
pital.5-7 A modest increase in the risk of this
condition in users of NSAIDs (compared
with nonusers) could translate into a sub-
stantial increase in morbidity and mortal-
ity, both for the individual user and for the
community.

We describe herein the results of a
case-control study designed to investi-
gate these issues. Our main aim was to es-
timate the relative risk of first admission
to a hospital with CHF in recent users of
NSAIDs, compared with nonusers. We
were also interested in whether the esti-
mated relative risk was increased in those
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with a history of heart disease and in the extent to which
the level of risk varied with the dose and half-life of the
drugs consumed. From a consideration of these factors
we thought it possible to provide specific advice to im-
prove the safety of these treatments.

RESULTS

Three hundred sixty-five case patients with CHF and 658
controls were recruited. It was possible to find only one
matched control for 50 of the case patients with CHF.
One hundred forty-nine case patients were hospitalized
for the first time with CHF.

CHARACTERISTICS OF ALL CASES
AND CONTROLS

Most case patients had moderate or severe CHF; 92% had
New York Heart Association functional grades III and IV.
Almost all case patients had experienced dyspnea and 58%
complained of peripheral edema. Seventy-two percent of
case patients had elevated jugular venous pressure, and

almost all had lung crackles on examination. Eighty-six
percent of case patients had cardiomegaly noted on their
chest x-ray reports. The clinical features of first-time cases
were very similar, although a slightly lower proportion
(78%) had radiographic evidence of cardiomegaly.

Table 1 and Table 2 summarize the baseline char-
acteristics of all cardiac failure cases and controls and first-
time cases and controls, respectively. Despite matching age
to within 5 years, the case patients were older than the con-
trols. Compared with controls, a greater proportion of all
cases were ex-smokers, while fewer were current smok-
ers. Cases were more likely than controls to have a his-
tory of heart disease and respiratory disease. Ninety per-
cent of individuals with a history of heart disease had
experienced a myocardial infarction or angina pectoris. The
prevalence of other diseases in the 2 groups was similar.

DRUG USE BY ALL CASES AND CONTROLS

As expected, the use of drugs for cardiovascular disor-
ders differed between the groups. The greatest differ-
ences were seen with loop diuretics (furosemide and bu-

PATIENTS AND METHODS

DESIGN

We carried out a matched case-control study between 1993
and 1995. The study was based in 2 public hospitals in the
Hunter Region of New South Wales (NSW). These hospi-
tals provide most of the acute medical care for a popula-
tion of about 450 000. Cases and controls were recruited
from a list of postal codes that represented the catchment
areas for the participating hospitals. The study was ap-
proved by the ethics committees of the University of New-
castle, Newcastle, NSW, and the Hunter Area Health Ser-
vice. All participants gave their informed consent.

CASE DEFINITION

Most cases of CHF admitted to the study hospitals were
cared for by general internal medicine specialists who made
the diagnosis on the basis of clinical and radiologic crite-
ria and did not routinely perform investigations of ven-
tricular function. Consequently, we used a “pragmatic” case
definition. Eligible cases were consecutive patients admit-
ted to either study hospital where the resident medical of-
ficer who admitted the case and the attending physician
were in agreement that the primary reason for admission
was CHF. Patients admitted to hospitals for other reasons
who were found incidentally to have CHF were excluded.
The study nurses ensured that all met the Framingham cri-
teria for definite cases of CHF.8 Case patients who did not
meet these criteria were excluded.

SELECTION OF CONTROLS

We aimed to match 2 controls to each case. Controls were
patients of the same sex and age (±5 years) as the cases,
who were admitted as emergencies to the same hospital as
the cases and who had no clinical or radiologic evidence

of CHF. Because CHF is a chronic disorder, we excluded
potential controls if they had a history of hospital admis-
sion with CHF. We also excluded subjects who had pri-
mary admission diagnoses that were known to be compli-
cations of, or indications for, NSAID use. Patients with upper
gastrointestinal tract bleeding or ulceration, large bowel
bleeding, or a primary admission diagnosis of a rheumatic
disease were excluded. Patients who were admitted for other
reasons, but who also had rheumatic diseases or a history
of conditions that are known complications of NSAID
therapy, were not excluded; this rule also applied to the
cases.

After termination of recruitment an audit was per-
formed of controls who had been admitted to the study be-
cause a decision about enrollment had sometimes to be made
before a final diagnosis was available. Our concern was that
we might have unwittingly enrolled controls who proved
later to have been admitted with CHF. The audit involved
a review of all clinical data from the hospital admission,
including the results of radiologic investigations. The fi-
nal decision regarding exclusion of doubtful controls was
made by the chief investigator (D.H.), who was not in-
formed about the drug consumption history of the indi-
vidual concerned. As a result of this audit, 22 controls were
withdrawn from the study.

INFORMATION GATHERING

The index day for cases and controls was the day of hos-
pital admission. Information on all drugs that had been used
in the week and month prior to the index day, recent and
past history of heart disease, hypertension, diabetes, de-
mographic details, alcohol consumption, and smoking his-
tory was obtained by structured interview. All interviews
were conducted within 1 week of admission to hospital,
and more than 80% were conducted within 4 days. The
trained interviewers were aware of whether a subject was
a case or control, but adhered strictly to the wording of the
questionnaire. Each question could be repeated once for
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metanide), which were used more often by cases than
controls. In contrast, thiazide diuretics had been used by
similar numbers of cases and controls. Major differ-
ences were seen in prior use of angiotensin-converting
enzyme (ACE) inhibitors, which were taken by twice as
many cases as controls. Overall, calcium channel block-
ing drugs were used more frequently by cases than con-
trols, but the difference was confined to diltiazem, which
has a mixed vascular and cardiac action. Cases had a lower
use of �-blocking agents than controls. In the case of an-
tidiabetic drugs, the reverse was true.

USE OF NSAIDs BY ALL CASES AND CONTROLS

Consumption of nonaspirin NSAIDs in the previous week
was higher among cases (17.3%) than controls (12.0%)
(Table 3). The crude OR for developing CHF was 1.5
(95% confidence interval [CI], 1.0-2.2). Adjustment was
made for the following potential confounders: a history
of heart disease, renal disease, respiratory disease, and
peripheral arterial disease; the use of �-blockers, cal-
cium channel antagonists, antidiabetic drugs, and oral

glucocorticosteroids; and age in years. These adjust-
ments increased the ORs for CHF with use of nonaspi-
rin NSAIDs in the previous week to 2.1 (95% CI, 1.2-3.3).

CHARACTERISTICS OF PATIENTS WITH
A FIRST ADMISSION WITH CHF

One hundred forty-nine case patients were hospitalized for
the first time with CHF. The distribution of most baseline
characteristics in the cases with cardiac failure for the first
time and their matched controls (n = 272) was similar to
the whole group (Table 2). As expected, a history of heart
disease in first-time cases was lower than that for the whole
group of cases, and they had a lower consumption of ACE
inhibitors and high-ceiling diuretics.

USE OF NSAIDs BY PATIENTS WITH
A FIRST ADMISSION WITH CHF

The results for the first-time cases are summarized in Table
3. The ORs calculated on the basis of nonaspirin NSAIDs
or any NSAIDs (including aspirin other than low dose)

clarification. Interviewees were unaware of the study hy-
potheses. We were particularly interested in the consump-
tion of analgesic and anti-inflammatory medications. This
information was obtained by a series of open-ended ques-
tions inquiring about any drugs used for painful com-
plaints. These were followed by more direct questions and
presentation of flash cards listing, in large type, the ge-
neric and trade names of all relevant products on the Aus-
tralian market. Information on prescribed NSAIDs was con-
firmed by contact with the patient’s family practitioner. In
addition to the information obtained by interview, we ab-
stracted the following details from medical records and hos-
pital computerized records: chest x-ray reports, hemato-
logic and biochemical data, clinical notes regarding previous
admissions with CHF, medical history, and all other ac-
tive diagnoses that were thought to be present at the time
of hospital admission. A history of heart disease was re-
corded if patients responded positively to specific ques-
tions about preexisting heart problems or if such problems
were recorded in their medical records.

STATISTICAL ANALYSIS

We were aware of the difficulties of performing a case-
control study of a condition that leads to recurrent admis-
sions. In many patients, CHF is a prevalent disease and be-
cause this would likely lead to modification of NSAID
therapy prior to entry to the study, our primary interest was
the analysis of case patients who experienced their first ad-
mission for CHF.

The anticipated prevalence of NSAID use in the con-
trols was about 20%.9 The mean daily dose of NSAIDs in
the week prior to admission was standardized by using the
manufacturers’ recommended minimum daily mainte-
nance doses for rheumatoid arthritis as 1 dose unit.9,10 The
dose calculation excluded regular low-dose aspirin (daily
dose of 100 to 300 mg), as this was likely to have been taken
as prophylaxis against cardiovascular events, making a causal
association with CHF unlikely.

The odds ratio (OR) was regarded as a valid estimate
of the relative risk. We aimed to recruit a total of 400 cases
and 800 controls to detect an OR of 1.5 with use of NSAIDs,
with a power of 80% and type I error of .05.11 Nonuse of
NSAIDs and aspirin was the reference for calculation of ex-
posure ORs. The relationship between the OR for CHF and
the plasma half-lives of the drugs was examined using pub-
lished values from a standard reference source.10 We used
multiple conditional logistic regression analysis to adjust
for potential confounders (age in years; history of heart dis-
ease, renal disease, respiratory disease, and peripheral ar-
terial disease; and use of �-blockers, calcium channel an-
tagonists, antidiabetic drugs, and oral glucocorticosteroids).12

Multiple conditional logistic regression was also used to
assess relationships between drug doses and plasma half-
life values. The hypothesis that prior heart disease might
increase the adverse effects of NSAID therapy was stated a
priori. Effect modification was assessed by including
product terms (use of NSAIDs in the previous week
� history of heart disease) in the regression models, and
P values (2 sided) were calculated by performing log like-
lihood ratio tests.

ESTIMATION OF DISEASE BURDEN

To calculate the excess risk for the individual user of
NSAIDs, we referred the ORs for cases experiencing their
first episode of CHF to hospital admission data for NSW
in 1993-1994.13 From the number of admissions to NSW
hospitals with a principal diagnosis of CHF we estimated
numbers of patients, using data on the frequency and num-
ber of readmissions experienced by a cohort of patients with
CHF from Westmead Hospital in Sydney, NSW.14 Etio-
logic fractions were calculated from the adjusted ORs, and
the prevalence of NSAID use among case patients was de-
termined using the method of Bruzzi et al.15 The etiologic
fraction is an estimate of the proportion of cases in the com-
munity that can be attributed to use of the drugs, assum-
ing the associations are causal.
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used in the previous week and the previous month were
slightly higher than those seen with the entire group of
cases. The ORs increased modestly after adjustments for
potential confounders. Use of NSAIDs in the previous
week was associated with an adjusted OR for first ad-
mission with heart failure of 2.8 (95% CI, 1.5-5.1). The
test for interaction with a history of heart disease was sta-
tistically significant (P = .01). Among first-time cases with
a history of heart disease, use of nonaspirin NSAIDs in
the week prior to admission was associated with an OR
of 10.5 (95% CI, 2.5-44.9). The corresponding OR in those
without a history of heart disease was 1.6 (95% CI,
0.7-3.7). The importance of the interaction between
NSAID use and a history of heart disease is illustrated in
the Figure. Compared with subjects who had no his-
tory of heart disease and were nonusers of NSAIDs, the
OR for the first episode of heart failure in subjects who
had a history of heart disease and had used nonaspirin
NSAIDs in the previous week was 26.3 (95% CI,
5.8-119.1).

IMPORTANCE OF DOSE AND DRUG HALF-LIFE

A dose-response relationship was apparent in first-time
cases. However, the dose-response relationship varied ac-
cording to the history of heart disease, and the test for
an interaction with this variable was significant (P = .002).
The estimate of the adjusted OR per unit increase in daily
dose in those without a preexisting history of heart dis-
ease was nonsignificant: 1.2 (95% CI, 0.7-2.0). In con-
trast, the estimate in those with a preexisting history of
heart disease was 7.5 per unit increase in daily dose (95%
CI, 2.0-27.6).

In patients with their first episode of CHF there was
a statistically significant relationship between the OR for
developing CHF and published values for the plasma half-
life of the NSAID used in the week prior to hospitaliza-
tion. However, this relationship was only apparent in sub-
jects with a history of heart disease (Table 4). The test
for an interaction between the half-life relationship and
a history of heart disease was significant (P = .004). In

Table 1. Characteristics of Cardiac Failure Cases and Controls at the Time of Hospital Admission*

Characteristic
Cases

(n = 365)
Controls
(n = 658)

P
(Univariate)

Age, mean, y 76.6 (SD, 7.62) 75.1 (SD, 7.14) �.001
Males 167 (45.8) 308 (46.8) .79
Smoking status

Current smokers 36 (11.0) 82 (13.7)
Ex-smokers 162 (49.7) 256 (42.7) .03
Never smoked 128 (39.3) 261 (43.6)

Alcohol intake (�5 drinks/wk) 76 (22.0) 175 (28.2) .05
Medical history of

Malignant disease 38 (10.4) 75 (11.4) .73
Psychiatric disease 13 (3.6) 21 (3.2) .66
Hyperthyroidism 4 (1.1) 8 (1.2) .92
Hypothyroidism 14 (3.8) 15 (2.3) .13
Heart disease 289 (79.2) 180 (24.4) �.001
Other arterial disease 24 (6.6) 38 (5.8) .58
Respiratory disease 85 (23.3) 114 (17.3) .006
Gastrointestinal disease (excluding hernias) 55 (15.1) 103 (15.7) .86
Renal/urinary disease 35 (9.6) 46 (7.0) .12
Rheumatologic diseases 50 (13.7) 92 (14.0) .73

Use of drugs prior to hospitalization
Calcium channel blockers

Dihydropyridines 20 (5.5) 36 (5.5) .85
Diltiazem hydrochloride 52 (14.3) 47 (7.1) �.001
Verapamil hydrochloride 22 (6.0) 37 (5.6) .56

ACE inhibitors 183 (50.1) 144 (21.9) �.001
�-Blockers

�1-Blockers 22 (6.0) 59 (9.0) .18
�-Blockers (nonselective) 7 (1.9) 30 (4.6) .02
Eye preparations 14 (3.8) 24 (3.6) .86

Diuretics
Thiazides/others 88 (24.1) 164 (24.9) .71
Loop diuretics 209 (57.3) 47 (7.1) �.001
Indapamide 5 (1.4) 25 (3.8) .04
Spironolactone 13 (3.6) 8 (1.2) .02

Antiarrhythmic drugs
Amiodarone 14 (3.8) 2 (0.3) .001
Class I drugs 1 (0.3) 5 (0.8) .28

Oral glucocorticosteroids 24 (6.6) 42 (6.4) .76
Insulin/oral hypoglycemics 54 (14.8) 51 (7.8) �.001
Drugs for gastrointestinal symptoms 80 (21.9) 134 (20.4) .48

*Data are given as number (percentage) of subjects, except for age. Information was missing for some variables. ACE indicates angiotensin-converting enzyme.
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those with a history of heart disease, the test for log lin-
ear trend was statistically significant (P = .03).

CALCULATION OF ETIOLOGIC FRACTIONS

Among patients who were experiencing their first epi-
sode of heart failure the prevalence of use of any NSAID
in the week prior to admission among case patients was
29.5%. Assuming a nonconfounded association, the
etiologic fraction due to consumption of NSAIDs in this
population was calculated to be 19%.

According to data from the New South Wales De-
partment of Health in 1993-1994 there were 11 336 ad-
missions of patients aged 65 years and older with a pri-
mary discharge diagnosis of CHF.14 Using the data from
the Westmead Hospital cohort we calculated that ap-
proximately 18% of patients admitted to hospitals with
CHF were readmitted with CHF within 6 months, in some
cases more than once.14 From the numbers of readmis-
sions we calculated that every 100 patients will experi-

ence 133 admissions for CHF during a defined 12-
month period. This rate was referred to the NSW statistics
to derive an estimate of 8523 patients, aged 65 years and
older, admitted with CHF during 1993-1994. From the
NSW population statistics for that year we calculated a
hospitalization rate for this age group of 1162 per 100 000
per year. Allowing for differences in case definition, this
is consistent with estimates we have published for the
Hunter Region of NSW.7 The yearly rate for first admis-
sion with CHF was 465 per 100 000. Using the data on
prevalence of use of NSAIDs and the adjusted ORs, we
estimate that the excess risk of first admission with CHF
for users of NSAIDs is approximately 600 per 100 000
users per year.

COMMENT

In this study we found that recent use of NSAIDs by el-
derly patients doubles the odds of being admitted to hos-
pital with an episode of CHF. The estimated relative risk

Table 2. Characteristics of First-Time Cardiac Failure Cases and Controls at the Time of Hospital Admission*

Characteristic
Cases

(n = 149)
Controls
(n = 272)

P
(Univariate)

Age, mean, y 76.3 (SD, 7.24) 75.0 (SD, 7.08) �.001
Males 68 (45.6) 129 (47.4) .76
Smoking status

Current smokers 13 (8.7) 34 (12.5) .73
Ex-smokers 64 (47.8) 111 (44.8)
Never smoked 53 (39.6) 102 (41.1)

Alcohol intake (�5 drinks/wk) 38 (27.1) 79 (31.0) .62
Medical history of

Malignant disease 13 (8.7) 34 (12.5) .30
Psychiatric disease 4 (2.7) 9 (3.3) .84
Hyperthyroidism 2 (1.3) 4 (1.5) �.99
Hypothyroidism 5 (3.4) 6 (2.2) .53
Heart disease 23 (15.4) 24 (8.8) �.001
Other arterial disease 14 (9.4) 17 (6.3) .25
Respiratory disease 32 (21.5) 48 (17.7) .25
Gastrointestinal disease (excluding hernias) 25 (16.8) 45 (16.5) .82
Renal/urinary disease 10 (6.7) 17 (6.3) .78
Rheumatologic diseases 18 (12.1) 39 (14.3) .49

Use of drugs prior to hospitalization
Calcium channel blockers

Dihydropyridines 11 (7.4) 11 (4.0) .14
Diltiazem hydrochloride 18 (12.1) 21 (7.7) .11
Verapamil hydrochloride 11 (7.4) 8 (2.9) .03

ACE inhibitors 62 (41.6) 59 (21.7) �.001
�-Blockers

�1-Blockers 14 (9.4) 24 (8.8) .72
�-Blockers (nonselective) 4 (2.7) 14 (5.2) .19
Eye preparations 4 (2.7) 12 (4.4) .34

Diuretics
Thiazides/others 39 (26.2) 71 (26.1) .90
Loop diuretics 49 (32.9) 16 (5.9) �.001
Indapamide 4 (2.7) 11 (4.0) .47
Spironolactone 1 (0.7) 1 (0.4) .62

Antiarrhythmic drugs
Amiodarone 1 (0.7) 0 . . .
Class I drugs 1 (0.7) 1 (0.4) .81

Oral glucocorticosteroids 8 (5.4) 15 (5.5) .94
Insulin/oral hypoglycemics 17 (11.4) 20 (7.4) .18
Drugs for gastrointestinal symptoms 35 (23.5) 60 (22.1) .72

*Data are given as number (percentage) of subjects, except for age. Information was missing for some variables. ACE indicates angiotensin-converting enzyme.
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was higher for first admission with heart failure, and the
risk of this outcome was increased substantially by NSAID
use in those with a history of heart disease (OR, 10.5;
95% CI, 2.5-44.9). In these patients, both high-dose and
long plasma drug half-life seemed to increase the risk of
precipitation of CHF. Assuming the association be-
tween use of NSAIDs and CHF is unconfounded, the dis-
ease burden attributable to these drugs may be large—
approaching the levels of morbidity and mortality that
we have previously documented for serious upper gas-
trointestinal complications of NSAID use in NSW.9,16

This study has limitations that need to be consid-
ered when interpreting the results. Because it may be
chronic, CHF is not an ideal condition to study using case-
control methodology. It is difficult to specify the index
day with confidence, and previous episodes of CHF may
have led to interventions, including cessation of NSAID
treatment. Previous mild episodes of CHF may be over-
looked in both cases and controls.

We looked only at recent use of NSAIDs, and dis-
tinguishing between a true etiologic role for the drugs
and an exacerbating effect in a predisposed individual is
difficult. In practice, we think the latter is likely. There
is no evidence that NSAIDs cause morphological changes
in the heart through direct myocardial damage, nor are
they thought to have a cumulative effect. Instead, the drugs
are capable of inducing short-term hemodynamic changes
through inhibition of prostaglandin synthesis.3 These con-
siderations may have some general significance for the
disease burden created by the drugs. It can be argued that

many patients with exacerbations of CHF because of
NSAID therapy would have gone on to develop this prob-
lem at a later stage without the drugs. In other words,
the effect of NSAIDs has been to accelerate the problem.

An additional consideration is the tendency of
NSAIDs to antagonize the actions of diuretics and ACE
inhibitors.17 We did not specifically analyze for an inter-
action between NSAIDs and diuretics or ACE inhibitors
in this study because the drugs are used a treatment for
the condition that defines the cases, and they cannot be
studied in both cases and controls.

Achieving a highly specific case definition was dif-
ficult in this study, and it is possible that we misclassi-
fied cases. We relied on a clinical case definition as this
was easily operationalized and has been shown to have
similar prognostic value to tests of ventricular func-
tion.18 Often the day of onset of CHF could not be speci-
fied with confidence, and there is a possibility that medi-
cal intervention had reduced NSAID use after the onset
of CHF, but prior to recruitment, thereby diluting any
apparent association.

Our study can also be criticized for choosing a con-
trol group from hospital inpatients. We recognize that
this is not an ideal group, because the prevalence of use
of NSAIDs by hospital patients may not be representa-
tive of the source population from which the cases were
drawn. To minimize bias we excluded control patients
whose primary reason for hospital admission was a con-
dition that is known to be directly associated with the
use of NSAIDs.19 We had previously recruited hospital
controls in a case-control study of the relationship be-
tween consumption of NSAIDs and development of up-
per gastrointestinal tract bleeding and perforation, and
found similar use of NSAIDs by these hospital controls,
a simultaneously recruited community control group, and
by a community survey sample.9,20 In the present work
we used the similar selection criteria for choosing hos-
pital controls.

An additional concern was that we would recruit con-
trols who had unrecognized CHF at the time of enroll-
ment, and we performed an audit of controls to minimize
this source of bias. Cases were defined at entry by the pres-
ence of the relevant clinical features, and the Framing-
ham diagnostic criteria were applied by the research nurses.7

History of Heart Disease

No Heart Disease

Use of NSAID 26.3 (5.8-119.1)

No NSAID 2.5 (1.4-4.3)

Use of NSAID 1.6 (0.7-3.7)

No NSAID 1.0 (Reference)

The relationship between consumption of nonsteroidal anti-inflammatory
drugs (NSAIDs) and a history of heart disease in subjects presenting with
their first episode of congestive heart failure. Data refer to odds ratios (95%
confidence intervals) for development of first episode of heart failure. The
exposure category is use of any NSAID in the previous week.

Table 3. Use of Nonsteroidal Anti-inflammatory Drugs (NSAIDs) by Patients With a First Episode of Congestive Heart Failure

No. (%)
Odds Ratio (95% Confidence Interval)

Cases
(n = 149)

Controls
(n = 272) Crude Adjusted*

Nonprophylactic aspirin
Use in the month prior to hospitalization 18 (12.1) 25 (9.2) 1.3 (0.7-2.5) 1.5 (0.7-3.3)
Use in the week prior to hospitalization 16 (10.7) 18 (6.6) 1.6 (0.8-3.4) 2.0 (0.8-4.7)

Nonaspirin NSAID
Use in the month prior to hospitalization 33 (22.1) 40 (14.7) 1.6 (1.0-2.8) 2.4 (1.3-4.5)
Use in the week prior to hospitalization 30 (20.1) 32 (11.8) 1.9 (1.1-3.4) 2.6 (1.3-5.2)

Any NSAID†
Use in the week prior to hospitalization 44 (29.5) 46 (16.9) 2.1 (1.3-3.4) 2.8 (1.5-5.1)

*Adjusted odds ratios were calculated from conditional logistic regression models. Adjustment was made for history of heart disease, renal disease, respiratory
disease, and peripheral arterial disease; the use of �-blockers, calcium channel antagonists, antidiabetic drugs, and oral steroids; and age in years.

†Refers to the use of any NSAID other than low-dose prophylactic aspirin.
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In contrast, the controls were defined based on the
absence of features of heart failure and often the neces-
sary information was incomplete at the time of recruit-
ment. Despite these efforts it is likely that some controls
who remained in the study will have been potential
cases and some cases may not have had CHF. This rep-
resents a potential bias to the null. In addition, we
excluded controls if they had a previous hospitalization
with CHF. This definition was probably fairly specific
for heart failure, but insensitive in that we may have
missed prior episodes of mild heart failure that were
treated in the community and did not result in hospital-
ization. A similar exclusion rule was not applied to case
patients. Consequently, our controls were most appro-
priate in the analysis of first-time heart failure cases. In
the analysis of all subjects, the retention of cases (but
not controls) with a history of hospitalization with CHF
may have introduced an additional bias to the null, as some
of the cases may have been advised to avoid treatment with
NSAIDs.Consequently,webelievethat, foranumberofrea-
sons, our estimates of risk may be conservative.

This study builds on experimental work that showed
that the introduction of NSAID therapy in subjects with
established or incipient heart failure produced an in-
crease in systemic vascular resistance and a decline in the
cardiac output.3 The present study is concerned with
how often, and under what circumstances, these
adverse effects occur, and with the size of the disease
burden they create in a community with a high intake
of NSAIDs.20,21 The existence of plausible mechanisms,
the findings of dose-response relationships, and the
nature of the effect modification point to a real effect of
NSAIDs. In patients who had been admitted with CHF
for the first time the dose-response relationship was
steep in those who had a history of cardiac disease, but
not in those without this history. These findings are
consistent with an important effect of NSAIDs in
patients with a damaged, but not previously decompen-
sated, left ventricle.

NSAIDs had been used by nearly 30% of first-time
cases and, assuming an unconfounded relationship, we
calculate that approximately 19% of first episodes of CHF
in our community are attributable to the use of these
drugs. We made no direct measurement of the rate of hos-

pitalization with CHF, and therefore we cannot esti-
mate directly the attributable risks for an individual user
of NSAIDs, or for the population. Accordingly, we used
hospitalization data for NSW and from published co-
hort studies to derive these values.7,13,14 The estimated ex-
cess risk of first admission for CHF in NSAID users of
about 500 per 100 000 per year is close to what we have
previously calculated for major gastrointestinal tract bleed-
ing and ulcer perforation in NSW.9,16 Although the epi-
demiological relationship between the use of these drugs
and the heart failure is not nearly so well established as
for gastrointestinal adverse effects, these data indicate that
the adverse effects on the cardiovascular system poten-
tially pose an equal threat to the public health.

The findings of this study are consistent with the
recent report by Heerdink et al.4 Using a prospective ob-
servational design, these investigators found an approxi-
mate doubling of the risk of hospitalization with CHF
when patients receiving diuretics were given NSAIDs. The
risk was greatest in those who had existing CHF. The pres-
ent study was not confined to users of diuretics, and in-
dicates that there is an increased risk to subjects who have
a previous history of heart disease, even if they have not
previously had heart failure. The findings of these 2 stud-
ies have important clinical implications. Congestive heart
failure is a common cause of morbidity and mortality in
the community. Even a small relative risk will translate
into a significant disease burden. Once a patient has been
hospitalized with CHF for the first time, treatment is un-
likely to restore the patient’s function to the previous level.
Thus, there is an imperative to avoid this development.
The risk with NSAIDs seems to be concentrated in pa-
tients with a history of cardiac disease. If this is correct,
it has significance for the ways in which NSAIDs are used
by such patients. NSAIDs are used mainly for symptom
relief, often seem to be used for minor ailments, and may
be continued unnecessarily as long-term therapy. Argu-
ably, guidelines should discourage the use of NSAIDs in
individuals with a damaged but compensated left ven-
tricle. We recommend that these drugs should be used
with caution in such individuals, in the lowest possible
dose, and that drugs with a long plasma half-life should
be avoided. It is possible that drugs that are selective in-
hibitors of the inducible cyclo-oxygenase 2 will have a

Table 4. Relationship Between Odds of First Heart Failure and Half-life of Nonsteroidal Anti-inflammatory Drug Used
in the Week Prior to Admission

Half-life
of NSAID*

No. (%)
Odds Ratios (95% Confidence Interval)

Controls Cases
Univariate† (Patients

With First Heart Failure)
Multivariate‡ (Patients With

History of Heart Disease)
Multivariate‡ (Patients Without

History of Heart Disease)

No NSAID 223 (82.0) 105 (70.5) 1.0 1.0 1.0
�4 h 33 (12.1) 26 (17.5) 1.5 (0.9-2.8) 3.7 (0.9-15.8) 2.4 (1.1-5.4)
4-12 h 6 (2.2) 7 (4.2) 2.5 (0.8-7.5) 5.7 (0.8-39.2) 1.5 (0.2-10.1)
�12 h 12 (4.4) 12 (8.1) 1.9 (0.8-4.3) 24.4 (1.8-323.3) 1.2 (0.4-3.8)

*Refers to the use of any nonsteroidal anti-inflammatory drug (NSAID) other than low-dose prophylactic aspirin. Drugs were as follows: �4 hours: diclofenac,
ibuprofen, ketoprofen, tiaprofenic acid, mefenamic acid, aspirin (non–low-dose); 4-12 hours: indomethacin, sulindac, ketoprofen (sustained release), diflunisal;
and �12 hours: naproxen, piroxicam, tenoxicam.

†Univariate odds ratios were calculated using conditional logistic regression (matched on age within 5 years and sex).
‡Multivariate odds ratios were calculated for those who had a history of heart disease and those without after controlling for history of renal disease, respiratory

disease, and peripheral arterial disease; the use of �-blockers, calcium channel antagonists, antidiabetic drugs, and oral steroids; and age in years.
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lower rate of adverse effects on the kidney and cardio-
vascular system, but this remains to be established in well-
designed pharmacoepidemiological studies.22
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