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Summary

Nonsteroidal anti-inflammatory drugs (NSAIDs) are authorized for the relief of pain and inflammation in
a wide range of conditions including the discomfort associated with headaches, osteoarthritis, rheumatoid
arthritis, and menstrual pain and are available by prescription or over-the-counter (OTC). We reviewed common
adverse effects of NSAIDs (especially those related to cardiovascular [CV] system) along with NICE (National
Institute for Health and Care Excellence), EMA (European Medicines Agency), and the FDA (U.S. Food and Drug
Administration) guidelines for safe and effective use of particular NSAIDs. Furthermore, we examined the NSAIDs
market in Lithuania in a period between June 2016 and May 2017 and discussed how well recommendations
mentioned above were followed. We emphasized that there was a high percentage of diclofenac prescribed in
Lithuania while international guidelines encourage prescribing ibuprofen or naproxen for their relatively lower
CV risk. Reviewing past trials, we observed that despite existing guidelines no single NSAID could be considered
to be the safest one due to a lack of superiority trials.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are among the most used drugs in the world
because of their capability of reducing acute or
chronic pain. With some being prescribed, other
NSAIDs are sold over-the-counter (depending on
the country). Even though NSAIDs are easily ac-
cessible, it is important to consider their possible
side effects. NICE (National Institute for Health
and Care Excellence), EMA (European Medicines
Agency) and the FDA (U.S. Food and Drug Ad-
ministration) caution doctors and patients that
new studies emerge showing the negative impact
of NSAIDs, especially to the cardiovascular (CV)
system [1–3]. It is important to ensure that all
healthcare professionals are guided by the newest
international recommendations to choose treat-
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ments with the lowest risk. The purpose of this
article is to review trials from the last several years
as well as current international recommendations
to highlight which NSAIDs could be considered
to be the safest to use today and to discuss the
statistics of NSAID sales in Lithuania [4].

Mechanism of action and adverse effects

Mechanism of action
NSAIDs are primarily known to be responsible

for the inhibition of prostaglandin biosynthe-
sis by inhibiting the activity of cyclooxygenase-
1 (COX-1) and cyclooxygenase-2 (COX-2). As
COX enzymes metabolize arachidonic acid to
prostaglandin H2 (PGH2), their inhibition hin-
ders the use of PGH2 by PG isomerases as the
substrate to form prostacyclin (PGI2) and throm-
boxane A2 (TXA2). However, there are other path-
ways as well: some NSAIDs inhibit the lipoxy-
genase pathway, while others interfere with the
G-protein-mediated signal transduction pathway.
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By blocking COX-2 enzymes NSAIDs relieve pain
in addition to lowering fever and reducing
swelling [5].

Adverse effects
Adverse drug reactions (ADRs) of NSAIDs com-

prise a serious public health problem as these
drugs are in high demand and so are sometimes
overused [6]. NSAIDs mainly affect the gastroin-
testinal (GI) tract, kidney function and the CV
system; however, the magnitude of the risk for
these organ systems may depend on the choice of
a particular NSAID and its dosage [7]. COX-1 inhi-
bition damages the gastric lining as the synthesis
of mucosal-protective prostaglandins is inhibited:
NSAIDs cause a reduction of mucus and bicar-
bonate secretion, as well as a reduction of blood
flow in the epithelial lining. Consequently, that
increases the risk of mucosal damage, epithelial
damage, and ulceration [8]. Meta-analyses from a
total of 639 randomized trials performed by the
Coxib and traditional NSAID Trialists’ (CNT) Col-
laboration published in 2013 noted an increase
in upper GI complications with the use of all
NSAIDs evaluated: the relative risk was 1.81 (95%
CI = 1.17–2.81, p = 0.0070) for COX-2 selective
inhibitors, RR = 1.89 (95% CI = 1.16–3.09, p =
0.0106) for diclofenac, RR = 3.97 (95% CI = 2.22–
7.10, p < 0.0001) for ibuprofen and RR = 4.22
(95% CI = 2.71–6.56, p < 0.0001) for naproxen
[9]. High relative risk of GI complications for
naproxen should be considered when the drug
is prescribed to patients with a high risk of GI
complications, but sometimes this risk might be
outweighed by possible benefits of a lower risk of
CV complications discussed later [10]. Although
serious ADRs affecting kidneys comprise only a
small percentage of patients taking NSAIDs, it
is known that non-selective cyclooxygenase in-
hibitors can alter the glomerular filtration rate
(through vasoconstriction of the afferent arteri-
ole in the nephron), causing peripheral edema,
hypertension, and kidney injury. Such renal ab-
normalities are particularly dangerous to patients
with reduced renal blood perfusion and can in-
duce a severe deterioration of renal functions
[11]. NSAIDs can drastically affect the CV sys-
tem as well: according to one previously proposed
theory, the selective inhibition of COX-2 in en-
dothelial cells of a blood vessel can cause an im-
balance of prostacyclin (PGI2) and TXA2 in the
blood, resulting in vasoconstriction and platelet
clumping. It was hypothesized that PGI2 along
with other mediators restricted the formation of
thrombus at the site of vascular injury, so the
inhibition of PGI2 would result in an elevated
risk of thrombotic events such as myocardial in-
farction (MI), stroke, or other CV events [12–14].

However, newer findings suggest that the vas-
cular contribution of PGI2 derived from COX-2
enzymatic action is small in humans and the an-
tithrombotic role of COX-2 in the vascular system
might not be so extensive. Furthermore, renal
and CV side effects could be related to each other
to a greater extent than once thought, as PGI2

inhibition may foster the formation of atheroscle-
rotic lesions both through plaque development
and the distortion of blood pressure control in
the kidneys (by reduction of blood flow in affer-
ent arterioles due to the lack of PGI2 vasodilator
effect) [12]. Possible mechanisms for these side ef-
fects could be investigated further to understand
whether there are differences of CV risk with the
use of different NSAIDs (as summarised in Table 1
and discussed next) and why they appear.

CV risk associated with particular NSAIDs
in the context of trials and guidelines

Diclofenac
Diclofenac is a non-selective NSAID and is

suspected to be riskier for people with predis-
posed CV conditions [15–17]. Several studies have
found evidence that diclofenac increased the
risk of major CV events. A case-control study
found the risk was associated with cerebrovascu-
lar events when using diclofenac or ketoprofen
[18]. Similar data holds for MI and therefore fur-
ther questions the use of diclofenac: P. Ungprasert
mentions a systematic review of observational
studies that reveals a summary relative risk of di-
clofenac for MI to be very similar compared with
rofecoxib (25 mg/d or less) which is now removed
from the market due to CV safety issues [16,19].
He pointed to a 2011 systematic review of obser-
vational data similarly showing that the relative
risk of diclofenac for stroke was similar to that of
rofecoxib but no evidence for a similar associa-
tion for naproxen, ibuprofen, and celecoxib was
found due to a lack of data at the time of the in-
vestigation [20]. Results from the meta-analysis
of randomized trials by the CNT Collaboration
mentioned above showed diclofenac to be asso-
ciated with major vascular events together with
a COX-2 inhibitor [9]. A safety advice was is-
sued by the European Medicines Agency (EMA)
in June 2013 afterwards, stating that diclofenac
should not be prescribed for patients with “estab-
lished congestive heart failure (New York Heart
Association (NYHA) class II–IV), ischemic heart
disease, peripheral arterial disease or cerebrovas-
cular disease.” [1]. Similarly, the Medicines and
Healthcare products Regulatory Agency (MHRA)
has encouraged a switch to another NSAID for pa-
tients with the same conditions using diclofenac
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[21]. EMA also encourages individual evaluations
for patients with CV risk factors, such as hy-
pertension, hyperlipidaemia, diabetes mellitus
and smoking. It also stresses the need to review
patient data for those using diclofenac and to
choose either an alternative NSAID or to continue
diclofenac therapy at the lowest effective dose for
the shortest time possible. P. McGettigan and D.
Henry proposed to withdraw diclofenac from the
Essential Medicines List (EML) in a data review
because of the relative CV risk similar to the one
of rofecoxib (mentioned above) [22]. A.E. Bello
and R.J. Holt even questioned why the FDA did
not discuss the use of diclofenac as there was ev-
idence that diclofenac was less safe than other
NSAIDs [10]. While there are studies showing di-
clofenac may be comparable to other NSAIDs,
prescription of the drug is often discouraged for
those at risk or having a history of CV events
[23]. However, there is a need to note limitations
of the meta-analyses mentioned above, while a
non-inferiority study could help find out whether
diclofenac is comparable with other NSAIDs.

Naproxen
For some time naproxen was thought to be one

of the safest NSAIDs and was not considered to in-
crease the risk of CV events [17]. A meta-analysis
of data from randomized trials concluded that
selective COX-2 inhibitors increased the risk of
CV events similarly to ibuprofen and diclofenac,
but researchers could not associate naproxen with
such excessive risk [24]. A meta-analysis by the
Coxib and traditional NSAID Trialists’ (CNT) Col-
laboration mentioned above shows that during
trials of NSAIDs versus either placebo or other
NSAID, high-dose coxibs and diclofenac similarly
increase the risk of major vascular (mostly coro-
nary) events, ibuprofen significantly increases
solely major coronary events, but naproxen does
not [9]. S. Trelle et al. found the risk of stroke
to be less associated with naproxen compared to
that of ibuprofen and diclofenac [25]. P. McGetti-
gan and D. Henry also noted naproxen to be the
least harmful in a systematic review of observa-
tional studies [26]. Another nested case-control
study found the OR of increased risk of being
admitted to the hospital because of heart fail-
ure to be quite similar among some NSAIDs:
naproxen, ibuprofen, diclofenac and rofecoxib
[27]. Even though coxibs and other NSAIDs are
being compared in this article, it is worth not-
ing that coxibs have gone through fewer trials
than other NSAIDs since their clinical use as sev-
eral decades elapsed between the first use of older
NSAIDs and the appearance of coxibs in the mar-
ket. A novel notion that all NSAIDs (including
naproxen) pose a threat to the CV system is now

widely established, as the warning from the FDA
in 2015 and two recent trials at the end of 2016
and 2017 have shown that naproxen could not
be stated as the safest NSAID [2,28,29]. A re-
cent nationwide case-time-control study in Den-
mark found an increased risk of out-of-hospital
cardiac arrest with the use of ibuprofen and di-
clofenac, but lacked statistical power to evalu-
ate the risk associated with celecoxib, naproxen,
and the withdrawn rofecoxib [30]. This study
pointed out that naproxen was not widely used
in some countries (such as Denmark); one study
in 15 countries found that naproxen composed
9.4% of the evaluated NSAID market [22]. Due
to lower numbers of consumption, any informa-
tion about the effects of naproxen may not be
as reliable, as for more commonly used NSAIDs.
Because of this and other limitations of stud-
ies (such as biases in meta-analyses) there is less
of a consensus nowadays about the CV safety
of naproxen. A recent systematic review of four
studies and bayesian meta-analysis by M. Bally et
al. found that the risk of MI increases with the
use of any NSAID selected: celecoxib, ibuprofen,
diclofenac, naproxen, and rofecoxib [28]. Prior
research to the one of M. Bally et al., PRECISION,
a randomized, double-blind non-inferiority trial,
found that celecoxib, ibuprofen and naproxen
all similarly increase the risk of CV events and
some of the guidelines published later were based
on PRECISION to state the three NSAIDs (cele-
coxib, ibuprofen, and naproxen) as comparable
[29]. These two studies did not conclude the su-
periority of naproxen due to their limitations.
Guidelines for NSAID prescriptions do not cur-
rently indicate clear preference towards naproxen
as well. The FDA, for instance, strengthened their
warning for the use of all NSAIDs in 2015 and
stressed that no NSAID could be regarded to be
the safest one due to a lack of superiority trials [2].
It is for the GI side effects that the FDA, accord-
ing to A.E. Bello and R.J. Holt, did not exclude
naproxen from their warning: after voting 16:9
against the notion that the existing data favours
naproxen due to a lower CV effects risk, some
members acknowledged to have voted due to
common GI side effects related to naproxen. GI
side effects are the reason why naproxen could
not be perceived as the most beneficial of com-
mon NSAIDs; the potential (but unproven) CV
benefit has to be further investigated [10].

EMA and NICE guidelines for the
prescription of NSAIDs

If a patient needs a NSAID, NICE recommends
prescription of ibuprofen (up to 1200 mg/d) or
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Table 1.
Reviewed study data for increased risk of cardiovascular complications when using NSAIDs; RR – relative risk, RRR – ratio of
relative risks, OR – odds ratio, HR – hazard ration, CI – confidence interval

Studies Publication
year

Type of study Study end points Number of
patients or

cases
(studies

reviewed)

Odds ratios (95% confidence
interval)

Nissen SE,
Yeomans ND,
et al. [29]

2016 Randomized,
double-blind
noninferiority
trial

Cardiovascular
events

24081 Celecoxib versus naproxen
HR = 0.90 (95% CI = 0.71–1.15);
celecoxib vs. ibuprofen HR =
0.81 (95% CI = 0.65–1.02)

Kearney PM,
Baigent C, et
al. [24]

2006 Meta-analysis of
randomized trials

Cardiovascular
events

145373
(138)

COX-2 inhibitors RR = 1.42
(95% CI = 1.13–1.78); ibuprofen
RR = 1.51 (95% CI = 0.96–2.37);
diclofenac RR = 1.63 (95% CI =
1.12–2.37); naproxen RR = 0.92
(95% CI = 0.67–1.26)
(compared with placebo)

Bhala N,
Emberson J,
et al. [9]

2013 Meta-analysis of
randomized trials

Major vascular
events

(639) Diclofenac RR = 1.41 (95% CI =
1.12–1.78); COX-2 inhibitor
RR = 1.37 (95% CI = 1.14–1.66);
naproxen RR = 0.93 (95% CI =
0.69–1.27); ibuprofen RR = 1.44
(95% CI = 0.89–2.33) and RR =
2.22 (95% CI = 1.10–4.48) for
major coronary events
(compared with placebo)

Trelle S,
Reichenbach
S, et al. [25]

2011 Network
meta-analysis

Stroke (26) Naproxen RR = 1.76 (95% CI =
0.91–3.33); ibuprofen RR = 3.36
(95% CI = 1.00–11.60);
diclofenac RR = 2.86 (95% CI =
1.09–8.36)

Bally M,
Dendukuri N,
et al. [28]

2017 Systematic review
of and bayesian
meta-analysis

Myocardial
infarction

446763 (4) Celecoxib, OR = 1.24 (95% CI =
0.91–1.82); ibuprofen OR = 1.48
(95% CI = 1.00–2.26);
diclofenac OR = 1.50 (95% CI =
1.06–2.04); naproxen OR = 1.53
(95% CI = 1.07–2.33); rofecoxib
OR = 1.58 (95% CI = 1.07–2.17)

McGettigan
P, Henry D
[19]

2006 Systematic review
of observational
studies

Myocardial
infarction

86193 (23) Diclofenac RR = 1.40 (95% CI =
1.16–1.70); rofecoxib RR = 1.33
(95% CI = 1.00–1.79)

McGettigan
P, Henry D
[26]

2011 Systematic review
of observational
studies

Major vascular
events

(51) Naproxen 1.09 (95% CI =
1.02–1.16); ibuprofen RRR =
1.18 (95% CI = 1.11–1.25);
diclofenac RRR = 1.40 (95% CI =
1.27–1.55); rofecoxib RRR =
1.45 (95% CI = 1.33–1.59)

Arfè A, Scotti
L, et al. [27]

2016 Nested
case-control
study

Risk of hospital
admission for
heart failure

92163 Naproxen OR = 1.16 (95% CI =
1.07–1.27); ibuprofen OR = 1.18
(95% CI = 1.12–1.23);
diclofenac OR = 1.19 (95% CI =
1.15–1.24); rofecoxib OR = 1.36
(95% CI = 1.28–1.44)

Lapi F,
Piccinni C, et
al. [18]

2016 Case-control Cerebrovascular
event

29722 Diclofenac OR = 1.53 (95% CI =
1.04–2.24); ketoprofen OR =
1.62 (95% CI = 1.02–2.58);

Sondergaard
KB, Weeke P,
et al. [30]

2016 Case-time-control Out-of-hospital
cardiac arrest

28947 Ibuprofen OR = 1.31 (95% CI =
1.14–1.51); diclofenac OR =
1.50 (95% CI = 1.23–1.82)
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Table 2.
Adapted guidelines that are currently presented by EMA, NICE, and the reference 10; GI – gastrointestinal, CV – cardiovascular,
PPI – proton pump inhibitor, H2RA – histamine H2 receptor antagonist

Condition Possible management/specific guidelines

No risk of GI or CV complications [10] Ibuprofen or naproxen as first choice, lowest effective dose

Hightened risk of GI complications, no or low CV risk [10] Ibuprofen or celexocib as first choice (+ PPI/H2RA if required)

High CV risk [10] Consider naproxen (+ low dose aspirin)

High CV and GI risk, frail individuals, adults with fractures,
low back pain or arthritis [10,34,35]

Avoid NSAIDs (if used, use with low dose aspirin and PPI)

Allergy to NSAIDs [33] Consider COX-2 inhibitors, inform about risks

Severe allergic reaction to NSAIDs [33] Consider COX-2 inhibitors (first taken in specialist setting)

Using renin-angiotensin drugs or with chronic kidney
disease [36]

Monitoring (e.g. glomerular filtration rate) required

naproxen (up to 1000 mg/d) with the lowest ef-
fective dose for the shortest time possible [3].
EMA encourages using the minimal effective dose
of ibuprofen as well, as 2400 mg/d and more are
considered unsafe [31,32]. EMA also points out
that proper investigation is required for patients
with CV risk factors, such as smoking, hyper-
tension, or obesity and high doses of ibuprofen
are discouraged. The diclofenac is not consid-
ered an appropriate choice due to its greater CV
side effects for patients with established conges-
tive heart failure, ischaemic heart disease, periph-
eral arterial disease, or cerebrovascular disease
and risk factors mentioned above (smoking, hy-
pertension, hyperlipidaemia, diabetes mellitus).
NICE has published guidelines for specific cases
when NSAIDs are required and their shortened
summary is presented in Table 2.

The correlation of sales of NSAIDs with
current guidelines

A 2013 analysis from 15 different countries
showed a median of 27.8% for diclofenac in the
market expressed as percent of total NSAID sales,
11% for ibuprofen, 9.4% for naproxen, and 7.2%
for celecoxib [22]. The study highlighted that two
drugs that were less safe in authors’ opinion (di-
clofenac and etoricoxib) comprised 33.2% of the
market investigated. As diclofenac is not recom-
mended as first choice in current guidelines men-
tioned above, it could be replaced by ibuprofen,
naproxen, or celecoxib if the price of the latter
is acceptable [3]. Even though these guidelines
present their judgement that diclofenac could be
relatively more harmful, Lithuanian sales statis-
tics show that diclofenac comprises the highest
percentage of the market from the data (adjusted
as days of treatment) from June 2016 to May
2017: 1.09% for celecoxib, 35.35% for diclofenac,
22.79% for ibuprofen, 2.64% for naproxen, and
25.43% for naproxen and ibuprofen combined

[4]. These numbers do not seem to comply well
with international recommendations that en-
courage to lower the prescriptions of diclofenac
(EMA and NICE), as the sales levels of diclofenac
comprise one-third of NSAIDs market in Lithua-
nia. Furthermore, ibuprofen and naproxen rec-
ommended in the guidelines comprise only a
quarter of the market of NSAIDs in Lithuania
[3,4]. It is noteworthy that prescribing celecoxib
is currently acceptable as well after the recent
PRECISION trial (though substantial certainty is
lacking), but in some situations it might be more
expensive than naproxen or ibuprofen, so the
price should be considered as well: in Lithuania it
comprises a minimal part of the market.

Conclusion

After reviewing various trials of the last several
years, we observe that the most recent data favors
the notion that no NSAID could be considered
the safest due to renal, GI and, most noticeably,
CV side effects. According to some studies and
recent guidelines, the CV safety of diclofenac is
considered to be the lowest among the most com-
mon NSAIDs [3,10]. Even though one other drug,
naproxen, is currently accepted to be compara-
ble with other NSAIDs as having a potentially
similar risk for the CV system, naproxen is rec-
ommended to be prescribed as first-line therapy
for mild to moderate pain (ibuprofen being an
equivalent alternative). A superiority trial is rec-
ommended to decide whether naproxen is safer
than other available NSAIDs (as thought previ-
ously), but until then its prominent GI and CV
side effects should be considered, especially in
specific cases with risk factors or past CV events
or GI complaints.
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