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Use of non-steroidal anti-inflammatory drugs
correlates with the risk of venous thromboembolism
in knee osteoarthritis patients: a UK
population-based case-control study

Taeyeon Lee', Na Lu'?, David T. Felson', Hyon K. Choi?, Deepan S. Dalal®,
Yuqing Zhang' and Maureen Dubreuil®*

Abstract

Objective. We aimed to examine whether the current users of specific NSAIDs have an increased risk of
venous thromboembolism (VTE) among knee OA patients.

Methods. We conducted a population-based case-control study using The Health Improvement Network,
a database of patient records from general practices in the UK. For every VTE case, we identified five
controls matched on age, sex and calendar year of study enrolment. We used conditional logistic regres-
sion to assess the association between current use of specific NSAIDs and risk of VTE relative to remote
NSAID users.

Results. Among knee OA patients with at least one NSAID prescription, we identified 4020 incident cases
of VTE and 20059 matched controls. Adjusted odd ratios (ORs) relative to the remote users were 1.38
(95% CI: 1.32, 1.44) for recent users and 1.43 (95% CI: 1.36, 1.49) for current users. Among the current
NSAID users, the risk of VTE was increased with diclofenac [OR 1.63 (95% CI: 1.53, 1.74)], ibuprofen
[OR=1.49 (95% CI: 1.38, 1.62)], meloxicam [OR=1.29 (95% CI: 1.11, 1.50)] and coxibs [celecoxib,
OR=1.30 (95% ClI: 1.11, 1.51); rofecoxib, OR=1.44 (95% CI: 1.18, 1.76)]; naproxen did not increase
VTE risk [OR=1.00 (95% CI: 0.89, 1.12)].

Conclusion. Compared with the remote users of NSAIDs, the risk of VTE increased for current users of
diclofenac, ibuprofen, meloxicam, and coxibs, but not for naproxen, in the knee OA population. Clinicians
should consider the risk profile for specific NSAIDs when recommending their use.
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Rheumatology key messages

e In knee OA, venous thromboembolism risk was increased in users of diclofenac, ibuprofen, meloxicam and
coxibs.

o Venous thromboembolism risk with diclofenac and ibuprofen use appeared higher than risk in coxib use in knee
OA patients.

o Among knee OA patients, venous thromboembolism risk was not increased among current users of naproxen.
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NSAIDs are one of the most frequently prescribed classes
of medicine for treating arthritis or pain [1]. Despite their
long history of use, previously unrecognized adverse ef-
fects are still being reported [2-10]. Recent findings of
NSAIDs’ effect on venous thromboembolism (VTE) have
raised questions on how NSAIDs affect the risk of VTE,
though the results are still controversial [6, 11, 12].
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VTE, which includes deep venous thrombosis (DVT) and
pulmonary embolism, has an incidence of >0.1% of
people per year in the USA and is often fatal [6, 9].
Several studies [6-10] were conducted to assess the re-
lation between NSAIDs and VTE, but none of these con-
trolled for the disease indication for NSAIDs. VTE risk
could be associated with the indication for NSAIDs
rather the effect of NSAIDs by itself. For example, pain
from knee OA may limit the mobility of the patients, and
may put them in an increased risk of VTE [13-15].
Additionally, leg pain ultimately caused by a DVT could
trigger using NSAIDs to lessen the pain, creating a spuri-
ous association of NSAID with DVT (protopathic bias).

A recent meta-analysis also showed that, compared
with non-users of NSAIDs, both non-selective NSAIDs
(nsNSAIDs) users and coxib users had an increased risk
of VTE [5]. However, in this study, the VTE risk among
NSAID users in the general population was compared
with that of NSAID non-users, which raises an issue of a
potential confounding by indication [16]. It has been
pointed out that the differences in the definitions of
NSAIDs exposure and concerns about the heterogeneity
of the populations in the included studies limits the gen-
eralizability of results [5, 12]. Furthermore, this study at-
tempts to apply results to all NSAIDs as a class, which
could be misleading in interpreting the effects of individual
NSAIDs.

Cumulative findings of NSAIDs’ different effects on
thrombosis suggest that the degree of VTE risk might
vary depending on the individual NSAIDs. How NSAIDs
are associated with arterial thrombosis has been studied
through multiple randomized controlled trials [4, 17] and
observational studies [2, 18-20, D. Dalal et al., submitted
for publication], yet the mechanism of how NSAIDs affect
coagulation has not been clearly explained. Considering
that arterial and venous thrombosis have common patho-
physiological mechanisms, and that each one is often a
risk factor for one another [21, 22], attention on the indi-
vidual NSAIDs on VTE risk may lead to practical clinical
insights. To assess the VTE risk of NSAIDs, we conducted
a nested case-control study of individual NSAIDs by re-
stricting the study population to knee OA patients.

Methods

Study population

We drew our study population from The Health
Improvement Network (THIN), a database of patient re-
cords from general practices (GPs) in the UK from 1986
to 2013. THIN contains health related records including
information on diagnoses (using Read codes), symptoms,
referrals to secondary care, medication prescriptions and
other physical characteristics such as BMI, blood pres-
sure and smoking status. Subjects with a diagnosis of
knee OA were eligible to enter the study if they were
aged 18-90 years, had at least one prescription record
for NSAIDs, and were enrolled with a GP participating in
THIN for at least 1 year during the study period of 1
January 1995 through 31 September 2013. This study
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was approved by the UK National Health Service
Research Ethics Committee (Protocol 14-020).

Case ascertainment

We identified incident VTE cases as persons with a Read
code for either pulmonary embolism or DVT and a subse-
quent prescription record of anticoagulation (see supple-
mentary data available at Rheumatology Online). We also
included cases with a VTE Read code without following
prescription data for anticoagulant if the subject died
within 30 days [15]. Subjects who had a VTE event prior
to the knee OA diagnosis were excluded from the study,
and the date of the first diagnosis of VTE was taken as the
index date for the cases.

Control selection

For each VTE case, we identified a maximum of five con-
trols with knee OA, matched on the year of birth, sex and
calendar year of index date. We used risk-set sampling to
randomly select matched control subjects from knee OA
patients without VTE. Controls were assigned the same
index date as their matched case.

Exposure to NSAIDS

Information on NSAID prescriptions was extracted by
using Anatomical Therapeutic Chemical codes (see sup-
plementary data available at Rheumatology Online). Using
the date of the most recent NSAID prescription, we cate-
gorized subjects into three groups: current, recent and
remote users. Current users were defined by those with
an NSAID prescription dated within 60 days prior to the
index date [2]. Current users were further classified into
eight categories [23]: diclofenac, ibuprofen, naproxen,
meloxicam, celecoxib, rofecoxib, other coxibs, and
users of any other NSAID. Recent and remote users
were defined by those with a prescription of any NSAID
within 60-365 or >365 days, respectively, before the index
date. Judging that the remote users were likely to have the
least exposure to NSAIDs, we set this group as the refer-
ence group for analyses. Remote NSAID users serve
better as a reference group rather than non-users be-
cause it assures both the exposures of interest and the
referent group had an indication for NSAID use. We
excluded subjects whose NSAID prescriptions were
before the knee OA diagnosis and those who were pre-
scribed more than one NSAID within the 60-day period
preceding the index date because whether the VTE is
correlated to one NSAID or another would be ambiguous.
Knee OA patients without an NSAID prescription were
excluded to reduce the potential for confounding by
indication.

Covariates

To allow adjustment for potential confounding, we ob-
tained information on the covariates during the period
12-24 months prior to the index date. The covariates
included major risk factors for VTE (surgery, trauma and
cancer), smoking status, alcohol consumption, comorbid-
ities (stroke, ischaemic heart disease, chronic kidney
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disease, liver disease, hypertension, diabetes, hyperlipi-
daemia, inflammatory rheumatic conditions), concomitant
drugs (glucocorticoids, aspirin, HRT) and utilization of
medical care (specialist referrals, number of GP visits
and hospitalizations).

Statistical analysis

To assess whether the risk of VTE increased in relation to
NSAID usage, we compared current with remote users.
The crude association between NSAID usage and VTE
risk was assessed by using a conditional logistic regres-
sion model only adjusted for the matching factors: age,
sex and calendar year. A conditional logistic regression
model was used to assess the effect of NSAIDs on VTE
risk with adjustment for the baseline covariates. In add-
ition to the major VTE risk factors (surgery, any trauma
and cancer) and lifestyle related factors (smoking status
and BMI), we added additional covariates to the multivari-
ate model individually and assessed if the effect estimate
changed by >10%. Our primary analysis used imputed
missing values for covariates (BMI, smoking status and
alcohol use), and combined estimates from five different
imputed datasets. All of the analyses were performed with
SAS software (version 9.3, SAS Institute, Cary, NC, USA).
IVEware (version 0.2) [24] was used for imputation.

Results

Characteristics of the study population

The baseline characteristics of the study population are
summarized in Table 1. A total of 24 079 knee OA patients
were included in the analysis: 4020 cases of VTE and
20059 matched controls. More than half of subjects
were female and aged 70 years or older. Cases and con-
trols were similar with respect to the distribution of most
major VTE risk factors and comorbidities, although obes-
ity, cancer, glucocorticoid use and specialist referral were
more prevalent in the cases than the control group.

NSAIDs usage and VTE risks

Compared with the remote users, the risk of VTE was
increased in both current and recent NSAID users.
After adjustment for all potential confounders, VTE risk
was increased by 38% [OR=1.38 (95% ClI: 1.32, 1.44)]
among recent users, and 43% [OR=1.43 (95% CI: 1.36,
1.49)] among current users (Table 2). Among current
users, risk of VTE was increased in the diclofenac
users [OR=1.63 (95% CI: 1.53, 1.74)], ibuprofen users
[OR=1.49 (95% CI: 1.38, 1.62)], meloxicam users
[OR=1.29 (95% CI: 1.11, 1.50)] and users of both cele-
coxib [OR=1.30 (95% CI: 1.11, 1.51)] and rofecoxib
[OR=1.44 (95% CI: 1.18, 1.76)]. However, such an asso-
ciation was not observed among current naproxen users
[OR=1.00 (95% CI: 0.89, 1.12)] (Fig. 1).

The increased risk of VTE in the current diclofenac, ibu-
profen, meloxicam and coxibs usage categories persisted
across the strata of sex, age (<60, 60-69, >70) and
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TasLE 1 Baseline characteristics of the VTE cases and
matched controls

Controls
(n=20 059)

VTE cases

(n =4020)

Female, n (%)
Age (years), n (%)

2431 (60.5) 12137 (60.5)

>30 1682

Major risk factors
for VTE, n (%)

<60 479 (11.9) 2357 (11.8)

60-69 968 (24.1) 4840 (24.1)

=70 2573 (64.0) 12862 (64.1)
Age, years, mean (s.n.) 72.7 (10.1) 72.8 (10.0)
BMI category, kg/m?, n (%)

<18.5 15 (0.4) 97 (0.5)

18.5-24.9 574 (15.9) 4079 (22.7)

25-29.9 1346 (37.2) 7420 (41.3)

(46.5

) 6373 (35.5)

Surgery 338 (8.4) 1522 (7.6)
Any trauma 274 (6.8) 1133 (5.6)
Cancer 632 (15.7) 2276 (11.3)
Smoking, n (%)
None 2319 (60.4) 11408 (59.4)
Past 1114 (29.0) 5544 (28.8)
Current 408 (10.6) 2267 (11.8)
Alcohol, n (%)
None 877 (24.3) 4113 (22.8)
Past 97 (2.7) 426 (2.4)
Current 2634 (73.0) 13489 (74.8)
Other comorbidities, n (%)
Stroke 375 (9.3) 1768 (8.8)
Ischaemic heart disease 788 (19.6) 3525 (17.6)
Chronic kidney disease 468 (11.6) 2062 (10.3)
Liver disease 98 (2.4) 476 (2.4)
Hypertension 2012 (50.0) 9980 (49.8)
Diabetes 484 (12.0) 2365 (11.8)
Hyperlipidaemia 1298 (32.3) 6654 (33.2)
Inflammatory conditions?® 594 (14.8) 2516 (12.5)
RA 110 (2.7) 477 (2.4)

NSAID use, n (%)

Remote user (any NSAID) 2114 (52.6) 12208 (60.9)
Recent user (any NSAID) 950 (23.6) 3991 (19.9)
Current diclofenac user 396 (9.9) 1433 (7.1)
Current ibuprofen 218 (5.4) 861 (4.3)
Current naproxen user 96 (2.4) 550 (2.7)
Current meloxicam user 57 (1.4) 250 (1.2)
Current celecoxib user 59 (1.5) 248 (1.2)
Current rofecoxib user 34 (0.8) 129 (0.6)
Current other coxib user 25 (0.6) 100 (0.5)
Current other NSAIDs user 71 (1.8) 289 (1.4)

Other medication use, n (%)

Glucocorticoids 445 (11.1) 1459 (7.3)

Aspirin 1147 (28.5) 5319 (26.5)

HRT 141 (3.5) 689 (3.4)

Medical service utilization

Specialist referral, n (%) 1547 (38.5) 6670 (33.3)

GP visits, mean (s.p.) 5.6 (4.4) 4.8 (3.9)

Hospitalizations, mean (s.p.) 0.37 (1.0) 0.28 (0.8)
3Seronegative spondyloarthropathy/psoriasis, CTD,
vasculitides and crystal arthropathies. VTE: venous
thromboembolism.

1101



Taeyeon Lee et al.

TasLE 2 Risk of VTE with usage of specific NSAIDs compared with remote usage of any NSAID

Cases, n Controls, n Crude OR? (95% CI) Adjusted ORP (95% ClI)

Remote use (any NSAID) 2114 12 208 1 (reference) 1 (reference)

Recent use (any NSAID) 950 3991 1.40 (1.34, 1.47) 1.38 (1.32, 1.44)
Current use 956 3860 1.47 (1.40, 1.53) 1.43 (1.36, 1.49)
Diclofenac 396 1433 1.66 (1.56, 1.77) 1.63 (1.583, 1.74)
Ibuprofen 218 861 1.49 (1.37, 1.61) 1.49 (1.38, 1.62)
Naproxen 96 550 1.02 (0.91, 1.14) 1.00 (0.89, 1.12)
Meloxicam 57 250 1.34 (1.16, 1.56) 1.29 (1.11, 1.50)
Celecoxib 59 248 1.43 (1.28, 1.66) 1.30 (1.11, 1.51)
Rofecoxib 34 129 1.60 (1.32, 1.95) 1.44 (1.18, 1.76)
Other coxibs 25 100 1.46 (1.17, 1.83) 1.45 (1.15, 1.83)
Other NSAIDs 71 289 1.46 (1.27, 1.67) 1.34 (1.17, 1.54)

aAdjusted for age, sex and calendar year. PAdjusted for age, sex, calendar year, surgery, trauma, cancer, BMI, smoking,
ischaemic heart disease, hypertension, diabetes, hyperlipidaemia, inflammatory conditions, glucocorticoid use, number of GP
visits, specialist referral and hospitalizations. VTE: venous thromboembolism.
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calendar period (1995-99, 2000-04, 2005-13) (supple- Discussion

mentary Tables S1-S3, available at Rheumatology
Online). However, the effects of diclofenac, ibuprofen,
meloxicam and celecoxib appeared to be greater in the
subjects <70 years of age (supplementary Table S2, avail-
able at Rheumatology Online).

This large population-based study of knee OA patients
demonstrates that all current users of nsNSAIDs and
coxibs had an increased risk of VTE except for users of
naproxen. The findings from our study largely agree with
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the results from the general population [7-9]. On the other
hand, a subgroup analysis from Huerta et al. [6] found no
increase in the VTE risk among the OA patients taking
NSAIDs. However, including patients with OA at any site
may incompletely describe the baseline VTE risk because
OA at specific sites may confer greater risk than others.
For instance, knee OA may have a greater association
with impaired mobility [13, 14] and obesity [25, 26] than
hand OA. The effect estimates observed in our study are
lower than those of the previous studies from the general
population [7-9], which may be due to a greater baseline
risk for VTE in knee OA patients, or because we reduced
the potential for confounding by indication by establishing
remote NSAID users as the referent group.

The definition of current users and selection of specific
NSAIDs of interest in this study was based on the findings
from a previous study on the usage of NSAIDs in the UK
using THIN [23]. According to this study, the most
common duration of an NSAID prescription is <60
days; therefore our definition of current users is consistent
with the practice of NSAID prescriptions in the UK.
Considering the rare occurrence of VTE in the general
population, we selected the most frequently used
NSAIDs to ensure adequate power for the analysis while
including both coxibs and nsNSAIDs.

We found that, among nsNSAIDs, the degree of VTE
risk was dependent on the specific NSAID. As compared
with the 63% increase in the risk among current diclofe-
nac users and 49% increase in current ibuprofen users,
the risk was not increased at all among current naproxen
users. Therefore, it may be misleading to suggest that all
NSAIDs significantly increase the risk of VTE [5].

The trend of increased VTE risk among individual NSAIDs
is parallel to that for the risk of other vascular events includ-
ing stroke, myocardial infarction and vascular death, as
was found from meta-analyses [27-29]; the increased risk
of both arterial and venous thrombotic events was present
in the descending order of diclofenac, ibuprofen and coxibs
(celecoxib and rofecoxib); naproxen had no increase in risk.

While there is no consensus on how NSAIDs influence
thrombotic events, one common hypothesis [5, 7, 30] is
that NSAIDs cause an imbalance between prostacyclin
and thromboxane, triggering an unopposed expression
of thromboxane due to the selective inhibition of COX-2.
This increase in thromboxane is thought to lead to a pro-
thrombotic state and increased risk of thrombotic
diseases. However, in our study, the VTE risk of individual
NSAIDs was not correlated with the selectivity on the
COX-2. The lack of clinical evidence to generally associ-
ate COX-2 selectivity with cardiovascular risks was exten-
sively reviewed by Joshi et al. [31]. Furthermore,
according to Kirkby et al. [32], the production of prosta-
cyclin, which has been assumed to be controlled by the
COX-2 enzyme under the imbalance hypothesis, seems to
be driven by COX-1 in the cardiovascular system. In this
case, it is questionable to consider COX-2 selectivity as a
cause of increased thrombotic events.

Another perspective explaining the association between
NSAIDs and VTE is the increased production of reactive
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oxygen species (ROS) by NSAIDs [31]. Increased produc-
tion of ROS can contribute to endothelial dysfunction such
as activation of proinflammatory signalling pathways and
inhibition of nitric oxide synthase [33]. It has been shown
from studies on oxidative stress that individual NSAIDs
could differ in the degree of inducing endothelial dysfunc-
tion; diclofenac produced the most oxidative stress [33,
35]. This mechanism may explain the association of diclo-
fenac and VTE found in our study. However, naproxen,
which showed least association with VTE risk in our
case, was also found with high oxidative stress [34, 35].

Alternatively, the pharmacokinetics of naproxen could
be considered to help understand the differential effects
compared with other NSAIDs on thrombotic risk.
Compared with diclofenac or ibuprofen whose half-life is
1-2h, the long half-life (about 14 h) of naproxen would
make it capable of sustained COX-1 inhibition, which re-
sembles the antiplatelet effect of low-dose aspirin [27, 36].
Therefore, COX-1/COX-2 inhibition, and drug-specific
ROS production and pharmacokinetics may all be com-
peting mechanisms within a complex pathway leading to
thromboembolic events.

The strength of our study results from the baseline VTE
risk adjustment, in that we restricted our study population
to knee OA patients with at least one prescription record
for NSAIDs. By requiring all subjects to have at least this
indication for usage of NSAIDs, we reduced the potential
for confounding by indication. In addition, the inclusion of
patients from a primary care database, and a long period
of study (1995-2013) make the results likely to be gener-
alizable to the other knee OA populations and probably to
the general population. One of the limitations in the pre-
sent study is our use of prescription NSAID records and
inability to account for over-the-counter NSAID use, rais-
ing concerns of exposure misclassification; however we
expect this misclassification to have only biased results
toward the null. Additionally, due to small numbers, we
were unable to assess for differential effects based on
dosage, which has been shown to occur in some
NSAIDs (e.g. celecoxib for cardiovascular events) [37].
Lastly, we were unable to compare the bleeding risk of
individual NSAIDs, as it was beyond the scope of this
study. We note that naproxen could have a higher risk
for upper gastrointestinal bleeding compared with cele-
coxib [38].

In conclusion, we found that the magnitude of VTE risk
in knee OA patients varies by current usage of specific
NSAIDs: highest with diclofenac, followed by ibuprofen,
meloxicam and then coxibs, and there was no increase
in VTE risk among naproxen users. In patients with VTE
risk factors, diclofenac, ibuprofen, celecoxib and melox-
icam should be used cautiously.
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