
Abstract

The mode of action of non-
steroidal anti-inflammatory drugs
and the role of the cyclo-oxyge-

nase enzymes COX1 and COX2 and
their inhibitors is described.  These can
have potentially serious effects on the
cardiovascular and renal system which
are discussed. 

The alternative, widely-prescribed
analgesic, paracetamol, is also dis-
cussed, as are two theories ‘confound-
ed by indication’ and ‘protopathic bias’
to help explain why paracetamol is
sometimes described as being linked to
asthma and upper gastro-intestinal
damage, both effects not expected
from a knowledge of its mode of
action.
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Introduction
Pain is common and analgesics are
effective. The principal and most widely
available drugs used to treat musculo-
skeletal pain are paracetamol and those
of the non-steroidal anti-inflammatory
(NSAID) group. British general practi-
tioners (GPs) write 20 million prescrip-
tions for NSAIDs annually. 

The gastrointestinal side effects of
NSAIDs are appreciated by both doctors
and the public, but this universal con-
cern does not seem to extend to the
potentially serious problems which may
occur in cardiovascular and renal
patients, many of whom are in the
largest group of all – older patients.1

This short review aims to draw togeth-
er some current issues in analgesic pre-
scribing, many of which were raised in
a presentation by Stewart Hillis,
Professor of Cardiovascular and
Exercise Medicine at Glasgow
University, at a recent conference
staged in The Netherlands, entitled
‘Analgesia and Public Health’.

Non-steroidal
anti-inflammatory drugs and
cyclo-oxygenases
NSAIDs exert their effect by inhibiting
cyclo-oxygenases (COX), which have
analgesic, anti-inflammatory and
antipyretic actions. COX enzymes

metabolise arachidonic acid to
prostaglandins and are expressed prin-
cipally in two forms, COX 1 and COX 2
(see table 1) .2

COX 1 are found in most cells
and are involved in the production
of homeostatic or ‘housekeeping’
prostaglandins (PG) which maintain
gastrointestinal (GI) mucosal integrity
and renal blood flow (see table 2). In
platelets, COX 1 also mediates the pro-
duction of a PG, thromboxane A2,
which promotes vasoconstriction,
platelet activation and aggregation.
Inhibition of COX 1, therefore, is asso-
ciated with gastrointestinal toxicity and
the now established beneficial reduc-
tion in thrombogenesis (table 3).

Analgesia alert

As the proportion of older patients in the population is set to rise so is the consumption of analgesics, whose
adverse drug effects may cause problems in cardiovascular and other patients.  Leicestershire general
practitioner, John Inman, explores important issues raised in this increasingly acknowledged problem area.
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Table 1. Cyclo-oxygenases (COX) and 
prostaglandins simplified

● Cyclo-oxygenase enzymes metabolise       
arachidonic acid to prostaglandin

● Cyclo-oxygenases (COX) exist in two 
isoforms, COX 1 and COX 2

● Prostaglandins, via COX 1, maintain renal  
blood flow and gastrointestinal integrity

● Prostaglandins, via COX 2, mediate           
inflammation and pain 

Table 2. A simplified comparison of the role of 
the cyclo-oxygenase enzymes, COX 1 
and 2

COX 1 COX 2

Gut protective

Maintains renal blood Inflammatory 
flow mediator

●  Damages the ●  Protects CV 
cardiovascular system via system via
thromboxane A2 prostacyclin (PGI2)



COX 2, in contrast, mediates inflam-
mation and pain (table 2). It is general-
ly expressed at low levels but may be
rapidly induced resulting in increased
PG and prostacyclin (PGI2) production
at sites of inflammation. PGI2 is a
vasodilator and inhibitor of platelet
function. It is proposed that COX 2 inhi-
bition exhibits a prothrombotic effect
by reducing PGI2 – ‘inhibiting the
inhibitor’ of platelet aggregation (table
3).  This is one of a number of possible
explanations for the excess in cardio-
vascular thrombotic adverse events in
COX 2 patients shown in the VIGOR3

study which compared naproxen with
rofecoxib. 

Platelets do not express COX 2, so
COX 2 inhibition would not be expect-
ed to directly affect platelet function –

vasculopathic patients are therefore
advised to continue prophylactic aspirin
when on COX 2 therapy (undermining
the favourable GI risk profile). 

NSAIDs alter renal blood flow lead-
ing to increased sodium and water
retention and may interact with loop
diuretics and angiotension-converting
enzyme (ACE) inhibitors, thereby
aggravating pre-existing heart failure2

by altering pre- and afterload. At par-
ticular risk are the elderly, of whom
10% of those over 75 years have heart
failure. Blood pressure increases may be
induced by NSAIDs and control may be
lost amongst patients on treatment.
The VIGOR3 study showed an increased
incidence of cardiac failure in the COX
2 group. In addition, there was a mean
blood pressure increase of 4.3 mmHg

systolic and 1.7 mmHg diastolic with
rofexicob (COX 2 specific) compared
with naproxen. Based on established
data,4 a blood pressure increase of 3
mmHg may give rise to a 10–20% rise
in cardiac failure, 20% increase in cere-
brovascular accidents and a 12%
increase in angina. 

Paracetamol – ‘confounded by
indication’ and subject to
‘protopathic bias’
The obvious alternative choice to
NSAIDs for over the counter (OTC) and
prescribed analgesia is the safe and
well-established paracetamol, although
in recent months adverse reports have
linked it with asthma and upper GI
damage. This is surprising as paraceta-
mol is thought to act predominantly by
inhibiting prostaglandin synthesis in the
central nervous system rather than
peripherally, so how might these obser-
vations be explained?

At the meeting in Amsterdam, Dr
Lisa Signorello, an epidemiologist from
the USA, introduced two powerful
new concepts, ‘confounding by indi-
cation’ and ‘protopathic bias’. Her pre-
sentation considered the wide indica-
tions for OTC analgesics and whether
these very indications might act as
confounding factors in studies. For
example, many patients taking parac-
etamol do so specifically because they
are at risk of GI damage from NSAIDs
and data have shown that current
users of paracetamol are 3.6 times
more likely to suffer such GI problems.
She explained that any conclusion that
paracetamol might be responsible for
the adverse effect is most likely due to
a patient population bias and is not a
drug effect. Similarly, asthma-prone
patients take paracetamol to avoid
asthma and are shown to suffer
apparently coincidental increased
asthma. In epidemiological terms this
is known as ‘confounding by indica-
tion’.

Patients in early stage (or preclinical)
disease tend to use analgesics for evolv-
ing pain symptoms. When their disease
process is finally recognised, the spuri-
ous association is made once again as
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Table 3. A comparison of the actions of cyclo-oxygenase inhibitors in cardiovascular disease

COX 1 inhibitors COX 2 inhibitors

Benefit cardiovascular system Prescription may damage cardiovascular system

● by inhibiting thromboxane A2 production ● by reducing prostacyclin

● improves endothelial dysfunction ● no beneficial inhibition of thromboxane A2

● inhibits LDL oxidation 

Key messages

Simple analgesia prescribing guidelines

● Use/recommend paracetamol as first-line agent

● Identify those groups at risk of NSAID side effects:

- elderly

- hypertension

- cardiac failure

- renal impairment

- drug interactions (aspirin, diuretics, antihypertensives, anticoagulants, 
steroids)

- other co-morbidities (e.g. dyspepsia, asthma)

● Consider adding codeine (in therapeutic dose)

● Consider topical NSAID or capsaicin

● If there is a need to use oral NSAID, then use low dose with short half life

● Monitor blood pressure, renal function and cardiac function



the final diagnosis may be attributed to
the analgesic. Of course, heavy anal-
gesic users will tend to have high levels
of co-morbidity. This results in ‘proto-
pathic bias’.

Conclusion 
The message is clear – all those involved
in advising or providing analgesia for
those with renal, hypertensive and car-
diac problems (all of which are com-
mon co-morbidities in the elderly)
should be mindful of the potential
adverse effects of NSAIDs.  In these
groups, paracetamol, taken properly,

remains the proven safe and effective
first-line analgesic for OTC use and pre-
scription. Should NSAID use be
unavoidable, then the choice must be a
drug with a short half-life given in a low
dose with careful and ongoing moni-
toring of blood pressure, renal and car-
diac function.
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