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Abstract
Over-the-counter analgesics are used globally for the relief of acute pain. Although effective, these agents can be associated with
adverse effects that may limit their use in some people. In the early 2000s, observations from clinical trials of prescription-strength
and supratherapeutic doses of nonselective and cyclooxygenase-2-selective nonsteroidal anti-inflammatory drugs (NSAIDs)
raised safety concerns regarding the risk of cardiovascular adverse effects with the use of these medications. Subsequently, the US
Food and Drug Administration mandated additional study of the cardiovascular safety of NSAIDs for a more comprehensive
understanding of their risk. As these data were being collected, and based on a comprehensive review of prescription data and the
recommendations of the US Food and Drug Administration Advisory Committee, the warning labels of over-the-counter NSAIDs
were updated to emphasize the potential cardiovascular risks of these agents. The recently reported “Prospective Randomized
Evaluation of Celecoxib Integrated Safety versus Ibuprofen or Naproxen” (PRECISION) trial, in which participants with
osteoarthritis or rheumatoid arthritis and underlying cardiovascular risk factors were treated with prescription-strength cel-
ecoxib, ibuprofen, or naproxen, revealed similar rates of cardiovascular events (death from cardiovascular causes including
hemorrhagic death, nonfatal myocardial infarction, or nonfatal stroke) among the 3 treatment groups. Although informative, the
cardiovascular safety findings derived from PRECISION cannot be extrapolated to the safety of the over-the-counter pain
relievers ibuprofen and naproxen, given that the doses used were higher (mean [standard deviation]: ibuprofen, 2045 [246] mg;
naproxen, 852 [103] mg) and the durations of use longer (*20 months) than recommended with over-the-counter use of
NSAIDs, which for ibuprofen is up to 10 days. This review discusses the cardiorenal safety of the most commonly used over-the-
counter analgesics, ibuprofen, naproxen, and acetaminophen. Available data suggest that there is little cardiovascular risk when
over-the-counter formulations of these agents are used as directed in their labels.
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Introduction

Pain is a common problem, and over-the-counter (OTC)

analgesic agents alleviate pain in populations around the globe.

Among the most commonly used OTC analgesic agents are

nonsteroidal anti-inflammatory drugs (NSAIDs) and acetami-

nophen (paracetamol; APAP; Table 1).1-15

Large-scale population studies confirm that OTC analgesic

use is common around the world.16-19 In the Nurses’ Health

Study (NHS) I survey (N¼ 86 985), 22% of US nurses aged 52

to 77 years reported use of APAP and 27% reported use of an

NSAID at least once per week.20 Among US nurses aged 33 to

51 years who participated in the NHS II survey (N ¼ 93 002),

25% reported using APAP and 42% reported using an NSAID

at least once per week. In a 2005 Scottish postal survey of 2708

individuals �18 years, 37% of respondents reported OTC

analgesic use (ibuprofen, APAP, aspirin [ASA], or compound

preparations) over the preceding 2 weeks.18 In Norway, a sur-

vey of individuals �20 years conducted between 2006 and

2008 found that 47% of the 39 767 respondents had used OTC

analgesics (APAP, NSAIDs, ASA) at least once per week over

the last month.16

Beginning in 2000,21 an increased cardiovascular (CV)

event risk was noted within some patient populations during
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clinical trials of cyclooxygenase (COX)-2-selective

NSAIDs22,23 and separately in a meta-analysis that included

nonselective NSAIDs.24 In a 2005 long-term, placebo-

controlled clinical trial evaluating the potential of the standard

dose of the COX-2-selective NSAID rofecoxib (25 mg daily) to

prevent adenoma recurrence in participants with a history of

colorectal adenomas (the Adenomatous Polyp Prevention on

Vioxx Trial), an increased incidence of serious CV adverse

events (AEs), particularly myocardial infarction (MI) and

stroke, was observed in participants receiving rofecoxib com-

pared with participants receiving placebo.22 Subsequently, the

trial was suspended, and in 2004, rofecoxib was withdrawn

from the market.22,25 Thereafter, the Adenoma Prevention with

Celecoxib study also found an increased risk of serious CV

events versus placebo with a supratherapeutic dose of cele-

coxib (800 mg daily).23 The data and safety monitoring board

recommended study termination,23 but celecoxib 200 mg cap-

sules remained on the market. A 2006 meta-analysis comparing

serious vascular events between COX-2 inhibitors and placebo

or nonselective NSAIDs showed that some traditional NSAIDs

might also be associated with atherothrombotic AEs.24

Growing concerns related to the data detailed above

resulted in the conduct of a US Food and Drug Administration

(FDA)-mandated CV safety risk study entitled “Prospective

Randomized Evaluation of Celecoxib Integrated Safety versus

Ibuprofen or Naproxen” (PRECISION), comparing prescription-

strength celecoxib, naproxen, and ibuprofen.26 Results of that

trial, detailing CV, gastrointestinal (GI), and renal safety out-

comes in participants aged �18 years with increased CV risk

who required daily NSAID treatment due to pain from osteoar-

thritis or rheumatoid arthritis, were published in 2016.26 More

than 24 000 participants were randomized to celecoxib (mean

[SD] daily dose, 209 [37] mg), ibuprofen (2045 [246] mg), or

naproxen (852 [103] mg); treatment was maintained for an aver-

age of 20 months. Approximately two-thirds of the participants

stopped study treatment before the end of the trial, and numerous

sensitivity analyses were therefore performed for the primary

and secondary end points. The first occurrence of an AE meeting

the Antiplatelet Trialists Collaboration (APTC) criteria (ie, death

from CV causes including hemorrhagic death, nonfatal MI, or

nonfatal stroke) was the primary safety outcome of interest. At

the end of the study, similar rates of AEs meeting APTC criteria

were noted with each treatment (celecoxib: 2.3%, ibuprofen:

2.7%, and naproxen: 2.5%). Celecoxib was noninferior to ibu-

profen, with a hazard ratio (HR) of 0.85 (95% confidence inter-

val [CI]: 0.70-1.04; P < .001) and noninferior to naproxen, with

an HR of 0.93 (95% CI: 0.76-1.13; P < .001). On-drug sensitivity

analyses produced results that were comparable to and suppor-

tive of the intention-to-treat analysis. The authors concluded that

the doses of celecoxib evaluated were associated with CV risk

similar to that with nonselective NSAIDs.26 In contrast to those

findings, celecoxib was associated with a significantly lower

risk of GI AEs than naproxen (P ¼ .01) or ibuprofen (P ¼
.002) and with a significantly lower risk of renal AEs versus

ibuprofen (P ¼ .004), but a similar renal AE risk compared with

naproxen (P ¼ .19).

The PRECISION safety findings for ibuprofen and

naproxen cannot be extrapolated to OTC dosing, however.

Recommended OTC doses are lower than prescription doses

and are designated for much shorter use durations.27,28 Fur-

ther, participants in the PRECISION study were at an

increased risk of CV events and as such may not represent

the typical OTC analgesic consumer. The safety of OTC

analgesics remains relevant, however, given the high fre-

quency of OTC NSAID use.

To date, most published trials reporting the safety of OTC

NSAIDs extrapolate data from “prescription” NSAIDs used at

“low doses,” but these studies typically involve use over an

extended period that is considerably longer than recommended

for OTC use.29-36 In this article, we review the CV safety of

commonly used analgesics (ibuprofen, naproxen, and APAP)

when administered in doses consistent with OTC use.

Cardiovascular Pharmacology of
COX Inhibition

Cyclooxygenase 1 and Cyclooxygenase 2

Both COX-1 and COX-2 are isoforms of the cyclooxygenase

enzyme mediating the conversion of arachidonic acid to pros-

taglandin H2, the substrate for 5 different prostanoids, PGD2,

PGE2, PGF2a, prostacyclin (PGI2), and thromboxane A2.37,38

Cyclooxygenase 1 is constitutively active and is expressed in

most tissues, including kidney, lung, stomach, duodenum, jeju-

num, ileum, colon, and cecum. It functions in gastric cytopro-

tection, vascular homeostasis, platelet aggregation, and

maintenance of normal kidney function.37-41 Cyclooxygenase

2 is an inducible enzyme expressed in the brain, kidney, and

possibly in the female reproductive system.37,42,43 Cyclooxy-

genase 2 expression is increased during states of inflamma-

tion.44 Cyclooxygenase 2 is a key source of PGI2 and is

cardioprotective in ischemia–reperfusion injury.45,46 Hence,

selective COX-2 inhibition could lead to decreased antithrom-

botic PGI2, enhanced leukotriene synthesis, and increased reac-

tive oxygen species and consumption of antithrombotic nitric

oxide.47

Cyclooxygenase Selectivity and Potential CV
Ramifications of COX Inhibition

Whereas COX-1 inhibition is associated with GI and hemato-

logic side effects, selective inhibition of COX-2 has been asso-

ciated with CV side effects.38 Traditional, nonselective

NSAIDs decrease the synthesis of prostaglandins via inhibition

of both COX-1 and COX-2, while COX-2-selective NSAIDs

primarily inhibit COX-2 (Figure 1).37 Acetaminophen

decreases the synthesis of prostaglandins by acting as a sub-

strate of the peroxidase cycles of COX-1 and COX-2.48 Acet-

aminophen also has endocannabinoid system effects.49

Mechanistically, the CV risk from nonselective NSAIDs is

believed to be caused by profound inhibition of PGI2, which

increases platelet reactivity, in conjunction with incomplete
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and intermittent inhibition of platelet COX-1. In this scenario,

higher ratios of COX-2 to COX-1 inhibition appear to confer

greater risk of thrombotic CV events.50 Additionally, compet-

itive binding by NSAIDs at the COX-1 binding site of ASA on

the platelet surface may lead to interference with the cardio-

protective effects of ASA.51 Nonsteroidal anti-inflammatory

drugs may also have direct or indirect effects on blood pressure

(BP),52,53 including reductions in sodium excretion due to inhi-

bition of prostaglandin E2 and interference with antihyperten-

sive drugs, particularly angiotensin-converting enzyme

inhibitors and angiotensin receptor blockers.4 Confounding

factors during NSAID use include the fact that inflammatory

conditions are associated with CV complications and that some

CV medications may have less efficacy or altered pharmaco-

kinetics in inflammatory states.54,55

Pathophysiologic Effects of NSAIDs on BP

Prostaglandin E2 decreases renal Naþ reabsorption at the cor-

tical thick ascending limb of the loop of Henle.41 Thus,

NSAIDs, via COX inhibition, lead to increased Naþ reabsorp-

tion and an increase in plasma volume. However, in

individuals with normal kidney function who are not taking

antihypertensive therapies, mechanisms of homeostasis cause

the nephrons to adapt within days of starting NSAIDs and

sodium excretion returns to baseline. In contrast, homeostatic

mechanisms may be impaired in older persons, those with

chronic kidney disease, and people on diuretics and renin–

angiotensin blocking agents, and sodium excretion never

recuperates.4 This creates the potential for weight gain,

edema, and congestive heart failure. The NSAIDs may also

affect potassium (Kþ) homeostasis.41 Prostacyclin stimulates

renin release and ultimately leads to an increase in Kþ secre-

tion by the distal nephron; its inhibition by NSAID treatment

may lead to a type 4 renal tubular acidosis and hyperkalemia.

Prostacyclin, an important vasodilator, is synthesized by the

kidneys to maintain renal perfusion when a decrease in actual

or effective circulating volume occurs. Nonsteroidal anti-

inflammatory drugs administration in this setting may

decrease renal blood flow substantially, leading to an acute

kidney injury syndrome. Importantly, the risk of acute kidney

injury associated with NSAIDs may be related to dose and

duration of treatment, as well as volume status at the time of

initiation of the NSAID.41
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Effects of OTC Analgesics in Normotensive
and Hypertensive Persons

Normotensive Participants

Furey and colleagues56 conducted a meta-analysis of 15 single-

dose, randomized, double-blind trials evaluating the safety of

OTC ibuprofen (200 or 400 mg; n ¼ 878) and APAP (650 or

1000 mg; n ¼ 849) versus placebo (n ¼ 852) in healthy parti-

cipants with acute pain conditions. The AE frequency did not

differ significantly among groups (2.4% randomized to ibupro-

fen, 3.2% with APAP, and 2.1% with placebo), and no renal

AEs were reported.56 DeArmond et al57 conducted a meta-

analysis of 48 studies (27 single-dose studies and 21

multiple-dose studies) that assessed OTC naproxen safety in

healthy participants with acute pain conditions; the analysis

included studies with ibuprofen arms (n ¼ 19 studies), APAP

arms (n ¼ 9 studies), or placebo arms. In total, 4138 partici-

pants received naproxen (187.5-400 mg naproxen or 220-440

mg naproxen sodium), 1574 participants received ibuprofen

(200 or 400 mg), 671 participants received APAP (500-1000

mg), and 2423 participants received placebo. Rates of AEs

were low and similar among all active treatment groups.57

Rainsford and colleagues27 evaluated the safety of OTC ibu-

profen and APAP from 96 randomized, double-blind studies.

No differences in AE rates were noted in any system organ

class in participants receiving OTC ibuprofen or APAP for

<7 days.27 In a meta-analysis of 8 randomized, double-blind,

placebo-controlled trials that compared OTC ibuprofen (800-

1200 mg/d; n ¼ 1094) with placebo (n ¼ 1093), significantly

fewer (P ¼ .018) participants receiving ibuprofen (300

[27.4%]) experienced an AE compared with those receiving

placebo (346 [31.7%]).58

Patients With Hypertension

Furey and coworkers59 investigated the renal effects of ibupro-

fen 400 mg 3 times a day compared with APAP 650 mg 3 times

a day and ASA 650 mg 3 times a day for 7 days in a rando-

mized, double-blind study of 25 patients aged �60 years with

hydrochlorothiazide-treated stage 1 hypertension and mild

renal insufficiency (serum creatinine 1.3-3.0 mg/dL). No sig-

nificant changes from baseline in supine diastolic BP (DBP)

occurred with ibuprofen or APAP; small decreases in DBP with

ASA were not clinically significant. No significant changes in

supine systolic BP (SBP) occurred with any of the OTC analge-

sics tested. Furthermore, no significant changes from baseline

occurred for creatinine clearance, serum creatinine, potassium,

blood urea nitrogen, or sodium in any treatment arm.59

Houston and colleagues60 studied 162 patients aged 18 to 75

years with stage 1 and 2 hypertension (DBP 90-115 mm Hg)

stabilized to an average sitting DBP of <90 mm Hg on the

calcium channel blocker verapamil. Participants were rando-

mized to OTC ibuprofen (400 mg 3 times a day), naproxen (250

mg twice a day), or placebo for 3 weeks; BP was measured on

days 7 and 21 of treatment. No significant differences from

placebo were observed with ibuprofen or naproxen for seated

SBP or DBP. Mean end-of-treatment change in DBP (the primary

efficacy end point) adjusted for center and baseline BP was 1.7,

2.5, and 2.1 mm Hg for the ibuprofen, naproxen, and placebo

groups, respectively. Similar percentages of participants in all

groups had�10 mm Hg increases in either SBP (17%, 16%, and

15%, respectively) or DBP (2%, 9%, and 9%, respectively).60

The risk of CV events is increased with long-term use of

NSAIDs and COX-2 inhibitors in patients with coronary artery

disease61,62; thus, APAP is commonly used for analgesia in

such patients. Sudano and coworkers evaluated the effect of

APAP on BP in a randomized, double-blind crossover study of

33 patients aged 18 to 80 years who had coronary artery disease

and were stabilized on CV medication for at least 1 month.63

Participants received APAP (1 g 3 times a day) and placebo for

2 weeks, separated by a 2-week washout period between treat-

ments. Acetaminophen was associated with a significant

increase in SBP (from 122.4 [11.9] to 125.3 [12.0] mm Hg;

P ¼ .021) compared with placebo (from 122.7 [11.6] to 122.2

[10.5] mm Hg). In addition, DBP increased significantly with

APAP treatment (from 73.2 [6.9] to 75.4 [7.9] mm Hg; P ¼
.024) compared with placebo (from 74.4 [6.9] to 74.6 [7.2] mm

Hg). No effect on endothelial function, endothelial progenitor

cells, or platelet adhesion was noted. Due to the short-term

nature of this study, CV events were not observed.63

Cardiovascular Events From Clinical Trials

There are no single randomized, controlled trials that compared

OTC use of ibuprofen, naproxen, or APAP adequate to assess

CV risk with low doses of these medications. Results of the

PRECISION trial have shown that even with administration of

prescription NSAID doses to participants with increased CV

risk, a large number of participants treated over a long duration

was needed to elicit a number of events sufficient to attempt to

separate treatments from each other. Indeed, the primary out-

come of death due to CV causes including hemorrhagic death

occurred in 2.3%, 2.5%, and 2.7% of celecoxib-, naproxen-,

and ibuprofen-treated patients, respectively, over a mean

follow-up period of 34 [13] months.26 Furthermore, a prespe-

cified analysis for those remaining on drug (on-treatment anal-

ysis) in PRECISION showed even lower rates of the primary

CV end point in all 3 treatment groups (1.7%, 1.8%, and 1.9%
on celecoxib, naproxen, and ibuprofen, respectively). How-

ever, there are numerous epidemiological studies that have

investigated specific CV risks associated with total daily doses

of analgesics that are in the range of OTC dosing, albeit with

generally much longer treatment durations than are recom-

mended with OTC use. This research is discussed below.

Contrasting OTC and Prescription Doses
of NSAIDs on CV Outcomes From
Observational Databases

Andersohn and colleagues29 conducted a nested case–control

study in a cohort of 486 378 participants aged �40 years
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registered in the UK General Practice Research Database

(GPRD) who had at least 1 prescription for an NSAID between

June 1, 2000, and October 31, 2004. They matched 3643 cases

of MI from this group with 13 918 controls based on age, sex,

general practice, and year of cohort entry. Mean follow-up

duration was 542 days in both cohorts. At ibuprofen doses

�1200 mg/d, the risk of MI was 0.99 (95% CI: 0.81-1.21); at

doses >1200 mg/d, it was 1.14 (95% CI: 0.74-1.77). At

naproxen doses �750 mg/d, the risk of MI was 1.19 (95%
CI: 0.79-1.80); at doses >750 mg/d, it was 1.05 (95% CI:

0.66-1.66). Risk of MI was not significant for either ibuprofen

or naproxen across the dose ranges studied.29

The influence of NSAIDs and APAP on the risk of major

CV events (nonfatal MI, fatal coronary heart disease, and non-

fatal and fatal stroke) was examined in a prospective cohort

study of 70 971 women without known CV disease or cancer

who participated in NHS I.64 Over 12 year follow-up, 2041

major CV events were confirmed. Women who reported occa-

sional use of NSAIDs or APAP (defined as 1-21 days per

month) did not experience a significantly increased CV risk

compared with nonusers. After adjustment for CV risk factors

and other analgesic classes, women who frequently used

NSAIDs (�22 days per month) had a relative risk (RR) of a

CV event of 1.44 (95% CI: 1.27-1.65) compared with nonusers.

Those who frequently used APAP (�22 days per month) had an

adjusted odds ratio (OR) of 1.35 (95% CI: 1.14-1.59). The

elevated risk associated with frequent NSAID use was partic-

ularly evident among current smokers (RR: 1.82; 95% CI: 1.38-

2.42; Pinteraction ¼ .02) and was absent among those who never

smoked; smoking did not influence the risk with APAP use.

Significant dose–response relationships were evident: Com-

pared with nonusers, the RR for a CV event among women

who used �15 tablets per week was 1.86 (95% CI: 1.27-2.73;

Ptrend �.001) for NSAIDs and 1.68 (95% CI: 1.10-2.58; Ptrend

¼ .002) for APAP.64

A population-based retrospective cohort study in partici-

pants aged 50 to 84 years between January 2000 and October

2005 with a nested case–control analysis (n ¼ 8852 cases; n ¼
20 000 controls) of data from The Health Improvement Net-

work UK database examined the effect of dose on the risk of

nonfatal MI associated with current NSAID use.30 The RR of

MI with OTC ibuprofen doses up to 1200 mg/d was not

increased over that with nonuse (RR: 1.00; 95% CI: 0.80-

1.25). For ibuprofen doses >1200 mg/d (most studies in this

group assessed 1800 mg/d), the RR of MI was increased

slightly, but not significantly so. The RR of MI with OTC

naproxen doses up to 750 mg/d, 0.90 (95% CI: 0.50-1.60), was

not increased over that with nonuse nor was it increased at

higher prescription-strength doses (>750 mg/d, RR: 1.12;

95% CI: 0.74-1.69).30

A retrospective cohort study using UK GPRD data from

1987 to 2006 investigated the risk of MI with NSAID use in

participants aged �40 years.31 In those with a first prescription

for ibuprofen (8.2% of whom were prescribed doses

>1200 mg/d), the relative rate of MI during ibuprofen use

overall versus controls was 1.04 (95% CI: 0.98-1.09),

indicating no increased risk. The relative rate of MI increased

with ibuprofen dose. With ibuprofen dosing of 1200 mg/d,

1201 to 2399 mg/d, and �2400 mg/d, the relative rates (95%
CIs) of MI were 1.02 (95% CI: 0.94-1.11), 1.22 (95% CI: 1.03-

1.44), and 1.96 (95% CI: 1.05-3.65), respectively. Those with a

first prescription for naproxen (1.9% of whom were prescribed

doses >1000 mg/d) had a relative rate of MI during naproxen

use overall of 1.03 (95% CI: 0.94-1.13), indicating no increased

risk with naproxen. Higher doses of naproxen were not associ-

ated with increased relative rates of MI (RR [95% CI]: <1000

mg/d, 0.99 [0.85-1.17]; 1000 mg/d, 1.12 [0.98-1.27]; >1000

mg/d, 0.92 [0.49-1.71]). When exposure (dose) differences

were taken into account, MI risk was comparable in current

and past long-term users of NSAIDs. Ibuprofen, diclofenac,

and naproxen were associated with similar absolute MI risk

with similar histories of NSAID use. Linear trends for cumu-

lative or daily dose revealed no statistical differences between

ibuprofen, diclofenac, and ibuprofen.31

A nested case–control study from the Netherlands examined

the risk of first hospitalization for MI or other CV events

(unstable angina, cerebrovascular accident, transient ischemic

attack [TIA]) in COX-2 and traditional NSAID users in the

PHARMO Record Linkage System between January 1, 2001,

and December 31, 2004.32 Users were classified as remote

(users whose drug supply ended >60 days prior to the event

date), recent (users with prescriptions that ended between 1 and

60 days prior to the event date), or current users (users whose

duration of prescription overlapped with event date). The

adjusted OR for MI risk with celecoxib use was 3.04 (95%
CI: 1.31-7.04) for current high-dose use (ie, >1 defined daily

dose) and 1.41 (95% CI: 0.62-3.17) for current low-dose use

(ie,�1 defined daily dose) versus remote use. The adjusted OR

for MI risk with current high-dose (>1200 mg/d) ibuprofen use

was 1.66 (95% CI: 0.92-3.00) and 1.51 (95% CI: 1.06-2.14)

with current low-dose (�1200 mg/d) ibuprofen use versus

remote use. Participants using any dose of ibuprofen had a

significantly elevated OR for the risk of first hospitalization

for MI (OR: 1.56; 95% CI: 1.19-2.05), but not for the risk of

first hospitalization due to other CV events (OR: 1.18; 95% CI:

0.98-1.44). Respective ORs for first hospitalization for MI or

any CV event were not significant with naproxen (MI, OR:

1.21 [95% CI: 0.87-1.68]; CV event, OR: 1.18 [95% CI:

0.94-1.47]).32

National administrative registers in Denmark were used to

assess the risk of death and MI with NSAID use in 1 028 437

apparently healthy individuals aged �10 years who did not

have a claim for selected concomitant pharmacotherapy from

after 1995 to the date of their first claimed NSAID prescription

or June 1, 2001.33 The HR for death with ibuprofen doses

�1200 mg/d was 0.78 (95% CI: 0.73-0.84; P < .01), and the

HR for the MI and death composite end point was 0.92 (95%
CI: 0.86-0.97; P < .01). In contrast, the HR with ibuprofen

doses >1200 mg/d was significantly higher for both death

(HR: 1.77; 95% CI: 1.55-2.02; P < .01) and the MI and death

composite end point (HR: 1.84; 95% CI: 1.62-2.08; P < .01).

The HR for death was significantly lower at naproxen doses
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�500 mg/d (HR, 0.70; 95% CI: 0.58-0.86; P < .01), and the HR

for the MI and death composite end point was 0.90 (95% CI:

0.76-1.06). At naproxen doses >500 mg/d, the HR was not

significantly higher for death (HR: 1.25; 95% CI: 0.90-1.72)

or for the MI and death composite end point (HR: 1.28; 95%
CI: 0.95-1.74).33

Using this same Danish population of healthy individuals

(N ¼ 1 028 437) followed between January 1, 1997, and

December 31, 2005, Fosbol and colleagues34 analyzed the risk

of coronary death or nonfatal MI and stroke according to

NSAID dose. Any use of ibuprofen (median dose 1200 mg/d)

was associated with an increased OR for coronary death or

nonfatal MI (OR: 1.52; 95% CI: 1.25-1.85; P < .01) and fatal

or nonfatal stroke (OR: 1.29; 95% CI: 1.02-1.63; P < .05)

compared with no use. At ibuprofen doses �1200 mg/d, the

risk of coronary death or nonfatal MI was significantly

increased (OR: 1.45; 95% CI: 1.19-1.77; P < .01), but the risk

of fatal or nonfatal stroke was not (OR: 1.21; 95% CI: 0.95-

1.53). At ibuprofen doses >1200 mg/d, the OR was not signif-

icantly increased for coronary death or nonfatal MI (OR: 1.44;

95% CI: 0.91-2.27) but was significantly increased for fatal or

nonfatal stroke (OR: 1.36; 95% CI: 0.84-2.19; P < .05). Any

use of naproxen (median dose 500 mg/d) was associated with

an increased OR for fatal or nonfatal stroke (OR: 1.91; 95% CI:

1.04-3.50; P < .05) but not for coronary death or nonfatal MI

compared with no use. There was no evidence of increased risk

of coronary death, nonfatal MI, or fatal/nonfatal stroke with

naproxen according to dose.34

McGettigan and Henry35 compared the risk of serious CV

events among participants using COX-2-selective NSAIDs or

nonselective NSAIDs in a systematic review and meta-analysis

of 23 studies (17 case–control analyses and 6 cohort analyses).

No significantly increased risk of serious CV events was iden-

tified for celecoxib (summary RR: 1.06; 95% CI: 0.91-1.23),

ibuprofen (summary RR: 1.07; 95% CI: 0.97-1.18), naproxen

(summary RR: 0.97; 95% CI: 0.87-1.07), piroxicam (sum-

mary RR: 1.06; 95% CI: 0.70-1.59), or meloxicam (summary

RR: 1.25; 95% CI: 1.00-1.55). Diclofenac (summary RR:

1.40; 95% CI: 1.16-1.70) and indomethacin (summary RR:

1.30; 95% CI: 1.07-1.60) were associated with increases in

risk of serious CV events.35

In a 2011 update of this work,36 McGettigan and Henry

expanded their review (30 case–control and 21 cohort studies)

to include new drugs and also attempted to look at OTC use risk

by assessing CV event risk with low NSAID doses of short

duration in populations at low risk. Of the drugs evaluated in

10 or more studies, the highest overall RRs for major CV

events were observed with rofecoxib (pooled RR: 1.45; 95%
CI: 1.33-1.59) and diclofenac (pooled RR: 1.40; 95% CI: 1.27-

1.55) and the lowest risks were observed for ibuprofen (pooled

RR: 1.18; 95% CI: 1.11-1.25) and naproxen (pooled RR: 1.09;

95% CI: 1.02-1.16). When low versus high doses of the avail-

able OTC treatments (ibuprofen, naproxen, and diclofenac)

were compared, only diclofenac was associated with a statisti-

cally significantly increased risk of CV events (RR: 1.22; 95%
CI: 1.12-1.33) at low doses (variably defined as <100 mg/d,

�100 mg/d, or <150 mg/d). In studies where low-dose ibupro-

fen (variably defined as �1200 mg/d, �1600 mg/d, or <1800

mg/d, depending on the study) or low-dose naproxen (variably

defined as �500 mg/d, �750 mg/d, or �1000 mg/d) were

studied, neither ibuprofen (RR: 1.05; 95% CI: 0.96-1.15) nor

naproxen (RR: 0.97; 95% CI: 0.87-1.08) was associated with an

increased risk of CV events. At high doses, there was a signif-

icantly increased risk of major CV events with ibuprofen (RR:

1.78; 95% CI: 1.35-2.34), but not with naproxen (RR: 1.05;

95% CI: 0.89-1.24).36

Most recently, Bally and colleagues65 performed an individ-

ual patient data meta-analysis of studies derived from health-

care databases to examine the time course for the risk of MI, as

well as the effects of dose and use duration for commonly used

NSAIDs. The cohort of 446 763 individuals included 61 460

cases of MI and 385 303 controls. Overall, results from the

analysis suggested that: (i) the current use of NSAIDs was

associated with a significantly increased risk of MI; (ii) the risk

onset for MI was rapid, occurring in the first week of usage;

(iii) a longer treatment duration does not seem to be associated

with a higher probability of increased MI risk; and (iv) the risk

of MI decreases over time since the last time of NSAID use.65

Interestingly, findings (ii) and (iii) are not consistent with most

other epidemiological studies reviewed here, nor are they con-

sistent with findings from controlled clinical trials in which risk

increases over time.26 It is possible that this reflects protopathic

bias, in which patients are prescribed NSAIDs due to pain and/

or inflammatory conditions, both of which can increase the risk

of CV events.

In addition, there were differences in MI risk that were

related to dose and duration of treatment. Any current dose

of ibuprofen taken for 1 to 7 days was associated with an

adjusted OR (95% CI) of 1.48 (1.00-2.26) for the risk of MI.

When ibuprofen was taken at a daily dose of�1200 mg/d for 8

to 30 days or for >30 days, the adjusted ORs (95% CIs) for the

risk of MI were 1.04 (0.72-1.35) and 1.32 (1.02-1.74), respec-

tively. At ibuprofen doses >1200 mg/d taken for 8 to 30 days or

for >30 days, the adjusted ORs were 1.75 (1.00-2.93) and 1.47

(1.04-2.04), respectively, for the risk of MI. For naproxen, any

current dose taken for 1 to 7 days was associated with an

adjusted OR (95% CI) of 1.53 (1.07-2.33) for the risk of MI.

When naproxen was taken at a daily dose of�750 mg/d for 8 to

30 days or for >30 days, the adjusted ORs for risk of MI were

1.23 (0.90-1.61) and 1.21 (0.95-1.52), respectively. At

naproxen doses >750 mg/d taken for 8 to 30 days or for >30

days, the adjusted ORs for the risk of MI were 1.76 (1.14-2.65)

and 1.21 (0.91-1.57), respectively.65 A summary of observa-

tional study findings is presented in Table 2. It should be noted

that the majority of these studies do not demonstrate an

increased risk of CV events with low NSAID doses.

Coadministration of NSAIDs With ASA

Aspirin and NSAIDs share a common binding site on the COX-

1 enzyme66,67; consequently, there is the potential for a com-

petitive and meaningful interaction between these therapies on

110 Journal of Cardiovascular Pharmacology and Therapeutics 23(2)
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Drug Facts
Active ingredient (in each capsule)              Purpose
Solubilized ibuprofen equal to
200 mg ibuprofen (NSAID)*............................Pain reliever/Fever reducer
(present as the free acid and potassium salt)

Uses
■ temporarily relieves minor aches and pains due to:

■ headache ■ toothache ■ backache
■ menstrual cramps ■ the common cold ■ muscular aches
■ minor pain of arthritis

■ temporarily reduces fever

Warnings
Allergy alert: Ibuprofen may cause  a severe allergic reaction, especially in
people allergic to aspirin. Symptoms may include:
■ hives ■ facial swelling ■ asthma (wheezing) ■ shock
■ skin reddening ■ rash ■ blisters
If an allergic reaction occurs, stop use and seek medical help right away. 
Stomach bleeding warning: This product contains NSAID, which 
may cause severe stomach bleeding. The chance is higher if you 
■ are age 60 or older 
■ have had stomach ulcers or bleeding problems 
■ take a blood thinning (anticoagulant) or steroid drug 
■ take other drugs containing prescription or nonprescription NSAIDs 

[aspirin, ibuprofen, naproxen, or others]
■ have 3 or more alcoholic drinks every day while using this product
■ take more or for a longer time than directed
Do not use
■ if you have ever had an allergic reaction to any other pain reliever/fever 

reducer
■ right before heart surgery
Ask doctor before use if
■ stomach bleeding warning applies to you
■ you have problems or serious side effects from taking pain relievers or

fever reducers
■ you have a history of stomach problems, such as heartburn
■ you have high blood pressure, heart disease, liver cirrhosis, kidney

disease or asthma
■ you are taking a diuretic
Ask a doctor or pharmacist before use if you are
■ under a doctor’s care for any serious condition
■ taking aspirin for heart attack or stroke, because ibuprofen may 

■ taking any other drug ➧

Drug Facts (continued)
When using this product
■ take with food or milk if stomach upset occurs
■ the risk of heart attack or stroke may increase if you use more than

directed or for longer than directed
Stop use and ask a doctor if
■ you experience any of the following signs of stomach bleeding:
 ■ feel faint
 ■ vomit blood
 ■ have bloody or black stools

■ have stomach pain that does not get better
■ pain gets worse or lasts more than 10 days
■ fever gets worse or lasts more than 3 days
■ redness or swelling is present in the painful area
■ any new symptoms appear
If pregnant or breast-feeding, ask a health professional before use.
It is especially important not to use ibuprofen during the last 3 months of

cause problems in the unborn child or complications during delivery. 
Keep out of reach of children. In case of overdose, get medical help or
contact a Poison Control Center right away.

Directions
■ do not take more than directed
■ the smallest effective dose should be used
■ adults and children 12 years and over: take 1 capsule every 4 to

6 hours while symptoms persist
■ if pain or fever does not respond to 1 capsule, 2 capsules may be used
■ do not exceed 6 capsules in 24 hours, unless directed by a doctor
■ children under 12 years: ask a doctor

Other information
■ each capsule contains: potassium 20 mg
■ read all warnings and directions before use
■ store at 20-25°C (68-77°F)
■ avoid excessive heat above 40°C (104°F)

Inactive ingredients
FD&C green no. 3, gelatin, light mineral oil, pharmaceutical ink 

sorbitol

Questions or comments?
call toll free 1-800-88-ADVIL

C. “Stop use and ask
a doctor if you have
symptoms of heart 
problems or stroke:
chest pain, trouble
breathing, weakness in
one part or side of the 
body, slurred speech, 
leg swelling”

A. New heart attack
and stroke warning:
“NSAIDs, except 
aspirin, increase the 
risk of heart attack,
heart failure, and
stroke. These can be
fatal. The risk is higher
if you use more than
directed or for longer
than directed”

B. “Ask a doctor before
use if you have high
blood pressure, heart 
disease, liver cirrhosis,
kidney disease, asthma,
or had a stroke”

A

WARNING: RISK OF SERIOUS CARDIOVASCULAR AND GASTROINTESTINAL

EVENTS

See full prescribing information for complete boxed warning. 

• Nonsteroidal anti-inflammatory drugs (NSAIDs) cause an increased risk of

serious cardiovascular thrombotic events, including myocardial infarction and 

stroke, which can be fatal. This risk may occur early in treatment and may

increase with duration of use. (5.1)

• NAPROSYN Tablets, EC-NAPROSYN and ANAPROX DS are contraindicated

in the setting of coronary artery bypass graft (CABG) surgery. (4, 5.1)

• NSAIDs cause an increased risk of serious gastrointestinal (GI) adverse 

events including bleeding, ulceration, and perforation of the stomach or

intestines, which can be fatal. These events can occur at any time during use and 

without warning symptoms. Elderly patients and patients with a prior history of

peptic ulcer disease and/or GI bleeding are at greater risk for serious GI events. 

(5.2)

B

Figure 2. Warning labels for OTC (A) or prescription (B) NSAIDs. A, Over-the-counter NSAIDs72: All OTC NSAID Drug Facts Labels are
being revised for US FDA approval. New drug safety information will be added to the respective sections as shown. B, Black box warning for
prescription-strength naproxen. All prescription NSAIDs carry the same warning.12 FDA indicates Food and Drug Administration; NSAIDs,
nonsteroidal anti-inflammatory drugs; OTC, over-the-counter.

114 Journal of Cardiovascular Pharmacology and Therapeutics 23(2)



platelet function. Results of a 6-day crossover study with single

daily doses of analgesics (ibuprofen, APAP, rofecoxib, ASA)

and a 6-day parallel-group study with multiple daily doses of

analgesics (ibuprofen, diclofenac, ASA) showed that adminis-

tration of 400 mg ibuprofen 2 hours before (single daily-dose

crossover study) or 2, 7, and 12 hours after administration of

ASA (parallel-group study with multiple daily doses) interfered

with the thromboxane inhibition normally observed after ASA

administration, suggesting that ibuprofen might limit the car-

dioprotective effect of ASA.51 In contrast, the pharmacody-

namics of ASA were not affected by concomitant

administration of rofecoxib, APAP, or diclofenac.51

In a post hoc analysis of the Physicians’ Health Study, a

5-year randomized, double-blind, placebo-controlled trial of

administration of 325 mg ASA every other day (with observa-

tional data on NSAID use), Kurth and colleagues68 investigated

NSAID inhibition of the clinical benefit of ASA 325 mg every

other day on first MI among 22 071 healthy US physicians aged

40 to 84 years. Risk of MI was not increased with intermittent

NSAID use (1-59 days/year) in either the ASA group or the

placebo group; however, NSAID use for �60 days/year was

associated with a significant increase in MI in the ASA group.

Among those randomized to ASA, the multivariable-adjusted RR

of MI was 1.21 (95% CI: 0.78-1.87) and 2.86 (95% CI: 1.25-6.56)

for NSAID use on 1 to 59 days/year or on�60 days/year, respec-

tively, compared with no use. Among those randomized to pla-

cebo, the RR of MI was 1.14 (95% CI: 0.81-1.60) and 0.21 (95%
CI: 0.03-1.48) for NSAID use on 1 to 59 days/year and for NSAID

use on�60 days/year, respectively, compared with no prior use.

Thus, individuals who used ASA 325 mg every other day and

used NSAIDs on�60 days per year had a >2-fold increased risk

of MI, while intermittent NSAID use had no apparent effect on the

cardioprotective effects of ASA.68

MacDonald and Wei69 studied participants in the United

Kingdom who were discharged from the hospital with a CV

diagnosis (MI, angina, stroke, or TIA) and peripheral vascular

disease who used ASA (<325 mg/d) and who survived at least 1

month after discharge. Participants were divided into 4 groups:

(1) ASA alone, (2) ASA plus ibuprofen, (3) ASA plus diclofe-

nac, and (4) ASA plus any other NSAIDs. Of the 7107 parti-

cipants included (age range, 27-100 years), 6285 received ASA

alone, 187 received ASA plus ibuprofen, 206 received ASA

plus diclofenac, and 429 received ASA plus other NSAIDs.

During a median follow-up of 3.3 years (interquartile range,

1.7-5.5), 2266 (32%) participants died. The mean (SD) dose of

ibuprofen was 1210 (384.4) mg/d and of diclofenac was 117

(33.5) mg/d. A significantly higher risk of all-cause mortality

(HR: 1.93; 95% CI: 1.30-2.87; P ¼ .0011) and CV mortality

(HR: 1.73; 95% CI: 1.05-2.84; P ¼ .0305) was noted in the

ASA plus ibuprofen group versus the group using ASA alone;

in contrast, diclofenac was not associated with an interaction

with ASA that increased CV risk. Although this study showed

that coadministration of ibuprofen with low-dose ASA in par-

ticipants with known CV disease significantly increased the

risk of all-cause and CV mortality,69 it is limited by a lack of

adjustment for either frequency or actual dose of NSAID.

Cryer and colleagues70 conducted a prospective, double-

blind, randomized, placebo-controlled study in which 51

participants received chewable, immediate-release ASA

(81 mg once daily) for 8 days and were then randomized

to receive ASA followed at *1, 7, and 13 hours by either

ibuprofen 400 mg 3 times a day (the maximum labeled OTC

dose) or placebo for 10 days. Results showed no evidence of

loss of the cardioprotective effect of ASA with ibuprofen.

Thromboxane B2 inhibition in the ibuprofen group was

>90% on all days tested in all participants. These data sug-

gest that if participants are already on chronic ASA, ibupro-

fen does not have a deleterious effect.70

In 2006, the FDA advised both health-care professionals and

consumers of the potential interaction between ibuprofen and

low-dose ASA that might render ASA less effective in terms of

its antiplatelet effect.71 The FDA advised that the interaction is

minimized if ibuprofen is given �8 hours before or �30 min-

utes after immediate-release ASA. In addition, the FDA stated

that the risk of attenuation of the antiplatelet effect of low-dose

ASA is likely to be minimal with “occasional” use of ibupro-

fen.71 In contrast, because of the risk of bleeding with more

potent antiplatelet drugs (eg, clopidogrel, ticagrelor) or the

novel oral anticoagulants, NSAIDs should not be used conco-

mitantly with these agents.

Conclusions and Perspectives

Based on a comprehensive review of CV safety data on pre-

scription NSAIDs, the warning labels of OTC NSAIDs have

been updated recently to emphasize their potential CV risks

and to reinforce the importance of following OTC dosing

instructions. A comparison of NSAID warnings for OTC versus

prescription products is noted in Figure 2.12,72 These warnings

are consolidated in the labels to make them more easily under-

stood and to discourage overuse of OTC NSAIDs. In addition,

we must keep in mind that both NSAIDs and APAP are also

present in combination products that are available OTC, such

as combinations with antihistamines for sleep aids, increasing

the overall exposure to these agents, and it is important to query

patients about these agents when conducting a thorough med-

ication use history. Our review demonstrates that CV safety

data from studies using prescription-strength analgesic doses

cannot be extrapolated to assess OTC safety, because prescrip-

tion doses and durations of use are far greater than the recom-

mended duration of OTC NSAID use (typically <10 days).

Available data from randomized, controlled trials of analgesics

at OTC doses are also insufficient to assess CV safety because

data are typically derived through extraction of “OTC” data

from prescription databases with durations of use that are much

longer than specified in OTC product labels. Data from these

sources do demonstrate lower rates of CV events with OTC

doses compared with the higher dose prescription doses, par-

ticularly for ibuprofen. Results of PRECISION demonstrate

much lower than expected absolute CV event rates with

prescription-strength NSAIDs in an arthritis population

enriched for CV disease. Hence, while the absolute CV risk
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of OTC NSAIDs is not evident from clinical trials, observa-

tional data support low risk, particularly with short-term expo-

sure. As with any treatment, individual patient characteristics

should be taken into account before specific recommendations

for OTC analgesic use are provided.
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