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WHAT IS ALREADY KNOWN ABOUT

THIS SUBJECT

WHAT THIS STUDY ADDS?

AIMS
To evaluate and compare the risk of specific safety outcomes in
patients prescribed ibuprofen and paracetamol concomitantly with
those in patients prescribed ibuprofen or paracetamol alone.The
outcomes were evaluated according to dose, duration and exposure.

METHODS

The study used a retrospective longitudinal cohort design with data
from the UK General Practice Research Database (GPRD). The study
population included patients aged 18 years or over who were
prescribed ibuprofen alone, paracetamol alone or concomitant
ibuprofen and paracetamol (tablets or capsules only). The safety
outcomes evaluated were upper gastrointestinal events, myocardial
infarction, stroke, renal failure (excluding chronic), congestive heart
failure, intentional or accidental overdose, suicidal behaviour and
mortality. Time-dependent Cox regression was used to estimate relative
rates for the safety outcomes, by treatment group. A further analysis
evaluated whether the hazard rates (i.e. absolute risks) varied over time
with changes in drug exposure.

RESULTS

The study population included 1.2 million patients. There was
considerable heterogeneity in both patient and exposure
characteristics. When comparing with past users, for most safety
outcomes, current users of concomitant paracetamol and ibuprofen
had relative rates between those for current users of ibuprofen alone
and paracetamol alone. The hazard rates were generally proportional
over time, from current to past exposure, following a prescription for
concomitant paracetamol and ibuprofen compared with ibuprofen
alone or paracetamol alone.

CONCLUSIONS

The known risk of the safety outcomes examined does not appear to
be modified by concomitant use of ibuprofen and paracetamol
compared with paracetamol or ibuprofen alone.

© 2010 The Authors
Journal compilation © 2010 The British Pharmacological Society

Br ) Clin Pharmacol / 70:3 / 429-438 / 429



BJCP F.de Vries et al.

Introduction

Ibuprofen and paracetamol are widely used analgesics.
Although both drugs are readily available as over the
counter (OTC) medications, they are also available on pre-
scription. Although nonsteroidal anti-inflammatory drugs
(NSAIDs) such as ibuprofen are generally well tolerated,
infrequent but potential adverse effects include upper
gastrointestinal (GI) bleeding and perforation, renal failure
and heart failure [1]. The objective of this retrospective
cohort study was to evaluate a range of safety outcomes in
patients prescribed ibuprofen and paracetamol concomi-
tantly and compare these with safety outcomes in patients
prescribed ibuprofen or paracetamol alone. Specifically,
these outcomes were assessed with reference to the
dosage and treatment duration.

Methods

Data source

The study data was sourced from the UK General Practice
Research Database (GPRD). The GPRD contains anony-
mized computerized medical records from general
practitioners (GPs). The records include demographic
information, prescription details, clinical events, provision
of preventive care, details of specialist referrals and hospi-
tal admissions and major outcomes [2, 3]. The GPRD data
collection started in 1987 and currently includes data on
approximately 10 million patients (http://www.gprd.com/
home).

Study population

The study cohort included patients aged 18 years or older
who received a prescription for ibuprofen or paracetamol
(tablets or capsules only) between 1987 and August 2007.
The date of the first prescription of ibuprofen or paraceta-
mol during this data collection period was defined as the
index date. The follow-up period was from the index date
to August 2007 or the date the patient transferred out of
the practice, or the date of death, whichever was earliest.
The study was reviewed scientifically by the Independent
Scientific Advisory Committee of GPRD and approval by
the Trent ethics committee was given for research with
anonymized GPRD data.

Safety outcomes

Safety outcomes were assessed with OXMIS and Read
codes, and included: mortality, upper Gl events (gas-
troduodenal ulcers and complications such as upper Gl
haemorrhage), myocardial infarction (MI), stroke, acute
renal failure, congestive heart failure, overdose (intentional
or accidental) and suicidal behaviour. Suicidal behaviour
included self-laceration, overdose (irrespective of the type
of chemical) or suicidal thoughts. These medical terms are

430 / 70:3 / Br] Clin Pharmacol

based on those used by Martinez and colleagues [4] in
another GPRD study.

Exposure definitions
The total period of follow-up was divided into periods of
‘current;, ‘recent’ and ‘past’ exposure using the following
definitions: current exposure, the period from date of the
prescription to 3 months after the estimated end of the
prescription; recent exposure, the period 3-6 months after
the estimated end of the prescription; past exposure, the
period =6 months after the estimated end of the prescrip-
tion. Each exposure period was then classified into ‘ibupro-
fen only;’paracetamol only’and ‘concomitant paracetamol
and ibuprofen’using the following definitions: (i) ibuprofen
only, with no prescriptions for paracetamol, other NSAIDs
and aspirin in the preceding 6 months, (ii) paracetamol
only, with no prescriptions for ibuprofen, other NSAIDs and
aspirin in the preceding 6 months and (iii) concomitant
paracetamol and ibuprofen prescribed on the same date,
with no prescriptions for other NSAIDs and aspirin in the
preceding 6 months. As exposure may vary over time,
patients were classified in a time-dependent manner with
patients moving between exposure categories over time.
In order to evaluate the association between outcomes
and frequency of exposure, current users were classified
into seven groups based on the exposure characteristics: (i)
first prescription (Rx), patients who received their first ibu-
profen or paracetamol prescription at least 12 months
after the start of GPRD data collection and who had not
previously been prescribed aspirin or other NSAIDs, (ii)
long gap, patients with at least 6 months between a pre-
ceding prescription for ibuprofen, paracetamol, aspirin or
other NSAID and the current prescription for ibuprofen,
paracetamol or concomitant ibuprofen and paracetamol,
(iii) repeat use with a low medication possession ratio
(MPR), for patients who had been prescribed ibuprofen
and/or paracetamol in the preceding 6 months.The MPR is
defined as the ratio of duration of the previous prescrip-
tion, to the time between that prescription and the current
prescription (equal to <0.40), (iv) repeat use with a medium
MPR, as above but with ratio equal to 0.40-0.59, (v) repeat
use with a high MPR, as above but with ratio equal to
0.60-0.79, (vi) repeat use with a very high MPR, as above
but with ratio equal to >0.8 and (vii) repeat use with no
information on the number of days prescribed, and conse-
quently no information on compliance.

Statistical analyses — relative rates of

safety outcomes

Poisson regression models were used to estimate the rela-
tive rates (RRs and 95% confidence intervals) of the safety
outcomes in current users of ibuprofen alone, paracetamol
alone or concomitant ibuprofen and paracetamol.The RRs
were adjusted for age, gender, calendar year, body mass
index, smoking history, alcohol use, number of visits to the
GP in the previous 6-12 months, hospital admission in the



previous year and socioeconomic status in the location of
the practice. Prescribing of other types of NSAIDs or aspirin
in the preceding 6 months was also noted. Additional risk
factors in the statistical adjustment specific for each of the
safety outcomes included: (i) for mortality, the additional
risk factors were a history of: upper Gl events, osteoarthri-
tis, rheumatoid arthritis, ischaemic heart disease, heart
failure, hypertension, cerebrovascular disease, diabetes
mellitus, hyperthyroidism, stroke or transient ischaemic
attack, cancer (excluding non-melanoma skin cancer),
inflammatory bowel disease, autoimmune disease (sys-
temic lupus erythematosus, systemic sclerosis, vasculitis,
rheumatoid arthritis), depression, drug abuse and prescrib-
ing in the previous 6 months (anticoagulants, oral gluco-
corticoids, diuretics, cardiac glycosides, statins, angiotensin
receptor blockers, hypnotics and anxiolytics, antipsychotic
drugs, antibacterial drugs, aminosalicylates, anti-
depressants), (ii) for upper Gl events, the additional risk
factors were a history of upper Gl events, osteoarthritis or
rheumatoid arthritis, prior prescribing of anticoagulants,
aspirin, oral corticosteroids, proton pump inhibitors,
H,-receptor antagonists, (iii) for MI, the additional risk
factors were a history of ischaemic heart disease, heart
failure, hypertension, cerebrovascular disease, diabetes
mellitus, hyperthyroidism, hyperlipidaemia, prior prescrib-
ing of diuretics, cardiac glycosides, statins, angiotensin
receptor blockers, oral glucocorticoids, (iv) for stroke, the
additional risk factors were a medical history of stroke or
transient ischaemic attack, heart failure, hypertension,
cerebrovascular disease, diabetes mellitus, hyperthyroid-
ism, hyperlipidaemia, prior prescribing of diuretics, cardiac
glycosides, statins, angiotensin receptor blockers, antico-
agulants, oral glucocorticoids, (v) for heart failure, the addi-
tional risk factors were a history of ischaemic heart disease,
hypertension, cerebrovascular disease, diabetes mellitus,
hyperthyroidism, prior prescribing of diuretics, cardiac gly-
cosides, statins, angiotensin receptor blockers, oral gluco-
corticoids, (vi) for renal failure, the additional risk factors
were a history of cancer (excluding non-melanoma skin
cancer), congestive heart failure, inflammatory bowel
disease, autoimmune disease (systemic lupus erythemato-
sus, systemic sclerosis, vasculitis, rheumatoid arthritis), dia-
betes mellitus, hypertension, prior prescribing of hypnotics
and anxiolytics, antipsychotics, antibacterials, aminosalicy-
lates, oral glucocorticoids and (vii) for overdose or suicidal
behaviour, the additional risk factors were a history of
depression, drug abuse, prior prescribing of anti-
depressants, antipsychotics.

Pattern of risk over time following a
prescription

Hazard rates (i.e. absolute risk) were estimated over time
following a prescription. The follow-up period was from
the date of the prescription until the date of the next pre-
scription or date of censoring, whichever was earliest. The
total follow-up period was divided into 100 sub-periods
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and the absolute risk was estimated within each sub-
period. These estimates were then smoothed using the
methods proposed by Ramlau-Hansen [5]. For computa-
tional reasons, the hazard rates were estimated for a
maximum of 100000 prescriptions and random sub-
samples were used for larger numbers. This analysis of
hazard rates can be used to display visually the observed
(crude) risks over time. The time close to a prescription is
likely to include the greatest number of patients exposed
to the drug, while the distant time is likely to include more
patients who discontinued the drug. In traditional epide-
miological studies, the time close to a prescription would
be classified as current exposure and distant time as past
exposure. Changes in rates over time (i.e. testing whether
rates remained parallel over time or diverged/converged)
were evaluated using the test for proportionality in Cox
proportional hazards regression. Age, sex and calendar
year at the time of the prescription were included in the
regression analysis. This method has previously been used
to study hazard rates of MI and mortality in users of
B>-adrenoceptor agonists [6, 71.

Results

The study population included 1.2 million patients. Of
these, 1.0 million had not been prescribed other NSAIDs or
aspirin in the preceding 6 months. At the index date, mean
ages were 47.5 years in the ibuprofen group, 62.5 years in
the paracetamol group and 52.5 years in the concomitant
ibuprofen and paracetamol group (Table 1). Patients in the
paracetamol alone group were more likely to be on con-
comitant medication or have history of disease.

From the index date onwards, Table 2 shows that the
patient population and the frequency of prescribing
ibuprofen and/or paracetamol were different between
groups. lbuprofen alone was prescribed to a younger
population (mean age 57.0 years) and less frequently than
paracetamol alone (mean age 71.6 years) or concomitant
ibuprofen and paracetamol (mean age 64.6 years).

As shown in Table 3, current users with continuous use
(very high MPR) of ibuprofen (e.g. RR stroke 1.23, 95% ClI
1.12,1.35) or paracetamol (e.g. RR stroke 1.30,95% Cl 1.19,
1.41) generally had higher RRs, and those with intermittent
drug use (low MPR) had lower RRs (e.g.RR stroke in ibupro-
fen users 0.99,95% Cl 0.86, 1.13; RR stroke in paracetamol
users 1.03,95% Cl 0.97,1.10) compared with past users.The
RRs of most outcomes were statistically similar in current
users of ibuprofen alone, paracetamol alone and concomi-
tant ibuprofen and paracetamol (based on the tests for
interaction between the RRs). The RRs for the safety out-
comes were statistically proportional over time, from
current to past exposure, between the various medication
classes, with the exception of renal failure (based on the
tests for proportionality of RR over time). Figure 1 gives the
crude hazard rates for each safety outcome following a
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Table 1

Characteristics of study population at baseline (index date)

Drug exposure at baseline

Ibuprofen alone

Concomitant ibuprofen

Paracetamol alone and paracetamol

Characteristic, n (%) (n = 806 381)
Mean duration of follow-up (years) 6.9
Number of women 456 996 (57)
Mean age (years) 47.5
Age (years) (%)
18-39 308 159 (38)
40-64 321524 (40)
=65 176 698 (22)
Body mass index, n (%)
<20 44 925 (6)
20-25 256 889 (32)
25-30 234 429 (29)
>30 131897 (16)
Unknown 138 241 (17)
Medication used in preceding 6 months, n (%)
Anticoagulants 2426 (<1)
Antidepressants 67 823 (8)
Angiotensin receptor blockers 33492 (4)
Antipsychotics 24 471 (3)
Acetylsalicylic acid 38 896 (5)
Cardiac glycosides 5725 (1)
Diuretics (any) 74938 (9)

NSAIDs 94142 (12)

Oral corticosteroids 13590 (2)
Disease history, n (%)
Cancer excluding skin cancer 20 243 (3)
Heart failure 8801 (1)
Ischaemic heart disease 39761 (5)
Cerebrovascular disease 16 095 (2)
Depression 133198 (17)
Diabetes mellitus 30290 (4)
Substance abuse 12 970 (2)
Osteoarthritis 75 640 (9)
Autoimmune disease 9303 (1)
Upper gastrointestinal disease 16 568 (2)

(n = 382 404) (n = 13 079)
4.4 3.8
246 080 (64) 8187 (63)
62.5 525

79 825 (21) 4605 (35)
76 045 (20) 3536 (27)

226 534 (59) 4938 (38)
26352 (7) 848 (6)

100 171 (26) 3692 (28)
96 375 (25) 3382 (26)
61239 (16) 2251 (17)
98 267 (26) 2906 (22)
14721 (4) 97 (1)
57 304 (15) 1713 (13)
50 347 (13) 980 (7)
30833 (8) 561 (4)
70 674 (18) 1248 (10)
18311 (5) 180 (1)

103 599 (27) 1943 (15)

126 662 (33) 2331 (18)
21332 (6) 312 (2)
26 492 (7) 702 (5)
22 940 (6) 297 (2)
55 383 (14) 871 (7)
33316 (9) 460 (4)
76 287 (20) 2753 (21)
34 634 (9) 788 (6)
12 442 (3) 455 (3)
73922 (19) 1917 (15)
11411 (3) 237 (2)
23 664 (6) 271 (2)

Percentages may not add up to 100% due to rounding. NSAIDs, non-steroidal anti-inflammatory drugs.

prescription, which were used in the statistical proportion-
ality analysis.

Discussion

This study used data from the GPRD to evaluate the safety
of concomitantly prescribed ibuprofen and paracetamol,
ibuprofen alone and paracetamol alone.There was consid-
erable between-group heterogeneity in the patient and
exposure characteristics. An analysis of patterns of risks for
safety outcomes over time and changes in exposure was
conducted partly to overcome the issues of unmeasured
confounding and bias in the study population.

Mortality
The RR of mortality had a U-shaped pattern in all medi-
cation classes, with a larger excess in patients without
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extensive prior use of ibuprofen or paracetamol and in
patients with long-term continuous use of the same
medication class. The most likely explanation for the
higher risk in patients without extensive prior use is that
these drugs were prescribed to patients with severe
disease at increased risk of death. Patients with pain
symptoms due to an exacerbation of a severe disease
may have been more likely to visit the GP and be pre-
scribed an analgesic. Large studies conducted in
Denmark found similar confounding by indication with
ibuprofen and, particularly, paracetamol [8, 9]. The pattern
of mortality risk over time showed that concomitant use
of ibuprofen and paracetamol was statistically compa-
rable with that of ibuprofen and paracetamol alone. The
differences between these groups were of similar magni-
tude during current and past exposure, which does not
support the presence of differential effects on mortality
of these analgesics.



Table 2

Frequency of exposure for patients defined as current users of ibuprofen alone, paracetamol alone and concomitant ibuprofen and paracetamol overall and stratified by exposure characteristics

Concomitant ibuprofen and paracetamol

(n patients = 37 079)

Paracetamol alone

Ibuprofen alone

(n patients = 363 177)

(n patients = 780 003)

(n prescriptions = 117 443)

(n prescriptions = 2 549 372)

=
o
[}
(=]
o
Q
<
o~
1
w
c
2
]
[}
‘=
v
w
[
<
[
S
)

Exposure characte

76.3

68.8

64.6

100

76.0

211

70.6

71.6

100

50.2

60.8

57.0

100

All

59.1 20.6

46.9

6.0
11.8

14.5

44.7 53.5 1.5 4.9 56.9 63.6

18.1

First Rx

69.6 29.6

54.1

31.1

711

65.6

9.9
35.8

51.6 62.1 16.8

20.6

Long gap

68.7 62.5

61.9

70.8 73.6

71.4

58.0 63.4 46.7

15.1

Low

Medication possession ratio

10.4 62.3 62.5 711 20.9 74.0 70.5 90.9 12.2 66.6 68.7 84.1

Medium
High

89.6

68.8
70.1

67.5

10.4
451

92.0

70.0

73.9

9.7

79.5

61.9

63.4

8.8
27.0

94.7

69.5

72.0 93.2

75.1

85.7 18.9

62.1

64.7

Very high

*Within 3 months. Percentages may not add up to 100% due to rounding. NSAIDs, non-steroidal anti-inflammatory drugs; Rx, prescription.
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Upper Gl events

NSAIDs are known to cause upper Gl events [1]. In this
study, observed RRs (1.18,95% Cl 1.13, 1.24) tended to be
lower than those reported previously [10, 11]. A UK study
conducted using data from another GP database reported
an odds ratio of 1.42 (95% Cl 1.27,1.59) for ibuprofen [11],
while an older study reported a RR for ibuprofen of 2.5
(95% Cl 1.9, 3.4) [10]. The differences between recent and
older estimates for the Gl effects of ibuprofen may reflect
the increased concomitant use of acid suppressants
and/or the substantial reduction over calendar time in the
rate of upper Gl events [12].

A Canadian study including over 640000 patients
showed that the combination of a standard NSAID and
paracetamol was associated with an increased risk of hos-
pitalization for upper Gl events [13]. Patients prescribed
paracetamol alone were more likely to be older and to
have other concomitant disease compared with those pre-
scribed standard NSAIDs alone [14].

Various characteristics of NSAID exposure were mea-
sured in our study. Although the GPRD does not contain
data on the actual use of medications by patients, a low
medication possession ratio may indicate intermittent use
(i.e. insufficient medication for continuous use). We found
that the rate of upper Gl events was higher in those
patients with frequent NSAID use. A US case-control study
in which patients were interviewed about their medication
use found no increased risk of upper Gl events with infre-
quent NSAID use (either OTC or prescription), while fre-
quent use was associated with a doubling of risk [15].
These findings indicate that comparisons between differ-
ent analgesics should take into account exposure charac-
teristics.

Cardiovascular events
Use of paracetamol at high dose or frequency has been
associated with an increased risk of cardiovascular events
[16]. Adverse cardiovascular effects have also been
reported in randomized trials for selective COX-2 inhibitors
[16-19]. However, patients included in randomized trials
for selective COX-2 inhibitors are very different from
patients in daily practice with respect to indications for
analgesic use, daily dose and duration of use. The daily
dose in patients using selective COX-2 inhibitors was two-
to three-fold lower in the GPRD than in major RCTs [12].
Since 2004, there has been growing concern that some of
the older NSAIDs, such as diclofenac, may have adverse
cardiovascular effects similar to those of selective COX-2
inhibitors [20]. However, there are several challenges in
establishing the causal contribution of NSAIDs to cardio-
vascular outcomes in daily clinical practice. Furthermore, a
recent GPRD study found that patients who stopped
NSAIDs after a long duration of use were at increased risk
of MI [21].

In this study, we found no differences in the rate of Ml
between the three groups. However, the risk of Ml was
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Concomitant ibuprofen and paracetamol BJCP
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Figure 1

Pattern of the crude hazard rates for safety outcomes in the 36 months following an ibuprofen and/or paracetamol prescription. Concomitant paracetamol

and ibuprofen (A), ibuprofen only (), paracetamol only (@)

observed to be increased substantially around the time of
the first NSAID prescription.This finding may be explained
by protopathic bias, which occurs when a drug is inadvert-
ently prescribed for an early manifestation of a disease that
has not been diagnostically detected [22]. This bias has
been described in other settings [7, 23]. For example,
a study in the Netherlands found that recent starters
of B,-adrenoceptor agonists have an increased MI risk,
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especially patients with a history of ischaemic heart
disease [23].

Main limitations of the study

Patient exposure was based on prescription information
rather than actual use. In addition both paracetamol and
ibuprofen are available OTC. Use of OTC medications is
rarely recorded by GPs and patients prescribed ibuprofen



or paracetamol as monotherapy might also be taking the
other or another NSAID as an OTC. This may result in mis-
classification of past users and concomitant ibuprofen and
paracetamol use, which would have resulted in an under-
estimate of any treatment effect.Because there are no data
in the public domain on the actual intake of OTC medica-
tions in the population that we have studied, we were not
able to quantify the extent of the misclassification of expo-
sure and the impact on the relative rates. Another limita-
tion is that ibuprofen and paracetamol prescribed on the
same date may not necessarily be used by patients at the
same time.This again is likely to have underestimated any
effects of concomitant ibuprofen and paracetamol use.

As expected with an observational study, information
for some of the risk factors associated with the outcomes is
incomplete (e.g. details on disease severity). The pattern
analysis evaluated the presence of differential effects that
varied between current and past exposure. A limitation of
this pattern analysis, similar to standard epidemiological
analyses, is bias by time-dependent confounding (i.e. dif-
ferential changes in risk factors in the comparison groups
over time).

Overall conclusion

There was considerable heterogeneity in the patient and
exposure characteristics between groups. The RRs and
hazard rate patterns were statistically similar for most
safety outcomes between patients prescribed ibuprofen
and paracetamol concomitantly and those prescribed ibu-
profen or paracetamol alone. This suggests that concomi-
tant use of ibuprofen and paracetamol does not increase
risk of the various safety outcomes examined over use of
paracetamol or ibuprofen alone.
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