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The 9 Chemical Groupings of NSAIDs



The Role of the COX Isozymes 
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Consequences of COX inhibition in normal 
and atherosclerotic arteries 
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This high overall use is a concern as these drugs are associated with
risk of myocardial infarction and death also in the otherwise healthy
general population.

Circulation 2005;111: 1713-1716
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Comparison of effects of different selective COX-2 
inhibitors vs placebo on myocardial infarction



Lancet  2013;382: 769-779

Data from 280 RCTs of NSAIDs vs placebo (No. pts = 124.513) and
474 RCTs of one NSAID vs another NSAID (No. pts = 229.296)



Lancet 2013;382: 769-779

Effects of coxib therapy on major vascular events, heart failure, 
cause-specific mortality, and upper gastrointestinal complications
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Effects of  DICLOFENAC on major vascular events, heart failure, cause-specific 
mortality, and upper gastrointestinal complications
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Effects of IBUPROFEN on major vascular events, heart failure, cause-specific 
mortality, and upper gastrointestinal complications
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Effects of  NAPROXEN on major vascular events, heart failure, cause-specifiic
mortality, and upper gastrointestinal complications
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Evidence in patients with myocardial infarction 
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- Cohort study 
- Denmark (nationwide)
- 1997-2009
- First-time MI (n=99,187)
- NSAIDs (all types) 
- re-MI or coronary death, or all-cause death



Olsen S et al, Circulation 2012; 126: 1955-63



Cohort study, Denmark (nationwide), 2002-2011

• MI survivors >30 y (n=61,971)
• NSAID + combination of aspirin, clopidogrel, vitamin K-antagonists
• Outcomes: erious bleeding, MACE (CV death, re-MI, stroke)

Scherning Olsen AM et al, JAMA 2015



Bleeding and CV Risk With and Without Use of Any NSAID in Pts With Prior MI 

Scherning Olsen AM et al, JAMA 2015



BMJ 2016;354:i4857

Setting: Five population based healthcare databases from four European countries
(The Netherlands, Italy, Germany, UK).

Participants: Adult individuals (age ≥18 years) who started NSAID treatment in 
2000-10. Overall, 92 163 hospital admissions for heart failure were identified and 
matched with 8 246 403 controls. 



Associations between current use of individual NSAIDs and risk 
of hospital admission for heart failure

*past use of any NSAID as reference. Arfè A et al,   BMJ 2016;354:i4857
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Risks for serious bleeding and thromboembolism at 3 mo and 2 years
with and without 14 d of NSAID exposure

Ann Intern Med 2014;161:690–698



Meta-analysis with >400 000 cases of atrial fibrillation.
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Evidence on NSAIDs use in relation to atrial fibrillation



Am J Cardiol 2014;114:1523-1529

Sub-groups of patients with a particular high risk were patients with heart failure
(RR = 1.82, 95% CI: 1.42–2.32) and chronic kidney disease (1.58, 1.34–1.85).

Evidence on NSAIDs use in relation to atrial fibrillation



Approximately 20,000 patients with symptomatic osteoarthritis or rheumatoid
arthritis at high risk for, or with, established cardiovascular disease will be
randomized in this double-blind, triple dummy, multinational, multicenter study.

Am Heart J 2009;157:606-12







Take Home Messages 

• Prescription of non-aspirin NSAIDs requires in each particular case a careful
evaluation of the risk of cardiovascular complications and bleeding (individualized
assessment of both gastrointestinal and cardiovascular risk)

• Non-aspirin NSAIDs should only be sold over the counter when measures are put
in place to ensure that their use is accompanied by an appropriate warning of their
frequent cardiovascular complications.

• The patient should be encouraged to use these drugs when required and at the
minimally effective dose rather than as a standing dose.



Take Home Messages 

• Non-aspirin NSAIDs should not be used in patients with established or at high risk
of cardiovascular disease.

• When prescribing traditional NSAIDs, older selective COX-2 inhibitors such as
diclofenac, should be avoided, as no available data demonstrate a therapeutic
superiority compared with other agents that justify their use in view of their
associated cardiovascular risks.



Take Home Messages 







NSAIDs and Cardiovascular Risk

Non-aspirin non-steroidal anti-inflammatory drugs 
and cardiovascular risk
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Roles of the COX isozymes in cardiovascular and renal biology
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Grosser T, J Clin Invest 2006;116:4–15

Roles of the COX isozymes in cardiovascular and renal biology



Cardiovascular safety of non-aspirin non-steroidal anti-inflammatory drugs
European Heart Journal – Cardiovascular Pharmacotherapy (2016)

Mechanisms and factors contributing to the cardiovascular toxicity



Grosser T, Fries S, FitzGerald GA. Biological basis for the cardiovascular consequences of COX-2 inhibition: 
therapeutic challenges and opportunities.  J Clin Invest 2006;116:4–15

Mechanism and factors contributing to the cardiovascular toxicity



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

N Engl J Med 2005;352:1092-102

APPROVe Trial 

VIGOR Study Group. N Engl J Med 2000;343:
1520–1528

Solomon SD, Circulation 2006;114:1028–1035

Nussmeier NAN, Engl J Med 2005;352:1081–1091



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Establishing the degree of risk and the relative safety profiles
between individual drugs is difficult because of clinical trial
heterogeneity and a lack of randomized controlled trial data
for older NSAIDs.

!!!



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

!!!
Concerns regarding coxibs atherothrombotic complications have, however,
raised reservations regarding their use and as a consequence, patients with
rheumatic disease are often denied these medications inappropriately.

Paradoxically, an older and relatively selective COX-2 inhibitor, diclofenac,
continues to be one of the most widely used drugs worldwide and is in most
countries sold over the counter (despite the increasing evidence implying that the
cardiovascular risks are comparable with that of coxibs).

Mixed COX-1/COX-2 inhibitors such as ibuprofen and naproxen are also used
widely and, without solid evidence, assumed to be safe.

Moreover in contrast to guideline recommendations a surprisingly large
proportion (35%) of patients with MI or CHF receive non-aspirin NSAIDs after
discharge



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk
Evidence from major randomized controlled trials 

N Engl J Med 2000;343: 1520–1528

Design, setting, period, and
population

Exposures and outcomes
(primary/secondary)

Results (95% CI) and limitations

RCT (double-blinded, active control)

22 countries (301 centres)

1999

RA patients (n = 8076)

Rofecoxib (50 mg/d) vs. naproxen
(500 mg b.i.d.)

GI events/MI, MACE (thrombotic CV
events)

GI event rate was 2.1 for rofecoxib vs. 4.5 for
naproxen per 100 PY (HR 0.5, 0.3–0.6)

Corresponding MI risk was 0.4 vs. 0.1%. 
The MI rate was 5-fold increased for rofecoxib
(20 vs. 4 events) yielding an HR for MACE of
2.38 (1.39–4.00)

Few events, not powered for safety, not placebo
controlled



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence from major randomized controlled trials 

Re-analyses of CLASS found no difference in gastrointestinal toxicity and a similar cardiovascular event rate for the three 
drugs.

A pooled analysis of VIGOR and CLASS found that compared with a matched non-treatment group, celecoxib and rofecoxib 
carried an increased cardiovascular risk. 

Design, setting, period, 
and
population

Exposures and outcomes
(primary/secondary)

Results (95% CI) and limitations

RCT (double-blinded, active
controls)

USA and Canada (386 centres)

1998–2000

OA or RA patients
(≥18 years) (n = 8059)

Celecoxib (400 mg b.i.d.) vs.
ibuprofen (800 mg t.i.d.) or
diclofenac (75 mg b.i.d.)

GI events/MACE (MI, stroke, 
death)

No difference in risk of GI events or 
MACE (0.9% for celecoxib vs. 1.0% for
ibuprofen/diclofenac)

Few events, not powered for safety, not
placebo-controlle

The Celecoxib Long-term Arthritis Safety Study (CLASS): tested the gastrointestinal
toxicity of celecoxib compared with the traditional NSAIDs ibuprofen and diclofenac.



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk
Evidence from major randomized controlled trials 

N Engl J Med 2005;352:1092–1102

Design, setting, period, and
population

Exposures and outcomes
(primary/secondary)

Results (95% CI) and limitations

RCT (double-blinded,
placebo-controlled)

29 countries (108 centres)

2000–2001

Colorectal adenoma patients
(n = 2586)

Rofecoxib (25 mg/d) vs placebo

MACE (MI, unstable angina,
cardiac death, ischaemic stroke,
TCI, peripheral arterial thrombosis,
DVT, pulmonary embolism)

Rate of MACE was 1.50 for rofecoxib and
0.78 for placebo per 100 PY, yielding HRs of
1.92 (1.19–3.11) for MACE, 2.80 (1.44–5.45)
for cardiac events, and 2.32 (0.89–6.74) for
cerebrovascular events.
All-cause and CV death rates were similar

Relatively few events



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk
Evidence from major randomized controlled trials 

N Engl J Med 2005;352:1092–1102



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence from major randomized controlled trials 

The Adenoma Prevention with Celecoxib (APC) study showed increased vascular risks 
associated with celecoxib use. Solomon SD, N Engl J Med 2005;352:1071–1080

Design, setting, period, and
population

Exposures and outcomes
(primary/secondary)

Results (95% CI) and limitations

RCT (double-blinded, placebo-
controlled)
US, UK, Australia, Canada (91
centres)
1999–2002
Colorectal neoplasia patients
(n = 2035)

Celecoxib (200 or 400 mg 
b.i.d.) vs. placebo

MACE (MI, stroke, CV death, 
HF)

Risk of MACE was 1% for placebo, 
2.3% for 200 mg celecoxib b.i.d. (HR 
2.3, 0.9–5.5), and 3.4% for 400 mg 
celecoxib b.i.d. (HR 3.4, 1.4–7.8)

Few events, not powered for safety



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence from major randomized controlled trials 

Cannon CP,  MEDAL Steering Committee.  Lancet 2006;368:1771–1781

Design, setting, period, and
population

Exposures and outcomes
(primary/secondary)

Results (95% CI) and limitations

Pooled analysis of three
double-blinded RCTs
(MEDAL, EDGE, EDGE II)

46 countries (1380 centres)

2002–2006

OA or RA patients

(n = 34 701)

Etoricoxib (60 or 90 mg/d) vs.
diclofenac (150 mg/d)

MACE (thrombotic CV events)/GI 
events

MACE rate per 100 PY was 1.24 for 
etoricoxib and 1.30 diclofenac (HR 0.95, 
0.81–1.11). 

Upper GI event rate was lower with etoricoxib
vs. diclofenac (0.67 vs. 0.97; HR 0.69, 0.57–
0.83), but similar for complicated upper GI 
events (0.30 vs. 0.32)



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

PLoS Clin Trials 2006;1:e33



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk
Evidence from major randomized controlled trials 

No difference in cardiovascular risk between lumiracoxib and ibuprofen or naproxen.

Design, setting, period, and
population

Exposures and outcomes
(primary/secondary)

Results (95% CI) and limitations

RCT (double-blinded, active
controls)

29 countries (849 centres)

2001–2002

OA patients (n = 18 325)

Lumiracoxib (400 mg/d) vs. 
ibuprofen
(800 mg t.i.d.) (sub-study 1) or
naproxen (500 mg b.i.d.) (sub-
study 2)

MACE (MI, stroke, CV death)/HF

In high-risk patients using aspirin (75–100 mg/d),
MACE risk was higher for ibuprofen (2.14%) vs.
lumiracoxib (0.25%) (P =0.038), but similar for
naproxen (1.58%) and lumiracoxib (1.48%).
In high-risk patients not using aspirin, MACE risk was
lower for naproxen (0%) than lumiracoxib (1.57%) (P
= 0.027), but not ibuprofen vs. lumiracoxib (0.92 vs.
0.80%).
Heart failure risk was higher for ibuprofen than
lumiracoxib (1.28 vs. 0.14%; P = 0.031), but similar
for naproxen and lumiracoxib.

Post hoc analysis, not placebo controlled,
stratification on aspirin/CV risk not pre-planned

Farkouh et al, Ann Rheum Dis, 2007



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence from major randomized controlled trials 

Farkouh et al, Ann Rheum Dis, 2007

In high-risk patients using aspirin (75–100 mg/d), MACE risk was higher for ibuprofen (2.14%) vs. lumiracoxib
(0.25%) (P =0.038), but similar for naproxen (1.58%) and lumiracoxib (1.48%).
In high-risk patients not using aspirin, MACE risk was lower for naproxen (0%) than lumiracoxib (1.57%) (P =
0.027), but not ibuprofen vs. lumiracoxib (0.92 vs. 0.80%).



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence from major randomized controlled trials 

It is evident that relatively few major trials have been conducted and
most of these were not designed specifically to answer whether coxibs
carry an increased thromboembolic risk

The post hoc analyses from the various trials raise a clear warning sign
concerning the cardiovascular risk associated with use of selective
COX-2 inhibitors in general

Most randomized trials were conducted in different patient populations,
age groups, and treatment settings



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Lancet 2013;382: 769–779 

The vascular risks of diclofenac (RR =
1.41, 95% CI: 1.12–1.78), and possibly
high-dose ibuprofen (1.44, 0.89–2.33),
were comparable with coxibs (1.37,
1.14–1.66)

The increased vascular risk was
driven by an increased rate of major
coronary events and were
independent of baseline
characteristics, including
cardiovascular risk

In contrast, naproxen did not increase
the risk of major vascular events
(0.93, 0.69–1.27)

Finally, all non-aspirin NSAIDs
roughly doubled the risk of heart
failure



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk
Evidence from observational studies

Data from 21 cohort studies with > 2.7 million exposed individuals and 30 case–control with a total of 184
946 cardiovascular events.

For ibuprofen, a cardiovascular risk was seen only with the use of higher doses (1200 mg/day).

Naproxen was risk-neutral at all doses, and had also a lower risk when compared directly with ibuprofen
(0.92, 0.87–0.99).



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk
Evidence from observational studies

The highest overall cardiovascular risk was observed for rofecoxib (RR = 1.45, 95% CI: 1.33–1.59) and diclofenac
(1.40, 1.27–1.55) and the lowest for ibuprofen (1.18, 1.11–1.25) and naproxen (1.09, 1.02–1.16).

The risk was elevated even with low doses of rofecoxib (1.37, 1.20–1.57), celecoxib (1.26, 1.09–1.47), and
diclofenac (1.22, 1.12–1.33), and rose in each case with the use of higher doses.



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence on NSAIDs  drug use in patients  undergoing  cardiac surgery

This randomized trial (n = 1671) showed that short-term use of coxibs (intravenous
parecoxib for at least 3 days, followed by valdecoxib until day 10) were associated with
an increased risk of cardiovascular events after coronary artery bypass grafting
compared with standard care plus placebo (RR = 3.7, 95% CI: 1.0–13.5).



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence on NSAIDs  drug use in patients  undergoing  cardiac surgery

Randomized trial (n=98) found naproxen to be an effective adjunct for optimization of
pain control, with no apparent increase in other complications.

Still, together with the risk-neutral effect reported in other patient groups the results of
these trials indicate that naproxen may be the safest non-aspirin NSAID to use
following cardiac surgery.

European Journal of Cardio-thoracic Surgery 26 (2004) 694–700



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence on NSAIDs use in combination with antithrombotic treatment

In patients with venous thromboembolism, a study showed a 1.8-fold increased
risk for clinically relevant bleeding and 2.4-fold increased risk for major bleeding in
patients co-administered non-aspirin NSAIDs and anticoagulation with rivaroxaban
or enoxaparin-vitamin K antagonist.



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Evidence on NSAIDs use in relation to atrial fibrillation

Data from observational studies <NSAID-associated risk for atrial fibrillation> have
been summarized in a recent meta-analysis with >400 000 cases of atrial
fibrillation.
Compared with non-users, users of non-aspirin NSAIDs had a 1.2-fold increased
risk of AF increasing to 1.5-fold among new users.
COX-2 inhibitors, particularly diclofenac, were associated with higher risks than
non-selective NSAIDs.
Sub-groups of patients with a particular high risk were patients with heart failure
(RR = 1.82, 95% CI: 1.42–2.32) and chronic kidney disease (1.58, 1.34–1.85).



Non-aspirin Non-steroidal Anti-inflammatory Drugs and Cardiovascular Risk

Conclusions

Prescription of non-aspirin NSAIDs requires in each particular case a careful evaluation of the risk of
cardiovascular complications and bleeding (individualized assessment of both gastrointestinal and
cardiovascular risk)

Non-aspirin NSAIDs should only be sold over the counter when measures are put in place to ensure that their
use is accompanied by an appropriate warning of their frequent cardiovascular complications.

The patient should be encouraged to use these drugs when required and at the minimally effective dose
rather than as a standing dose.

Non-aspirin NSAIDs should not be used in patients with established or at high risk of cardiovascular disease.

When prescribing traditional NSAIDs, older selective COX-2 inhibitors such as diclofenac, should be avoided,
as no available data demonstrate a therapeutic superiority compared with other agents that justify their use in
view of their associated cardiovascular risks.
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