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Background: The association between the development of heart failure (HF) and use of nonsteroidal anti-
inflammatory drugs (NSAIDs) is not well established.
Hypothesis: Use of NSAIDs may increase the risk of incident HF.
Methods: We conducted a systematic review and meta-analysis of observational studies that reported odds
ratio, relative risk, hazard ratio, or standardized incidence ratio comparing risk of incident HF in NSAID users
vs nonusers. Pooled risk ratios (RR) and 95% confidence intervals (CI) for all NSAIDs and both subclasses
(conventional NSAIDs and highly selective cyclooxygenase-2 inhibitors [COXIBs]) were calculated using a
random-effect, generic inverse variance method.
Results: Seven studies with 7 543 805 participants were identified and included in our data analysis. Use of
NSAIDs was associated with a significantly higher risk of developing HF, with a pooled RR of 1.17 (95% CI:
1.01-1.36). Subgroup analysis showed a significantly elevated risk among users of conventional NSAIDs (RR:
1.35, 95% CI: 1.15-1.57) but not users of COXIBs (RR: 1.03, 95% CI: 0.92-1.16).
Conclusions: A significantly elevated risk of incident HF was observed among users of NSAIDs.

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are a class
of medications with analgesic and anti-inflammatory proper-
ties. They are one of the most commonly used medications in
the United States,1 despite their notorious adverse effects.2,3

Inhibition of the cyclooxygenase (COX) enzyme, which
has 2 isoforms, COX-1 and COX-2, is the fundamental phar-
macological property of NSAIDs. COX-1 is constitutively
expressed under a normal physiologic condition, whereas
COX-2 is generally expressed under an inflammatory state.
Conventional NSAIDs have been used in clinical practice
as analgesic and anti-inflammatory agents for decades.
However, their utility is limited by the adverse effects
associated with inhibition of the COX-1 enzyme, particularly
gastrointestinal (GI) ulcers and bleeding. The highly
selective COX-2 inhibitors (COXIBs) are a newer subgroup
of NSAIDs that have been marketed as safer alternatives to
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conventional NSAIDs after several randomized controlled
trials demonstrated a superior GI safety profile.4,5 Nonethe-
less, over the past decade, attention has turned to the
cardiovascular adverse effects of NSAIDs after rofecoxib, a
COXIB, was withdrawn from the market after a randomized
controlled trial demonstrated an increased incidence of
myocardial infarction (MI) among the users.6 A subsequent
meta-analysis of observational studies confirmed this
increased risk. In fact, a similar MI risk was also observed
in some conventional NSAIDs, such as diclofenac and
indomethacin.7

Use of NSAIDs also may be associated with an increased
risk of heart failure (HF) as a result of salt and fluid retention
secondary to the reduction of prostaglandin synthesis. In
fact, use of these medications has been associated with the
occurrence of HF in several reported cases.8–10 However,
epidemiologic studies attempting to characterize this
association yielded inconclusive results.11–16 Therefore,
we conducted a systematic review and meta-analysis of
epidemiologic studies that compared the incidence of HF
in NSAID users vs nonusers to further investigate this
possible adverse effect.
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Methods
Search Strategy

Two investigators (P.U. and N.S.) independently searched
published studies indexed in the MEDLINE and Embase
databases from inception to April 2015. The search terms
were compiled from terms for HF and NSAIDs, including
names of individual drugs in conjunction with the terms for
observational studies that were suggested by Furlan et al17

(for details, see Supporting Information, Search Strategy,
in the online version of this article). A manual search of
references of selected retrieved articles was also performed.

Inclusion Criteria

Studies were included into the data analysis if they met
the following criteria: (1) studies had to be observational
(case-control or cohort studies); (2) the authors provided
relative risk (RR), odds ratio (OR), hazard ratio (HR), or
standardized incidence ratio with 95% confidence intervals
(CI) of incident HF for conventional NSAIDs and/or
COXIBs; and (3) NSAID nonusers were used as a reference
group for cohort studies, and participants without HF were
used as control for studies with a case-control design.

Study eligibility was independently determined by the 2
aforementioned investigators. Quality of the included stud-
ies was also independently appraised by the 2 investigators
using the Newcastle-Ottawa quality-assessment scale, which
evaluates each study in 3 main areas: (1) the selection of the
study groups, (2) the comparability of the groups, and (3)
the ascertainment of the exposure or outcome of interest
for case-control or cohort studies, respectively.18 The third
investigator (C.T.) oversaw this literature-review process
and resolved any disagreements.

Data Extraction

A standardized data-collection form was used to extract
the following information: title of the article, first author’s
last name, country of origin, year when the study was
conducted, year of publication, study design, study size,
study population, names of evaluated NSAIDs, definition
and diagnosis of HF, average duration of follow-up (for
cohort studies), potential confounders that were adjusted,
and adjusted pooled-effect estimates with 95% CI. To ensure
the accuracy of the data extraction, this process was inde-
pendently performed by all investigators. Any discrepancy
was resolved by referring back to the original study.

Statistical Analysis

Data analysis was performed using Review Manager
(RevMan) software, version 5.3 (the Nordic Cochrane Cen-
tre, the Cochrane Collaboration, Copenhagen, Denmark).
Adjusted point estimates were extracted from individual
studies and were combined by the generic inverse variance
method of DerSimonian and Laird, which assigned weight
of each study based on its standard error.19 We performed
overall analysis and subgroup analysis for conventional
NSAIDs and COXIBs. We reported the pooled-effect esti-
mate of HF risk using the combination of the data from
case-control and cohort studies to increase the power of
our estimates. The OR of case-control study was used as

an estimate of the RR to pool this data with the RR or
HR of cohort study. The use of OR as an estimate for RR
was considered acceptable in this study, as the outcome of
interest was relatively uncommon. We used a random-effect
model rather than a fixed-effect model, given the high like-
lihood of between-study variance due to the different study
design, population, and outcome measurement. If the study
provided data on risk of NSAIDs overall, that risk would
be used to calculate the pooled-effect estimate. If the study
provided only risk of individual NSAIDs, the risk would be
pooled together first, using the same random-effect, generic
inverse variance method. The pooled risk would be used
as effect estimate for that study to combine with data from
other studies.

The statistical heterogeneity of this study was assessed
by the Cochran Q test. This test is complemented with
the I2 statistic, which quantifies the proportion of the total
variation across studies that is due to heterogeneity rather
than chance. An I2 value of 0% to 25% indicates insignificant
heterogeneity; 26% to 50% indicates low heterogeneity; 51%
to 75% indicates moderate heterogeneity; and 76% to 100%
indicates high heterogeneity.20

Publication bias was assessed by visualization of funnel
plot and the Egger regression test. Comprehensive Meta-
analysis version 2.0 (Biostat, Englewood, NJ) was used to
perform the regression analysis.

Results
Our search strategy yielded 8314 potentially relevant
studies (3695 studies from MEDLINE and 4619 studies
from Embase), including 3594 duplicates. Based on title and
abstract review, 4646 studies were excluded that clearly did
not meet our inclusion criteria (1504 basic science studies,
1132 non–case-control/cohort observational studies, 1012
interventional studies, 512 review articles, 334 editori-
als/correspondences, and 152 miscellaneous), leaving 74
studies for full-length article review. Fifty-four studies were
excluded because they were interventional studies, and
another 11 studies were excluded as they were descriptive
studies without a control group. Two studies reported
the risk of first hospitalization for HF among NSAID
users, but they included patients with prior history of HF;
therefore, these studies were excluded, as their outcomes
were not incident HF.21,22 Seven studies (4 case-control
studies11,13,15,23 and 3 cohort studies12,14,16) with 7 543 805
participants met our eligibility criteria and were included for
data analyses. The detailed characteristics and Newcastle-
Ottawa quality-assessment scale of the case-control and
cohort studies are described in tables 1 and 2, respectively.

The overall risk of incident HF among NSAID users
was 1.17 (95% CI: 1.01-1.36). Elevated risk was consistently
observed in most studies, although without reaching
statistical significance. Our meta-analysis, taking advantage
of combining all existing data, was able to prove a statistical
significance. The I2 of this study was 53%, which indicated
a moderately significant statistical heterogeneity. Subgroup
analysis according to study design revealed an increased
risk in both subgroups, although without reaching statistical
significance. Figure 1 demonstrates a forest plot of all
NSAIDs.
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Five studies11–15 reported risk of incident HF in users
of conventional NSAIDs compared with nonusers. Elevated
risk was, again, consistently observed in all studies, even
though it was not statistically significant in most studies.
The pooled RR was 1.35, and it was statistically significant
(95% CI: 1.15-1.57). The I2 of this analysis was 0%, which
indicated a nonsignificant statistical heterogeneity. Figure 2
demonstrates a forest plot of these 5 studies.

On the other hand, risk of incident HF among COXIB
users was reported in only 2 studies.14,16 The pooled RR
was modestly elevated, at 1.03, without reaching statistical
significance (95% CI: 0.92-1.16). The statistical heterogeneity
was insignificant, with an I2 of 0%. Figure 3 demonstrates a
forest plot of the COXIB studies.

Sensitivity Analysis

We conducted a jackknife sensitivity analysis by excluding
1 study at a time from the pooled analysis. The pooled RRs
for all NSAIDs from this sensitivity analysis ranged from
1.06 to 1.24.

Evaluation for Publication Bias

For a funnel plot evaluating publication bias for all NSAID
studies, see Supporting Information, Figure, in the online
version of this article. Visual inspection of this funnel plot
does not reveal any obvious asymmetry, and, therefore,
does not provide suggestive evidence for publication bias.
Furthermore, there is no evidence of publication bias
detected by the Egger regression test (P = 0.57).

Discussion
To the best of our knowledge, this is the first meta-
analysis of observational studies that summarizes the risk
of incident HF among users of NSAIDs. We were able
to assess the risk for NSAIDs as a single group, as well
as performing subgroup analysis for both conventional
NSAIDs and COXIBs.

An increased risk of incident HF among NSAID users
has been consistently observed in several epidemiological
studies.11–16 However, because this outcome of interest was
relatively uncommon, most of these studies failed to show
a statistical significance. Our meta-analysis, by combining
all available data, was able to demonstrate a statistically
significant elevated risk of incident HF among NSAID
users, with 17% excess risk. Subgroup analysis showed
a significantly elevated risk among users of conventional
NSAIDs and a modestly increased risk among users of
COXIBs, without a statistical significance. The statistical
heterogeneity was moderate in the overall analysis but was
insignificant in each subgroup analysis, suggesting that
the difference between subgroups was responsible for this
heterogeneity.

There are a few possible pathophysiologic explanations
for this increased risk. The most widely accepted one
is related to elevated blood pressure and fluid retention.
Endothelium-derived prostaglandins, such as prostaglandin
I2 (PGI2), have a vasodilatory effect on the peripheral
vasculature. Thus, inhibition of the COX enzyme could
directly lead to vasoconstriction and hypertension.24,25
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Moreover, renal prostaglandins, particularly
prostaglandin E2 (PGE2) and PGI2, play a major role
in maintaining renal blood flow and glomerular filtration
rate, especially in a volume-depleted state. They also have
an inhibitory effect on the sodium reabsorption in the
loop of Henle and cortical collecting tubule, and on the
water reabsorption in the collecting tubules, driven by the
antidiuretic hormone.26–28 These prostaglandins are locally
derived from the COX-2 enzyme in the renal cortex and
juxtaglomerular cells. Thus, inhibition of the COX-2 enzyme
by either conventional NSAIDs or COXIBs could lead to
blood-volume expansion, resulting in clinically evident HF,
particularly in those who have an underlying ventricular
dysfunction.

In fact, the vasoconstrictive and volume-expansion
effects of NSAIDs are even more pronounced in patients
with established HF, as the included studies have also
demonstrated that use of NSAIDs was associated with a
higher incidence of HF exacerbation, with RRs ranging
from 8.6 to 26.3.11,12,15

Based on this pathogenesis, theoretically, increased risk
of incident HF should be seen with use of both conventional
NSAIDs and COXIBs. Our meta-analysis, however, could not
demonstrate a statistically significant increased risk among
COXIB users. This nonsignificant result could be secondary
to a smaller sample size, as only 2 studies reported the risk of
incident HF among COXIB users. More studies are required
to clarify this risk.

Another possible explanation is related to the fact that
use of some NSAIDs (such as rofecoxib and diclofenac) is
linked to an increased risk of MI,7 which is a major risk
factor for HF.

Study Limitations

Even though the primary studies included in this meta-
analysis are of high quality, there are some limitations, and,
thus, our results should be interpreted with caution.

First, most of the included studies were conducted
using coding-based medical registry, raising a concern of
coding inaccuracy and incompleteness. Most of the included
studies also relied on prescription information from their
database, which did not guarantee consumption of the
medications and would not capture over-the-counter NSAID
use. The only exception is the study by Page et al,11 which
used structured interviews to identify NSAID exposure.
However, this method had its own problem, as cases
(participants with the event of interest) tended to recall
exposure better than controls (recall bias).29 Second, most
of the included studies were conducted in older populations.
In fact, the mean ages of participants in 3 cohort studies
were 70.0, 75.4, and 50.0 years. Therefore, our results are
not generalizable to the general population, especially to
younger patients with lower baseline cardiovascular risk.
Third, most of the primary studies included in this meta-
analysis identified incident cases of HF from an admission
database. Therefore, cases of milder HF that did not require
hospitalization would not be identified. We also did not have
data on the subtypes of HF. Fourth, the definition of NSAID
exposure was not entirely consistent between studies, with
time of exposure ranging from 7 to 30 days prior to the index
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Figure 1. Forest plot of all NSAIDs. Abbreviations: CI, confidence interval; df, degrees of freedom; IV, inverse variance; NSAID, nonsteroidal
anti-inflammatory drug; SE, standard error.

Figure 2. Forest plot of conventional NSAIDs. Abbreviations: CI, confidence interval; cNSAIDs, conventional nonsteroidal anti-inflammatory drugs; df,
degrees of freedom; IV, inverse variance; SE, standard error.

Figure 3. Forest plot of COXIBs. Abbreviations: CI, confidence interval; COXIB, highly selective cyclooxygenase-2 inhibitor; df, degrees of freedom; IV,
inverse variance; SE, standard error.
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date. It would also raise the question of how much HF could
be attributed to NSAID use for the short period of time.
Fifth, we did not search for unpublished data; therefore,
publication bias might have been present. It should be
noted that evaluation for publication bias was relatively
unreliable in this study, as the number of included studies
was small. Last, this is a meta-analysis of observational
studies, which, by study design, are at risk for several
types of bias.30 For example, participants who took NSAIDs
might undergo more medical examination and laboratory
surveillance, resulting in detection bias. Physicians might
also preferentially avoid prescribing NSAIDs to patients with
increased baseline risk for cardiac dysfunction, leading to
selection bias of healthier participants to the exposed group.

Conclusion
A statistically significant elevated risk of incident HF
was observed among NSAID users in this meta-analysis.
Subgroup analysis showed a significantly elevated risk
among users of conventional NSAIDs. Although we could
not demonstrate a statistically significant elevated risk
among COXIB users, we acknowledge that this could be
related to the smaller sample size. Physicians must weigh
the potential risks of HF and other adverse events related to
NSAIDs, such as renal failure, MI, and GI bleeding, against
their clinical benefit when prescribing these medications.
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