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Background. Data on the association between non-
steroidal anti-inflammatory drugs (NSAIDs) and
kidney cancer (KC) are conflicting. This study
aimed to evaluate this association in the general
population and in patients with extensive NSAID
use: rheumatoid arthritis (RA) and spondyloarthri-
tis (SpA).

Methods.We conducted a nationwide register-based
cohort study of the Swedish general population
and among patients with RA or SpA, among whom
NSAID use was around five times higher. In each
of these cohorts, we assessed the incidence of
KC 2010 through 2021 by NSAID exposure as
defined by repeated prescriptions. We also eval-
uated KC mortality in individuals treated (vs.
not) with NSAIDs, taking the cancer stage into
account. Adjusted hazard ratios (HRs) were calcu-
lated through Cox regression, taking age, sex, edu-
cational level, comorbidities and family history of
KC into account.

Results. Based on 751 incident cases of KC among
393,709 individuals in the general population (33%
NSAID-exposed), the HR for NSAID-exposure was
1.32 (95% confidence interval [CI] 1.13–1.54), with

the highest HRs during the first year of follow-
up (HR thereafter 1.20). The corresponding can-
cer stage-adjusted HR for mortality from KC with
NSAID-exposure was 1.26 (95%CI 0.87–1.82). In
RA and SpA, the HRs for KC incidence with NSAID
exposure were 0.83 (95%CI 0.58–1.18) and 1.60
(95%CI 0.78–3.29), respectively.

Conclusions. We found up to a 30% increase in
the overall incidence and mortality from KC with
NSAID in the general population. This association
was attenuated beyond the first year of follow-up
and inconsistent in populations with much higher
NSAID use.
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Introduction

Due to their potent anti-inflammatory properties,
non-steroidal anti-inflammatory drugs (NSAIDs)
are among the most widely used drugs world-
wide [1]. NSAIDs, aspirin in particular, may reduce
the risk of certain malignancies such as colorec-
tal cancer [2]. Conversely, the potential associa-
tion between NSAID use and kidney cancer (KC)
is an open safety signal with contradictory results
from previous studies [3–6]. Some studies report an
increased risk of the most common type of KC that
is, renal cell carcinoma (RCC) with NSAIDs [3], at
least in women [4]. In other studies, no such asso-
ciation has been found [5, 6].

This safety signal is of particular concern for
patients with rheumatic diseases and consequent
long-term use of NSAIDs at higher doses, such
as rheumatoid arthritis (RA) and spondylarthritis
(SpA), including ankylosing spondylitis (AS). Thus,
RA and SpA may serve as target populations in
which any cancer risks with NSAIDs would be more
easily detected (because of the higher doses and
longer duration of exposure).

As for the underlying risk of KC in chronic inflam-
matory arthritis, some studies have signalled
increased risks in patients with AS [7–10], whereas
others have not [11, 12]. For RA, a study by Chen
et al. from Taiwan reported an increased risk for
RCC, a finding that was not replicated in another
study based on the same data [13, 14].

The primary aim of this study was, therefore, to
estimate the association between NSAID use and
the risk of KC in the general population and in
patients with RA or AS/SpA and whether these
associations differ by age, sex, duration of NSAID
use and cumulative dose of NSAIDs. Moreover, an
increased detection of early-stage tumours may
introduce detection bias in studies examining the
risk of KC in populations at close(r) medical con-
tact. A secondary aim was, therefore, to assess
the stage at diagnosis and to evaluate KC mortal-
ity by NSAID exposure, taking the KC stage into
account.

Methods

Study design, setting and data sources

We performed a nationwide observational cohort
study using prospectively collected individual-
level, clinical- and register data.

In Sweden, healthcare has a high degree of pub-
lic funding and coverage is universal. Prescribed
drugs for continuous use are typically dispensed
for up to a 3-month supply. Patients with RA
and SpA are typically cared for by hospital-based
rheumatologists. For this study, we used data from
the National Patient Register (NPR) [15], the Pre-
scribed Drug Register (PDR) [16], the National Can-
cer Register (NCR) [17], the Cause of death reg-
ister [18], the Multi-generation register [19] and
the Swedish Rheumatology Quality (SRQ) register
[20]. The linkage between registers was made pos-
sible by the unique personal identification num-
ber assigned to all residents in Sweden. The data
sources and the information collected from them
are described in Table S1. The register linkages
used for this project have been described in detail
elsewhere [21].

Study population

For the RA and the SpA cohort, we identified all
individuals above 18 years of age with at least two
visits in the outpatient part of NPR between the 1
January 2006 and the 31 December 2021 with a
diagnosis of RA (International Statistical Classifi-
cation of Diseases and Related Health Problems,
10 [ICD 10]-codes M05.9 or M06.0), or SpA (ICD
10-codes M45.9, M46.8 or M46.9), respectively. At
least one of the visits had to have been at a rheuma-
tology or internal medicine department. The date of
the second visit served as our date of inclusion. The
RA and SpA diagnoses in NPR have high validity,
with positive predictive values of about 80%–90%
when validated against classification criteria [22,
23]. A flow chart illustrating the cohort establish-
ment, exposure classification and outcome assess-
ment periods is presented in Fig. S1.

Originally, each individual with RA or SpA was
matched on age (at inclusion), sex and residen-
tial area to five general population individuals from
the Total Population register. As the main exposure
of interest for this study was NSAID and not the
inflammatory arthritis condition itself, this exist-
ing matching was broken, and the general popula-
tion comparators cohort were (just as the RA and
SpA cohorts) categorized according to time-varying
treatment with (vs. not) NSAID.

NSAID exposure

Information on NSAID was collected from the PDR
using filled prescriptions of the Anatomical Ther-
apeutic Chemical code (ATC code) M01A (except

2 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Fig. 1 Risk of kidney cancer (KC) stratified by sex and age categories. Adjusted for sex and calendar year and inherently
adjusted for age (timescale attained age). AS, ankylosing spondylitis; CI, confidence interval; RA, rheumatoid arthritis; SpA,
spondylarthritis.

glucosamine M01AX05) or acetylsalicylic acid
between the 1 January 2006 and the 31 December
2021. For detailed ATC codes, see Table S2. Expo-
sure to NSAID was defined in two ways, described
in more detail in the supplement (Supporting
Information notes):

Ever regular use: at least two filled NSAID pre-
scriptions within a 6-month period. For this def-
inition, individuals in each of the three cohorts
were categorized as unexposed up until their sec-
ond (if any) dispensation of any NSAID drug and as
exposed thereafter. One individual could thus con-
tribute person–time and events both as unexposed
and (following fulfilment of the exposure definition)
as exposed.

Cumulative use: as treatment with NSAID may be
of a time-varying nature, we constructed models to
define cumulative use. For each dispensed NSAID
prescription, we estimated the days of treatment
as the amount of dispensed drug divided by the
defined daily dose (DDD) of each prescribed NSAID,
as defined by the WHO [24]. Assuming that all
dispensed drugs were also used (returned unused

medicines were subtracted from the accumulated
dispensed prescriptions), the cumulative use was
categorized as<1, 1 to<4 and≥4 years. Thus, irre-
spective of which NSAID was dispensed or whether
the NSAID use was continuous or not, each indi-
vidual’s NSAID exposure accrued with each unique
dispensation during the study period.

Outcome

We identified incident KC as an ICD 10-code of
C64 in NCR (excluding cancer in situ) and/or the
Cause of death register (main or contributory diag-
nosis). To avoid a previous cancer affecting the pre-
scription and use of NSAID, or the risk of develop-
ing or detecting a KC, all individuals with a his-
tory of a previous invasive cancer (ICD 10 C00-
C97 in NCR, excluding non-melanoma skin can-
cer) at the start of follow-up were excluded. The
primary outcome was defined as a first invasive
KC during follow-up. Among individuals who devel-
oped the primary outcome, a secondary outcome
was defined as death with KC as the underlying
cause.

4 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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Covariates

Status for all covariates was assessed at entry into
the three cohorts (general population, RA and SpA)
and treated as time-fixed but was updated at any
change of exposure-status that resulted in transfer
to another cohort.

Using the linked registry data, we extracted infor-
mation on sex, year of start of follow-up, edu-
cational level and history of KC in siblings. We
also collected (ever/never) information on comor-
bid conditions at cohort entry, including con-
gestive heart failure, diabetes mellitus, hyper-
tension, chronic obstructive pulmonary disease,
ischaemic heart disease, chronic kidney failure,
stroke, venous thromboembolism, urolithiasis and
hospitalized infections (within the last 5 years
before the start of follow-up) subcategorized into
infections related to the urinary system and other
infections. We additionally extracted dispensations
of low-dose acetylsalicylic acid and paracetamol.
For RA and SpA, we also extracted information
on joint surgery (within the last 5 years), con-
comitant antirheumatic treatments at the time of
cohort entry categorized as biologic or targeted syn-
thetic antirheumatic disease modifying drugs, con-
ventional synthetic DMARDs (csDMARDs) and oral
glucocorticoid treatment. Disease duration was
defined as the time elapsed between the first regis-
tered RA or SpA diagnosis in NPR and cohort entry.
ICD 10 and ATC codes used to define our covari-
ates are listed in Table S3.

Statistical analyses

In each of the three cohorts, we estimated crude
and age-standardized incidences of KC in rela-
tion to NSAID use (yes/no, time-dependently) and
applied Cox proportional hazards regression mod-
els to calculate hazard ratios (HRs) with 95%
confidence intervals (CIs) using attained age as
timescale. To investigate any non-proportionality
of HRs we stratified the analyses on attained age.
To further investigate any non-proportionality of
HRs and to test the robustness of the results, an
alternative timescale (time since the start of follow-
up) was also applied. In addition to analysing
each cohort separately (within-cohort analyses), we
combined the three cohorts and estimated the risk
of KC with NSAID exposure using unexposed in the
general population as a reference (between-cohort
analyses). To account for the dependence between
the RA and SpA cases and the general population
introduced by the original matching, the between-

cohort analyses were performed using a cluster-
robust sandwich variance estimator.

The start of follow-up among NSAID-exposed was
1 January 2010, inclusion date, or the date of
a second dispensed NSAID within a 6-month
period counting from 2006, whichever occurred
later. The start of follow-up among the NSAID-
unexposed was 1 January 2010, or the inclu-
sion date, whichever occurred later. 1 January
2010, was chosen as the earliest start of follow
to minimize the risk of misclassification stemming
from left truncation of NSAID exposure data before
the inception of PDR in 2005. Since the expo-
sure was defined as NSAID dispensation begin-
ning the earliest on 1 January 2006, NSAID expo-
sure could be accrued before the start of follow-
up. For the RA and SpA cohorts, NSAID prescrip-
tions dispensed during the (immortal) time before
their index dates (second RA or SpA diagnosis) were
excluded from the main analyses. We also per-
formed an analysis using an alternative exposure
definition where these dispensed prescriptions
were included.

End of follow-up was defined as the first invasive
KC, other invasive cancer, date of any emigration,
death, or end of the study period (31 December
2021), whichever came first.

We calculated crude incidence rates by exposure
and cohort and applied two incrementally adjusted
Cox models to calculate HRs for NSAID exposure:
HRa adjusted for sex and calendar year and implic-
itly adjusted for age (as underlying timescale),
and HRb additionally adjusted for comorbidities
(Table S3), educational level and family history.
For the within-cohort analyses of the RA and SpA
cohorts, HRb we also adjusted for concomitant
antirheumatic treatments and disease duration.
We performed analyses stratified by sex and age
at entry. We also performed analyses stratified per
cumulative NSAID use (<1, 1–4, >4 years) and by
time since the start of the fulfillment of NSAID
exposure (0–6, 6–12, >12 months) and introduced
a 1-year lagged start of follow-up to explore reverse
causality or any increased detection of KC in con-
junction with the start of treatment with NSAID.
We only presented HRs if the number of events in
each cohort was ≥5.

To measure the robustness of our findings to
potential unmeasured or uncontrolled confound-
ing, we additionally calculated E-values for the

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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primary outcome as described by VanderWeele
and Ding [25].

For our secondary aim, we assessed mortality from
KC (among subjects diagnosed with KC) in each
cohort by NSAID exposure status at the time of the
KC diagnosis using two Cox models: HRa adjusted
for calendar year and sex, and HRb adjusted
for calendar year, sex and tumour, lymph node,
metastasis (TNM) cancer stage at diagnosis. There
was a low degree of missingness for TNM cancer
stage at diagnosis (approximately 5%) and educa-
tional level (<1%). Apart from that, missingness
was negligible. All analyses were performed on
complete case data.

Sensitivity analyses

Because we did not have access to data on smoking
for the general population, we assessed the impact
of smoking in the RA and SpA cohorts. These anal-
yses included the subset of RA and SpA patients
registered in the SRQ Register with smoking data.
Follow-up started from the visit when smoking sta-
tus was first recorded in SRQ, that is, 2012, until
2021.

Although NCR coverage is high, some cancers are
known to be underreported and are only identified
in the Cause of death register [26]. In a sensitivity
analysis, we excluded such KCs.

Finally, we performed an analysis restricted to
clear cell carcinoma, the most common subtype of
KC.

Analyses were performed using SAS, version 9.4.

Ethical consideration

This study was approved by the Swedish Ethics
Review Agency (2015-1844-31/2) and performed in
accordance with the Declaration of Helsinki.

Results

Baseline characteristics

In the general population cohort of 393,709 indi-
viduals, 33% contributed NSAID-exposure. NSAID-
exposure was associated with age (higher), sex
(females) and educational level (lower), use of
paracetamol and low dose ASA at start of follow-
up (more common), as well as comorbidities (higher
prevalences), Table 1.

In the RA cohort of 62,944 patients, 32,626 (52%)
were exposed to NSAID. NSAID-exposure was asso-
ciated with age (younger), sex (females), RA dis-
ease duration (longer) and use of paracetamol, csD-
MARDs and b-/ts-DMARDs at the start of follow-
up (more).

In the SpA cohort of 20,111 patients, 13,601 (68%)
were exposed to NSAID. Because many AS/SpA
patients started follow-up as unexposed only to
later fulfil our definition of NSAID exposure, the
mean follow-up was shorter among NSAID unex-
posed than among the exposed. NSAID-exposure
was associated with age (older), disease duration
(longer) and use of paracetamol, csDMARDs and
b-/ts-DMARDs at the start of follow-up (more),
Table 1.

Relative risk of KC in the general population

During a mean follow-up of 7 years (irrespective
of exposure), we identified 293 incident KC among
NSAID exposed (3.3 per 10,000 person-years) and
458 incident KC among unexposed (2.1 per 10,000
person-years), resulting in an HRb for NSAID
of 1.32 (95%CI 1.13–1.54), Table 2. The results
did not differ by sex, Fig. 1. When stratifying on
three different age bands, we observed a weak
trend towards decreasing risk with NSAIDs with
increasing age, however with largely overlapping
CIs, Fig. 1. Within-cohort analyses stratified by
cumulative NSAID use (with unexposed to NSAIDs
as referent) showed a weak and uncertain trend
towards increasing risk with increasing cumulative
exposure, with an HRb of 1.26 (95%CI 1.05–1.51)
for <1-year exposure, and an HRb of 1.50 (95%CI
1.00–2.23) for ≥4 years exposure, Fig. 2. Apply-
ing an alternative categorization of cumulative
NSAID exposure (<1, 1 to <4, 4 to<7, 7 to<10 and
≥10 years) for KC risk in the general population
resulted in a largely similar pattern, although pre-
cision was limited beyond 7 years of use, Table S4.
Stratifying by time since start of NSAID exposure
(vs. not) revealed a markedly increased risk in the
0–6 months following fulfilment of our NSAID expo-
sure definition; HRb = 2.80 (95%CI 1.60–4.89) and
during the 6–12 months thereafter (HRb = 2.97;
95%CI 1.76–5.02), which was attenuated there-
after (HRb = 1.24; 95%CI 1.04–1.48), Table 3.

Relative risk of KC in RA

During a mean follow-up of 8 (NSAID exposed)
and 5 (unexposed) years, 64 incident KC occurred
among NSAID-exposed RA (2.6 per 10,000 person-

6 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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NSAIDs and the risk of kidney cancer / H. Wadström et al.

Fig. 2 Risk of kidney cancer (KC) by cumulative years of non-steroidal anti-inflammatory drug (NSAID) exposure (vs. unex-
posed). Fully adjusted hazard ratios, events and crude incidences. *Adjusted for calendar year, sex, education, use of
paracetamol, use of low dose ASA, KC in a full sibling, comorbidities (CHF, diabetes, hypertension, COPD, ischaemic heart
disease, renal failure, stroke, venous thromboembolism, hospitalized infections total and hospitalized infections, urogen-
ital infections, urolithiasis). Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) analyses additionally adjusted for
rheumatic disease duration, use of glucocorticoids, csDMARDs and bDMARDs at start of follow-up. Attained age as the
underlying timescale. CI, confidence interval; SpA, spondylarthritis.

Table 3. Hazard ratios (HR) of kidney cancer in three cohorts (general population, rheumatoid arthritis and spondyloarthritis)
by time since fulfilment of NSAID exposure.

HRba (95% CI)
Time since NSAID exposure fulfilment General population Rheumatoid arthritis Spondyloarthritis

Unexposed Reference Reference Reference
0–6 months 2.80 (1.60–4.89) NA (<5 events) NA (<5 events)
>6–12 months 2.97 (1.76–5.02) 2.02 (0.85–4.79) NA (<5 events)
>12 months 1.24 (1.04–1.48) 0.76 (0.52–1.12) 1.59 (0.76–3.33)

Abbreviations: CI, confidence interval; NSAID, non-steroidal anti-inflammatory drug.
aHRb = Adjusted for calendar year, sex, education, use of paracetamol, use of low-dose ASA, KC in a full sibling, comor-
bidities (CHF, diabetes, Hypertension, COPD, ischaemic heart disease, renal failure, stroke, venous thromboembolism,
hospitalized infections total and hospitalized infections, urogenital infections, urolithiasis). RA and AS analyses addi-
tionally adjusted for rheumatic disease duration, use of glucocorticoids, csDMARDs and bDMARDs at start of follow-up.
Attained age as the underlying time scale. NA = not applicable due to few events.

years) and 77 among unexposed RA (3.4 per
10,000 person-years), HRb 0.83 (95%CI 0.58–
1.18), Table 2. The result did not substantially
change when stratifying by age categories or
sex (Fig. 1). The risk of KC neither increased with

cumulative NSAID use nor with time since the start
of NSAID exposure fulfilment (Fig. 2 and Table 3).

In the between-cohort analyses, comparing the
RA cohort to the general population cohort, with

8 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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NSAIDs and the risk of kidney cancer / H. Wadström et al.

unexposed to NSAID in the general population as
the referent, there was no sign of an increased risk
of KC in RA per se, Table 2.

Relative risk of KC in SpA

During a mean follow-up of 7 (NSAID exposed)
and 3 (unexposed) years, 30 incident KC occurred
among NSAID-exposed SpA (3.0 per 10,000
person-years) and 12 among unexposed SpA (2.3
per 10,000 person-years), HRb = 1.60 (95%CI
0.78–3.29), Table 2. Analyses stratified by age and
sex were hampered by low precision, Fig. 1. When
stratified by cumulative NSAID use, there was no
clear trend of increasing risk with cumulative use,
and the HR estimates had poor precision, Fig. 2.
There were too few events to calculate HRs strat-
ified by time since the start of the fulfilment of
NSAID exposure, Table 3.

In between-cohort analyses comparing the SpA
cohort to the general population cohort with unex-
posed to NSAID in the general population as
the referent, SpA seemed to be associated with
increased risk whether unexposed, HRa = 1.79
(1.01–3.19) or exposed, HRa = 2.33 (1.60–3.39) to
NSAIDs, although precision was low, Table 2.

Additional analyses

For both the RA and the SpA cohort, analyses using
an alternative exposure definition where prescrip-
tions dispensed before the date of inclusion were
included yielded results close to the main analy-
ses, Table S5.

For all three cohorts (general population, RA and
SpA), using time since the start of follow-up as an
alternative timescale (instead of attained age) in the
within-cohort analyses resulted in similar results
(Table S6). Likewise, we observed largely similar
results when we excluded the first year of follow-
up from the main analyses (Table S7).

Kidney cancer stage and mortality

Apart from relatively more stage IV tumours in RA
patients unexposed to NSAID compared to exposed
RA patients, the TNM cancer stage at diagnosis
was similar between NSAID-exposed and unex-
posed within the different cohorts, Table S8.

When we analysed mortality with KC as the under-
lying cause of death among KC cases in the general
population (with NSAID-unexposed in the general

population as referent), we noted an association
with higher mortality among NSAID-exposed tak-
ing sex and calendar year into account, HRa = 1.63
(95%CI 1.14–2.32). Further adjustment for TNM
cancer stage considerably attenuated this associ-
ation, HRb = 1.26 (95%CI 0.87–1.82), Table S9.

Conversely, compared to NSAID-unexposed in the
general population (referent), the risk of death
with KC as the cause of death was higher in RA
patients unexposed to NSAID, HRb = 2.26 (95%CI
1.32–3.88) than in NSAID-exposed RA patients,
HRb = 1.00 (0.50–1.98).

For SpA, the analysis was hampered by the low
number of events. The risk of death was increased
for NSAID-exposed SpA patients compared with
unexposed in the general population (HRa, 1.89;
95%CI 0.88–4.04) based on eight deaths. Adjust-
ing also for TNM cancer stage increased the HR fur-
ther, HRb = 3.67 (95%CI 1.54–8.70), Table S9. As
there were fewer than five cases of death with KC
as the underlying cause in NSAID-unexposed with
SpA, we abstained from calculating HRs.

Sensitivity analyses

In the subset of RA and SpA patients registered
with smoking data in the SRQ Register 2012 and
later (n = 51,246), we adjusted the base model
(HRa) of NSAID-exposed versus unexposed for
smoking status (ever/never). This did not alter
the relative risk for KC with NSAID exposure
(Table S10).

Restricting the analysis to KC of clear cell carci-
noma type did not yield materially different results
(Table S11), nor did including only cases of KC
registered in the NCR, that is, excluding all cases
retrieved only from the Cause of death register
(Table S12).

To examine potential residual confounding, we
switched the main exposure from regular use of
NSAID to regular use of paracetamol. This yielded
an increased risk of KC in the general population in
our base model HRa = 1.46 (1.26–1.70), which was
attenuated in the fully adjusted model HRb = 1.23
(95%CI 1.03–1.50). This analysis was additionally
adjusted for the use of NSAIDs instead of paraceta-
mol at baseline.

The calculated E-value suggests that the observed
HR of 1.32 for the primary outcome in the general

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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population would be completely explained by an
unmeasured confounder that was associated with
both the outcome and our NSAID exposure variable
by a risk ratio (for each) of 1.97.

Discussion

This study has several key findings. First, in the
general population, exposure to NSAIDs was asso-
ciated with a 30% increase in both the risk of and
mortality from KC, which corresponds to an abso-
lute risk increase of about one additional annual
case for every 15,000 treated individuals. We found
weak trends for an increased risk with cumula-
tive use but also a weaker association beyond the
first year after the fulfilment of our NSAID exposure
definition. Second, in RA, where the proportion of
NSAID exposure (and the volume of exposure) is
higher than in the general population, there was no
association between NSAID exposure and KC risk.
Third, for SpA, we observed an increased risk of KC
per se, and even if the point estimate for NSAID use
was increased, precision was limited.

Our finding of a 30% increased risk of KC with
NSAID use in the general population is compatible
with some previous studies [3, 4, 27]. Bruinsma
et al. reported an odds ratio of 1.32 for non-aspirin
NSAIDs in a large case–control study [4]. The risk
was only increased among women in their study,
whereas we did not find that the risk for KC with
NSAID differed by sex. A register-based study from
Denmark reported an SIR for KC of 1.2 (1.0–1.5) in
the general population defining the use of NSAID as
only one prescription of NSAID in the Danish PDR
and a significant trend of increasing risk with an
increasing number of prescriptions [27]. Cho et al.
used data from two large US cohorts and found a
50% increased risk of the most common subtype
of KC, RCC with regular NSAID use [3]. Further, a
meta-analysis by Choueiri et al., including some of
the above studies, reported a pooled relative risk for
KC with non-aspirin NSAID of 1.25 (95% CI: 1.06–
1.46), with a higher risk with increasing exposure
[28]. Although there were differences in both expo-
sure (any use, regular use) and outcome definitions
across included studies, there was no significant
inter-study heterogeneity.

Contrary to this, two US studies reported no asso-
ciation between use of NSAIDs and RCC (the most
common subtype of KC) [5, 6]. The study by Karami
et al. analysed the risk of RCC in both a case–
control and cohort design and found no associa-

tion with NSAID use in either study [5]. Liu et al.
observed no overall association between RCC and
NSAID use, although there was some evidence of
an increased risk of RCC with frequent NSAID use
among younger individuals [6].

It may be that differences in the definition of
NSAID exposure explain some of the heterogeneity
in results. Our register-based definition of expo-
sure was at least two dispensed NSAID prescrip-
tions within 6 months and may have missed some
true regular use but with less frequently dis-
pensed prescriptions and overestimated true expo-
sure if dispensed drugs were not consumed. By
design, our exposure definition did not accom-
modate NSAID exposure earlier than 2006 and
did not include over-the-counter use. By contrast,
studies using questionnaire data [3–5, 29] may
have been susceptible to recall bias as well as
non-response.

An increased risk of KC among NSAID-exposed
in the general population could be due to detec-
tion bias from more frequent healthcare contacts.
In fact, data indicate that the majority of KC
cases in Sweden are diagnosed during imaging per-
formed for other reasons [30]. Among the minor-
ity of patients presenting with symptoms, flank
pain is common. NSAIDs may, therefore, be pre-
scribed to treat early symptoms of undiagnosed
KC. Indeed, we found a higher risk of KC dur-
ing the first year following NSAID exposure fulfil-
ment, which is arguably too short a follow-up for
any causal effect by NSAIDs on KC occurrence and
might suggest detection bias, reverse causation, or
both. However, the HR remained elevated, albeit at
a lower level (HRb = 1.24) after the first year, indi-
cating that such bias can only partly explain the
association. Further, our adjustment for comorbid
conditions and medications should have captured
some of the effects of frequent healthcare contacts
but did not substantially change HRs. However,
the fact that switching our exposure from regular
use of NSAID in the general population to regular
use of paracetamol resulted in an elevated HR of
KC between that of NSAID and the null could indi-
cate residual confounding by indication, although
some studies have reported an association between
paracetamol and KC risk [4, 28, 29]. Additionally,
there was no sign of lower mortality in KC that
had arisen in NSAID-exposed as compared to unex-
posed, and within the different cohorts, TNM can-
cer stage at diagnosis was largely similar by NSAID-
exposure.

10 © 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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Even though NSAID use in NSAID-exposed RA
patients was severalfold higher than in NSAID-
exposed individuals in the general population
(median dispensed DDDs during follow-up of 2.5
years vs. 0.8 years), we found no association
between NSAIDs and KC risk in patients with RA,
rather the opposite. In RA, most NSAID use is pre-
sumably linked to rheumatic disease, whereas in
the general population, the underlying indications
probably reflect an array of acute or chronic pain-
related conditions. Thus, the discrepancies in HR
between the general population and RA may reflect
confounding by indication rather than effects of
NSAIDs per se.

Although not the focus of this study, we noted an
elevated risk for KC in SpA patients per se, regard-
less of NSAID use. This finding is in line with sev-
eral [7, 8, 10] but not all previous studies [11,
12]. A recently published Mendelian randomization
study found a positive association between both AS
and SpA, respectively, and renal malignancies [31].
Kidney stones are also more common in AS/SpA
and, although we adjusted for urolithiasis, there
may still be some residual confounding [32]. A pos-
sible explanation (other than any true association
with NSAIDs) could thus be detection bias due to
the use of imaging and the intensity of healthcare
contacts in SpA. Importantly, our results regard-
ing NSAID use and KC risk in SpA should be inter-
preted with caution as the precision was limited.

NSAIDs may cause a wide spectrum of chronic
and acute kidney damage [33] directly related
to their pharmacological effect that is, inhibi-
tion of prostaglandin synthesis, affecting sodium
homeostasis and blood pressure. Kidney damage
may also arise from unrelated mechanisms, such
as hypersensitivity reactions, including intersti-
tial nephritis [34]. Whether such effects of NSAIDs
would lead to an increased KC risk remains, how-
ever, unknown [35, 36].

Our study has several strengths, including our
use of nationwide, population-based prospective
health registers with high coverage and validity.
Our study is also one of the largest ones on the risk
of KC with NSAID use to date. Cancer outcomes
were ascertained independent of exposure, thereby
minimizing the risk of recall or ascertainment
bias, and exposure was determined using com-
plete dispensation data rather than self-reported.
We found that the rates of KC in our general pop-
ulation comparator were the same as age- and

sex-standardized rates from the National Board of
Health and Welfare, which indicates that the inter-
nal validity was good and that the observed obser-
vations are generalizable to individuals in Sweden
with a similar age- and sex distribution as our gen-
eral population cohorts. Assessing both the inci-
dence and mortality of KC, and using data on TNM
cancer stages, permitted assessment of potential
detection bias. Moreover, we were able to adjust
for several potential confounders, including both
comorbid conditions of interest, family history of
KC and in a subgroup analysis also smoking. We
also evaluated the robustness of our results by
applying an alternative timescale of the Cox regres-
sion model (i.e., time since the start of follow-up
instead of attained age) and found substantially
similar results. Additionally, we conducted anal-
yses in the RA and SpA cohorts incorporating an
alternative exposure definition that included pre-
scriptions dispensed prior to the date of inclusion,
and these analyses also produced largely similar
outcomes.

Our study also has limitations. Some exposure
misclassification is to be expected due to the lack
of access to data on the over-the-counter use of
NSAIDs, as well as the left truncation of data due
to the PDR, which started in 2005. Moreover, we
could not verify whether dispensed prescriptions
were actually used. All of this may have intro-
duced some level of misclassification of NSAID
exposure. We could not adjust for obesity, con-
sidered a moderate risk factor for RCC [37, 38].
Although there may not be a direct link between
obesity and NSAID exposure, an indirect link may
exist through pain due to osteoarthritis, lower back
pain and other unspecific musculoskeletal disor-
ders. Finally, there could also be some misclassi-
fication of a few non-RCC renal cancers captured
through the cause of death register. However, when
we restricted the analysis to cases from the NCR,
the results were largely the same.

In conclusion, this so far largest cohort study indi-
cates a 30% increased risk of KC with use of NSAID
in the general population, but with only weak and
uncertain evidence for any increased risk with
cumulative exposure, an attenuated risk beyond
the first year, and with no increased risk with
NSAID use in the RA population with higher doses
and longer duration of NSAID exposure. We have
also confirmed previous findings of an increased
risk of KC per se in patients with AS/SpA. The
causality of our finding of a 30% relative risk

© 2025 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 0; 1–13
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increase of KC with regular NSAID use remains
uncertain. These results should be interpreted with
caution in clinical decision-making.
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