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Abstract Certain non-steroidal anti-inflammatory drugs
(NSAIDs) have been associated with an increased risk of
myocardial infarction (MI), a risk linked to cyclo-oxyge-
nase-2 inhibition. There are limited studies assessing the
risk of MI associated with meloxicam, an increasingly
popular drug with COX-2 inhibiting properties. A nested
matched case—control study using The Health Improvement
Network, a UK population-based database was conducted.
NSAID users between 35 and 89 years of age with at least
1 year enrollment in the cohort were included. Incident MI
cases were matched on age, sex, practice and event date
with up to 4 controls. NSAID exposure was categorized
as remote (between 60 days and 1 year), recent (between 1
and 60 days) or current relative to the event date. Current
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users were further classified as naproxen (negative control),
diclofenac (positive control), meloxicam or other NSAID
users. Multivariable conditional logistic regression was
conducted to determine the risk of MI for each NSAID use
categories compared with that of remote users. 9291 MI
cases were matched with 30,676 controls. The cases had a
higher prevalence of traditional cardiac risk factors, chronic
kidney disease and inflammatory arthritis and cardioprotec-
tive drug utilization. The adjusted odds ratio of MI for cur-
rent user compared to remote users were: meloxicam 1.38
(1.17-1.63), naproxen 1.12 (0.96-1.30) and diclofenac 1.37
(1.25-1.50). In this large population-based study, meloxicam
increased the risk of MI by 38%. This study warrants cau-
tious use of this increasingly popular drug.

Keywords Anti-inflammatory agents - Non-steroidals -
Cyclooxygenase 2 inhibitors - Myocardial infarction -
Meloxicam

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are among
the most commonly used analgesic agents. However, since
2000, data from large clinical trials, such as VIGOR and
APPROVe, began to demonstrate that rofecoxib, a selective
cyclo-oxygenase-2 (COX-2) inhibitor was associated with an
increased risk of myocardial infarction (MI) [1, 2]. Conse-
quently, it was removed from the market in 2004. Since then,
several NSAIDs, both selective COX-2 inhibitors and non-
selective inhibitors, have been associated with an increased
risk of MI [3-7].

The exact mechanism by which NSAIDs exert such
an effect has not been completely elucidated; however,
the hypothesis of an imbalance between prostacyclin and
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thromboxane-A2 leading to a pro-thrombotic state has
gained the most prominence [8]. This has two important
implications: first, given the short half-life of prostaglandins,
the risk of MI is expected to occur with current NSAID
use; and second, the imbalance between the prostacyclin and
thromboxane-A2 is at least partly dependent on the degree
of COX-2 relative to COX-1 inhibition [9, 10]. This trans-
lates into higher cardiovascular risk being associated with
selective COX-2 inhibitors and non-selective drugs which
preferentially inhibit COX-2 over COX-1. Meta-analyses of
randomized controlled trials and observational studies sup-
port this: COX-2 inhibitors were associated with the highest
cardiovascular risk and diclofenac, a non-selective inhibitor
but preferentially more COX-2 inhibiting, was associated
with a higher risk than other non-selective NSAIDs. Nap-
roxen has been consistently shown to be neutral with regards
to the risk of MI [11-13].

Clinical trials have not assessed the cardiovascular safety
of other frequently used NSAIDs worldwide, such as meloxi-
cam. Meloxicam is a derivative of the oxicam and enolic
acid group and is extensively protein bound (95-99%),
which facilitates once-a-day dosage [14, 15]. This, along
with its favorable gastrointestinal safety profile has led to its
increasing use [16-20]. In 2011, there were approximately
20 million prescriptions for meloxicam in the U.S [21].
However, meloxicam is significantly more COX-2 inhibit-
ing than COX-1, raising a concern about its cardiovascular
safety [14, 15]. There are only a limited number of studies
with small sample sizes which have evaluated the risk of MI
with meloxicam use.

Hence, we hypothesized that meloxicam use would be
associated with an increased risk of myocardial infarction.
We sought to address this question using a nested case—con-
trol study in a population-based database, The network
health improvement (THIN).

Methods
Study sample

The health improvement network is an anonymized elec-
tronic medical records database representing approximately
10.2 million patients in the United Kingdom. It has system-
atically and prospectively recorded data collected by the 580
GPs on demographics, diagnoses, consultation rates, refer-
rals, hospitalizations, laboratory test results, and prescrip-
tions (including the dose, strength and formulation) among
patients covered in the practices. The diagnoses are identi-
fied using Read-codes and prescriptions coded according to
the drug dictionary, Multilex [22]. Read clinical classifica-
tion system was developed as a thesaurus of medical terms
capturing not only diagnoses but also history, examination,
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procedures, social information as well as administrative
information, thus being more comprehensive than other cod-
ing systems. Quality control checks are done regularly, and
this database has been validated for pharmacoepidemiologic
studies and for MI as an outcome [23].

For the present study, data recorded on individuals from
January 2000 to September 2013 was used. All individuals
aged 35-89 years with at least 1 prescription for an NSAID
during the study time were included for the analysis. Further,
each study individual was required to have at least 1 year
of enrollment in the database and 1 visit with the GP to be
included in the study. This facilitated adequate recording of
covariates. To capture incident MI cases, individuals with a
history of MI were excluded.

Study design

We used a nested matched case—control study of NSAID
users to determine the risk of MI with current meloxicam
use compared with remote use of NSAIDs.

Identification of cases and controls

Cases of MI were identified using Read codes and date on
which the Read code was recorded considered the index
date. Individuals with codes for angina or merely an ECG
abnormality were not considered as cases, an approach vali-
dated previously in THIN [23]. We selected up to 4 controls
for each case, using the date of the case’s event (index date)
to obtain the control’s data on age, sex, GP practice to which
the patient belongs and the date of inclusion of control in the
analysis. Matching was done without replacement.

Assessment of NSAID exposure

Amongst the NSAID users, we first determined how recent
the NSAID use was for each patient relative to the index
date. For each NSAID, the frequency of dosing and number
of pills prescribed were used to calculate prescription com-
pletion date. While it is possible that an individual could
have taken a prescription beyond the calculated end date,
it would lead to misclassification of current users as recent
users and hence bias the results towards null.

The prescription completion date was used to classify
patients into 3 categories. Those whose prescription dura-
tion overlapped the index date were classified as “current
users”, those whose prescription ended 1-60 days prior to
the index date as “recent users” and those whose prescrip-
tion ended more than 60 days but within 1 year prior to
the index date as “remote users”. Current NSAIDs users
were further categorized into four groups based on the
drugs of interest: meloxicam, diclofenac (positive control),
naproxen (negative control), and other NSAIDs. Thus, six
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mutually exclusive categories of NSAID exposure were cre-
ated: the 4 current NSAID user groups, recent users (of any
NSAIDs), and remote users (of any NSAIDs). If multiple
overlapping prescriptions for different NSAIDs were made,
the most recent prescription was used for classification into
exposure categories. Given that the risk of MI is with cur-
rent NSAID use, remote users of NSAID are expected to
have no increased MI risk and were chosen as the reference
group. Remote users were chosen oven non-users to reduce
confounding. Similar approach has been used previously by
Garcia et al. [24].

Confounders

Traditional cardiovascular risk factors were assessed as fol-
low: smoking status (current, ex-smokers, non-smokers),
body mass index (kg/mz; obese, overweight, normal, under-
weight), diabetes mellitus, hypertension and hyperlipidemia.
Data regarding potential cardiovascular risk factors such as
chronic kidney disease, inflammatory rheumatic disease
(e.g. rheumatoid arthritis, systemic lupus erythematosus and
other rheumatic disease previously demonstrated to be asso-
ciated with MI risk), osteoarthritis and history of ischemic
heart disease and stroke were also recorded. All disease con-
ditions were treated as dichotomous variables. The number
of visits to the GP within the year prior to the index date
was recorded as a marker of healthcare utilization. Finally,
use of cardioprotective agents including aspirin, § blockers,
ACE inhibitors and statins was recorded as a dichotomous
variable. All comorbidities were assessed prior to the index
date: most proximate data within 5 years of index date was
used for smoking status and BMI; drug use was assessed
within 1 year prior to the index date.

Statistical analysis

Baseline characteristics were expressed as mean + SD for
continuous variables and compared using a ¢ test, or as per-
centages for ordinal or dichotomous variables and compared
using a Chi-square test. Multivariable conditional logistic
regression was performed to estimate adjusted odds ratio
(aOR) of MI for each current/recent NSAID exposure cat-
egory relative to remote users of any NSAIDs adjusting
for each of the covariates identified in Table 1. For the pri-
mary analysis we included all individuals, and missing data
regarding BMI and smoking status were imputed by sequen-
tial regression method based on a set of covariates as predic-
tors (IVEware for SAS version 9.2; SAS Institute, Cary, NC,
USA) [25]. It has been previously suggested that risk of MI
associated with NSAID use is dependent on concomitant
use of aspirin [24]. Therefore, we conducted an analysis by
introducing an interaction term for NSAID and aspirin use
and presenting stratified analysis of individual NSAID.

Table 1 Baseline demographics of the cohort

MI cases (n =9291) Controls (n = 30676)

Age, mean + SD* 67.4+119 66.3 + 11.6
Female* 3872 (41.7%) 13221 (43.1%)
Diabetes™ 1605 (17.3%) 3402 (11.1%)
Hyperlipidemia* 1457 (15.7%) 3821 (12.5%)
Hypertension* 4607 (49.6%) 12472 (40.7%)
Ischemic heart disease™® 2294 (24.7%) 3050 (9.9%)
BMI*
Underweight 191 (2.1%) 611 (2.0%)
Normal 1469 (15.8%) 4877 (15.9%)
Overweight 2649 (28.5%) 8585 (28.0%)
Obese 2353 (25.3%) 6975 (22.7%)
Missing 2629 (28.3%) 9628 (31.4%)
Smoking*

Non-smoker

2765 (29.8%)

11827 (38.6%)

Ex-smoker 2564 (27.6%) 8201 (26.7%)
Current smoker 2420 (26.0%) 4505 (14.7%)
Missing 1542 (16.6%) 6143 (20.0%)
Stroke* 410 (4.4%) 813 2.7%)
Chronic kidney dis- 841 (9.1%) 1804 (5.9%)
ease™
Osteoarthritis® 3568 (38.4%) 11368 (37.1%)
Inflammatory arthritis* 1880 (20.2%) 5031 (16.4%)
ACE Inhibitors* 2403 (25.9%) 5514 (18.0%)
Aspirin* 3212 (34.6%) 6439 (21.0%)
Beta Blockers* 2364 (25.4%) 5246 (17.1%)
Statins* 3212 (34.6%) 7508 (24.5%)
GP visits*, mean £ SD 9+ 9 T7+7

All numbers are expressed as N (%) unless otherwise noted

* Indicates p < 0.01
£ Indicates p < 0.05

We performed multiple sensitivity analyses: A. By
excluding individuals with ischemic heart disease, B. Given
the lack of exact knowledge of when the risk of MI conferred
by NSAID use ceases, we redefined current users using 2
different time frames (i) Prescription end date within 7 days
prior to index date and (ii) Prescription end date within
15 days prior to the index date and C. Complete case analy-
sis by including individuals with only complete data and
excluding those with missing data on BMI and smoking.
We also performed an additional analysis using 12 mutually
exclusive drug exposure categories using the combination
of actual drug use (diclofenac, meloxicam, naproxen and
other NSAIDs) and timing of drug use (current, recent and
remote) which would provide information regarding when
the risk of MI ceases.

Assuming the probability of exposure among control of
0.025 (a low estimate given 20 million annual prescriptions
in US) and a correlation coefficient for exposure between
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Table 2 Adjusted odds ratio of

MI cases Controls Crude OR Adjusted OR*
MI for each NSAID exposure
category imputing for BMI and Current diclofenac use 1020 2846 1.34(1.23, 1.45) 1.37 (1.25, 1.50)
smoking Current meloxicam use 248 655 1.38 (118, 1.61) 1.38 (1.17, 1.63)
Current naproxen use 277 886 1.17 (1.01, 1.35) 1.12 (0.96, 1.30)
Current other NSAID use 1246 3843 1.18 (1.09, 1.27) 1.16 (1.07, 1.26)
Recent NSAID use 2316 6958 1.23 (1.16, 1.31) 1.25(1.17,1.33)
Remote NSAID use 4184 15488 1.0 1.0

* Odds ratio is adjusted for all potential confounders in Table 1

matched cases and controls of 0.2, if the true odds ratio were
1.25 (a relatively low estimate for COX-2 inhibitors), we
estimated the need for 5299 cases with 4 matched controls
to be able to reject the null hypothesis with a power of 0.8;
two-sided alpha being 0.05 [21].

We internally validated the MI definition by reviewing
charts of 50 cases and 50 controls. Overall, 97% of profiles
were appropriately categorized as cases or controls (48 cases
and 49 controls). NSAID classification into each of the expo-
sure categories was appropriate for all 100 subject profiles.

Results

9291 cases of MI and 30,676 matched controls were identi-
fied. The average age and gender were similar between the 2
groups. As expected, individuals with MI had a higher prev-
alence of traditional cardiovascular risk factors (diabetes,
hypertension, hyperlipidemia, obesity and being an active
smoker), chronic kidney disease (CKD) and inflammatory
arthritis. They had a higher prevalence of ischemic heart dis-
ease and stroke in the past. In addition, use of cardio-active
agents (P blockers, aspirin, statins and ACE inhibitors) was
more common amongst the cases (Table 1).

For the main analysis, we included all individuals and
imputed data regarding smoking status and BMI. Multivari-
able logistic regression revealed that compared with remote
use of any NSAIDs, the aORs of MI were 1.38 (95% CI
1.17-1.63) for current meloxicam use, 1.37 (95% 1.25-1.50)
for current diclofenac use, and 1.12 (95% 0.96—1.30) for cur-
rent naproxen use, respectively. Recent use of any NSAID
(between 1 and 60 days prior to the event days) was also
associated with an increased risk of MI (aOR 1.25, 95% CI
1.17-1.33) (Table 2).

To examine the effects of aspirin on the risk of MI, we
performed an analysis by introducing an interaction for
each NSAID use and aspirin use. The aOR of MI in cur-
rent meloxicam users who did not use concurrent aspirin
remained elevated whereas this risk was eliminated in cur-
rent meloxicam users who used concurrent aspirin; remote
users being the referent group in each case (Table 3). We
conducted an additional analysis in patients without any
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Table 3 Effect of aspirin on the risk of MI associated with current
NSAID use

Effect of aspirin

NSAID alone NSAID + aspirin
Diclofenac 1.48 (1.26, 1.73) 1.27 (0.94, 1.73)
Meloxicam 1.41(1.03, 1.92) 0.70 (0.39, 1.25)
Naproxen 1.21 (0.93, 1.56) 1.04 (0.65, 1.67)

Table 4 Adjusted odds ratio of MI for each NSAID exposure cat-
egory imputing for BMI and smoking and excluding patients with
prevalent ischemic heart disease

Ml cases  Controls  Adjusted OR
Current diclofenac 877 2660 1.37 (1.25, 1.50)
Current meloxicam 214 588 1.40 (1.17, 1.68)
Current naproxen 244 818 1.14 (0.96, 1.34)
Current other NSAIDs 1050 3484 1.18 (1.08, 1.29)
Recent any NSAIDs 1992 6491 1.23 (1.15, 1.32)
Remote any NSAIDs 3617 14401 1

prevalent ischemic heart disease to eliminate any resid-
ual confounding conferred while examining association
between NSAID use and risk of MI. The results were
largely unchanged; aOR for diclofenac was 1.37 (95% CI
1.25-1.50), for meloxicam was 1.40 (95% CI 1.17-1.68)
and for naproxen was 1.14 (95% CI 0.96-1.34) (Table 4).
We used 2 alternative definitions of current NSAID use
(prescriptions ending up to 7 and 15 days prior to the index
date) for sensitivity analyses, the results did not change
materially in either case (Supplementary Table S1). We also
conducted sensitivity analysis by excluding individuals with
any missing data (complete case analysis) which yielded
6212 cases and 19,408 controls. The distribution of baseline
characteristics of this subset was similar to the underlying
cohort (Supplementary Table S2). These sensitivity analyses
did not affect the results (Supplementary Table S3). Finally,
we conducted yet another analysis with 12 different mutu-
ally exclusive categories of NSAID exposure using differ-
ent combinations actual NSAID use (diclofenac, meloxicam,
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naproxen and other NSAID) and timing of drug exposure as
compared to index date (current, recent or remote). Similar
to primary analysis, we found an increased use associated
with current and recent use of diclofenac and meloxicam.
There was no increased risk of MI seen with naproxen use.
Remote use was not associated increased risk of MI (Sup-
plementary Table S4).

Discussion

In this large population-based cohort, we demonstrated that
the use of meloxicam was associated with approximately
38% higher odds of MI than remote use of NSAIDs. We
confirmed that diclofenac use was associated with 37%
increased odds of MI whereas there was no risk associated
with naproxen use.

Since the VIGOR and APPROVe trials, several studies
have looked at commonly used drugs like the COX-2 inhibi-
tors (rofecoxib, celecoxib), as well as diclofenac, ibuprofen,
indomethacin and naproxen [3-7, 24, 26]. There have been
no randomized control trials and few observational studies
which have assessed the risk of MI with meloxicam, partly
because its use was previously uncommon, doubling only
recently between 2007 and 2011 [21]. The studies of meloxi-
cam revealed risk estimates varying from 0.88 to 1.3 often
with confidence bounds bridging one. This may be a conse-
quence of limited sample sizes in these studies.

Two studies reveal increased but not statistically sig-
nificant odds of MI with meloxicam use, one conducted in
THIN (2000-2005) by Garcia-Rodriguez (2008) (aOR 1.3
(0.92-1.82)) and other Finnish case—control study (aOR 1.24
(0.99-1.55)) both [24, 27]. However, both of these studies
had half the sample size of the current study; 59 and 149 MI
cases with meloxicam use, respectively. Two studies using
the UK General Practice Research Database with small num-
bers of MI with meloxicam use, 25 and 137, respectively,
reveal aOR of 0.97 (0.6-1.6) and 1.19 (1.01-1.41), respec-
tively [28, 29]. All four studies used non-users of NSAIDs
as a control group.

A case-crossover study conducted using National Health
Insurance claims database (2005-2006) in Taiwan demon-
strated that current meloxicam use had an aOR of MI 0.97
(0.73-1.3) (n = 327) [30]. This study used a 30-day win-
dow prior to the event to assess exposure as compared to
concurrent use in the present study. This could have caused
under-estimation of the risk. Another study in the same
database showed MI risk to be similar between long-term
rofecoxib and meloxicam use [31]. Given that the MI risk
with rofecoxib is well established, the likely explanation
would be that the risk is increased by both the drugs. Two
additional studies, using the universal health insurance data
from Quebec, Canada prior to 2002 revealed no increased

risk with meloxicam use. However, there were only 7 cases
in this database [32, 33].

Two meta-analyses assessing the risk of MI with meloxi-
cam showed disparate results. Meta-analysis conducted
by McGettigan et al. which included 4 of the above men-
tioned and 1 additional study presented as an abstract (Singh
et al.), revealed an increased risk of MI with meloxicam
use (aOR 1.2 (1.07-1.33)) [34, 35]. Our results are similar
to this meta-analysis. Another meta-analysis conducted by
Ashgar et al. revealed no increased risk of MI (aOR 1.13
(0.98-1.32)) [36]. However, this meta-analysis did not
include the Finnish study and included additional studies
with small numbers [37-39]. In addition, the study required
meloxicam use to be at least 90 days which may introduce a
prevalent user bias (long term use possible only in those who
did not experience side effect during the 90 days) thereby
attenuating the increased risk.

We observed that the risk of MI associated with meloxi-
cam use was mostly in individuals not using concomitant
aspirin. This is consistent is similar to that observed in a
nested case—control study conducted Garcia Rodriguez et al.
[24]. It has been suggested that meloxicam does not alter the
anti-platelet effect of aspirin and that aspirin may counter the
prothrombotic effects of meloxicam [40, 41].

The MI risk we found for diclofenac was slightly lower
than that reported in older randomized controlled studies.
Diclofenac use has dropped substantially since the 2008
American Heart Association position statement (with similar
publicity in the UK) which identified diclofenac as a drug
with increased cardiovascular risk. This may have led to
diclofenac being used at lower doses than in the past and
in a carefully selected patient population, thus lessening its
cardiovascular risk.

Interestingly, we also observed that recent use of NSAIDs,
particularly diclofenac and meloxicam, was associated with
an increased risk of MI as compared with remote use. There
are two potential explanations for this observation: (a) the
risk of MI conferred with NSAID use may not cease imme-
diately and (b) there may be misclassification of individuals
in the recent user category who were truly current users.
The latter is plausible since time of use was calculated by
prescription date and number of pills given. If subjects filled
the prescription late or had an excess supply, some of the
recent use could have been current.

The current study has limitations some of which are
inherent to electronic medical records database. First, we
were unable to account for over-the-counter (OTC) use of
NSAIDs such as ibuprofen, aspirin and naproxen. Even so,
we expect that misclassification of current OTC users as
remote users would have biased study results toward the
null, underestimating the risk associated with meloxicam.
Second, the prescription duration was calculated from
number of pills prescribed and the frequency of dosing
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rather than actual use of the pills. This could have led to
potential misclassification of exposure categories. Third,
the sample size did not allow for dose-response evalu-
ation. Finally, the database lacks information on family
history of heart disease, quantity of alcohol use, smoking
intensity, over-the-counter aspirin use and more granular
data such as diabetes severity, lipid levels precluding our
ability to include these variables in the analysis. Other
cardiovascular outcomes, like heart failure, were beyond
the scope of current study and the risk estimates may not
be similar to that of MI [42].

Despite the above limitations, this study has impor-
tant strengths. First, the current study design, a nested
case—control approach for assessing risk of MI with
meloxicam, diclofenac and naproxen users (positive and
negative control) as compared to remote users, has inher-
ent advantages. This approach offers an advantage over
cohort analysis in which it would be difficult to control for
drug switching and survival bias. In the current analysis
individuals were considered exposed to the most proxi-
mate prescription. We used remote users rather than non-
users as the control group. This approach has two advan-
tages—(a) the results are less influenced by unmeasured
confounders which are stable over time and (b) users of
prescription NSAIDs are inherently different than non-
users, which could introduce “healthy user effect”. While
not eliminating it, use of remote users and positive and
negative control group would minimize this effect [43].
Second, we calculated the E-value, based on aOR of 1.38
for meloxicam use and MI, to be approximately 2 [44]. The
strength of association between unmeasured or residual
confounding with exposure and outcome would have be
greater than 2 beyond the model for the result of 1.38 to be
untrue. This is unlikely to be the case and further, the risk
estimates for diclofenac and naproxen are similar to prior
studies suggesting that residual confounding has been min-
imized and that the results are unlikely to be biased. Third,
the risk estimates were robust to the variations in study
design used in various sensitivity analyses. Fourth, this
is the largest study conducted using a population-based
database assessing the risk of MI with meloxicam use,
hence the results are likely to be broadly generalizable.
Myocardial Infarction is an important clinical outcome
and the results provide useful insight about the risk of MI
associated with meloxicam as compared to diclofenac and
naproxen, the known most toxic and least toxic NSAID,
respectively. This would aid clinicians in choosing NSAID
analgesics for their patients. Finally, despite the lack of
data regarding some confounders, THIN database contains
systematically and prospectively collected data and has
been previously validated for MI as an outcome and phar-
macoepidemiologic studies [23].
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Conclusions

In summary, we demonstrated a 38% increased risk of MI
associated with meloxicam use in a large population-based
cohort. Results of the current study suggest that meloxicam
should be used cautiously, especially in persons at risk of
heart disease.
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