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ABSTRACT
Objective: We assessed gastrointestinal bleeding
(GIB) and cardiovascular (CV) risks such as myocardial
infarction or stroke associated with non-steroidal anti-
inflammatory drug (NSAID) use among elderly patients
with diabetes.
Methods: Using a nationwide claims database
covering 2008–2012, we conducted a cohort study of
patients with diabetes aged ≥65 years. Among the
117 610 patients, NSAID users and non-users were
propensity score matched, excluding any who had
experienced a potentially confounding event in the year
prior to cohort entry. Multivariate Cox regression
models treating death as competing risk were used.
Results: There were 2184 (1.86%) cases of GIB and
NSAID users had an adjusted HR (aHR) of 1.68 (95%
CI 1.54 to 1.83) of GIB risk after adjusting for age, sex,
comorbidities and recent medications compared to
NSAID non-users. There were 9333 (7.94%) cases of
myocardial infarction or stroke with an aHR of 1.20
(95% CI 1.15 to 1.25). The risk of GIB was higher in
patients with liver disease and renal failure, while that
of CV events was higher in patients who received
anticoagulants, antiplatelet agents, aspirin and selective
serotonin reuptake inhibitors. The number needed to
harm was 111 for GIB and 77 for CV events. Among
different NSAIDs, nimesulide increased the risk of GIB
and ketorolac increased the risk of CV events compared
to celecoxib (aHR 2.60 and 3.13, respectively).
Conclusions: Elderly patients with diabetes treating
NSAIDs had a significantly higher risk of both upper
GIB and CV events compared to NSAID non-users, and
the risk varied among different NSAIDs regardless of
cyclooxygenase-2 activity.

INTRODUCTION
While non-steroidal anti-inflammatory drugs
(NSAIDs) are the most widely used drugs,
especially among the elderly, who frequently
use them on a long-term basis, the benefit–
risk balance of individual NSAIDs is chiefly
driven by their gastrointestinal and cardiovas-
cular (CV) safety profile, and there have
been many studies regarding each outcome.
In a recent meta-analysis, the pooled
adjusted rate ratio of gastrointestinal compli-
cations ranged from 1.81 to 4.22, while the

rate ratio for CV complications was estimated
around 1.3 among NSAIDs including cele-
coxib.1 However, diabetes is a well-known risk
factor for CV outcomes which has also been
suggested to be an independent risk factor
for peptic ulcer bleeding, contributing a
population attributable fraction of 4%.2

Moreover, the 2014 Standards of Medical
Care in Diabetes recommend aspirin as a
primary prevention for those with increased
CV event risk.3 However, according to the
American College of Gastroenterology
Guidelines for Prevention of NSAID-Related
Ulcer Complications (ACG Guideline), con-
current use of any one drug among aspirin,
corticosteroids, or anticoagulants with
NSAIDs is one of the indicators applied to
define the group at higher risk of
NSAID-induced gastrointestinal toxicity
regardless of doses.4 Therefore, patients with
diabetes, who receive prophylactic aspirin,
are inevitably at risk of both gastrointestinal
bleeding (GIB) and CV events caused by
NSAIDs.
However, beyond the risks from the

unavoidable use of aspirin among patients
with diabetes with high CV event risk, such
patients are at further risk of negative CV
outcomes from the use of NSAIDs other
than aspirin. The safety profile of different
NSAIDs among the group of those at high
risk of CV events is not clear and difficult to

Key messages

▪ In elderly patients with diabetes, non-steroidal
anti-inflammatory drug (NSAID) use was asso-
ciated with a higher risk of both upper gastro-
intestinal bleeding and cardiovascular events
such as myocardial infarction or stroke.

▪ Gastrointestinal bleeding risk was higher in
patients with liver disease or renal failure, and
cardiovascular event risk was higher in patients
with a recent history of receiving aspirin or
selective serotonin reuptake inhibitors.

▪ NSAID complications varied among different
NSAIDs regardless of cyclooxygenase-2 activity.
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study by clinical trial due to ethical issues. Furthermore,
even though celecoxib was determined to be safe with
regard to CV complications, unlike rofecoxib,5 the asso-
ciation between cyclooxygenase (COX) 2 selectivity and
NSAID complications in real-world settings among those
at high risk of CV events is an issue that requires further
study. Moreover, NSAIDs known to have stronger COX-2
selectivity than celecoxib, such as meloxicam and nime-
sulide, as well as new COX-2 inhibitors such as etori-
coxib, are currently on the market. There are earlier
studies looking for an association of aspirin use with CV
events among patients with and without diabetes, but
none have evaluated the use of other NSAIDs.6 7

Therefore, we conducted a cohort study on elderly
patients with diabetes to assess GIB and CV outcomes of
NSAID users compared to non-users, and to identify dif-
ferences in the risk of each outcome associated with dif-
ferent kinds of NSAIDs.

METHODS
Data source
Ninety-seven percent of citizens of the Republic of Korea
(hereafter, Korea) are covered by the national health
insurance system and therefore have equal access to
healthcare services. The Korean Health Insurance Review
and Assessment Service (HIRA) database, which contains
all the reimbursed claims of medication and medical pro-
cedures between January 2008 and December 2012 of the
50 million total residents of Korea, was used. This database
contains demographics (age and sex), prescription data
(brand and generic names of the drug; the amount, date,
and duration of the prescription), and diagnosis informa-
tion including death following the International Statistical
Classification of Diseases and Related Health Problems,
10th Revision (ICD-10 codes). Since the present study
used secondary healthcare data, it was exempted from
review by the Institutional Review Board of Seoul National
University Bundang Hospital (IRB No: X-1404/245-902)
in April 2014.

Study subjects and exposure assessments
We identified new users and non-users of NSAIDs
(Anatomical Therapeutic Chemical code M01A) among
patients diagnosed with diabetes mellitus (ICD-10 code
E10-14) in the claims database between 1 January 2008
and 31 December 2011. For NSAID users, the date of
the first prescription for NSAIDs was considered the
patient’s index date, and those defined as NSAID
non-users had to lack any NSAID prescription all
throughout the study period of 2008–2012, and were
assigned an index date corresponding to the same date
of the matched NSAID user in order to minimize
immortal time bias. Patients in both groups had to be at
least 65 years old on the index date with no prescription
of NSAIDs in the previous year to apply a new-user
design in order to control for prevalent user bias such
as underestimating early events and altering disease risk

factors related to the study drugs.8 Therefore, NSAID
users were selected from the year 2009 to 2011, and
among these users, those who had received NSAID pre-
scriptions in 2008 were excluded (figure 1). The risk of
GIB among NSAID users is reported to decrease mark-
edly 7 days after cessation, owing to the reversibility of
the COX inhibition by NSAIDs.9 However, since elderly
patients often receive NSAIDs occasionally, NSAID users
were defined as patients with two or more prescriptions
within 6 months from the index date with prescriptions
within 30 days before the occurrence of an outcome,
reflecting intermittent use with various gaps of treat-
ment. The event rates during exposed and non-exposed
periods in NSAID users and non-users were calculated
applying exposed periods of users to the matched
non-users. Multiple prescriptions of different NSAIDs
were regarded as exposure to each different NSAID at
that time when the risks of outcomes were compared
among different kinds of NSAIDs. NSAID users and
non-users were matched by using propensity scores
applying predefined covariates that are related to both
the exposure and outcome, since the model including
only the surrogates for treatment has proved to imbal-
ance propensity score matching.10 11 Patients who had
experienced GIB or CV events, cancer, trauma history,
or coagulation disorders during 1 year prior to the
index date were excluded to eliminate potential con-
founders to the association between NSAIDs and the
outcomes. In Korea, one’s diagnosis is cumulatively
recorded in the claims database, making it difficult to
determine whether or not the outcome is secondary.
Therefore, patients who experienced either of the two
outcomes of the study previously had to be excluded
from the study subjects to detect the outcomes in the
following years of follow-up without misclassification.

Outcomes and covariates
The two main outcomes of interest were GIB and CV
events. GIB was defined as gastric, duodenal, peptic, or
gastrojejunal ulcer with hemorrhage or perforation
(ICD-10 code K250, K251, K252, K254, K255, K256, K260,
K261, K262, K264, K265, K266, K270, K271, K272, K274,
K275, K276, K280, K281, K282, K284, K285, K286), acute
hemorrhagic gastritis (K290), hematemesis (K920),
melena (K921), or unspecified GI hemorrhage (K922).
CV events included acute myocardial infarction (I21) and
ischemic stroke (I63). Outcomes were assessed from the
index date until the last day of the study, assigning a range
of 1–4 years of follow-up. Death was treated as a competing
risk since it could happen before the outcome of interest
in the elderly population. Only the first events were identi-
fied among multiple events, and when the two events
occurred on the same day, they were both counted.
Previous diagnosis of the following diseases was noted:
hypertension, dyslipidemia, coronary artery disease, heart
failure, atrial fibrillation/flutter, osteoarthritis, rheumatoid
arthritis, liver disease, and renal failure. Recent use of the
following medications was identified: antihypertensive
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agents, anticoagulants, antiplatelet agents, aspirin, proton
pump inhibitors (PPIs), gastroprotective agents (GPAs),
corticosteroids, and selective serotonin reuptake inhibitors
(SSRIs). In case of patients with diabetes who regularly
visit clinics for their antidiabetics, NSAIDs including
aspirin are generally obtained not over the counter but
from their physicians due to their cheaper cost under
national insurance coverage. Liver disease included alco-
holic liver disease, toxic liver disease, hepatic failure,
chronic hepatitis, and non-alcoholic fatty liver disease
(K70, K71, K72, K73, K76), and renal failure included
acute renal failure, chronic kidney disease, and unspeci-
fied kidney failure (N17, N18, N19). GPA included H2
receptor antagonists (H2RA), sucralfate, misoprostol, and
rebamipide, the last of which is a cytoprotectant com-
monly used in Asian countries but not approved in the
USA. Comorbidity was defined as having been diagnosed
at least 1 year prior to the index date, and recent medica-
tion use was defined as having been prescribed no more
than 1 year prior to the index date and during the
follow-up period before the event occurred.

Statistical analyses
In order to select comparable participants from the
NSAID user and non-user groups as well as from users
of COX-2 selective inhibitors (coxibs) among NSAIDs,

propensity score matching on a 1-to-1 basis was used.
Covariates proven to be adequate for propensity score
matching in the association between NSAIDs and upper
gastrointestinal toxicity such as prior use of warfarin or
oral steroids and a history of osteoarthritis, rheumatoid
arthritis, hypertension, heart failure, and coronary artery
disease were included on the basis of an earlier study,
and other factors that are potential covariates in the
relationship between NSAID use and CV events such as
a history of dyslipidemia or atrial fibrillation, and previ-
ous use of aspirin, antiplatelets, and SSRIs were also
included.11 The variables previously used to calculate
the propensity score of selecting coxibs and NSAIDs
were also considered.12 A greedy 5-to-1 digit matching
algorithm without replacement was used to match
NSAID users to non-users to reflect the situation in the
real world. The balance after matching was evaluated by
methods such as histogram plots, c-statistics, and the
standardized differences between the two groups.
Among these, standardized difference is known as the
most effective way to measure balance considering differ-
ences <10% to be well balanced.13 Also, the event rates
during non-exposed periods in NSAID users and
non-users using the exposed periods of the matched
users were compared in order to clarify residual con-
founding after propensity score matching. We treated

Figure 1 Screening and

enrollment of participants in the

study (GI, gastrointestinal; MI,

myocardial infarction; NSAID,

non-steroidal anti-inflammatory

drug).
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death as a competing risk to model the subdistribution
hazard function.14 There were a total of 504 patients
who died during the study period before the outcome
occurred with an all-cause mortality of 4290 per million.
The incidence rate (IR) with a 95% CI per 1000 person-
years and incidence rate ratio (IRR) of GIB and CV
events were estimated. The crude and adjusted HRs
(aHRs) and 95% CIs of both outcomes were calculated
for NSAID users versus non-users using univariate and
multivariate Cox regression models. Time-dependent
Cox regression was used regarding NSAID exposure as a
time-varying covariate only in the case of CV events
where the proportional hazards assumption was not
met. The aHRs were adjusted for age, sex, comorbid
conditions, and recent medications, all of which are
listed in the tables. In the case of PPI and GPA users,
early signs of GIB such as gastro-oesophageal reflux
disease, peptic ulcer, gastritis, epigastric pain, or dyspep-
sia were additionally adjusted for to prevent protopathic
bias. All statistical analyses were performed using SAS
Enterprise Guide, V.6.1 (SAS Institute Inc, Cary, North
Carolina, USA).

RESULTS
From the 1.7 million patients with diabetes aged over
65 years among the entire national population, 206 591
patients were eligible to be in the NSAID user group
and 145 850 patients to be non-users. After following the
exclusion criteria described previously, the two groups
had 151 790 and 92 343 patients, respectively. By 1-to-1
propensity score matching, 58 805 patients in each
group were selected, comprising a total of 117 610 study
subjects (figure 1). Before propensity score matching,
the NSAID users and non-users differed in age,
comorbidities, and recent medications, while the pro-
pensity score-matched cohort resulted in a good balance
in all characteristics according to histograms and stan-
dardized mean differences <0.1 with a c-statistic of 0.763
(table 1).
Within a total cohort of 117 610 individuals, two out-

comes, GIB and CV events such as myocardial infarction
or stroke, were each assessed. The mean duration of
follow-up time was 2.896 years (95% CI 2.892 to 2.901)
for GIB and 2.778 years (95% CI 2.772 to 2.783) for CV
events. During 4 years of follow-up, 2184 first episodes of
GIB (1354 in NSAID users vs 830 in non-users) and
9333 episodes of myocardial infarction or stroke (5043
in NSAID users vs 4290 in non-users) were identified. In
case of GIB, the event rate during exposed periods was
0.32 in NSAID users and 0.25 in non-users, while it was
0.68 and 0.75, respectively, in users and non-users
during non-exposed periods. In case of CV events, the
event rates during exposure to NSAIDs in users and
non-users were 0.27 and 0.23, respectively, as against
0.73 and 0.77 in non-exposed periods. The IRR of GIB
was 1.68 (95% CI 1.54 to 1.84), and it was 1.21 (95% CI
1.17 to 1.26) for CV events (tables 2 and 3). The

number needed to harm was 111 for GIB and 77 for CV
events.
The aHR of NSAID use was 1.68 (95% CI 1.54 to 1.83)

for GIB and 1.20 (95% CI 1.15 to 1.25) for CV events.
The risk of GIB was higher in patients with liver disease
and renal failure and anticoagulant users (table 4).
In the case of CV events, the risk was higher in patients
with hypertension, coronary artery disease, and heart
failure, as well as in anticoagulant users, antiplatelet
agent users, aspirin users, and those treated with SSRIs.
Among study subjects, the most commonly prescribed
NSAIDs were loxoprofen sodium, aceclofenac, talniflu-
mate, and dexibuprofen consisting of 69.1% of the total
NSAIDs (see online supplementary table S1). However,
compared to celecoxib users, nimesulide increased the
risk of GIB and ketorolac increased the risk of CV events
(aHR 2.60 and 3.13, respectively) (see online supple-
mentary table S2).

DISCUSSION
Even though coxibs are known to have a low risk of GIB
among NSAIDs, their CV risk must also be taken into
account. However, diabetes is a well-known risk factor of
CV diseases, and thus patients with diabetes often
receive prophylactic aspirin, which increases the risk of
GIB. The purpose of this study was to evaluate the risk
of both GIB and CV outcomes among patients with dia-
betes, comparing NSAID users to non-users, and also to
discover different risks among different NSAIDs. All of
the IRRs of GIB and CV events exceeded 1 and were at
least marginally significant among aged patients with
diabetes with various comorbidities and recent medica-
tions, indicating a higher risk of both outcomes within
patients with diabetes, except for CV events in patients
with rheumatoid arthritis where the IRR was not signifi-
cant due to the small number of patients in this group.
This implies the need to assess the additional risk of
both CV events and GIB in patients with diabetes who
were being prescribed NSAIDs.
The risk of GIB was higher among patients with liver

disease and renal failure. Patients with cirrhosis may
develop GIB resulting from esophageal or gastric
varices. However, patients with non-cirrhosis liver disease
as defined in this study, who probably would have no
varices, were also vulnerable to GIB, which indicates that
patients with liver disease have a higher risk of non-
variceal GIB when treating NSAIDs. Also, in another
study, patients with hepatic disease and renal disease
had a higher risk of upper gastrointestinal complications
from peptic ulcer disease caused by NSAIDs.15 However,
patients with end-stage renal disease are documented to
have a higher risk of peptic ulcer bleeding owing to
mechanisms such as platelet dysfunction and blood
coagulation abnormalities,16 and acute renal failure is
also proposed to be associated with upper GIB.17

According to the ACG Guideline, users from the elderly
population of any one of anticoagulants, aspirin, and
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corticosteroids are classified as a group at high risk of
NSAID toxicity, while the aHR of GIB was higher only in
anticoagulant users. Antiplatelet agents can give rise to
GIB by producing ulcers and erosions, while anticoagu-
lants might precipitate bleeding from pre-existing
lesions. Even though the preventive effect of PPI or GPA
in GIB is well known among NSAID and aspirin users
from a variety of studies, it did not show statistical signifi-
cance.18 In fact, among 7977 patients who received PPI,
a total of 67% were prescribed with at least one of the
medications among anticoagulants, aspirin, and corticos-
teroids. Thus, PPI users eventually became more vulner-
able to NSAID toxicity and showed a non-significance in
GIB despite the prevention of protopathic bias by adjust-
ment of early symptoms of GIB such as gastritis and epi-
gastric pain.
When there are high risks of CV diseases or GIB, the

ACG Guideline recommends prescribing PPI with
NSAIDs or choosing COX-2 inhibitors. Since the study
population is elderly patients with diabetes who are cer-
tainly at high risk of both events, the protective effects of
the two treatments were compared. Among NSAID
users, the aHR of celecoxib use was 1.09 (95% CI 0.79

to 1.50) while that of PPI + NSAID use was 1.10 (95% CI
0.93 to 1.31) (data not shown). In other words, the risks
of GIB in celecoxib users and PPI + NSAID users were
similar, with overlapping CIs without substantial protect-
ive effect. While the CONDOR (celecoxib vs omeprazole
and diclofenac in patients with osteoarthritis and
rheumatoid arthritis) study found results in celecoxib’s
favor, the main cause behind this result was anemia,
whereas the rates of actual upper GIB did not differ
between the two groups of celecoxib and PPI +
NSAID.19 This could explain the similar risk between
the two groups in this study since each event was
counted from the diagnosis of individuals.
Even though aspirin is known to increase GIB risk by

direct injury to the gastrointestinal mucosa, this group
did not show a significant GIB risk after adjustment.
Furthermore, in a former study, while the baseline risk
of GIB in the absence of aspirin was higher among
patients with diabetes, the use of aspirin was associated
with a greater GIB risk only among individuals without
diabetes,6 and the benefit of aspirin was reported to be
similar in patients with and without diabetes in a
meta-analysis of primary prevention of CV events.20 The

Table 1 Study subjects before and after propensity score matching

Characteristics

Initial cohort 1:1 Propensity score-matched cohort

NSAID users

NSAID

non-users

d*

NSAID users

NSAID

non-users

d*N (%) N (%) N (%) N (%)

Total 151 790 92 343 58 805 58 805

Male sex 67 390 44.4 43 668 47.3 0.058 28 557 48.6 28 819 49.0 0.008

Age, mean (SD), years 73.06 (5.90) 74.47 (7.19) 0.214 74.38 (6.64) 74.27 (6.70)

Age group, years

65–69 52 886 34.8 29 197 31.6 0.068 17 458 29.7 18 919 32.2 0.054

70–74 47 073 31.0 22 664 24.5 0.146 16 079 27.3 14 848 25.3 0.045

75–79 28 793 19.0 17 428 18.9 0.003 11 739 20.0 11 214 19.1 0.023

80+ 23 038 15.2 23 054 25.0 0.246 13 529 23.0 13 824 23.5 0.012

Previous diagnosis

Hypertension 98 023 64.6 61 535 66.6 0.042 38 478 65.4 38 574 65.6 0.004

Dyslipidemia 66 642 43.9 34 289 37.1 0.139 22 565 38.4 22 434 38.2 0.006

Coronary artery disease 11 058 7.3 7270 7.9 0.023 4788 8.1 4532 7.7 0.015

Heart failure 6491 4.3 5904 6.4 0.093 3690 6.3 3609 6.1 0.008

Atrial fibrillation/flutter 3572 2.4 1987 2.2 0.013 1433 2.4 1295 2.2 0.013

Osteoarthritis 43 011 28.3 10 964 11.9 0.418 8027 13.7 7681 13.1 0.018

Rheumatoid arthritis 3829 2.5 945 1.0 0.115 817 1.4 690 1.2 0.057

Liver disease 31 483 20.7 14 601 15.8 0.127 10 574 18.0 10 149 17.3 0.018

Renal failure 4770 3.1 5444 5.9 0.135 3269 5.6 3146 5.4 0.013

Medication use

Antihypertensive agent 105 773 69.7 63 181 68.4 0.028 41 440 70.5 41 759 71.0 0.011

Anticoagulant 12 553 8.3 7893 8.6 0.007 5531 9.4 5305 9.0 0.014

Antiplatelet agent 24 665 16.3 13 304 14.4 0.050 9157 15.6 8988 15.3 0.008

Aspirin 57 896 38.1 33 390 36.2 0.039 21 988 37.4 21 770 37.0 0.008

Proton pump inhibitor 14 768 9.7 5543 6.0 0.138 4132 7.0 3845 6.6 0.020

Gastroprotective agent 112 526 74.1 39 944 43.3 0.659 29 521 50.0 29 311 50.0 0.004

Corticosteroid 45 406 30.0 14 468 15.7 0.343 10 826 18.4 10 549 18.0 0.010

SSRI 10 647 7.0 4787 5.2 0.075 3667 6.2 3396 5.8 0.017

*Standardized differences.
NSAID, non-steroidal anti-inflammatory drug; SSRI, selective serotonin reuptake inhibitor.
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inter-individual variability in drug response or inad-
equate thromboxane inhibition by aspirin, known as
“resistance,” due to the variable turnover of the thromb-
oxane in platelets could describe this, which may be
related to glycemic control in patients with diabetes.21 22

However, the inhibitory effect of aspirin by other
NSAIDs is not likely in this study since recent medication
use was detected during the follow-up period before the
event occurred and also before the last prescription of
NSAIDs. In another study, the relative risk of upper GIB
in patients taking aspirin was higher when used for
primary prevention than for secondary prevention, but
this difference was more than compensated for by the
lower baseline risk in the primary prevention popula-
tion. Therefore, since aspirin was used for primary pre-
vention of CV events in this study, the protective effect
from GIB of aspirin could have been concealed.
The higher risk of CV events among those with coron-

ary artery disease or heart failure and users of anticoagu-
lants, antiplatelet agents, or even aspirin use can be
explained by the higher probability of developing myo-
cardial infarction or stroke among these groups.
However, even though aspirin is a well-known primary

prevention strategy in those with diabetes at increased
CV risk, it resulted in a higher risk of CV events. Among
43 758 aspirin users, 83.4% were diagnosed with hyper-
tension, 91% were being prescribed antihypertensive
medication, and 53.5% were patients with dyslipidemia,
who are inevitably considered to be a high-risk group
for CV events, especially when combined with diabetes.
Thus, confounding by indication is another explanation.
However, SSRI users had an unexpectedly high risk of a
CV event, while the well-known GIB risk was not shown.
An earlier study reported the beneficial evidence of
SSRIs in CV events,23 whereas another study did so only
with long-term use.24 However, depression itself is
regarded as a cause of coronary heart disease by two
mechanisms: behavioral factors (physical activity,
smoking, and non-compliance) and biological factors
(CV autonomic dysregulation and inflammation).25 In
another study, hypoglycemia was associated with depres-
sive symptoms.26 Furthermore, a recent meta-analysis
finding reported an increased risk of ischemic or hemor-
rhagic stroke by SSRIs independent of depression, and
suggested vasoconstriction in cerebral arteries caused by
SSRIs as a possible reason.27 Likewise, SSRIs were found

Table 2 IRs of upper gastrointestinal bleeding by sample characteristics

Subgroups

Upper gastrointestinal bleeding

Incidence rate per 1000 person-years

IRR (95% CI)

NSAID users NSAIDs non-users

IR (95% CI) IR (95% CI)

Entire sample 8.11 (8.10 to 8.13) 4.82 (4.81 to 4.83) 1.68 (1.54 to 1.84)

Gender

Male 9.18 (9.16 to 9.20) 5.25 (5.24 to 5.27) 1.75 (1.55 to 1.97)

Female 7.12 (7.10 to 7.14) 4.41 (4.40 to 4.42) 1.62 (1.42 to 1.83)

Age group, years

65–69 7.51 (7.49 to 7.54) 4.55 (4.54 to 4.57) 1.65 (1.41 to 1.93)

70–74 8.04 (8.01 to 8.06) 4.82 (4.81 to 4.84) 1.67 (1.41 to 1.98)

75–79 8.99 (8.95 to 9.02) 5.45 (5.43 to 5.47) 1.65 (1.37 to 1.99)

80– 8.25 (8.22 to 8.28) 4.68 (4.66 to 4.70) 1.76 (1.47 to 2.11)

Previous diagnosis

Hypertension 8.36 (8.34 to 8.38) 4.75 (4.74 to 4.76) 1.76 (1.58 to 1.96)

Dyslipidemia 8.56 (8.54 to 8.59) 4.92 (4.91 to 4.94) 1.74 (1.52 to 2.00)

Coronary artery disease 8.72 (8.67 to 8.77) 5.88 (5.85 to 5.92) 1.48 (1.12 to 1.97)

Heart failure 11.27 (11.21 to 11.34) 5.13 (5.10 to 5.18) 2.20 (1.60 to 3.02)

Atrial fibrillation/flutter 10.32 (10.22 to 10.42) 6.40 (6.34 to 6.48) 1.61 (0.98 to 2.65)

Osteoarthritis 8.65 (8.61 to 8.69) 4.80 (4.78 to 4.83) 1.80 (1.43 to 2.27)

Rheumatoid arthritis 12.94 (12.80 to 13.09) 3.62 (3.57 to 3.70) 3.57 (1.64 to 7.79)

Chronic liver disease 9.52 (9.49 to 9.56) 5.88 (5.86 to 5.90) 1.62 (1.35 to 1.95)

Chronic renal disease 15.39 (15.31 to 15.47) 5.89 (5.86 to 5.94) 2.61 (1.91 to 3.57)

Medication use

Antihypertensive agent 8.43 (8.41 to 8.44) 4.87 (4.86 to 4.89) 1.73 (1.56 to 1.91)

Anticoagulant 12.15 (12.10 to 12.21) 5.55 (5.52 to 5.58) 2.19 (1.70 to 2.82)

Antiplatelet agent 9.32 (9.28 to 9.35) 5.42 (5.40 to 5.45) 1.72 (1.40 to 2.11)

Aspirin 8.89 (8.87 to 8.91) 4.97 (4.96 to 4.99) 1.79 (1.56 to 2.05)

Proton pump inhibitor 14.23 (14.16 to 14.30) 6.82 (6.78 to 6.86) 2.09 (1.60 to 2.73)

Gastroprotective agent 9.26 (9.24 to 9.28) 5.78 (5.77 to 5.80) 1.60 (1.43 to 1.79)

Corticosteroid 9.68 (9.64 to 9.71) 4.87 (4.85 to 4.89) 1.99 (1.64 to 2.41)

SSRI 9.57 (9.51 to 9.63) 4.36 (4.33 to 4.40) 2.20 (1.55 to 3.12)

IR, incidence rate; IRR, incidence rate ratio; NSAID, non-steroidal anti-inflammatory drug; SSRI, selective serotonin reuptake inhibitor.
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to increase arterial stiffness in the elderly,28 and use of
an SSRI was associated with increases in the heart rate
and decreases in its variability.29

When each was compared to celecoxib, nimesulide
increased the risk of GIB and ketorolac increased the
risk of CV events. Nimesulide is a COX-2 selective
NSAID and manifested a coxib-like benefit in another
study,30 but this has not been consistent, showing a
higher risk of GIB than other non-selective NSAIDs in
another study.31 It is not approved in the USA and was
withdrawn in many countries due to its hepatotoxicity.
In 2011, the European Medicines Agency made a recom-
mendation that nimesulide be prescribed in acute pain
or dysmenorrhea but not in osteoarthritis. However, it is
still on the market in Korea as in a few other countries,
and 1.6% of the GIB cohort and 2.2% of the CV cohort
received it, which corresponds well with 2% use among
orthopedic patients in Korea in another study.32 Even
though it could have been prescribed to patients with a
higher risk of GIB, thus resulting in a higher risk in this
study, lack of evidence on safety so far and the higher
risk of GIB found in this study triggers an alert against
the use of nimesulide. The CV risk of ketorolac, a non-

selective NSAID, was marginally higher than that of
other NSAIDs in this study, which is similar to the find-
ings of other studies both in cases of myocardial infarc-
tion33 and ischemic stroke,34 with ORs of 2.02 and 1.90,
respectively. Naproxen may be the agent of choice
among patients with high CV risk, but only 1.8% among
the cohort was found to have received it. Specifically,
prescribing NSAIDs only by the COX-2 selectivity deter-
mined in vitro by the IC50 ratios of COX-1 and COX-2
should be avoided since COX-2 selectivity is not directly
correlated with risky outcomes in real life.35 This could
be explained by the kinetic diversity in the COX inhib-
ition mechanism, with which IC50 values are not
related, and the COX-independent physiochemical
properties of NSAIDs.36 This also means that the
current hypothesis of unbalance in thromboxane A2
(TXA2) and prostacyclin (PGI2) as the mechanism of
CV risk of coxibs might not be a possible explanation
for elderly patients with diabetes.37

This study has some limitations. First, the claims data-
base does not include diagnostic laboratory findings, a
family history, or lifestyle factors such as smoking or
obesity. Therefore, the reason for higher risk of CV

Table 3 Incidence rates of myocardial infarction or ischemic stroke by sample characteristics

Subgroups

Myocardial infarction or ischemic stroke

Incidence rate per 1000 person-years

IRR (95% CI)

NSAID users NSAIDs non-users

IR (95% CI) IR (95% CI)

Entire sample 31.54 (31.52 to 31.57) 25.98 (25.96 to 26.01) 1.21 (1.17 to 1.26)

Gender

Male 33.84 (33.80 to 33.88) 27.14 (27.11 to 27.17) 1.25 (1.18 to 1.32)

Female 29.42 (29.38 to 29.46) 24.88 (24.86 to 24.92) 1.18 (1.12 to 1.25)

Age group, years

65–69 22.46 (22.42 to 22.50) 20.06 (20.03 to 20.09) 1.12 (1.03 to 1.22)

70–74 30.41 (30.36 to 30.46) 28.70 (28.66 to 28.75) 1.06 (0.98 to 1.15)

75–79 38.67 (38.60 to 38.73) 30.89 (30.85 to 30.96) 1.25 (1.15 to 1.36)

80– 39.24 (39.18 to 39.31) 27.43 (27.40 to 27.48) 1.43 (1.32 to 1.55)

Previous diagnosis

Hypertension 33.65 (33.61 to 33.68) 27.36 (27.34 to 27.39) 1.23 (1.17 to 1.29)

Dyslipidemia 30.67 (30.63 to 30.72) 25.78 (25.75 to 25.82) 1.19 (1.11 to 1.27)

Coronary artery disease 42.63 (42.51 to 42.74) 34.31 (34.23 to 34.41) 1.24 (1.10 to 1.41)

Heart failure 41.95 (41.82 to 42.08) 33.00 (32.92 to 33.11) 1.27 (1.10 to 1.47)

Atrial fibrillation/flutter 43.34 (43.13 to 43.55) 26.01 (25.89 to 26.17) 1.67 (1.30 to 2.14)

Osteoarthritis 34.15 (34.07 to 34.23) 28.85 (28.80 to 28.92) 1.18 (1.07 to 1.31)

Rheumatoid arthritis 28.37 (28.15 to 28.59) 23.14 (22.99 to 23.34) 1.23 (0.85 to 1.78)

Chronic liver disease 29.07 (29.01 to 29.13) 23.06 (23.02 to 23.11) 1.26 (1.14 to 1.39)

Chronic renal disease 40.74 (40.60 to 40.87) 22.85 (22.78 to 22.95) 1.78 (1.50 to 2.12)

Medication use

Antihypertensive agent 33.19 (33.16 to 33.22) 27.15 (27.12 to 27.17) 1.22 (1.17 to 1.28)

Anticoagulant 42.20 (42.10 to 42.31) 30.31 (30.25 to 30.40) 1.39 (1.23 to 1.57)

Antiplatelet agent 45.64 (45.56 to 45.73) 39.16 (39.11 to 39.24) 1.17 (1.07 to 1.27)

Aspirin 34.49 (34.45 to 34.54) 29.77 (29.74 to 29.81) 1.16 (1.09 to 1.23)

Proton pump inhibitor 34.36 (34.25 to 34.47) 26.32 (26.25 to 26.42) 1.31 (1.12 to 1.52)

Gastroprotective agent 33.44 (33.40 to 33.48) 28.27 (28.25 to 28.31) 1.18 (1.12 to 1.25)

Corticosteroid 33.42 (33.35 to 33.49) 26.33 (26.29 to 26.39) 1.27 (1.16 to 1.39)

SSRI 38.77 (38.65 to 38.89) 31.60 (31.52 to 31.71) 1.23 (1.06 to 1.42)

IR, incidence rate; IRR, incidence rate ratio; NSAID, non-steroidal anti-inflammatory drug; SSRI, selective serotonin reuptake inhibitor.
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events in aspirin users cannot be interpreted as the risk
of the medication itself, but as an indicator of a high-risk
group since these prescribers must have a clinical back-
ground for prescription and the drugs were being pre-
scribed for reduction of potential CV risk, which was not
possible to detect in the claims database. Nevertheless,
one study showed that a failure to adjust a few potential
confounders did not cause notable bias in an example
of coxibs and myocardial infarction.38 Moreover, it was
reported in another study that non-gastrointestinal
comorbidity is an independent risk factor for GIB and
contributes even more than aspirin or NSAIDs.39 Thus,
we used various relevant comorbidities in generating
propensity scores for matching NSAID users to nonusers
and adjusting the Cox regression models. Second, we
identified outcomes and comorbidities by ICD-10 codes.
However, in order to increase the validity, the codes
were used throughout four digits in detecting GIB
events, and outcomes such as myocardial infarction or
ischemic stroke are regarded as difficult to misdiagnose.
Third, NSAIDs including aspirin are frequently obtained
over the counter. However, due to the national health
insurance system in Korea, patients receive most of their
medication including aspirin or NSAIDs through

prescriptions from clinicians since that is cheaper than
purchasing over-the-counter drugs making it possible to
detect the use of aspirin or NSAIDs in the claims data.
Therefore, misclassification is unlikely to be significant.

CONCLUSIONS
In conclusion, elderly patients with diabetes using
NSAIDs were at a higher risk of both GIB and CV events
compared to non-users, and these risks differed among
different NSAIDs in a way that did not correspond dir-
ectly to COX-2 selectivity.
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Table 4 HRs of upper gastrointestinal bleeding and cardiovascular events

Gastrointestinal bleeding Cardiovascular events

cHR (95% CI) aHR (95% CI) cHR (95% CI) aHR (95% CI)

Entire sample 1.68 (1.54 to 1.83) 1.68 (1.54 to 1.83) 1.21 (1.16 to 1.26) 1.20 (1.15 to 1.25)

Gender

Male 1.25 (1.15 to 1.36) 1.28 (1.17 to 1.40) 1.12 (1.07 to 1.16) 1.20 (1.15 to 1.26)

Female 1.00 1.00 1.00 1.00

Age group, years

65–69 1.00 1.00 1.00 1.00

70–74 1.08 (0.96 to 1.20) 1.04 (0.93 to 1.16) 1.38 (1.30 to 1.46) 1.35 (1.27 to 1.43)

75–79 1.20 (1.07 to 1.35) 1.18 (1.05 to 1.33) 1.62 (1.52 to 1.72) 1.58 (1.49 to 1.68)

80– 1.06 (0.94 to 1.19) 1.07 (0.95 to 1.21) 1.53 (1.45 to 1.62) 1.52 (1.43 to 1.62)

Previous diagnosis

Hypertension 1.03 (0.95 to 1.13) 0.96 (0.85 to 1.08) 1.19 (1.14 to 1.24) 1.11 (1.05 to 1.19)

Dyslipidemia 1.07 (0.98 to 1.17) 0.99 (0.90 to 1.09) 0.97 (0.93 to 1.01) 0.91 (0.87 to 0.95)

Coronary artery disease 1.15 (0.99 to 1.33) 0.97 (0.83 to 1.14) 1.38 (1.30 to 1.48) 1.13 (1.05 to 1.22)

Heart failure 1.28 (1.10 to 1.50) 1.10 (0.93 to 1.29) 1.33 (1.23 to 1.43) 1.11 (1.03 to 1.21)

Atrial fibrillation/flutter 1.32 (1.04 to 1.69) 1.12 (0.88 to 1.43) 1.23 (1.08 to 1.39) 1.10 (0.97 to 1.24)

Osteoarthritis 1.06 (0.94 to 1.19) 1.02 (0.90 to 1.16) 1.12 (1.06 to 1.19) 1.05 (0.99 to 1.12)

Rheumatoid arthritis 1.32 (0.96 to 1.82) 1.21 (0.87 to 1.67) 0.91 (0.76 to 1.10) 0.86 (0.72 to 1.04)

Liver disease 1.25 (1.13 to 1.39) 1.16 (1.04 to 1.29) 0.89 (0.85 to 0.95) 0.90 (0.85 to 0.95)

Renal failure 1.67 (1.44 to 1.94) 1.39 (1.19 to 1.62) 1.09 (1.01 to 1.19) 0.92 (0.84 to 1.00)

Medication use

Antihypertensive agent 1.10 (1.00 to 1.21) 1.02 (0.89 to 1.16) 1.18 (1.12 to 1.23) 0.96 (0.90 to 1.03)

Anticoagulant 1.42 (1.25 to 1.61) 1.20 (1.05 to 1.38) 1.29 (1.21 to 1.37) 1.11 (1.04 to 1.19)

Antiplatelet agent 1.17 (1.05 to 1.30) 1.02 (0.91 to 1.15) 1.61 (1.53 to 1.69) 1.49 (1.41 to 1.57)

Aspirin 1.12 (1.02 to 1.22) 1.07 (0.97 to 1.17) 1.20 (1.15 to 1.25) 1.11 (1.06 to 1.16)

Proton pump inhibitor 1.72 (1.50 to 1.96) 0.96 (0.86 to 1.08) 1.07 (0.99 to 1.16) 0.91 (0.85 to 0.97)

Gastroprotective agent 1.40 (1.29 to 1.52) 0.98 (0.89 to 1.07) 1.17 (1.12 to 1.22) 0.89 (0.86 to 0.93)

Corticosteroid 1.16 (1.04 to 1.28) 1.01 (0.91 to 1.06) 1.05 (1.00 to 1.11) 0.96 (0.91 to 1.02)

SSRI 1.10 (0.93 to 1.30) 0.98 (0.83 to 1.17) 1.25 (1.16 to 1.36) 1.16 (1.07 to 1.25)

aHR, adjusted HR; cHR, crude HR; IR, incidence rate; IRR, incidence rate ratio; NSAID, non-steroidal anti-inflammatory drug; SSRI, selective
serotonin reuptake inhibitor.
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Table S1. Distribution of NSAID prescriptions among NSAID users 

NSAIDs 
Prescriptions Persons 

No. % No. % 

Loxoprofen sodium 135,102 21.4 13,911 23.7 

Aceclofenac 124,188 19.7 9,799 16.7 

Talniflumate 93,371 14.8 8,975 15.3 

Dexibuprofen 71,254 11.3 7,901 13.4 

Meloxicam 54,212 8.6 3,733 6.3 

Celecoxib 30,588 4.9 1,912 3.3 

Ibuprofen 25,999 4.1 3,026 5.1 

Zaltoprofen 22,497 3.6 2,192 3.7 

Mefenamic acid 19,461 3.1 2,411 4.1 

Morniflumate 8,105 1.3 663 1.1 

Nabumetone 7,936 1.3 647 1.1 

Pelubiprofen 7,277 1.2 539 0.9 

Nimesulide 5,572 0.9 706 1.2 

Diclofenac 5,146 0.8 580 1.0 

Naproxen 4,966 0.8 219 0.4 

Etodolac 4,752 0.8 438 0.7 

Proglumetacin maleate 2,461 0.4 268 0.5 

Piroxicam 1,757 0.3 189 0.3 

Clonixin lysinate 1,356 0.2 269 0.5 

Lornoxicam 1,051 0.2 158 0.3 

Sulindac 984 0.2 190 0.3 

Acemetacin 730 0.1 79 0.1 

Total 628,765 100.0 58,805 100.0 
 

 



Table S2. Crude and adjusted hazard ratios of gastrointestinal bleeding and cardiovascular events among different NSAIDs compared to celecoxib 

NSAIDs  
Gastrointestinal bleeding Cardiovascular events 

No. % cHR ( 95% CI ) aHR ( 95% CI ) No. % cHR ( 95% CI ) aHR ( 95% CI ) 

Loxoprofen sodium 93  20.6  1.13  ( 0.76 1.69  ) 0.96 ( 0.63 1.47  ) 273  17.1 0.65  ( 0.53 0.80  ) 0.61 ( 0.49 0.75  ) 

Aceclofenac 72  16.0  1.14  ( 0.75 1.72  ) 1.11 ( 0.72 1.70  ) 270  17.0 0.80  ( 0.65 0.98  ) 0.77 ( 0.62 0.95  ) 

Talniflumate 45  10.0  1.03  ( 0.66 1.62  ) 0.91 ( 0.55 1.49  ) 203  12.7 0.74  ( 0.59 0.92  ) 0.70 ( 0.56 0.88  ) 

Dexibuprofen 45  10.0  1.10  ( 0.70 1.72  ) 1.01 ( 0.63 1.62  ) 141  8.9  0.84  ( 0.66 1.06  ) 0.80 ( 0.63 1.02  ) 

Meloxicam 38  8.4  1.07  ( 0.67 1.70  ) 0.95 ( 0.58 1.55  ) 130  8.2  0.87  ( 0.68 1.10  ) 0.80 ( 0.62 1.03  ) 

Celecoxib 33  7.3  1.00  1.00 131  8.2  1.00  1.00  
Ibuprofen 28  6.2  1.17  ( 0.70 1.93  ) 1.18 ( 0.70 2.01  ) 63  4.0  1.13  ( 0.84 1.53  ) 1.09 ( 0.80 1.48  ) 

Zaltoprofen 17  3.8  1.69  ( 0.94 3.04  ) 1.69 ( 0.92 3.13  ) 102  6.4  0.95  ( 0.73 1.23  ) 0.93 ( 0.71 1.21  ) 

Mefenamic acid 19  4.2  1.03  ( 0.58 1.81  ) 1.11 ( 0.62 2.00  ) 86  5.4  0.89  ( 0.68 1.16  ) 0.84 ( 0.64 1.11  ) 

Morniflumate 17  3.8  1.22  ( 0.68 2.20  ) 1.12 ( 0.61 2.06  ) 27  1.7  0.86  ( 0.57 1.30  ) 0.83 ( 0.54 1.26  ) 

Nabumetone 4  0.9  0.57  ( 0.20 1.61  ) 0.54 ( 0.19 1.56  ) 41  2.6  1.13  ( 0.79 1.60  ) 1.10 ( 0.77 1.56  ) 

Pelubiprofen 3  0.7  1.09  ( 0.33 3.55  ) 0.85 ( 0.24 3.00  ) 19  1.2  0.75  ( 0.46 1.21  ) 0.66 ( 0.41 1.08  ) 

Nimesulide 7  1.6  2.55  ( 1.12 5.79  ) 2.60 ( 1.12 6.05  ) 35  2.2  0.89  ( 0.61 1.29  ) 0.85 ( 0.58 1.24  ) 

Diclofenac 8  1.8  0.65  ( 0.30 1.41  ) 0.57 ( 0.25 1.30  ) 13  0.8  0.69  ( 0.39 1.22  ) 0.68 ( 0.38 1.22  ) 

Naproxen 4  0.9  2.36  ( 0.83 6.68  ) 2.72 ( 0.92 8.07  ) 29  1.8  1.31  ( 0.88 1.97  ) 1.36 ( 0.90 2.06  ) 

Etodolac 6  1.3  1.68  ( 0.70 4.01  ) 0.29 ( 0.51 3.22  ) 6  0.4  1.64  ( 0.72 3.72  ) 1.48 ( 0.65 3.40  ) 

Proglumetacin maleate 3  0.7  1.08  ( 0.33 3.54  ) 0.89 ( 0.26 3.01  ) 4  0.3  2.23  ( 0.82 6.04  ) 2.30 ( 0.84 6.27  ) 

Piroxicam 2  0.4  3.38  ( 0.80 14.20  ) 3.18 ( 0.74 13.75  ) 1  0.1  5.24  ( 0.73 37.53  ) 6.42 ( 0.88 46.69  ) 

Clonixin lysinate 2  0.4  0.44  ( 0.11 1.83  ) 0.57 ( 0.13 2.59  ) 3  0.2  0.48  ( 0.15 1.51  ) 0.43 ( 0.14 1.37  ) 

Lornoxicam 3  0.7  0.84  ( 0.26 2.73  ) 0.78 ( 0.23 2.61  ) 2  0.1  1.11  ( 0.27 4.48  ) 1.12 ( 0.28 4.58  ) 

Fenoprofen calcium 1 0.2  1.38  ( 0.19 10.09  ) 1.40 ( 0.19 10.41  )   
Lonazolac calcium 1  0.2  4.91  ( 0.67 36.17  ) 5.45 ( 0.71 41.68  )   
Tiaprofenic acid 1  0.2  1.04  ( 0.14 7.62  ) 0.95 ( 0.12 7.29  )   
Sulindac   4  0  1.63  ( 0.60 4.41  ) 1.47 ( 0.54 4.04  ) 

Ketorolac tromethamine   3  0  3.58  ( 1.14 11.27  ) 3.13 ( 0.99 9.95  ) 

Oxaprozin   3  0  0.52  ( 0.17 1.65  ) 0.48 ( 0.15 1.52  ) 

Ketoprofen lysinate   2  0  0.30  ( 0.07 1.22  ) 0.32 ( 0.08 1.30  ) 

Acemetacin   1  0  1.32  ( 0.18 9.45  ) 1.63 ( 0.23 11.76  ) 



Flufenamic acid   1  0  5.24  ( 0.73 37.53  ) 5.91 ( 0.82 42.72  ) 

Total 452  100.0             1,593  100.0              
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