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A B S T R A C T

Objectives: To investigate the role of osteoarthritis (OA) in the incidence of musculoskeletal, metabolic, cardio-
vascular, digestive, neuro-psychological, kidney and other comorbidities/adverse events after (i) incident non-
steroidal anti-inflammatory drug (NSAID) initiation and (ii) NSAID discontinuation.
Methods: We used register data for the population of Skåne, Sweden. For (i), we analysed the association between
starting NSAIDs and the risk of incident outcome events in the 6 years following NSAID dispensation among
people with prevalent OA vs no OA. For (ii) we studied the effect of discontinuing NSAIDs among people with and
without OA up to 120 days. We used flexible parametric models to estimate adjusted differences in cumulative
incidence with NSAIDs as time-varying exposure in the presence of non-proportional hazards.
Results: For (i) we included between 243,832 and 409,749 persons. In the whole cohort, over the 6 years of follow-
up, NSAID initiation was associated with a 3% (metabolic) to 16% (musculoskeletal) higher cumulative incidence
of outcomes compared to non-users. The difference between those initiating NSAIDs vs non-users was similar in
those with and without OA for most outcomes, but in those with OA the increase was lower for neuro-
psychological (95%CI: 3.7%–4.6% vs 7.1%–7.9%) and musculoskeletal comorbidities (12%–14.5% vs 16.2%–

17.2%).
In (ii), we found no interaction between OA and NSAID discontinuation. NSAID discontinuation was associated
with decreased risks for most of the outcomes, from �1.3% for musculoskeletal to �0.4% for cardiovascular
comorbidities.
Conclusions: OA appears to have little influence on the increased risk of comorbidities observed after NSAID
initiation or decrease after discontinuation.
1. Introduction

Osteoarthritis (OA) is the most common joint disease worldwide [1].
Pain is a cardinal symptom and, in the absence of disease-modifying
treatments, pain is the main target of current management strategies
[2]. Historically, OA has been considered a joint-specific “wear and tear”
disease, however, decades of research has revealed that it is a complex
disorder with multiple genetic and environmental risk factors [3], which
may also increase the risk of other chronic conditions [4,5]. In accor-
dance, a recent systematic review reported a pooled comorbidity prev-
alence of 67% in people with OA; about 20% higher than age and
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sex-matched controls without OA [6].
Oral non-steroidal anti-inflammatory drugs (NSAIDs) are the most

commonly used pharmaceutical for pain control and are at least condi-
tionally recommended by most clinical practice guidelines as second-line
treatments when exercise, weight-loss and self-management do not
provide satisfactory pain reductions [2,7]. However, NSAIDs are often
preferred to other treatment strategies and are together with opioids the
most frequently used treatment for people with OA in the US, ahead of
physical therapy [8]. Considering the current “opioid crisis” and the
effort to reduce opioids prescriptions, NSAID use is likely to further in-
crease in the management of long-lasting pain [9].
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NSAIDs have shown short term effectiveness in pain reduction in OA
[10], however, their long-term use may be a leading cause of
drug-related morbidity [11]. This can potentially be accentuated in
people with OA who often are elderly and/or at higher risk of developing
comorbidities, e.g. due to low-grade inflammation and/or physical
inactivity [5]. NSAIDs and OA may even hypothetically interact and
result in more than additive risk. A recent report has indicated that the
use of NSAIDs mediates up to 40% of the association between OA and
cardiovascular (CV) disease [12]. Given the chronic nature of OA
symptoms and the resulting need for long-term therapeutic solutions,
assessing the risks of developing comorbidities in people with an incident
NSAID dispensation is important [10].

Thus, our aim was to use data from everyday clinical settings to
investigate whether people with OA experience a higher risk of comor-
bidities and adverse events (AEs) after NSAIDs dispensation and
discontinuation when compared to controls without OA.

2. Methods

2.1. Data source

We used register data for the entire population of Skåne, the south-
ernmost region in Sweden with 1.4 million inhabitants (13% of the total
Swedish population). The Skane Healthcare Register (SHR) holds details
for primary, secondary and in-patient care given in the region. For each
visit to a physician, the date, personal identification number, details on
the clinic or primary care unit, and diagnostic codes according to ICD-10
system are registered. The Prescribed Drug Register contains information
on all drugs prescribed and dispensed at one of the pharmacies in the
country with data available from July 2005. The study was approved by
the Regional Ethical Review Board in Gothenburg (1059–16).

2.2. Inclusion criteria

We identified individuals aged 40 years or older on Dec 31st, 2009
and with residence in the Skåne region between January 1st, 1998 and
Dec 31st, 2009 with at least one healthcare visit during this time.

2.3. Exclusion criteria

All people with any prescription of NSAIDs within two years before
the start of the study (January 1, 2010) were excluded.

2.4. Exposure

For the current study, we analysed the use of the following NSAIDs:
Ketoprofen (M01AE03), Tenoxicam (M01AC02), Ketorolac (M01AB15),
Diclofenac (M01AB05), Ibuprofen (M01AE01), Naproxen (M01AE02),
Dexibuprofen (M01AE14), Nabumetone (M01AX01), indomethacin
(M01AB01), piroxicam (M01AC01), Naproxen (M01AE52), Celecoxib
(M01AH01), Rofecoxib (M01AH02), Valdecoxib (M01AH03), Parecoxib
(M01AH04), Etoricoxib (M01AH05), Lumiracoxib (M01AH06), Polma-
coxib (M01AH07), Meloxicam (M01AC06). We performed two sub-
studies to evaluate both initiation and discontinuation of NSAID use.
For substudy one we used the incident use of NSAIDs (any type) as
exposure. Substudy two was done only in persons receiving NSAID and
the exposure of interest was stopping the NSAIDs, i.e. to evaluate recent
and past drug use vs current use. To establish the duration of NSAID use
we used the number of recommended daily-dose included in one
dispensation.

3. Outcomes

A large set of >50 conditions were selected from a previous system-
atic review and previous studies from Sweden and England studying the
association between OA and incident comorbidities [4–6]. The
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conditions were grouped into musculoskeletal (MSK), metabolical,
neuro-psychological, CV, kidney, digestive and other AEs/comorbidities
(supplementary file 1A). The outcome of interest was a new diagnosis
(ICD-10 code) of any of the outcome events grouped as above. In the
analysis of the incidence of each comorbidity, individuals with a diag-
nostic code of that specific condition between January 1, 1998 and
December 31, 2009 were excluded from the analysis for that outcome
event but were included in the others. Among the analysed conditions,
we included several common NSAID AEs that we analysed separately
from the other conditions in a sensitivity analysis expecting an increased
risk of development of these conditions after incident NSAIDs dispensa-
tion as well as a reduction after NSAID cessation (supplementary file 1B).

3.1. Definition of OA

We identified persons with an OA diagnosis in peripheral joints (spine
excluded), i.e. of the hip, knee, ankle/foot, wrist/hand, generalized or
unspecific as recorded by a physician at a healthcare visit, i.e., at least
one M15 to M19 ICD-10 code, between January 1st, 1998 and Dec 31st,
2019. All persons without OA diagnosed during this time were consid-
ered as not having OA.

3.2. Study design

Substudy 1): In this substudy, we used January 2010 as the start of
follow-up for all persons (Fig. 1). We considered a person as an incident
NSAID user from the first date of NSAID dispensation. We followed all
persons until the end of the study (Oct 31st, 2015), death or the devel-
opment of the outcome event. Time from start of follow-up to the first
NSAID dispensation date was treated as unexposed time (non-user) and
so the exposure was time-varying.

Substudy 2): we performed this substudy in all persons receiving at
least one NSAID dispensation, with or without OA. The start of the
exposure was the end of the NSAID dispensation. To account for long-
term use, all drug dispensations with a break shorter than 90 days
were considered as a single drug episode. Thus, the exposure (stopping
NSAID use) started at the end of the first drug episode, i.e. at least 90 days
after the first dispensation. The participants were followed for the
following 120 days, death or the development of one of the outcomes. We
chose 120 days based on the observed NSAID use patterns, so that there
are both exposure and unexposed during the whole follow-up.

3.3. Confounders

Sex, age, marital status, if born in Sweden, residential area, income,
education in years, comorbidities and healthcare use were considered
confounders as they can potentially influence both exposure (incident
NSAID use) and outcome (incident comorbidity). For included in-
dividuals, individual-level information on income, education, marital
status, and country of birth, as reported in the year 2009, were retrieved
from the LISA register held by Statistics Sweden. We categorized edu-
cation according to its length: <10 years, 10–12 years, 13–14 years and
�15 years. Marital status (married/registered partner or other) and
country of birth (Sweden or outside Sweden) were binary, while income
was divided into 6 categories by 10th, 25th, 50th, 75th and 90th
percentile. The residential area was extracted from the Swedish Popu-
lation Register and was included as municipality (Lund, Malm€o, Hel-
singborg [the three largest municipalities in the region] or other).
Information on comorbidities between January 1, 1998 and December
31, 2009 was retrieved from the SHR and the presence of each comor-
bidity of interest was included as dummy variable. Healthcare use was
operationalised as: a) if having an inpatient stay, visits to a physician in
specialist care (0,1–2, 3þ), visits to a physician in primary care (0,1–2,
3þ) or visits to other (not physicians) healthcare professionals (0, 1–2,
3þ). Information on all covariates was collected up to the beginning of
follow-up (January 1, 2010) and was not updated after to avoid adjusting



Fig. 1. Study design. OA: Osteoarthritis; NSAIDs: non-steroidal anti-inflammatory drugs.

Table 1
Demographics stratified by outcome for substudy one.

Musculoskeletal Metabolic Cardiovascular Digestive Neuro-
Psychological

Kidney Other Adverse
Events

Subjects, n 372,251 428,277 329,416 431,351 395,347 478,800 278,685 334,842
Age in years, mean
(SD)

59.2 (13.1) 59.1 (13.2) 55.8 (11.6) 59.6 (13.3) 59.8 (13.2) 59.9 (13.3) 55.7 (11.2) 56.5 (12.0)

Sex, n (%)
Women 184,477

(49.6%)
216,409
(50.5%)

169,701
(51.5%)

219,389
(50.9%)

195,460 (49.4%) 246,408
(51.5%)

134,891
(48.4%)

170,671
(51.0%)

Men 187,774
(50.4%)

211,868
(49.5%)

159,715
(48.5%)

211,962
(49.1%)

199,887 (50.6%) 232,392
(48.5%)

143,794
(51.6%)

164,171
(49.0%)

OA, n (%) 31,328 (8.4%) 41,295 (9.6%) 23,421 (7.1%) 42,017 (9.7%) 39,588 (10.0%) 49,852
(10.4%)

19,119 (6.9%) 24,439 (7.3%)

OA þ NSAID, n (%) 8657 (2.3%) 12,862 (3.0%) 7324 (2.2%) 12,869 (3.0%) 11,918 (3.0%) 15,922 (3.3%) 5464 (2.0%) 7203 (2.2%)
Education, n (%)
9 years or less 98,949 (26.6%) 113,120

(26.4%)
73,316 (22.3%) 117,240

(27.2%)
107,580 (27.2%) 132,795

(27.7%)
64,701
(23.2%)

76,469
(22.8%)

10 to 12 years 161,187
(43.3%)

188,622
(44.0%)

150,037
(45.5%)

188,595
(43.7%)

171,644 (43.4%) 209,315
(43.7%)

127,312
(45.7%)

150,987
(45.1%)

13 to 14 years 46,370 (12.5%) 52,873
(12.3%)

44,478 (13.5%) 52,303
(12.1%)

48,341 (12.2%) 57,175
(11.9%)

36,654
(13.2%)

44,619
(13.3%)

15 years or more 62,984 (16.9%) 70,648
(16.5%)

59,696 (18.1%) 70,025
(16.2%)

64,943 (16.4%) 75,976
(15.9%)

48,339
(17.3%)

60,725
(18.1%)

Married, n (%) 270,133
(72.6%)

312,326
(72.9%)

242,393
(73.6%)

312,998
(72.6%)

291,484 (73.7%) 347,995
(72.7%)

205,336
(73.7%)

246,142
(73.5%)

Outcome, n (%) 42,600 (11.4%) 21,371 (5.0%) 53,566 (16.3%) 21,493 (5.0%) 40,738 (10.3%) 8317 (1.7%) 59,895
(21.5%)

58,447
(17.5%)

Comorbidities, n (%)
MSK – 81,181

(19.0%)
54,070 (16.4%) 79,646

(18.5%)
70,975 (18.0%) 94,942

(19.8%)
42,561
(15.3%)

54,568
(16.3%)

Metabolic 35,975 (9.7%) – 16,980 (5.2%) 43,811
(10.2%)

39,532 (10.0%) 50,693
(10.6%)

19,828 (7.1%) 18,137 (5.4%)

Cardiovascular 99,784 (26.8%) 109,607
(25.6%)

– 121,775
(28.2%)

110,691 (28.0%) 141,134
(29.5%)

54,124
(19.4%)

20,019 (6.0%)

Digestive 31,308 (8.4%) 40,671 (9.5%) 25,772 (7.8%) – 34,769 (8.8%) 48,449
(10.1%)

18,404 (6.6%) 10,512 (3.1%)

Neuro-Psychological 55,467 (14.9%) 69,633
(16.3%)

48,259 (14.6%) 67,687
(15.7%)

– 81,356
(17.0%)

38,298
(13.7%)

47,750
(14.3%)

Kidney 3682 (1.0%) 3992 (0.9%) 1268 (0.4%) 4699 (1.1%) 4501 (1.1%) – 1535 (0.6%) –

Other 135,120
(36.3%)

160,562
(37.5%)

101,523
(30.8%)

162,088
(37.6%)

148,568 (37.6%) 189,301
(39.5%)

– 105,007
(31.4%)

n: number; SD: Standard Deviation; OA: Osteoarthritis; MSK: Musculoskeletal
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for intermediates.

3.4. Analysis

In both substudy one and two we used flexible parametric models
fitted on hazard scale using restricted cubic splines to estimate differ-
ences in cumulative incidence as well as the hazard with NSAIDs as time-
varying exposure in the presence of non-proportional hazards [13].
Separate analyses were performed for each group of conditions. As the
primary outcome measure, we provided the standardized difference in
the cumulative incidence of the outcome event at 6 years follow-up for
substudy one and 120 days for substudy two. We also provided hazard
per 100,000 persons. The model included OA status (yes or no), NSAID
use (yes or no, as a time-varying variable), their interaction, and was
adjusted for age, sex, education, presence of comorbidities (including all
the outcome events), location of OA, and healthcare use (only for sub-
study one). We allowed for non-proportional hazards for OA, NSAID use
and their interaction. We used three degrees of freedom for baseline
hazard function and two for each time-dependent effect. We chose the
time-on-drug as the time scale and used robust standard errors in the
estimation [14]. This was done separately for each group of outcome
events.
Fig. 2. Difference in cumulative incidence between persons initiating non-steroidal a
Positive values signify an increase in the incidence among people initiating NSAIDs

4

4. Results

4.1. Substudy one, incident use of NSAID

We included between 243,832 and 409,749 persons in the analyses,
with mean age of 60 years, 50% women and 8% with OA in at least one
peripheral joint (Table 1). Over the 6-year study period, the difference in
cumulative incidence of comorbidities between people who took NSAIDs
and people who did not varied between 3.2% (95% CIs 3.1%; 3.3%) for
metabolic comorbidities to 16.3% (95% CIs 16.2%; 16.4%) for MSK
comorbidities signifying a higher incidence of all the analysed comor-
bidities in people using NSAIDs. (Fig. 2; supplementary file 2). For most
comorbidities, we found no essential interaction between OA status and
NSAID use, suggesting that the risks associated with NSAIDs are not
exacerbated in persons with OA. However, the association between
NSAID use and neuro-psychological and MSK disorders was different
among persons with and without OA. In those with OA, NSAID use was
associated with a 4.7% (95% CIs: 3.7%; 5.6%) cumulative incidence of
mental disorders at 6 years of follow-up, while in those without OA the
corresponding estimate was 7.5% (95% CIs: 7.1%; 7.9%). Similarly, in
those with OA NSAID use was associated with a 13.3% (95% CIs: 12.0%;
14.5%) cumulative incidence of MSK disorders at 6 years of follow-up,
while in those without OA the corresponding estimate was 16.7%
(95% CIs: 16.2%; 17.2%). The hazard (instantaneous risk per 100,000
nti-inflammatory drugs (NSAIDs) and non-users, stratified by the presence of OA.
. OA: Osteoarthritis; MSK: Musculoskeletal.
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persons) of the comorbidities increased sharply after initiation of the
treatment with NSAIDs for all the studied outcome events and dimin-
ished slowly over time, while it was slowly increasing in persons not
initiating an NSAID treatment (Supplementary file 3). The sensitivity
analysis showed a similarly increased risk of developing well-known AEs
after NSAID initiation regardless of the presence of OA.
4.2. Substudy two, stopping NSAID use

We included between 151,178 and 239,003 persons in the analysis,
with mean age between 54 and 59 years, 50%women and 5%with OA in
at least one peripheral joint (Table 2). During the 120 days of study
period, the difference in cumulative incidence between people who
stopped using NSAIDs and people who continued varied between �1.3%
(95% CIs: 1.6%; �1.0%) for MSK comorbidities to �0.1% (95% CIs:
0.2%; 0.0%) for metabolic comorbidities signifying a reduction in the
incidence of comorbidities for people who stopped using NSAIDs (Fig. 3,
supplementary file 4). Overall, we found no interaction between OA
status and stopping NSAIDs, suggesting that stopping NSAIDs is equally
beneficial for persons with and without OA (Supplementary file 5).
Stopping NSAIDs was associated with lower hazards of developing our
outcome events when compared to people using NSAIDs (Supplementary
file 6). However, only for MSK comorbidities, the hazard of people
stopping NSAIDs was lower for the whole study period when compared
to the hazard experienced by people using NSAIDs. The sensitivity
analysis showed a decrease in the risk of developing well-known AEs
after NSAID discontinuation regardless of the presence of OA.
Table 2
Demographics stratified by outcome for substudy two.

MSK Metabolic Cardiovascular Diges

Subjects, n 156,375 208,418 153,543 206,4
Age in years, mean (SD) 57.6 (11.8) 57.7 (12.1) 54.5 (10.6) 58.1
Sex, n (%)
Women, n (%) 78,625

(50.3%)
106,679
(51.2%)

81,070 (52.8%) 106,6
(51.7

Men, n (%) 77,750
(49.7%)

101,739
(48.8%)

72,473 (47.2%) 99,77
(48.3

OA, n (%) 15,464 (9.9%) 23,303
(11.2%)

13,170 (8.6%) 23,27
(11.3

OA þ NSAID, n (%) 6807 (4.4%) 10,441 (5.0%) 5846 (3.8%) 10,40
Total daily doses, mean
(SD)

43.8 (93.2) 45.0 (97.0) 44.8 (95.4) 45.3

Education, n (%)
9 years or less 38,278

(24.5%)
51,984
(24.9%)

32,200 (21.0%) 52,72
(25.5

10 to 12 years 70,728
(45.2%)

95,915
(46.0%)

72,952 (47.5%) 94,23
(45.7

13 to 14 years 20,125
(12.9%)

26,149
(12.5%)

20,913 (13.6%) 25,63
(12.4

15 years or more 26,550
(17.0%)

33,474
(16.1%)

26,953 (17.6%) 32,80
(15.9

Married, n (%) 119,242
(76.3%)

158,967
(76.3%)

117,317
(76.4%)

156,9
(76.0

Outcome, n (%) 4116 (2.6%) 1076 (0.5%) 2860 (1.9%) 1302
Comorbidities, n (%)
MSK – 69,184

(33.2%)
45,789 (29.8%) 66,68

(32.3
Metabolic 18,715

(12.0%)
– 10,569 (6.9%) 26,16

(12.7
Cardiovascular 48,883

(31.3%)
64,390
(30.9%)

– 69,48
(33.7

Digestive 18,181
(11.6%)

28,079
(13.5%)

17,574 (11.4%) –

Neuro-Psychological 30,557
(19.5%)

46,124
(22.1%)

31,180 (20.3%) 43,77
(21.2

Kidney 1559 (1.0%) 2098 (1.0%) 718 (0.5%) 2450
Other 70,474

(45.1%)
98,100
(47.1%)

61,970 (40.4%) 96,36
(46.7

n: number; SD: Standard Deviation; OA: Osteoarthritis; MSK: Musculoskeletal.
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5. Discussion

Our findings of this population-based cohort study using register data
indicated that people who initiate NSAIDs are at higher risk of devel-
oping a large set of comorbidities and AEs and that stopping the therapy
may reduce the risk. Overall, OA in peripheral joints did not seem to
essentially modify this association. However, there may be two excep-
tions. The risk of developing MSK and neuro-psychological comorbidities
after NSAID initiation was somewhat lower in people with OA.

Certain CV and digestive system comorbidities such as myocardial
infarction and gastrointestinal bleed are well established AEs associated
with NSAID use [15,16]. Our results confirm these findings but also
suggest that people initiating NSAIDs are exposed to a higher risk of
developing numerous comorbidities not normally associated with NSAID
use (e.g. metabolic and MSK disorders).

NSAIDs are a large class of analgesic commonly used in the man-
agement of painful conditions such as OA [17]. The presence of painful
conditions is known to be associated with several comorbidities such as
depression, pain in other body sites, diabetes, obesity and CV disorders
[4,18–20]. People requiring analgesic management may thus be exposed
to a higher risk of developing comorbidities which does not depend on
the pharmacological effect of the drug but on the underlying condition
for which the drug is prescribed. These results underline the importance
of monitoring patients for which pharmacological management with
analgesics is needed. The National Institute for Health and Care Excel-
lence (NICE) already recommends annual follow-ups for people with OA,
however, this is not a formal requirement and it is likely not implemented
tive Neuro-
Psychological

Kidney Other Adverse
Events

01 184,865 239,003 120,013 151,178
(12.2) 58.6 (12.1) 58.4 (12.2) 54.3 (10.0) 54.8 (10.8)

23
%)

91,394 (49.4%) 125,215
(52.4%)

58,626
(48.8%)

78,850
(52.2%)

8
%)

93,471 (50.6%) 113,788
(47.6%)

61,387
(51.2%)

72,328
(47.8%)

0
%)

21,566 (11.7%) 28,886
(12.1%)

9805 (8.2%) 12,943 (8.6%)

1 (5.0%) 9648 (5.2%) 12,964 (5.4%) 4341 (3.6%) 5740 (3.8%)
(96.9) 44.9 (96.6) 45.3 (97.6) 44.6 (93.5) 44.8 (95.5)

3
%)

47,562 (25.7%) 62,852
(26.3%)

26,095
(21.7%)

31,654
(20.9%)

8
%)

83,927 (45.4%) 109,129
(45.7%)

57,803
(48.2%)

71,261
(47.1%)

5
%)

22,966 (12.4%) 29,038
(12.1%)

15,812
(13.2%)

20,713
(13.7%)

9
%)

29,579 (16.0%) 36,818
(15.4%)

19,902
(16.6%)

27,023
(17.9%)

11
%)

142,767 (77.2%) 181,864
(76.1%)

91,938
(76.6%)

115,544
(76.4%)

(0.6%) 1914 (1.0%) 415 (0.2%) 3289 (2.7%) 3019 (2.0%)

1
%)

57,892 (31.3%) 82,018
(34.3%)

34,275
(28.6%)

44,239
(29.3%)

3
%)

23,018 (12.5%) 32,264
(13.5%)

11,045
(9.2%)

10,422 (6.9%)

9
%)

61,905 (33.5%) 84,730
(35.5%)

28,904
(24.1%)

9836 (6.5%)

22,582 (12.2%) 34,519
(14.4%)

11,333
(9.4%)

6597 (4.4%)

5
%)

– 55,541
(23.2%)

22,410
(18.7%)

29,537
(19.5%)

(1.2%) 2266 (1.2%) – 759 (0.6%) –

0
%)

86,256 (46.7%) 117,995
(49.4%)

– 60,350
(39.9%)



Fig. 3. Difference in cumulative incidence between people using non-steroidal anti-inflammatory drugs (NSAIDs) and people stopping NSAIDs. Negative values signify
a decrease in the incidence among people stopping NSAIDs. OA: Osteoarthritis; MSK: Musculoskeletal.
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in primary care [21].
In recent years, several studies have shown that OA is strongly asso-

ciated with CV diseases [22–24]. A previous study has indicated that a
large part of the risk of developing comorbidities experienced by people
with OA can be explained by the frequent use of NSAIDs to manage OA
pain. Our study confirmed and extended these findings showing that in
the absence of a recorded CV diagnosis and previous NSAID use, initi-
ating NSAIDs can lead to similar risks of developing CV diseases in both
people with and without OA [12,24]. Findings from a randomised trial
studying the safety of Colexib, naproxen and ibuprofen in people with OA
or rheumatoid arthritis appear to further support our findings showing a
similar cumulative incidence of CV events 30 months after NSAID initi-
ation [25]. However, due to differences in inclusion criteria, NSAIDs
classification and outcomes definition, comparison between our and
previous studies remain speculative. Moreover, we believe it is important
to consider that the exclusion of people with pre-existing CV conditions
in our study may somewhat underestimate the rate of CV events that may
be observed in clinical practice where, despite discouraged by clinical
practice guidelines, people with high CV risk are often prescribed NSAIDs
[11].

As expected, NSAID initiation was also associated with a higher cu-
mulative incidence of MSK disorders. In fact, the presence of painful
disorders for which NSAIDs are prescribed is a known risk factor for the
6

development of other painful MSK conditions [26–28]. Thus, the high
rate of MSK comorbidities likely reflects a bias by indication rather than
the effect of treatment with NSAIDs. However, this increase was smaller
in persons with OA compared to those without. This result cannot be
solely explained by the presence of a bias-by-indication which should be
equally present in both people with and without OA. It may be hypoth-
esised that the lower rate of incident MSK comorbidities among people
with OA is due to the cases having one condition (OA) already diagnosed
which can result in a lower number of MSK diagnoses following NSAIDs
prescription.

The incidence of neuro-psychological comorbidities showed a similar
pattern to the one showed by cardiovascular comorbidities with a lower
increase in the incidence of comorbidities after NSAID initiation in per-
sons with OA. Considering that several disorders included in the neuro-
psychological group such as depression and sleep disorders are
commonly found in people with OA [29,30], we believe that the deple-
tion of susceptible subjects (e.g. those with prevalent
neuro-psychological disorders) may explain the lower rates in people
with OA.

Stopping NSAIDs is expected to reduce the risk of developing AEs, CV
and digestive comorbidities. We evaluated this during the first 120 days
after NSAIDs termination and observed reductions in cumulative inci-
dence of most comorbidities, however with rather wide confidence
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intervals due to the low number of events during the short follow-up
time. Substudy two also suggested that stopping NSAIDs was associated
with a general reduction in the risk of developing comorbidities. This
reduction may again be linked to the risk associated with the need for
prolonged analgesic treatment (120 days) rather than to the NSAIDs
pharmacological effect. Moreover, it appeared that OA has little or no
effect on the risk of developing comorbidities after NSAID discontinua-
tion which confirms the results from substudy one.

This study has several important limitations that need to be consid-
ered when interpreting the results. This is an observational study that
relies on observational but still prospectively ascertained register data
from everyday healthcare in Sweden. We cannot be sure that the persons
who received the NSAIDs actually took all (if any) of the daily doses
dispensed. On the same point, certain NSAIDs in small packages and low
doses (i.e. ibuprofen, diclofenac [up to June 2020] and naproxen) can be
sold over the counter (OTC) in which case they would not be recorded in
the prescribed drug register. However, in Sweden, analgesic drugs are
eligible for reimbursement if prescribed for the relief of chronic pain.
Hence, most OTC analgesics are used for non-chronic conditions or as
supplements to prescribed analgesics which should limit the impact on
our results.

The use of a regional register to ascertain diagnosis implies that
certain conditions may be missed if the persons did not seek care for that
specific problem or if they received the diagnosis in another region or
country. However, a study assessing the quality of the SHR has shown
that nearly all the residents in the region (97%) had consulted some type
of healthcare in the period 2012–2016 suggesting that the problem of
out-of-the-region diagnosis may be limited [31]. Moreover, starting from
2004, over 80% of the visits to a physician have at least one diagnostic
code registered [31]. Finally, up-to-date prevalence figures of common
diseases from SHR are in line with what could be expected suggesting
that also the problem of lack of consultation for many conditions may be
limited [32–36]. For what concerns OA, the positive predictive value of a
knee OA diagnosis in SHR has previously been reported to be high at 88%
[37]. We analysed a large set of comorbidities which we grouped to
facilitate analysis and interpretation. Thus, it is not possible to draw
direct conclusions regarding the association of NSAID use or termination
with a single condition while the low number of events did not allow us
to produce estimates for kidney comorbidities. Moreover, different co-
morbidity groupings may yield different results. Similarly, we grouped a
large number of NSAIDs belonging to different COX-inhibition classes.
Therefore, no conclusions can be drawn on the role of OA in the asso-
ciation of a specific COX-inhibition class and the comorbidities. Finally,
we could not control for obesity and smoking which are important risk
factors for many of the analysed comorbidities. A previous study ana-
lysing the risk of CV events linked to NSAID use in people with and
without OA showed that excluding BMI from the analysis had little in-
fluence on the results [12]. It is possible that controlling for a large
number of comorbidities, most of which associated with obesity, may
minimise the risk of bias linked to the lack of BMI in the analysis.

6. Conclusion

The presence of OA appeared to have little influence on the increased
risk of comorbidities observed after NSAID initiation or on its reduction
observed after NSAID termination. People in need of analgesic manage-
ment, especially if prolonged, are generally at higher risk of developing
comorbidities. Thus, close monitoring and follow-ups may be warranted
with any NSAID prescription intended for long term use.
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