
ORIGINAL RESEARCH

Database Analysis on the Relationships Between
Nonsteroidal Anti-inflammatory Drug Treatment
Variables and Incidence of Acute Myocardial
Infarction in Japanese Patients with Osteoarthritis
and Chronic Low Back Pain

Shogo Kikuchi . Kanae Togo . Nozomi Ebata . Koichi Fujii .

Naohiro Yonemoto . Lucy Abraham . Takayuki Katsuno

Received: November 4, 2020 /Accepted: January 15, 2021 / Published online: February 5, 2021
� The Author(s) 2021

ABSTRACT

Introduction: We aimed to analyze the rela-
tionships between nonsteroidal anti-inflamma-
tory drug (NSAID) treatment variables and the
incidence of acute myocardial infarction (AMI)
in Japanese patients with osteoarthritis (OA)
and chronic low back pain (CLBP) using the
data from a large-scale, real-world database.
Methods: We retrospectively analyzed anon-
ymized claims data from the Japanese Medical
Data Center of medical insurance beneficiaries
who were prescribed NSAIDs for OA and/or
CLBP from 2009 to 2018.
Results: Of 180,371 patients, 89.3% received
NSAIDs as first-line analgesics (oral, 90.3%;
patch, 80.4%; other transdermal drugs, 24.0%).

Incidence of AMI was 10.27 per 10,000 person-
years (95% confidence interval 9.20–11.34) in
the entire study population. There was a trend
towards increased risk in patients using NSAIDs
for more than 5 years (P = 0.0784) than in those
using NSAIDs for less than 1 year. Risk of AMI
significantly increased with age and comor-
bidities of diabetes and cardiovascular disease
(CVD). The risk for AMI was similar for patients
who consistently used NSAIDs compared to
those using them intermittently and patients
who used patch compared to oral NSAIDs.
Elderly patients used NSAIDs more consistently
and used NSAID patches more frequently.
Conclusion: In Japanese patients with OA and
CLBP, we saw a trend of increased risk for AMI
in patients using NSAIDs for more than 5 years.
Elderly patients had a higher prevalence of
diabetes, hypertension, and other CVD which
increased the risk of AMI. Although NSAID
patches were preferred to oral NSAIDs in elderly
patients, risk for AMI was similar between the
two modalities. Therefore, we suggest using
NSAIDs carefully, especially in elderly patients
and those at risk of developing CVD.
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Key Summary Points

Why carry out this study?

Patients with osteoarthritis (OA) and/or
chronic low back pain (CLBP) require
long-term nonsteroidal anti-inflammatory
drugs (NSAIDs) use. However, the side
effects of long-term NSAIDs use limit its
benefits in these patients.

We aimed to assess health burden of
cardiovascular events associated with
NSAID use in Japanese patients with OA
and/or CLBP.

What was learned from the study?

This retrospective database study shows
that prolonged NSAID use increases risk of
acute myocardial infarction.

Elderly patients and patients with
diabetes, hypertension, and other
cardiovascular disease are at increased risk
for acute myocardial infarction.

PLAIN LANGUAGE SUMMARY

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are commonly used medications for relieving
pain in patients with osteoarthritis (OA) and/or
chronic low back pain (CLBP); however, their
use is limited by some side effects. These side
effects include abdominal, heart, and kidney
dysfunction. This article describes a database
study in Japanese patients with OA and CLBP
that explored incidence of acute heart attack
associated with NSAID use. Impact of NSAID
treatment duration, mode of administration,
and usage consistency on the risk of developing
cardiovascular events was evaluated. The results
suggest that NSAID treatment duration of more
than 5 years affects the risk of acute heart
attack, and age and comorbid diabetes, hyper-
tension, and other cardiovascular disease sig-
nificantly increase this risk. Meanwhile, elderly

patients used NSAIDs more consistently and
used patches more frequently. The authors of
the study suggest that NSAIDs need to be used
carefully, especially in elderly patients and
those at risk of developing heart diseases.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.13562
708.

INTRODUCTION

Approximately one in three people worldwide
live with a chronic and painful musculoskeletal
condition caused by disorders of the bones,
joints, muscles, tendons, ligaments, bursae, or
their combination [1–3]. Osteoarthritis (OA)
and chronic low back pain (CLBP) are the most
common musculoskeletal conditions that sig-
nificantly contribute to the global burden of
years lived with disability [1, 4, 5]. Causes of low
back pain are diverse and include herniated
discs, disc degeneration, spondylotic changes,
vertebral fractures and dislocations, osteoporo-
sis, and psychological and social factors [6, 7].
In Japan, OA affects approximately 25.3 million
individuals aged over 40 years and the preva-
lence of CLBP is estimated to be approximately
24.8% in individuals older than 50 years [8, 9].
Both OA and CLBP adversely impact healthy
aging of individuals by limiting their physical
and functional abilities; therefore, managing
chronic pain is of the utmost importance, par-
ticularly in Japan where the median age of the
population is 48.4 years, the highest in the
world [10, 11].

Surgical therapy, non-pharmacological ther-
apy (exercise, gait aids, cognitive behavioral
therapy, and self-management programs), and
pharmacological therapy are available manage-
ment options for treating pain associated with
OA and CLBP [12–15]. An analysis using data
from hospital-based administrative databases
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showed that approximately 90% of patients
with chronic musculoskeletal pain were pre-
scribed non-steroidal anti-inflammatory drugs
(NSAIDs) in Japan [16]. Transdermal NSAID
patches have demonstrated a superior safety
profile over oral NSAIDs, and are recommended
as first-line treatment for knee and hip OA by
the Osteoarthritis Research Society Interna-
tional (OARSI) guidelines [13, 14, 17–19].
NSAIDs are also commonly recommended and
prescribed for CLBP in Japan.

NSAIDs exhibit anti-inflammatory action via
inhibition of cyclooxygenase (COX), COX-1
and COX-2 being the two major isoforms,
which catalyze the production of prostanoids
that sensitize the nociceptors and also mediate a
variety of other biological effects [20]. Use of
NSAIDs is associated with gastrointestinal,
renal, and cardiovascular (CV) safety events.
Several meta-analyses and systematic reviews
have shown that NSAIDs increase the risk of
developing acute myocardial infarction (AMI),
heart failure, and hemorrhagic stroke [21–23].
Several studies point towards the increased CV
risk being a class effect of NSAIDs and this is
further supported by two meta-analyses show-
ing that both COX-2-selective and nonselective
NSAIDs increase the risk of CV adverse events
by 30% and 42%, respectively [24, 25].

A meta-analysis showed that patients with
OA are at 24% increased risk of developing CV
disease compared to those without OA [26], and
NSAIDs have been shown to contribute to this
increase in CV risk in patients with OA [27].
Similarly, NSAID use has been found to be
associated with increased risk of ischemic stroke
in patients with CLBP [28]. Although the asso-
ciation between NSAID use and CV events is
reported in controlled clinical studies, this
association has not been thoroughly investi-
gated in real-world settings in Japan, most likely
because of the lower occurrence of CV events in
the Japanese population (ca. 0.1–0.5%) [29].
However, since most Japanese patients with OA
or CLBP use NSAIDs for pain relief, estimating
the incidence of CV events and the impact of
NSAID use in these patients is of significant
clinical relevance [29]. Accordingly, we set out
to determine the association between the inci-
dence of CV events and different NSAID

treatment variables like treatment duration,
mode of administration, and usage consistency
in Japanese patients with OA and CLBP using a
large administrative database. For CV events, we
examined AMI, which is often examined for the
association between NSAIDs and CV risk [30].

METHODS

Study Design and Data Sources

This was a retrospective, longitudinal, observa-
tional cohort study, using claims from the Japan
Medical Data Center (JMDC). JMDC is the lar-
gest claims database commercially available in
Japan that records all claims across multiple
medical institutions and can also track patients
who have changed medical institutions. The
database contains claims data from approxi-
mately 7.2 million inpatients and outpatients,
and pharmacy claims from medical institutions
made by Japanese health insurance companies
for employees and their family members who
are at most 75 years old. JMDC contains anon-
ymized information about diagnoses, patient
characteristics, drug prescriptions, medical pro-
cedures, features of medical facilities, and
reimbursement costs. All patient data are
encrypted before entry. Diseases are coded
according to Japanese Claims Codes and the
coding scheme of the World Health Organiza-
tion International Classification of Diseases,
10th revision (ICD-10).

For this study, eligible patients were aged at
least 18 years at the index date, with an initial
ICD-10 diagnosis of OA (ICD-10 codes M16 and
M17) or CLBP (at least two ICD-10 low back
pain diagnoses [M40, M41, M43, M45–M48,
and M50–M54] at least 1 month apart within
the previous 3 months), and with evidence of
visiting healthcare facilities in the administra-
tive databases between January 1, 2009 and
December 31, 2018. Patients with comorbidity
of malignancy (ICD10 codes C00–C97,
D00–D09) after the initial diagnosis of OA or
CLBP were excluded. Moreover, patients diag-
nosed with CLBP but having other diagnoses
like neck pain, radiculopathy and myelopathy,
infection, vascular disease, acute low back pain,
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and limb symptoms were excluded from this
analysis (detailed ICD codes are described in
Table S1 in the electronic supplementary mate-
rial). The index date was defined as the date
when the first prescription of analgesic was
given after initial diagnosis of OA or CLBP.
Those patients taking two or more prescriptions
of the same or different analgesic with at least a
1-month gap after initial OA/CLBP diagnosis,
and 6 months of baseline period with no pre-
scriptions for analgesic were also included. As
this study involved anonymized structured
data, no informed consent was sought from
patients. The study is reported in compliance
with the REporting of studies Conducted using
Observational Routinely-collected health Data
(RECORD) statement [31].

Exposure

Series of treatment consisted of single or mul-
tiple treatment periods per the prescription
with the same class of pain drugs and up to a
3-month gap between the initial date of the
prescription and the end date of the previous
prescription. Exposure period was defined as a
combination of series of NSAID treatment plus
3 months that ended the day when the first CV
event occurred. The NSAID treatment variables
were duration of treatment, mode of adminis-
tration (oral drugs, patch, other transdermal
drugs), and consistency of NSAID use. Cate-
gories of treatment duration were[0 to
1 year,[1 to B 3 years,[ 3 to B 5 years,
and[ 5 years. Consistent NSAID use was
defined as a percentage of the number of supply
days in the total treatment duration of at least
70%, and intermittent use was identified as a
percentage of the number of supply days in a
total treatment duration of less than 70%.

Study Outcomes

The incidence of CV events was assessed. CV
events were defined as the occurrence of AMI at
any time during exposure period and their
diagnostic codes are presented in Table S2 in the
electronic supplementary material. Since other
CV diseases such as angina and heart failure are

commonly recorded in elderly patients in the
claims data for tests and prescriptions, those
were excluded from the definition of CV events
in this study to estimate a more accurate
incidence.

Statistical Analysis

All patients who met the eligibility criteria were
included in the analysis set. Continuous vari-
ables were summarized using descriptive statis-
tics or frequencies with percentages for
dichotomous and polychotomous variables of
categorical data. The crude incidence (per
10,000 person-years) for AMI and its 95% con-
fidence interval (CI) were calculated. The inci-
dence rate was calculated as the number of
patients who experienced AMI divided by the
total exposure period. We also performed a
subgroup analysis for patients aged less than
65 years and patients aged 65 years or more. The
effect of treatment regimen of NSAIDs on the
risk of AMI using risk ratios was evaluated by an
overdispersed Poisson regression model using
the SAS GLIMMIX procedure with the log link
function and the logarithm of the exposure
period as an offset. Covariates included age,
gender, baseline comorbidities, and preventive
drugs that were prescribed. Analyses were per-
formed using SAS version 9.4 (SAS Institute,
Cary, NC, USA). An alpha level of 0.05 was
considered statistically significant.

Ethics Statement

As this study involved anonymized structured
data, which according to applicable legal
requirements did not contain data subject to
privacy laws, obtaining informed consent from
patients was not required. As Japanese ethical
guidelines for medical and health research
involving human subjects [32] do not apply to
studies that use anonymized secondary data,
this study was not reviewed by any institutional
review board/research ethics committee.
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RESULTS

Patient Disposition

Between January 2009 and December 2018,
628,488 patients in the JMDC database were
diagnosed with OA and/or CLBP, of which

526,987 were prescribed one or more analgesics
at least twice. After exclusion of patients aged
less than 18 years and those with prescription of
analgesic within 6 months of index date or
those with malignancy, 180,371 patients were
included in the analysis. Patient demographics,
clinical characteristics, and NSAID use are
described in Table 1. A total of 32.9% patients

Table 1 Demographic characteristics, treatment duration, mode of administration, and consistency of NSAID use

Characteristics All patients
(N = 180,371)

Patients < 65 years
(N = 165,938)

Patients ‡ 65 years
(N = 14,433)

Age at index date, mean ± SD

(years)

49.3 ± 11.8 47.7 ± 10.8 68.2 ± 2.8

Men, n (%) 92,650 (51.4) 86,079 (51.9) 6571 (45.5)

Follow-up duration, median (IQR)

(days)

857.0 (433.0, 1460.0) 884.0 (450.0, 1491.0) 610.0 (308.0, 1086.0)

Comorbidities, n (%)

GI disease 14,285 (7.9) 12,407 (7.5) 1878 (13.0)

Renal disease 1454 (0.8) 1183 (0.7) 271 (1.9)

CV disease (excluding hypertensive

disease)

24,238 (13.4) 19,560 (11.8) 4678 (32.4)

Hypertension 39,413 (21.9) 32,321 (19.5) 7092 (49.1)

Diabetes mellitus 21,240 (11.8) 17,405 (10.5) 3835 (26.6)

NSAIDs as first-line analgesics 161,152 (89.3%) 148,146 (89.3) 13,006 (90.1)

Patients stratified by treatment duration, mean ± SD (years)

[ 0 to B 1 152,408 (84.5) 140,732 (84.8) 11,676 (80.9)

[ 1 to B 3 7449 (4.1) 6326 (3.8) 1123 (7.8)

[ 3 to B 5 1022 (0.6) 849 (0.5) 173 (1.2)

[ 5 273 (0.2) 239 (0.1) 34 (0.2)

Consistent use of NSAIDsa, n (%) 33,795 (21.0) 29,724 (20.1) 4071 (31.3)

Mode of administration of first-line NSAIDs, n (%)

Oral 145,597 (90.3) 135,074 (91.2) 10,523 (80.9)

Patch 129,591 (80.4) 118,328 (79.9) 11,263 (86.6)

Other transdermal 38,648 (24.0) 35,126 (23.7) 3522 (27.1)

Suppository 18,580 (11.5) 17,418 (11.8) 1162 (8.9)

CV cardiovascular, GI gastrointestinal, IQR interquartile range, NSAID nonsteroidal anti-inflammatory drug
a Defined as percentage of supply days C 70%
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had OA, 53.8% had CLBP, and 13.4% had both
OA and CLBP. Prevalence of comorbid GI dis-
ease was 7.9%; renal disease, 0.8%; hyperten-
sion, 21.9%; other CV disease, 13.4%; and
diabetes 11.8%. Patients aged 65 years or more
(N = 14,433) were predominantly female
(54.5% vs. 48.1%), had a higher prevalence of
diabetes (26.6% vs. 10.5%), hypertension
(49.1% vs. 19.5%), and other CV disease (32.4%
vs. 11.8%) compared to those aged less than
65 years. Patient characteristics remained simi-
lar across OA and CLBP subgroups (Table S3 in
the electronic supplementary material).

First-Line NSAID Use

NSAIDs were administered as first-line anal-
gesics to 161,152 (89.3%) patients. Oral NSAIDs
were used in 90.3% of patients, patch NSAIDs in
80.4%, and other transdermal drugs (cream, gel,
liquid, lotion, ointment) in 24.0%. The pro-
portion of patients using a combination of oral
and topical (patches, other transdermal, and
suppository) NSAIDs was 88.6%. Oral NSAIDs
were used in combination with patch NSAIDs in
65.1% of patients, and in combination with
other transdermal NSAIDs in 14.5%. Overall,
83.7% of patients had been using NSAIDs for up
to 1 year. Consistent use of NSAIDs was repor-
ted in 21% of patients and the use of patch

NSAIDs was more consistent than oral NSAIDs
in each stratum of the treatment duration
(Table 2). Irrespective of the mode of adminis-
tration, NSAIDs were used more consistently in
patients aged 65 years or more than in those
aged less than 65 years (31.3% vs. 20.1%).
Moreover, NSAID patches were used more fre-
quently (86.6% vs. 79.9%) in patients aged
65 years or more than in those aged less than
65 years (Table 1).

Cardiovascular Events

The overall incidence rate of AMI was 10.27 per
10,000 person-years (95% CI 9.20, 11.34)
(Table 3). The risk of AMI in patients using
NSAIDs for more than 5 years was nearly twice
compared to those using NSAIDs for less than
1 year (risk ratio [RR] 1.92, 95% CI 1.05, 3.52;
P = 0.0346). The incidence of AMI was similar
in patients who used NSAIDs consistently
compared to those who did not (RR 1.18, 95%
CI 0.85, 1.62; P = 0.3257) and in those who
used patch NSAIDs compared to oral (RR 1.20,
95% CI 0.67, 2.14; P = 0.5347) (Table 4). When
all three variables of NSAIDs were included in
the model, none was statistically non-signifi-
cant (e.g., P = 0.078 for use for more than
5 years) (Table 5). On the contrary, the majority
of patient-related factors were found to increase

Table 2 Consistent use of NSAIDs (total supplied days C 70%) stratified as per treatment duration and mode of
administration

Mode of administration Treatment duration (years)

> 0 to £ 1 > 1 to £ 3 > 3 to £ 5 > 5 Total

Any 20.7 (27,989/

135,036)

19.0 (4205/

22,131)

36.4 (1171/

3221)

56.3 (430/

764)

21.0 (33,795/

161,152)

Oral alone 22.2 (4563/20,597) 15.9 (148/931) 27.1 (29/107) 37.5 (6/16) 21.9 (4746/21,651)

Patch alone 55.6 (5449/9804) 45.5 (625/1375) 65.8 (77/117) 70.6 (12/17) 54.5 (6163/11,313)

Other transdermal drugs

alone

41.8 (361/864) 0.0 (0/19) 0.0 (0/2) 0.0 (0/0) 40.8 (361/885)

Suppository alone 42.5 (133/313) 0.0 (0/3) 0.0 (0/0) 0.0 (0/0) 42.1 (133/316)

Data presented as % (n/N). N represents total number of patients with data in a given stratum of treatment duration,
n represents number of patients who consistently used (total supplied days C 70%) in a given stratum of treatment duration
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Table 3 Incidence of CV events

CV events All patients

Na n Incidence rate per 10,000 person-years (95% CI)

Total 160,726 355 10.27 (9.20, 11.34)

Treatment duration, year \ 1 134,696 241 9.68 (8.45, 10.90)

[ 1 to B 3 22,058 87 11.53 (9.11, 13.96)

[ 3 to B 5 3208 16 10.01 (5.10, 14.91)

[ 5 764 11 21.66 (8.86, 34.46)

Percentage of supply days \ 70% 127,041 312 9.84 (8.74, 10.93)

C 70% 33,685 43 15.18 (10.64, 19.71)

Mode of administration Oral 21,607 28 8.75 (5.51, 11.99)

Patch 11,260 20 16.80 (9.44, 24.16)

Other 127,859 307 10.18 (9.04, 11.32)

Combination of oral and topical Yes 69,616 129 8.87 (7.34, 10.40)

No 91,110 226 11.30 (9.82, 12.77)

Incidence rate is presented as per 10,000 person-years (95% CI); N represents total population and n represents patients
with event
CI confidence interval, CV cardiovascular
a Patients who had diagnosis of gastrointestinal events at baseline were excluded from the analysis

Table 4 Effect of each NSAID variable on CV risk adjusting covariates

Model variable Categories Risk ratio (95%
CI)

P value

Duration of NSAIDs

treatment

vs.\ 1 year

[ 1 to B 3 1.03 (0.81, 1.32) 0.8148

[ 3 to B 5 0.84 (0.50, 1.39) 0.4861

[ 5 1.92 (1.05, 3.52) 0.0346

Consistent use of NSAIDs Consistent use of NSAIDs (percentage of supply days C 70%)

vs.\ 70%

1.18 (0.85, 1.62) 0.3257

Mode of administration vs. oral

Patch 1.20 (0.67, 2.14) 0.5347

Other 1.04 (0.70, 1.54) 0.8598

Combination use 0.86 (0.70, 1.55) 0.3324

Each NSAIDs variable was tested respectively using models adjusted for covariates of age, gender, baseline comorbidities of
GI, renal disease, hypertension, other CV disease, and diabetes mellitus all together
CI confidence interval, CV cardiovascular, GI gastrointestinal, NSAIDs nonsteroidal anti-inflammatory drugs
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the risk of AMI: the incidence of AMI was higher
in patients aged 65 years or more than in those
aged less than 65 years (20.97 [95% CI 15.04,
26.91] vs. 9.51 [8.45, 10.58]). The association
was found to be statistically significant in model
analysis and the risk was 4- to 16-fold higher in
patients aged at least 40 years compared to
those aged less than 40 years (Table 5). The risk
of developing AMI was estimated to be 56%
higher in patients with hypertension compared
to those without in model analysis (RR 1.56,
95% CI 1.09, 2.23; P = 0.0156). Similarly, the
risk was higher in patients with baseline CV

comorbidities, albeit excluding hypertension
(RR 2.78, 95% CI 2.07, 3.73; P\0.0001) and in
patients with diabetes compared to patients
without (RR 1.71, 95% CI 1.18, 2.48;
P = 0.0049). Per model analysis, the risk of
developing AMI was higher in men (RR 2.96,
95% CI 2.31, 3.78; P\ 0.0001). The pattern of
CV events was similar in patients with OA and
patients with CLBP (Table S4 in the electronic
supplementary material). Overall, in the model
analysis, among patient-related factors, the rel-
ative risk was higher for age compared to other
factors, indicating older age to be a significant

Table 5 Multivariate model analysis for CV events

Risk ratio (95% CI) P value

Age in years, vs. 18 to\ 30

30 to\ 40 1.46 (0.41, 5.24) 0.5596

40 to\ 50 4.21 (1.32, 13.41) 0.0150

50 to\ 60 8.59 (2.73, 26.97) 0.0002

60 to\ 70 10.72 (3.39, 33.96) \ 0.0001

70 to B 75 15.80 (4.62, 54.05) \ 0.0001

Male gender vs. female 2.96 (2.31, 3.78) \ 0.0001

Baseline GI comorbidities 1.25 (0.79, 1.98) 0.3328

Baseline renal comorbidities 0.83 (0.20, 3.40) 0.7945

Baseline CV comorbidities 2.78 (2.07, 3.73) \ 0.0001

Baseline hypertension 1.56 (1.09, 2.23) 0.0156

Baseline diabetes mellitus 1.71 (1.18, 2.48) 0.0049

Duration of treatment in years vs.\ 1 year

[ 1 to B 3 1.01 (0.79, 1.30) 0.9318

[ 3 to B 5 0.80 (0.47, 1.34) 0.3921

[ 5 1.77 (0.94, 3.35) 0.0784

Chronic use of NSAIDs (percentage of supply days C 70%) vs .\ 70% 1.13 (0.79, 1.60) 0.5004

Mode of administration compared to oral

Patch 1.16 (0.65, 2.09) 0.6145

Other 1.03 (0.69, 1.54) 0.8827

Combination use 0.81 (0.54, 1.22) 0.3166

CI confidence interval, CV cardiovascular, GI gastrointestinal, NSAIDs nonsteroidal anti-inflammatory drugs
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contributor to increase in the risk of AMI
(Table 5).

DISCUSSION

To the best of our knowledge, this is the first
real-world study reporting the incidence of AMI
in patients treated with NSAIDs using data from
a large administrative database in Japan. There
was a trend towards increasing risk of AMI in
patients using NSAIDs for more than 5 years
compared with those using for less than 1 year.
The incidence of AMI was numerically higher in
patients using NSAIDs consistently compared to
those receiving them intermittently; however,
this increase in risk was not statistically signifi-
cant. Among the patient-related factors, age
exerted a very large effect on the risk of devel-
oping AMI. Male gender and comorbidities
including diabetes, hypertension, and other CV
disease were found to increase the incidence of
AMI.

The incidence of AMI reported in our study is
in line with prior studies. The incidence of MI
was 26/10,000 person-years in patients using
ibuprofen in a study by Patel et al. [33]. In a
3-year nationwide observational study in Japan,
the incidence of CV events including MI, ang-
ina pectoris, heart failure, cerebral infarction,
and cerebral hemorrhage was 6.8/1000 person-
years and the incidence of MI alone was 0.4/
1000 person-years in patients with OA and
rheumatoid arthritis with the use of NSAIDs
[29]. It was estimated that of 1000 patients who
receive NSAIDs for 3 years, one will have a fatal
vascular event; when 1000 high-risk patients are
treated with NSAIDs for 1 year, seven or eight
will experience a major vascular event, of which
two events could be fatal [34]. Moreover,
patients with OA and CLBP are known to
exhibit elevated CV risk [26–28]. Therefore, OA
and CLBP management guidelines recommend
that oral NSAIDs should be used intermittently
[18, 35].

Comorbidities of diabetes, hypertension, and
other CV disease significantly increased the risk
of AMI in our study. Evidence shows that
patients with preexisting CV disease such as
hypertension, AMI, heart failure, and history of

stroke have greater risk of developing CV events
when treated with NSAIDs [36–40]. Among the
patient-related factors that increased the risk of
AMI in our study, age had the highest risk ratio
indicating it to be an important factor mediat-
ing CV risk of NSAIDs. As pain is common in
the elderly population, and OA and CLBP affect
two-thirds of this group, these patients are more
likely to use NSAIDs, but they may not be aware
of avoiding NSAIDs if they have pre-existing CV
disease [41]. Therefore, in patients with CV
comorbidities, use of any oral NSAID is not
recommended by OARSI guidelines [18]. This is
in line with the evidence that shows age as an
independent predictor of CV disease including
MI [42, 43]. A clear trend for higher prevalence
of OA and CLBP with increasing age has been
shown in several systematic reviews and meta-
analyses [44–46].

Risk of AMI in patients using NSAIDs for
more than 5 years was significantly larger
(P = 0.035) compared with those using for less
than 1 year but the significance was lost
(P = 0.078) when all three NSAIDs treatment
factors were adjusted for. Thus, these results
may not be conclusive for the effect of NSAID
treatment duration on AMI risk because of
confounding but they do appear to indicate the
trend. The plausible reasons for the unclear
association could be a much higher impact of
age and comorbidities on CV risk and a rela-
tively longer time to develop AMI [47]. Further
studies with longer duration of NSAID use, such
as more than 10 years, would better substantiate
the results. In addition, there may be other
confounding factors such as severity of OA;
however, such information is not available in
the claims database. In this study, elderly
patients used NSAIDs consistently and used
NSAID patches more frequently than oral
NSAIDs. Simple subgroup analysis showed
higher AMI risk in patients consistently using
NSAIDs despite no clear association observed in
the multivariate analysis that could be con-
founded by age. Understandably, since patients
with OA and CLBP are high-risk elderly patients
who consistently use NSAIDs over the long term
and prefer patches to oral, their NSAID pre-
scriptions should be monitored carefully.
Indeed, in patients who are at high risk of CV
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events, consistent use of NSAIDs should be
avoided. Although NSAID patches are consid-
ered safer than oral/systemic use of NSAIDs, the
risk of AMI was similar in patients using patch
or oral NSAIDs in our study. Given that NSAID
patches tend to be used more consistently, care
should be taken even when using this form of
treatment.

The major strength of the present study is
the use of data from a large administrative
claims database that allows estimation of events
that have a low occurrence rate. In the absence
of medical chart information, unavailability of
data for the elderly (over 65 years of age), and
the severity of disease, and confounding by
other factors such as alcohol consumption and
smoking in the model analysis were limitations
that might lead to bias in estimating the asso-
ciation between risk of AMI and NSAID expo-
sure, and thus would not permit generalization
of data for all patients with OA and CLBP. The
claims database used in this study does not
capture information of patient deaths and is
thereby another important limitation. The
choice of cutoff for NSAID treatment duration
and the definition of consistent use could be a
potential bias in interpreting the results.

CONCLUSION

In this real-world study of a Japanese popula-
tion, we could see a trend towards increased risk
for AMI in patients treated with any NSAID
formulation for more than 5 years. No clear
association between consistent use of NSAIDs
and the risk of AMI was observed. Elderly
patients with OA and CLBP using NSAIDs have a
higher prevalence of comorbidities of diabetes,
hypertension, and other CV disease which
increases the risk of AMI. Although there was a
preference for NSAID patches to oral NSAIDs
owing to better safety, our results showed that
the risk for AMI is similar between the two
modalities. The use of NSAIDs is more consis-
tent in elderly patients. Thus, we suggest
NSAIDs need to be used carefully, especially in
elderly patients and those at risk of developing
CV disease.

ACKNOWLEDGEMENTS

Funding. The study and the journal’s Rapid
Service and Open Access Fee were sponsored by
Pfizer Japan Inc.

Medical Writing, Editorial, and Other
Assistance. Editorial and/or medical writing
support were provided by MedPro Clinical
Research (Haruyoshi Ogata), supported by
CBCC Global Research (Leena Patel and Sonali
Dalwadi), and was funded by Pfizer Japan Inc.
Data analytics support was provided by the
Institute of Japanese Union of Scientists &
Engineers (Kazuhiko Hase and Yasushi Shi-
moda), who were paid contractors to Pfizer
Japan Inc. in the development of this
manuscript.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Disclosures. Kanae Togo, Nozomi Ebata,
Koichi Fujii, and Naohiro Yonemoto are
employees of Pfizer Japan Inc. and shareholders
of Pfizer Inc. Lucy Abraham is an employee and
shareholder of Pfizer Ltd. Shogo Kikuchi and
Takayuki Katsuno have nothing to disclose.

Compliance with Ethics Guidelines. As this
study involved anonymized structured data,
which according to applicable legal require-
ments did not contain data subject to privacy
laws, obtaining informed consent from patients
was not required. The study was conducted in
accordance with legal and regulatory require-
ments described in guidelines for Good Phar-
macoepidemiology Practices (GPP) issued by the
International Society for Pharmacoepidemiol-
ogy, Good Practices for Outcomes Research
issued by the International Society for Pharma-
coeconomics and Outcomes Research (ISPOR).
The study is reported in compliance with the
REporting of studies Conducted using

1610 Adv Ther (2021) 38:1601–1613



Observational Routinely-collected health Data
(RECORD) statement.

Data Availability. The datasets generated
during and/or analyzed during the current
study are not publicly available as all the rights
for database ownership are reserved with the
JMDC Inc. However, Pfizer Inc. has a contract
with JMDC to use this database and publish the
results.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Briggs AM, Woolf AD, Dreinhöfer K, et al. Reducing
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