DOI:10.1111/.1365-2125.2006.02723.x

British Journal of Clinical Pharmacology I

Dose-response in direct comparisons of different doses
of aspirin, ibuprofen and paracetamol (acetaminophen)

in analgesic studies

Henry J. McQuay & R. Andrew Moore

Pain Research and Nuffield Department of Anaesthetics, (University of Oxford), Churchill Hospital, Oxford, UK

Correspondence

Henry McQuay, Pain Research and
Nuffield Department of Anaesthetics,
(University of Oxford), Churchill
Hospital, Headington, Oxford OX3 7L,
UK.

Tel: + 44 18 6522 5404

Fax: + 4418 6522 6978

E-mail: henry.mcquay@pru.ox.ac.uk

Keywords
aspirin, dose, ibuprofen, pain,
paracetamol, response

Aims

Establishing the dose—response relationship for clinically useful doses of aspirin,
ibuprofen and paracetamol has been difficult. Indirect comparison from meta-analysis
is compromised by too little information at some doses.

Methods
A systematic review of randomized, double-blind trials in acute pain comparing
different doses of aspirin, ibuprofen and paracetamol was therefore undertaken.

Results

Fifty trials were found. Numerical superiority of higher over lower dose was found by
the original authors in 37/50 trials (74%) and statistical superiority in 11/50 (22%).
Twenty-eight trials had design, quality and data reporting characteristics to allow
pooling of common doses; in 3/28 (11%) of the individual trials our calculations
showed statistical superiority of higher over lower dose. Pooled comparison of 1000/
1200 mg aspirin over 500/600 mg was statistically superior, with a number-needed-
to-treat (NNT) for higher over lower dose of 16 (8 to >100). Pooled comparison of
400 mg ibuprofen over 200 mg was statistically superior, with an NNT for higher over
lower dose of 10 (6—23). Pooled comparison of 1000 mg paracetamol over 500 mg

Recelicd was statistically superior, with an NNT for higher over lower dose of 9 (6-20).
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That there is a dose—response for analgesia with nonste-
roidal anti-inflammatory drugs (NSAIDs) and paraceta-
mol (acetaminophen) is not in doubt, from bench
studies, studies in human experimental pain and com-
mon experience. Dose-related effects of paracetamol
were seen using cold pressor pain [1] and on the R-III
reflex [2]. The difficulty lies in revealing that analgesic
dose-response in the setting of clinical pain.

For more than 50 years analgesic trial experts have
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observed in analgesic trials of these drugs in the clinical
setting, and particularly with NSAIDs. Graded doses of
NSAIDs showed flatter dose-response curves than those
seen with opioids and led to the thinking that there was
little perceptible difference between lower and higher
doses of NSAIDs on the customary outcomes of single-
dose studies. The impact of the higher dose was more
likely to be observed on the duration of analgesic effect
than on the peak effect.
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Table 1

Dose—response for aspirin, paracetamol and ibuprofen
from systematic reviews of comparisons with placebo in
single-dose oral studies

Patients in NNT
Drug Dose comparison (95% CI)
Aspirin 600/650 5061 44 (4.0, 49)
1000 716 40 (3.2, 5.4)
1200 279 24 (1.9, 32)
Ibuprofen 200 1414 2.7 (2.4,3.1)
400 4703 24 (2.3, 26)
800 76 1.6 (1.3, 2.2)
Paracetamol 500 561 3.5 (2.7, 4.8)
600/650 1207 5.4 (42, 4.7)
1000 2559 3.7 (3.3, 4.3)

These observations have stood the test of time and
indeed the dose-response with these drugs has been
hard to capture. Indirect approaches, with different
doses of the same analgesic compared with the common
comparator of placebo, usually fail to demonstrate
dose-response (Table 1). This is a consequence of dif-
ferent studies, perhaps in slightly different conditions,
and with large differences in numbers and random
effects; very large numbers of patients may have been
tested for one dose, but very small numbers for another
(Table 1). Indirect methods probably have limited value
in demonstrating relatively flat dose—-response curves
and small additions to datasets can make a difference.
For paracetamol, for example, a significant dose—
response derived at one time [3] by these indirect meth-
ods was no longer significant when further studies were
added to the meta-analysis and different inclusion and
exclusion criteria used [4].

An alternative approach to the indirect method is the
direct method, which studies only the trials that compare
two or more different doses directly. The hope is that by
combining such direct comparison studies a more robust
view of the dose-response will emerge than has been
the case with the indirect approach. The importance of
having a better understanding of the dose—response for
analgesia is that its slope may not necessarily be the
same as the slope for adverse effects, and achieving
maximal benefit at minimal risk is easier when you have
a better idea of the efficacy of lower doses.

The aim of this study was to find reports of trials
making direct comparisons of different doses of aspirin,
ibuprofen and paracetamol in the same study, and to
pool appropriate efficacy data from those studies to
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explore the dose-response relationship for analgesia
with these drugs in the clinical setting.

Methods

We sought randomized, double-blind trials using at least
two doses of aspirin, ibuprofen or paracetamol, with
placebo or active comparator, in single-dose studies of
analgesia in established pain, in any setting. Previous
systematic reviews [4—6] were used to source trials,
supplemented by electronic searches of PubMed (from
January 2002 to June 2005) and the Cochrane Library
(issue 1, 2005) using drug names and randomized trial.
An in-house database [7] of hand-searched randomized
trials with pain as an outcome was searched for active
controlled trials that may not have included a placebo
group. We excluded trials using multiple doses or sys-
temic administration.

Both authors independently read each report that
could possibly be described as a randomized controlled
trial. Information on analgesic efficacy abstracted by
one author was checked by the other. No adverse event
information was abstracted. Inclusion of trials and anal-
ysis was performed at two levels.

At the first level we had a broad approach to trial
inclusion, using those trials reporting results of pain
intensity or pain relief over a 4-6-h period. From these
we extracted information about dose-response in terms
first of a numerical superiority of a higher dose over a
lower dose (where there was a measure indicating
greater pain relief with a higher than a lower dose of
analgesic, even if that difference was not statistically
significant), and second, any statistical significance of
that numerical difference as described in the original
report.

At the second level we used only trials in established
pain with initial pain of at least moderate intensity and
at least 10 patients per group. For each trial, mean total
pain relief (TOTPAR), sum pain intensity difference
(SPID), visual analogue total pain relief (VASTOTPAR)
or visual analogue sum pain intensity difference
(VASSPID) values for each drug group were converted
to %maxTOTPAR by division into the calculated max-
imum value [8]. The proportion of patients in each treat-
ment group who achieved at least 50%maxTOTPAR
was calculated using valid equations [9-11]. The num-
ber of patients with at least 50%maxTOTPAR was then
used to calculate relative benefit and number-needed-to-
treat (NNT) for analgesic vs. placebo.

Statistical significance of individual trials as claimed
by the original paper was noted. Using the calculated
information on number of patients with at least
50%maxTOTPAR, we additionally calculated the rela-



tive benefit and NNT, with 95% confidence interval
(CI). Relative risk was calculated using a fixed effects
model [12], with no statistically significant difference
between treatments assumed when the 95% ClIs
included unity. When there was a statistically significant
difference of relative benefit or risk (the CI did not
include 1), NNT was calculated [13] using the pooled
number of observations.

Results

Fifty trials of at least two doses of aspirin, ibuprofen and
paracetamol were found. Results for each of the drugs
are presented separately, with results tabulated in
Tables 2 and 3 and presented graphically in Figure 1.
Individual trial results are in Appendix 1.

Aspirin
There were 17 citations [14-30] with relevant direct
comparisons (18 trials) of more than one dose of aspirin.
There were four comparisons of 500 and 1000 mg and
10 of 600 or 650 g and 1000 or 1200 mg. Other com-
parisons included doses of 200, 300, 325, 625, 650, 750
and 900 mg. The numbers of patients studied were 232
at 500 mg, 344 at 600 mg, 332 at 1000 mg and 314 at
1200 mg.

Of the four 500 vs. 1000 mg comparisons, three
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showed numerically greater efficacy with the higher
dose and one showed the same efficacy (Table 2). Of the
eight 600 vs. 1200 mg comparisons, six showed numer-
ically greater efficacy with the higher dose. Of the six
other dose comparisons, three showed numerically
greater efficacy with the higher dose. Only two of 18
comparisons reported a statistically significant differ-
ence between two doses of aspirin, one [20] showing
more effect with 650 mg than 325 mg, while another
[23] demonstrated a difference only between 1200 mg
and 300 mg, but not between 1200 and 600 mg.

At the second level of analysis eight trials [14, 17, 18,
21, 22 (two studies), 23, 28] had extractable data. The
size of the comparisons varied from 21 to 250 patients,
with an average of 114 patients and median of 89
patients. Neither comparisons between 500 mg and
1000 mg, nor 600 mg and 1200 mg produced a signifi-
cant dose-response (Table 3). Pooling extractable data
from 500 or 600 mg as the lower dose and 1000 or
1200 mg as the higher dose, there were extractable data
from 909 patients. At least 50% pain relief occurred
more frequently (47% of patients) at the higher than at
the lower dose (40%; Figure 1). The relative benefit was
1.2 (95% CI 1.01, 1.3) and the NNT for one additional
patient to obtain more than 50% pain relief at higher
rather than lower dose was 16 (8 to >100).

Table 2
First-level analysis, numerical difference Analysis Aspirin Ibuprofen Paracetamol
and statistical significance quoted in the
original paper Number of trials with comparisons 18 20 12
Numerically better with higher dose 12 16 9
Statistical significance with higher dose 2 5 4

Table 3

Second-level analysis, using calculated numbers of patients with at least 50%maxTOTPAR

Percent with

at least 50% Higher vs. lower dose

Dose of drug (mg) Number of pain relief Relative benefit NNT
Drug High Low Trials Patients High Low (95% CI) (95% CI)
Aspirin 1000 500 2 301 62 52 1.2 (0.97, 1.4)
Aspirin 1200 600 6 608 39 34 1.2 (0.93, 1.4)
Aspirin 1000/1200 500/600 8 909 47 40 1.2 (1.01, 1.3) 16 (8, >100)
Ibuprofen 800 400 13 994 68 59 12 (1.1, 1.3) 10 (6, 23)
Paracetamol 1000 500/650 7 933 64 52 1.2 (1.1, 1.4) 9 (6, 20)
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Figure 1

Individual studies with extractable data. UAbbé plots of the proportions of
patients improved on high and low doses for the individual direct
comparisons with aspirin, ibuprofen and acetaminophen. The size of the
circle representing a trial is proportional to the number of patients studied
in the trial
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In this second level (NNT) analysis, no single trial
had a significant dose-response, greater effect with
higher than with lower dose, in our calculations.

Ibuprofen

Eighteen citations [16, 31-47] had relevant direct com-
parisons (20 trials) of more than one dose of ibuprofen.
There were 14 comparisons of 200 and 400 mg and
three of 400 and 800 mg. The numbers of patients stud-
ied were 159 at 50 mg, 192 at 100 mg, 821 at 200 mg,
20 at 300 mg, 741 at 400 mg, 73 at 600 mg, 119 at
800 mg and 20 at 900 mg.

Of the 14 200 vs. 400 mg comparisons, 12 showed
numerically greater efficacy with the higher dose, two
showed the same efficacy and two showed lower effi-
cacy with the higher dose. Overall, 16 of 20 compari-
sons had numerically greater efficacy for higher than
lower dose (Table 2). Five comparisons reported statis-
tical significance for higher over lower dose, four for
400 mg over 200 mg [32, 38, 39, 44] and one for 200 mg
over 100 mg [37].

At the second level of analysis, 12 reports had extract-
able data from 13 trials [16, 32, 33 (study 4), 34 (studies
4 and 5), 35, 38, 39, 41, 43-45]. The size of the com-
parisons varied from 33 to 120 patients, with an average
of 76 patients and median of 79 patients. Using data
from 200 mg as the lower dose and 400 mg as the higher
dose, there were extractable data from 994 patients
(Table 3). At least 50% pain relief occurred more fre-
quently (68% of patients) at the higher than at the lower
dose (59%) (Figure 1). The relative benefit was 1.2
(95% CI 1.1, 1.3) and the NNT for one additional patient
to obtain more than 50% pain relief at the higher rather
than the lower dose was 10 (6, 23).

In this second level (NNT) analysis, one trial [32] had
a significant dose-response of higher over lower dose in
our calculations.

Paracetamol

Nine citations [28, 48—55] had relevant direct compari-
sons (12 trials) of more than one dose of paracetamol.
One comparison of 650 and 1000 mg, four citations (six
studies) of 500, 1000 and 1500 mg, two of 1000 and
2000 mg, five of 500 and 1000 mg. The number of
patients studied was 450 at 500 mg, 87 at 625 mg, 622
at 1000 mg, 207 at 1500 mg and 79 at 2000 mg.

Of the nine 500 vs. 1000 mg comparisons, eight had
numerically greater efficacy with the higher dose, with
nine of 12 overall having numerically greater efficacy
with the higher dose (Table?2). Four comparisons
found statistical significance for higher over lower
dose, two for 1000 mg over 500 mg [50, 51], one for



2000 over 1000 [54] and one for 1000 mg over
650 mg [48].

At the second level of analysis seven studies [28, 48,
49 (studies 1, 2 and 3), 50, 52] had extractable data. The
size of the comparisons varied from 60 to 216 patients,
with an average of 133 patients and median of 136
patients. Pooling extractable data from 500 mg and
650 mg as the lower dose and 1000 mg as the higher
dose, there were extractable data from 933 patients
(Table 3). At least 50% pain relief occurred more fre-
quently (64% of patients) at the higher than at the lower
dose (52%; Figure 1). The relative benefit was 1.2 (95%
CI 1.1, 1.4) and the NNT for one additional patient to
obtain more than 50% pain relief at the higher rather
than the lower dose was 9 (6, 20).

In this second level (NNT) analysis, two trials [28,
48] had a significant dose—response for higher over
lower dose in our calculations.

Discussion

Using trials making a direct comparison of two different
doses of the target drugs, the underlying dose-response
curve for clinical analgesia could be teased out of the
data, but for only a limited part of the dose—response
relationship. For all three drugs, aspirin, ibuprofen and
paracetamol, the meta-analysis produced the expected
result, statistically significant relative benefit for higher
dose over lower dose, with NNT values of 16, 10 and 9,
respectively. Although results of 37/50 (74%) individual
trials showed numerical superiority of a higher over a
lower dose, only 11/50 (22%) achieved statistical sepa-
ration of the effect of the two doses according to the
original authors. In those trials where data could be
pooled, only 3/28 (11%) were individually significant in
our calculation of relative benefit using numbers of
patients with at least 50%maxTOTPAR.

For the pooled analysis of higher vs. lower doses of
the three drugs we had extractable data from about 500
patients on each of the two doses (aspirin 453 and 456,
ibuprofen 529 and 517, paracetamol 467 and 466). The
quantity of data may be vitally important to this ques-
tion. Given that the difference in efficacy is about 10%
more patients having at least 50% pain relief with the
higher dose, it is likely that about 500 patients on each
dose are required for reliable determination of the dose—
response with the direct method, although many more
would be required to have confidence in the magnitude
of the difference [56]. Only three of the 28 trials in the
pooled analysis had patient numbers >200 in the com-
parison and 17 had <100. That few were able individu-
ally to demonstrate a statistical difference between
higher and lower doses of analgesic was therefore pre-
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dictable. The three trials that did have a significant dif-
ference had 80, 175 and 216 patients in the comparison
of higher and lower dose.

The number of patients required to demonstrate a
difference using indirect comparison of each dose with
placebo would probably be greater than that for direct
comparison. Indirect comparisons would be more open
to variables other than random chance, like the setting
or cultural differences that might adversely effect
sensitivity.

The slope of the analgesic dose-response with aspi-
rin, ibuprofen and paracetamol was not steep, with dou-
bling of dose from a lower to a higher level in the
clinically useful range producing an absolute increase
of 10% in the number of patients with at least 50% pain
relief and an NNT of 10 for the difference. This is flatter
than the slope of the dose-response curve seen with
opioids, although there is not a large amount of dose—
response information for opioids. For example, compar-
ing a single dose of intramuscular morphine of 10 mg
with 20 mg in 74 patients in a single trial [57], 31% and
62% achieved at least 50% pain relief over 4 h. The
absolute difference of 31% with a doubling of dose (an
NNT for higher vs. lower dose of 3) represents a dose—
response curve slope about three times steeper than for
aspirin, ibuprofen or paracetamol.

There are important limitations, over and above the
limited range of doses for which trials were available,
and the limited number of trials and patients. First is the
fact that we used the only outcome available for meta-
analysis, the number of patients with at least half
pain relief, derived from typically reported pain relief
and intensity outcomes [9-11]. Other outcomes can be
derived from acute pain studies [58], e.g. the number of
patients with different levels of pain relief, but this can-
not be done using published average values. Nor is it
possible from average values of pain intensity or pain
relief measures to know, for example, how many
patients individually had a particular reduction in pain,
say by half. We can, however, be reasonably sure that
different pain models contribute relatively little to dif-
ferences between trials [59]. Finally, how different doses
affect adverse events cannot be addressed by the infor-
mation available. Adverse events in acute pain studies
are influenced by a variety of factors, making analysis
unreliable except in exceptional circumstances [60].

There are practical implications of the actual but lim-
ited dose—response with aspirin, ibuprofen and parace-
tamol. Obviously, where it is safe to do so and where
higher rates of good analgesia are required, a higher
dose will deliver adequate analgesia for more patients
than a lower dose (within the clinically useful range of
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doses). Where safety is paramount, e.g. in long-term use
of analgesics in older patients with gastrointestinal,
renal or cardiac risk factors, lower doses might often
deliver adequate analgesia with lower risk of rare but
serious adverse events, especially with NSAIDs.
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Appendix 1
Individual trial results

High dose of analgesic

Number of patients

Low dose of analgesic
Number of patients

>50% >50%
Reference [number] maxTOTPAR Total Percent maxTOTPAR Total Percent
Aspirin 1000 mg vs 500 mg
Ahlstrom 1974 [14] 14 46 30 8 51 16
Steiner 2003 [28] 78 103 76 71 101 70
Aspirin 1200 mg vs 600 mg
Fucella 1977 [18] 16 27 59 14 31 45
Mahler 1976 [22] 14 30 47 9 29 31
Mahler 1976 [22] 4 11 36 5 10 50
Parkhouse 1968 [23] 51 125 41 46 125 7
Forbes 1990 [17] 17 71 24 17 68 25
London 1983 [21] 17 40 43 13 41 32
Ibuprofen 800 mg vs 400 mg
Cooper 1977 [16] 18 40 45 15 38 39
Jain 1986 [43] 45 49 92 41 47 87
Cooper 1984 study4 [33] 24 28 86 20 24 83
Hersh 2000 [39] 47 59 80 43 61 70
Hersh 1993 [38] 19 49 39 14 51 27
McQuay 1996 [43] 6 30 20 2 31 6
Dionne and McCullagh 1998 [35] 35 50 70 31 51 61
Schou 1998 [44] 41 49 84 36 49 73
Cooper 86 s4 [34] 31 45 69 26 34 76
Cooper 86 S5 [34] 22 31 71 23 32 72
Bostrom 94 [32] 29 40 73 16 40 40
Seymour 96 [45] 11 15 73 7 18 39
Serymour 96 [45] 12 16 75 10 17 59
Paracetamol 1000 vs 500/650
Laska 1983 study 1 [49] 29 50 58 25 54 47
Laska study 2 [49] 41 68 61 39 68 58
Laska study 3 [49] 49 81 61 46 81 56
McQuay 1986 [50] 13 30 44 9 30 30
Ragot 1991 [52] 14 40 35 13 40 33
Steiner 2003 [28] 79 111 71 61 105 58
Hopkinson 1974 [48] 71 87 82 51 88 58
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