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Abstract A systematic review of randomized controlled
clinical trials of nonsteroidal antiinflammatory drugs
(NSAIDs) in rheumatoid arthritis (RA) patients was
conducted to evaluate the risk of NSAID-induced adverse
reactions. Double-blind, randomized, controlled trials with
6-week treatments for RA patients were included in the
study. The endpoints for the analysis included any adverse
reactions, digestive adverse reactions, and upper gas-
trointestinal (GI) adverse reactions. A fixed-effect model
was used for estimation of the risk. Time-to-event analysis
of the incidence of adverse reactions was also conducted. A
total of 28 trials was included for the analysis, and a total of
30 NSAIDs were used in the trials. The proportion of pa-
tients who experienced any adverse reaction was as follows:
piroxicam 18.9% (3 trials), diclofenac 18.8% (4 trials), in-
domethacin 22.1% (14 trials), and aspirin 25.0% (4 trials).
The proportion of patients who experienced digestive ad-
verse reactions was as follows: piroxicam 10.2%, diclofenac
10.6%, indomethacin 13.1%, and aspirin 14.1%. Most with-
drawals due to adverse reaction occurred during the first
3 weeks after administration of the NSAID. Although the
risk of NSAID-induced adverse reaction was different from
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drug to drug, the risk of adverse reaction was clinically
significant.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflam-
matory disease of the joints that causes serious morbidity
and disability for the patients. For successful treatment to
minimize joint damage, functional loss, and pain, early diag-
nosis and timely initiation of pharmacological agents are
required. According to the Guideline for the Management
of Rheumatoid Arthritis in the United States,1 essential
components of the management of RA suggest initial treat-
ment with nonsteroidal antiinflammatory drugs (NSAIDs),
use of disease-modifying antirheumatic drugs (DMARDs),
and possible use of local or low-dose oral glucocorticoids.
Because DMARDs have the potential to reduce or prevent
joint damage and preserve joint integrity and function, they
have recently received more attention in RA treatment.
However, the role of NSAIDs as the initial palliative drug
therapy to reduce joint inflammation and pain is still clini-
cally important.2,3

Because of the nature of long-term treatment of RA,
sufficient attention must be paid not only to the efficacy of
drugs but also to their safety. Common adverse reactions to
NSAIDs, including gastrointestinal (GI) disorder, renal dis-
order, hepatic disorder, asthma, allergic rash, and disturbed
hematopoiesis are attributed to the inhibition of prostaglan-
din (PG) production. Among them, GI disorder is of
particular safety concern.4,5 Serious adverse reactions such
as gastroduodenal ulcer, perforating ulcer, and GI hemor-
rhage resulting from damaged GI mucosa are clinically sig-
nificant. In addition to these GI toxicities, GI symptoms
including abdominal pain and dyspepsia should be closely
observed because these subjective symptoms may disturb



144

prescription compliance during long-term treatment with
these drugs. Silverstein et al.6 reported that approximately
20% of RA patients (not taking GI remedies) assigned to
take NSAIDs for 6 months in a clinical study had intoler-
able GI symptoms and, because of these events, dropped
out from the study. The recently published results of a
meta-analysis intended to compare the incidence of upper
GI symptoms7 and a large-scale study for safety evaluation
of NSAIDs8 revealed that the most common GI adverse
reactions in patients receiving NSAIDs were dyspepsia,
abdominal pain, and nausea/vomiting. Although some in-
vestigators claim that these GI symptoms do not necessarily
predict more serious adverse drug reactions such as ulcer
and bleeding, a relatively large number of patients complain
of these symptoms, which may lead to dosage reduction,
discontinuation of treatment, and modifications in the
prescribed drugs.9,10

The safety profile of NSAIDs has been evaluated by
various epidemiological investigations,10,11 a large-scale clini-
cal study,8 and meta-analyses12,13 in Europe and the United
States. In Japan, the safety profile of NSAIDs has not been
examined in detail, partly because the drugs of this class are
used at lower doses compared to Europe and the United
States. An epidemiological investigation sponsored by the
Japan Rheumatism Foundation in 199114 is the only large-
scale study in Japan, and these results might not reflect
improvements in clinical practice. Several related research
activities have recently been carried out in Japan, including a
large-scale investigation of adverse drug reactions reported
by the Rheumatism Friendship Association15 and the estab-
lishment of a Japanese version of ARAMIS (J-ARAMIS16),
a large-scale database system on antirheumatic therapy in
the United States. However, the tolerability of NSAIDs has
so far been evaluated by few researchers in Japan. This study
was aimed, therefore, to systemically analyze the results of
clinical studies of NSAIDs and thereby to evaluate the risk of
adverse reactions to NSAIDs in Japan.

Materials and methods

Materials

Studies were included in this analysis if they were designed
as double-blind, parallel-group, controlled studies intended
to evaluate the efficacy and safety of NSAIDs in Japanese
patients with RA; if they were performed in accordance
with the Guidelines for Clinical Evaluation of Analgesic
and Anti-inflammatory Drugs (revised)17 and approved by
the Ministry of Health, Labour and Welfare; if they were
performed with drugs clinically available at present; and if
the duration of treatment was at least 6 weeks. To cover all
published papers, medical databases, i.e., MEDLINE, J-
MEDICINE, and Japana Centra Revuo Medicina, in addi-
tion to literature listed in references of package inserts,
were used. Additionally, a manual review of all original
contribution papers from the following major Japanese
journals was performed by two reviewers: Ryumachi (the

official journal of the Japan Rheumatism Association),
Rinsho Hyoka (Clinical Evaluation), Ensyo (Japanese Jour-
nal of Inflammation), Igaku No Ayumi (Journal of Clinical
and Experimental Medicine), and Rinsyo Iyaku (Journal of
Clinical Therapeutics and Medicine). One report for a study
in which a drug was given for 12 weeks18 was excluded from
the analysis because it was impossible to identify adverse
drug reactions observed during the first 6 weeks.

It has been recommended by the guideline to include at
least 60 cases in each group. Because the recommended
number of cases has not been statistically justified, no limi-
tation was imposed on the number of cases in each study to
be included in the analysis. Studies in which GI remedies
were used in combination with NSAIDs were not included
unless these remedies were simply treatments for GI symp-
toms. As a result of the literature screening, 28 reports were
selected.19–46 In the selected 28 studies, 30 different NSAIDs
were described, 6 of which had been used in more than 1
study. Data on these six drugs were analyzed on a drug-to-
drug basis. The remaining 24 drugs were classified accord-
ing to chemical structure (modified from Sano et al.47)
before analysis of data.

Methods

Endpoints

The primary endpoints of the analysis were occurrence of
any adverse drug reactions, discontinuation of treatment
because of adverse drug reactions, occurrence of GI ad-
verse drug reactions, and occurrence of upper GI adverse
drug reactions. In the meta-analysis of the tolerability for
upper GI symptoms performed by Bensen et al.,7 cumula-
tive incidences were determined for moderate to severe
abdominal pain, dyspepsia, and nausea/vomiting (compos-
ite endpoint). In our study, upper GI symptoms were
analyzed on the basis of the composite endpoint and not
individually for each symptom, because the number of cases
analyzed was not sufficient to analyze the data on each type
of symptom. Toxic symptoms were defined in accordance
with the Adverse Drug Reaction Terminology.48

Statistical analysis

In this study, relatively few papers were found in which the
two treatment groups being compared were identical; there-
fore, it was not possible to conduct a combined analysis of
the odds ratios for the onset of events (data obtained from
2 � 2 contingency table) that would usually be performed
with meta-analysis. Instead, the incidence of adverse drug
reactions in each treatment arm was calculated, and the
incidence data thus obtained from each drug or each drug
group, classified according to basic chemical structure, were
combined. Each study was regarded as a stratum; the inci-
dences of adverse drug reactions in each strata were com-
bined and the 95% confidence interval was estimated.
Assuming that the incidence of adverse drug reactions in
each study is the same in all strata, a fixed-effects model was
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used to combine the results. The strata were combined by
the generalized variance-based method in which the recip-
rocal of the variance of the binominal distribution was re-
garded as the weight of each study. The difference in the
incidence of adverse drug reactions among studies (hetero-
geneity) was analyzed by chi-square test using degree of
freedom (df) � (number of studies � 1).

Data from papers in which lists of cases of adverse
drug reactions were available were used to construct a
Kaplan–Meier curve consisting of time (the number of days
of administration before the occurrence of adverse drug
reaction) and event (the occurrence of adverse drug reac-
tion), and from this the pattern of occurrence of adverse
drug reactions was analyzed. Occurrence of any adverse
drug reactions, discontinuation of treatment because of ad-
verse drug reactions, and occurrence of upper GI adverse
drug reactions were taken as endpoints, and a curve for
each endpoint was constructed. When the curve for upper
GI adverse drug reactions was constructed for cases with-
drawn from the study because of symptoms other than
those corresponding to the composite endpoint, the date of
withdrawal was taken as censored.

To evaluate the effects of covariates on the occurrence of
adverse drug reactions, the odds ratios for the occurrence of
adverse drug reactions controlling for gender or age were
calculated and compared. Because in some papers subjects
had been classified according to 10-year age intervals, the
subjects in this meta-analysis were divided into persons
younger than 60 years old and those aged 60 years or older,
and the odds ratio for the occurrence of adverse drug reac-
tions in each subgroup of subjects was calculated. Assuming
that the results of each study are the same in all strata, a
fixed-effects model was used. Odds ratios in each study
were combined by the Mantel–Haenszel method, and 95%
confidence intervals for the combined odds ratio were
calculated.

Results

Twenty-eight papers were selected and classified according
to the chemical structure of the study drugs (Table 1).
Drugs examined were indomethacin (15 studies), aspirin (5
studies), diclofenac (4 studies), piroxicam (3 studies),
ketoprofen (2 studies), and tolfenamic acid (2 studies). As-
pirin, indomethacin, and diclofenac sodium were frequently
included in these studies as control drugs as recommended
by the “Guidelines for Clinical Evaluation of Analgesic and
Anti-inflammatory Drugs (revised).” Drugs were grouped
into the following classes, based on the basic chemical
structure: propionic acid (9 drugs), allyl acetate (9 drugs),
oxicam (4 drugs), and carbonic acid (2 studies).

Demographic characteristics

Demographic characteristics classified according to drug
and chemical structure are shown in Table 2. The number of
cases recorded in the selected 28 papers was 4616, consist-

ing of 739 males (16.0%) and 3877 females (84.0%). Sub-
jects in their fifties were most common (32.5%), followed by
subjects aged 60 years or older (24.6%) and those in their
forties (21.9%). Demographic data on sex and age from
each paper were summarized.

Incidence of any adverse drug reactions

The incidence of any adverse drug reactions was analyzed
(Table 3). Adverse drug reactions were most common with
aspirin, with the combined incidence in five studies being
29.2% (95% CI, 25.1%–33.3%). The heterogeneity in these
five studies was chi-square (df) � 62.34 (4), P � 0.001.
Second, the combined incidence of adverse drug reactions
with indomethacin in 15 studies was 21.7% (95% CI,
19.5%–23.9%). The heterogeneity in these 15 studies was
chi-square (df) � 27.32 (14), P � 0.017. The incidence of
adverse drug reactions among all the other drugs was as
follows: ketoprofen (20.4%; 95% CI, 14.1%–26.7%),
piroxicam (18.9%; 95% CI, 14.2%–23.7%), tolfenamic acid
(18.9%; 95% CI, 11.7%–26.0%), and diclofenac (18.8%;
95% CI, 14.3%–23.4%). The incidence of adverse drug re-
actions determined in each group of drugs classified accord-
ing to basic chemical structure was lowest with oxicam
drugs, a group that included four different drugs. There was
no difference in the incidence of adverse drug reactions
among the studies in the oxicam group (heterogeneity test:
chi-square [(df) � 5.71 (3), P � 0.127], with the combined
incidence of adverse drug reactions being 12.7% (95% CI,
9.5%–15.9%). The next highest incidence of adverse drug
reactions was with the propionic acids group at 15.1% (95%
CI, 12.6%–17.6%) [heterogeneity test: chi-square (df) �
7.23 (8), P � 0.512]. The combined incidence of adverse
drug reactions with allyl acetates was 15.2% (95 CI, 12.8%–
17.6%), with this incidence being highly variable across the
included studies [heterogeneity test: chi-square (df) � 26.97
(7), P � 0.001].

Incidence of adverse GI drug reactions

The incidence of adverse GI drug reactions was analyzed
(Table 4). Papers not recording the number of cases of
adverse GI drug reactions were excluded from the analysis.
Adverse GI drug reactions were most common with aspirin,
a finding consistent with the occurrence of any adverse drug
reactions, with a combined incidence of 14.1% (95% CI,
10.1%–18.2%). The heterogeneity of these studies was chi-
square (df) � 12.13 (2), P � 0.007. Second, the combined
incidence of adverse drug reactions with indomethacin was
13.0% (95% CI, 11.2%–14.9%). The heterogeneity of in
these studies was chi-square (df) � 22.58 (14), P � 0.067.
The incidence of adverse GI drug reactions among all other
drugs was as follows: diclofenac (10.6%; 95% CI, 6.2%–
15.0%), piroxicam (10.2%; 95% CI, 6.0%–14.3%), and
tolfenamic acid (7.2%; 95% CI, 2.6%–11.8%).

The incidence of adverse drug reactions determined in
each group of drugs classified according to basic chemical
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Table 1. Double-blind randomized controlled trials of NSAIDs for RA

Basic chemical characteristics References Test drug: Dose Year N
number Comparison (mg)

Carboxylic acid
Salicylic acid 19 Diflunisal: 750 1983 90

Aspirin 2600 95
Anthtanilic acid 20 Floctafenine: 600 1985 88

Aspirin 2500 90
21 Tolfenamic acid: 300 1981 80

Indomethacin 75 78
22 Tolfenamic acid: 300 1986 39

Diclofenac 75 34
Allyle acetate

Phenyl acetate 23 Alclofenac: 2250 1980 72
Indomethacin 75 82

24 Amfenac: 200 1982 73
Indomethacin 75 64

25 Diclofenac SR: 75 1988 99
Diclofenac 75 98

Indole acetate 26 Sulindac: 300 1979 77
Indomethacin 75 79

27 Acemetacin: 90 1981 86
Indomethacin 75 82

28 Proglumetacin maleate: 270 1986 84
Diclofenac 100 96

29 Indomethacin farnesil: 400 1989 91
Indomethacin 75 101

Naphthalene acetate 30 Nabumeton: 800 1987 98
Indomethacin 75 98

Pyrano acetate 31 Etodolac: 400 1991 107
Indomethacin 75 113

Propionic acid
Phenyl 32 Ketoprofen: 50 1978 56

Aspirin 3000 54
33 Fenoprofen calcium: 1800 1981 100

Aspirin 2400 91
34 Loxoprofen: 180 1985 110

Indomethacin 75 116
35 Alminoprofen: 600 1986 92

Indomethacin 75 95
36 Ketoprofen SR: 150 1989 106

Ketoprofen 50 94
Thiophene 37 Tiaprofen acid: 600 1982 70

Indomethacin 75 68
Naphtalene 38 Naproxen: 600 1978 83

Phenylbutazone 300 81
Tricyclic 39 Pranoprofen: 300 1979 72

Aspirin 2400 74
40 Zaltoprofen: 240 1991 77

Diclofenac 75 73
Diphenyl Oxazole 41 Oxaprozin: 400 1984 86

Diclofenac 75 79
Oxicam 42 Piroxicam: 20 1980 53

Indomethacin 75 55
43 Tenoxicam: 20 1984 100

Indomethacin 75 96
44 Ampiroxicam: 27 1991 106

Piroxicam 20 108
45 Lornoxicam: 12 1997 91

Indomethacin 75 92
46 Meloxicam: 10 1997 104

Piroxicam 20 97

NSAID, nonsteroidal antiinflammatory drug; RA, rheumatoid arthritis

structure was again lowest with oxicam drugs. There was no
difference in the incidence of adverse drug reactions among
the oxicam studies [heterogeneity test: chi-square (df) �
3.99 (3), P � 0.262], with the combined incidence of adverse
drug reactions being 6.1% (95% CI, 3.8%–8.5%). The com-

bined incidence of adverse drug reactions with propionic
acids was 9.3% (95% CI, 6.8%–11.8%) [heterogeneity test:
chi-square (df) � 20.07 (6), P � 0.001]. The combined
incidence of adverse drug reactions with allyl acetates was
7.55% (95 CI, 5.7%–9.4%), with the incidence varying
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Table 2. Patient demographic characteristics

By drug By basic chemical characteristics

IND ASP DF PIX TRF KTP PRPa ALYb OXMc CALd Sum

Number of study 15 5 4 3 2 2 9 9 4 2 55
N 1251 404 277 258 121 150 796 780 401 178 4616

Sex (%)
Male 15.7 15.1 18.8 15.5 16.5 17.3 15.6 14.5 18.7 17.4 16.0
Female 84.3 84.9 81.2 84.5 83.5 82.7 84.4 85.5 81.3 82.6 84.0

Age
10s 0.1 0.2 0.0 0.0 0.0 0.7 1.2 0 0.0 0.0 0.2
20s 2.2 4.2 2.5 2.7 2.5 2.0 10.2 9.4 2.5 4.5 3.2
30s 11.2 12.6 9.0 9.3 14.9 7.3 24.8 37.5 7.2 10.7 11.1
40s 22.1 21.8 19.1 19.4 24.8 20.7 50.1 66.6 19.0 21.3 21.9
50s 30.5 34.9 34.7 33.3 32.2 39.3 56.1 101.9 35.4 33.1 32.5
60s 25.6 19.6 28.9 32.6 19.8 23.3 45.3 70.6 28.2 22.5 24.6
70s� 8.3 6.7 5.8 2.7 5.8 6.7 12.3 14.1 7.7 7.9 6.5

IND, indomethacin (75 mg/day); ASP, aspirin (2400–3000 mg/day); DF, diclofenac (75mg/day); PIX, piroxicam (20mg/day); TRF, tolfenamic acid
(300mg/day); KTP, Ketoprofen (50 mg/day); PRP, propionic acid; ALY, allyle acetate; OXM, oxicam; CAL, carboxylic acide
a Loxoprofen, alminoprofen, ketoprofen SR, tiaprofen acid, zaltoprofen, oxaprozin, naproxen, pranoprofen
b Amfenac, alclofenac, fenoprofen Ca, diclofenac SR, acemetacin, sulindac, proglumetacin maleate, nabumeton, etodolac, indomethacin farnesil
c Ampiroxicam, tenoxicam, lornoxicam, meloxicam
d Diflunisal, floctafenine

Table 3. Cumulative incidence of any adverse reaction and its 95% confidence interval (CI)

Drug Number N % 95% CI Test of heterogeneity P
of study

Lower Upper

Drug
Tolfenamic acid (300mg/day) 2 119 18.3 11.3 25.2 �2(df) � 0.40 (1) P � 0.528
Diclofenac (75 mg/day) 4 284 18.8 14.3 23.4 �2(df) � 0.83 (3) P � 0.843
Piroxicam (20mg/day) 3 258 18.9 14.2 23.7 �2(df) � 4.09 (2) P � 0.129
Ketoprofen (50mg/day) 2 150 20.4 14.1 26.7 �2(df) � 9.24 (1) P � 0.002
Indomethacin (75 mg/day) 15 1315 21.7 19.5 23.9 �2(df) � 27.32 (14) P � 0.017
Aspirin (2400–3000mg/day) 5 404 29.2 25.1 33.3 �2(df) � 62.34 (4) P � 0.001

Basic chemical characteristics
Oxicama 4 401 12.7 9.4 15.9 �2(df) � 5.71 (3) P � 0.127
Propionic acidb 9 796 15.1 12.6 17.6 �2(df) � 7.23 (8) P � 0.512
Allyle acetatec 9 787 15.2 12.8 17.7 �2(df) � 30.43 (8) P � 0.001
Carboxylicd 2 178 16.2 10.8 21.6 �2(df) � 0.30 (1) P � 0.587

Total 55 4692 18.1 17.0 19.2
a Ampiroxicam, lornoxicam, meloxicam, tenoxicam
b Alminoprofen, fenoprofen Ca, ketoprofen SR, loxoprofen, naproxen, oxaprozin, pranoprofen, tiaprofen acid, zaltoprofen
c Acemetacin, alclofenac, amfenac, diclofenac SR, etodolac, fenoprofen Ca, indometacin farnesil, nabumeton, proglumetacin maleate, sulindac
d Diflunisal, floctafenine

Table 4. Cumulative incidence of any adverse digestive reaction and its 95% confidence interval (CI)

Drug Number N % 95%CI Test of heterogeneity P
of study

Lower Upper

Drug
Tolfenamic acid (300mg/day) 2 119 7.2 2.6 11.8 �2(df) � 0.52 (1) P � 0.471
Piroxicam (20mg/day) 2 205 10.2 6.0 14.3 �2(df) � 0.19 (1) P � 0.664
Diclofenac (75 mg/day) 3 186 10.6 6.2 15.0 �2(df) � 1.76 (2) P � 0.415
Indomethacin (75 mg/day) 15 1315 13.0 11.2 14.9 �2(df) � 22.58 (14) P � 0.067
Aspirin (2400–2600mg/day) 3 259 14.1 10.1 18.2 �2(df) � 22.51 (2) P � 0.001

Basic chemical characteristics
Oxicama 4 401 6.1 3.8 8.5 �2(df) � 3.99 (3) P � 0.262
Allyle acetateb 9 787 7.6 5.7 9.4 �2(df) � 28.36 (8) P � 0.001
Carboxylicc 2 178 8.2 4.1 12.2 �2(df) � 0.59 (1) P � 0.443
Propionic acidd 7 590 9.3 6.8 11.8 �2(df) � 15.58 (6) P � 0.016

Total 47 4040 8.7 7.9 9.6
a Ampiroxicam, lornoxicam, meloxicam, tenoxicam
b Acemetacin, alclofenac, amfenac, diclofenac SR, etodolac, fenoprofen Ca, indomethacin farnesil, nabumeton, proglumetacin maleate, sulindac
c Alminoprofen, loxoprofen, naproxen, oxaprozin, pranoprofen, tiaprofen acid, zaltoprofen
d Diflunisal, floctafenine
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widely across the included studies [heterogeneity test: chi-
square (df) � 25.72 (7), P � 0.001].

Number of adverse GI reactions

The number of adverse GI drug reactions classified accord-
ing to symptom was determined from data on patients who
had experienced adverse drug reactions (Table 5). A total
of 2802 cases were included in the safety analysis, in which
776 events of adverse drug reactions occurred. Upper GI
symptoms, i.e., abdominal pain (168 events), nausea/
vomiting (67 events), and dyspepsia (63 events), were most
common.

Kaplan–Meier curves for examination of the relationship
between duration of treatment and occurrence of adverse
drug reactions

For patients reporting adverse drug reactions, individual
data on the adverse reaction were used to construct
Kaplan–Meier curves from which the relationship between

the occurrence of adverse drug reactions and the duration
of treatment was examined. A Kaplan–Meier curve for the
occurrence of any adverse drug reactions is shown in Fig. 1.
Most withdrawals occurred during the first 3 weeks after
administration, a finding consistent with the occurrence of
any adverse drug reactions.

Covariate analysis

Eleven papers (22 treatment arms) in which detailed data
on cases and covariates were available18,20,23,24,26,36–38,40,42,43 for
an analysis of the effects of covariates on the occurrence
of adverse drug reactions are summarized in Table 6. The
endpoints evaluated were any adverse drug reactions, all
adverse GI drug reactions, and upper GI adverse drug reac-
tions, and the covariates were gender and age. None of the
comparisons showed significant heterogeneity across the 22
treatment arms. Analysis of the effects of gender showed
that the incidence for each of the endpoints was significantly
higher in females than in males. Summary odds ratios (OR)
using the Mantel–Haenszel method were OR � 2.12 (95%

Table 5. Number of adverse gastrointestinal reactions

By drug By chemical characteristics Total

ASP IND DF TRF PIX PRPa ALYb OXMc CALd

Safety population 164 950 186 119 97 397 506 295 88 2802
Number of events 70 320 41 28 29 79 143 50 16 776

Abdominal Pain 22 59 9 2 4 20 34 15 3 168
Nausea/vomiting 14 40 3 1 2 7 14 2 1 84
Dyspepsia 8 20 3 1 1 7 17 4 2 63
Anorexia 2 19 1 4 0 4 8 1 0 39
Stomatitis 1 10 3 1 1 4 4 1 0 25
Diarrhea 0 8 2 1 0 3 3 0 0 17
Constipation 3 4 0 0 0 3 1 1 0 12
Other 3 10 3 0 2 1 6 2 0 27

Total 53 170 24 10 10 49 87 26 6 435

ASP, aspirin; IND, indomethacin; DF, diclofenac; TRF, tolfenamic acid; PIX. piroxicam; PRP, propionic acide; ALY, allyle acetate; OXM,
oxicam; CAL, carboxylic acide
a Loxoprofen, alminoprofen, ketoprofen SR, tiaprofen acid, zaltoprofen, oxaprozin, naproxen, proanoprofen
b Amfenac, alclofenac, fenoprofen Ca, diclofenac SR, acemetacin, sulindac, proglumetacin maleate, nabumeton, etodolac, infomethacin facnesil
c Ampiroxicam, tenoxicam, lornoxicam, meloxicam
d Diflunisal, floctafenine

Fig. 1. Time to incidence of any
adverse reactions
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CI, 1.45–3.09, P � 0.001) for any adverse drug reactions,
OR � 2.01 (95% CI, 1.27–3.18, P � 0.003) for all GI adverse
drug reactions, and OR � 1.89 (95% CI, 1.13–3.15, P �
0.015) for upper GI adverse drug reactions. Effects of age
were examined by dividing the subjects into those younger
than 60 years old and those aged 60 years or older. Com-
bined OR for the three endpoints were 0.96 (95% CI, 0.74–
1.25, P � 0.770; any adverse drug reactions), 0.82 (95% CI,
0.59–1.12, P � 0.212; all GI adverse drug reactions), and
0.74 (95% CI, 0.52–1.07, P � 0.107; upper GI adverse drug
reactions), thus showing no evidence of the effects of age.

Discussion

Comprehensive safety evaluations of drugs have recently
been discussed in reviews and guidelines.49,50 It has been
suggested that meta-analysis is a statistically useful method
for comprehensive analyses of safety. Indeed, this method
of analysis has been increasingly applied to the safety evalu-
ation of drugs.7,51–53 In Japan, however, only a few cases
applying meta-analysis to safety evaluation have been
reported, and this is the first study that has attempted
to evaluate the safety of NSAIDs.

Treatment with NSAIDs may be limited by the poor
tolerability of this class of drugs, which often leads to
switching to relatively safe but less effective drugs, lowering
of dosages, and concomitant prescribing of GI remedies.54

However, because the doses of NSAIDs are relatively lower
compared to Europe and the United States, switching to
other drugs or lowering dosages may lead to the further
reduction of effectiveness of these NSAIDs. The evidence
on the concomitant use of GI remedies is variable and
controversial, and this would include prostaglandin prepa-
rations for the replacement of NSAID-related decreases in
prostaglandin, acid secretion-inhibiting drugs, and mucosa-
protecting drugs. Prostaglandin preparations are effective
in preventing gastric ulcer and duodenal ulcer but are often

associated with toxic effects such as diarrhea.54 H2-receptor
antagonists are effective for duodenal ulcer but do not show
a preventive effect for gastric ulcer.55 It has also been sug-
gested that, because antacids and H2-receptor antagonists
are used for the improvement of subjective symptoms, they
may facilitate the occurrence of more serious complications
such as hemorrhage and perforating ulcer.56 Proton pump
inhibitors57 are highly effective in preventing recurrence of
NSAID-related ulcers, although they are associated with
adverse events such as headache and arthralgia, and pro-
phylactic use of these drugs is not covered by the current
health insurance system. Thus, concomitant treatment with
GI remedies is effective in preventing gastroduodenal ulcer,
but no standard dosing regimen has been established. A
well-tolerated drug infrequently associated with gastric
mucosa damage, the most toxicologically significant adverse
reaction to NSAIDs, would be ideal. Such characteristics
are seen with cyclooxygenase-2 (COX-2)-specific inhibitors
that have recently been approved in Europe and the United
States. These new drugs have not yet been approved in
Japan.

In the analyses of the cumulative incidence of any ad-
verse reaction and any digestive event, analysis based on
individual drugs seems to indicate a higher incidence com-
pared to analysis of the basic chemical characteristics,
although this cannot be statistically tested. A possible
explanation may be that most of the drugs in which drug-
level analysis was possible were in fact the standard control
drugs recommended by the guidelines17 and so they are
rather old drugs. Data for drugs analyzed by basic chemical
characteristics, on the other hand, were taken mainly from
New Drug Application (NDA) trials. Because these drugs
were newer than the standard controls, they seemed to have
a better efficacy and safety profile, although there were no
studies to statistically prove this hypothesis in Japan.

Doses and clinical trial treatment periods of NSAIDs
approved in Japan are different from those in the United
States and Europe, so a direct comparison of cumulative
incidence of adverse reaction induced by NSAIDs is not

Table 6. Univariate risk factor analysis of incidence of adverse reactons

Endpoint Number Incidence/ Summary 95% CI P value Test of
of study proportion OR

Lower Upper
heterogeneity

Sex Male Female

Any adverse reaction 22 10.6 20.4 2.12 1.45 3.09 P � 0.001 �2(df) � 23.23 (21) P � 0.445
Any digestive adverse 22 6.8 13.1 2.01 1.27 3.18 P � 0.003 �2(df) � 26.78 (21) P � 0.178

reaction
Upper GI side effect 22 5.5 10.2 1.89 1.13 3.15 P � 0.015 �2(df) � 24.89 (21) P � 0.252
N 311 1558

Age (years) �59 years 60 years�

Any adverse reaction 22 19.3 17.8 0.96 0.74 1.25 P � 0.770 �2(df) � 27.92 (21) P � 0.142
Any digestive adverse 22 13.2 10.4 0.82 0.59 1.12 P � 0.212 �2(df) � 19.97 (21) P � 0.523

reaction
Upper GI side effect 22 10.4 7.6 0.74 0.52 1.07 P � 0.107 �2(df) � 18.94 (21) P � 0.589
N 1252 617

OR, odds ratio; CI, confidence interval; GI, gastrointestinal



150

possible. However, as shown in the Kaplan–Meier curves
constructed for the occurrence of adverse drug reactions,
most adverse drug reactions occurred as early as 2–3 weeks
after administration, a pattern of occurrence similar to that
seen in a U.S. study performed by Bensen et al.7

There are only a few double-blind, placebo-controlled
studies of NSAIDs available in Japan, so it is not fully
known what level of adverse events would occur with pla-
cebo. However, placebo-controlled studies of NSAIDs
administered to patients with osteoarthritis or lumbago for
2 weeks are available.58–61 The combined incidence of any
adverse drug reactions for the placebo arm in this study was
5.9% (95% CI, 3.2%–8.5%) and the incidence of upper GI
adverse drug reactions was 5.6% (95% CI, 2.9%–8.3%).
Although the difference in duration of treatment and target
diseases makes it impossible to compare the results directly
to this RA study, these findings at least suggest that the
incidence of adverse drug reactions determined in this study
is at a clinically meaningful level.

Analysis of the effects of covariates showed that the risk
of any adverse drug reactions and GI adverse drug reactions
was significantly higher in females. Bensen et al.7 compared
the occurrence of upper GI adverse drug reactions between
males and females and showed a hazard ratio of 1.43 (95%
CI, 1.14%–1.80%), with the risk being significantly higher in
females, a finding consistent with the results of this study.
Recently, Yamanaka et al.3 reported that females experi-
ence more GI symptoms than males in their cross-cultural
survey. However, no study exists to discuss a hypothesis
that there is a sex difference of the incidence of GI symp-
toms in patients with NSAID treatment. When effects of
age were examined in this study, the risk of any adverse
drug reactions and adverse GI drug reactions was not sig-
nificantly different between subjects younger than 60 years
and those aged 60 years or older. This finding was also
consistent with the results reported by Bensen et al.7 They
have reported that previous history and disease activity of
GI ulcers are risk factors for the occurrence of upper GI
adverse drug reactions. In this study, however, detailed data
suitable for such an examination as well as rheumatic symp-
toms of the patients could not be obtained.

The results of this study are subject to limitations of
study design as well as limitations of the evidence coming
from all the included studies. First, publication bias must be
taken into consideration for meta-analyses. Studies that do
not show effective clinical results are often not published;
thus, there is generally a concern that a meta-analysis of
efficacy would overestimate the results. However, this study
is intended to evaluate safety, and although the presence of
publication bias (fewer publications of study results for
drugs whose development was terminated because of safety
concerns) is certainly possible, the bias would be in a con-
servative direction i.e., NSAID safety would be overesti-
mated. A second limitation is related to the Good Clinical
Practice guidelines (GCP). All papers examined in this
study were published before the current GCP became effec-
tive. The current GCP requires more strict evaluation of
adverse drug reactions: an adverse event is defined as any
medical event occurring in patients treated with the study

drug, and adverse events related to drugs are regarded as
adverse drug reactions. It is generally recognized that the
requirements for adverse drug reaction reporting in clinical
studies under the former GCP are less strict than those
specified under the current GCP, which again suggests that
the NSAID safety results from this study may be overesti-
mated. A third limitation is related to generalization of the
results. All studies examined are double-blind, controlled
studies. Therefore, the study populations and therapeutic
policies in these studies do not represent real clinical prac-
tice, and some of the results are not suitable for extrapola-
tion. Last, it should be kept in mind that because upper GI
symptoms have been found to be poor indicators of severe
events such as perforations ulcers, and bleeds (PUBs)9,10,14

the clinical significance of the incidence of adverse reactions
in this study does not directly imply the subsequent risk of
more severe events.

The objective of this study was to systematically analyze
the results of clinical studies of NSAIDs for the purpose of
evaluating the risk of adverse reactions to NSAIDs in
Japan. It was found that, although the incidence of adverse
drug reactions varied according to the type of NSAIDs, the
risk of adverse drug reactions was at a clinically significant
level in Japan. The pattern of occurrence was similar to that
found in Europe and the United States. Adverse drug reac-
tions began to occur immediately after administration, a
finding that suggests close monitoring of patients treated
with these drugs is needed.
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