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Abstract

Background Topical non-steroidal anti-inflammatory drugs (NSAIDs) have lower risks for cardiovascular disease and gas-
trointestinal adverse effects compared to oral NSAIDs, but there are little data regarding their kidney risks in chronic kidney
disease (CKD). We evaluated the risk of adverse acute kidney outcomes in CKD according to route of NSAID administration.
Methods Retrospective cohort study of adults with CKD (eGFR less than 60 ml/min/1.73 m?) who received prescriptions
between 2015 and 2017 from a major healthcare cluster in Singapore. The adverse acute kidney outcomes were acute kidney
injury (AKI) and need for nephrology specialist consult within 30 days.

Results Among 6298 adults with CKD (mean age 72.1 + 13.3 years and eGFR 41.9 + 12.2 ml/min/1.73 m?), systemic and
topical NSAIDs were prescribed in 16.7% and 32.0%, respectively. Incident AKI (any severity), KDIGO Stage 2 or 3 AKI,
and need for nephrology specialist consult occurred in 16.7%, 2.6%, and 10.6% of the study cohort, respectively. After
adjusting for age, diabetes, recent cardiovascular hospitalization, baseline eGFR, RAAS blocker and diuretic, systemic
NSAIDs, and topical NSAIDs, compared with the no-NSAID group, were independently associated with incident AKI
[adjusted OR 1.77 (95% CI 1.46-2.15) and 1.38 (1.18-1.63), respectively]. Moderate and severe AKI (adjusted OR 1.68,
95% CI 1.09-2.58, p=0.02) and need for nephrology consults (adjusted OR 1.41, 95% CI 1.09-1.82, p=0.008) were also
increased in systemic NSAIDs.

Conclusion Among adults with CKD, both systemic and topical NSAIDs were independently associated with acute adverse
kidney outcomes.

Keywords NSAID - COX II inhibitor - Renal failure - Chronic kidney disease

Background

Analgesics are frequently used in chronic kidney disease
(CKD), including non-steroidal anti-inflammatory drugs
(NSAIDs) in 12-33% [1-3]. Notably, the increasing preva-
lence of NSAIDs use in CKD has been attributed to lim-
B Cynthia Ciwei Lim ited therapeutic options, lack of evidence for pain manage-

cynthia lim.c.w @singhealth.com.sg ment in CKD, and opioid avoidance due to the opioid crisis
[2]. In the prospective Chronic Renal Insufficiency Cohort
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Singapore merular filtration rates between 20 and 70 ml/min/1.73 m?,
2 SingHealth Polyclinic, Singapore, Singapore nearly a quarter (24%) reported oral NSAID use despite the
3 Health Services Research Unit, Singapore General Hospital, well-established risk of acute kidney injury (AKI) [4, 5],
Singapore, Singapore or “acute-on-chronic kidney injury” in this context. Less
4 is known about the prevalence or effect of topical NSAIDs
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lower bioavailability and maximal plasma concentration. As
a result of reduced risk for cardiovascular disease and severe
gastrointestinal adverse effects compared to oral NSAIDs
[6-8], topical NSAIDs are favored in other at-risk individu-
als such as older adults [9]. Yet, a survey of Australasian
kidney and rheumatology specialists found that a fifth would
not prescribe topical NSAID in moderately severe kidney
impairment [10], possibly due to reports of systemic absorp-
tion and AKI with topical NSAIDs [11, 12]. Recently, we
had shown that topical NSAIDs’ use in older adults with
co-morbid conditions was associated with increased risk of
acute adverse kidney events [13], but there is a paucity of
data regarding the effect of topical NSAIDs in CKD. Hence,
we aimed to evaluate the risk of adverse acute kidney out-
comes among individuals with CKD according to route of
NSAIDs administration.

Methods

This was a retrospective cohort study of all adults 21 years
and older with CKD, defined as CKD-EPI estimated glo-
merular filtration rate (¢GFR) < 60 ml/min/1.73 m?, who
received prescriptions between March 2015 and December
2017 from the country’s largest cluster of public healthcare
institutions that provide primary and specialist care to nearly
a third of the country, including the Singapore General
Hospital and seven SingHealth Polyclinics (Bukit Merah,
Outram, Marine Parade, Bedok, Tampines, Pasir Ris, and
Sengkang).

Cohort and risk factors

The original dataset was obtained from the Inappropriate
nephrotoxic Non-Steroidal Anti-Inflammatory Drug in Dia-
betes, Elderly and Renal Impairment (INSIDER) study [13],
which evaluated potentially inappropriate NSAID prescrip-
tions. NSAID prescriptions [including selective NSAIDs
such as cyclooxygenase II (COX II) inhibitors and topical
NSAIDs, Supplementary Table S1] were identified from out-
patient and discharge electronic pharmacy records. Prescrip-
tion dates, type, route, dose, and duration of each NSAID
were retrieved. We categorized those with oral or parenteral
NSAIDs as “systemic” NSAIDs. If there was no systemic
NSAID prescription, then individuals were further catego-
rized into topical NSAID and no-NSAID (did not have any
systemic or topical NSAID prescription) groups. The cohort
entry date for the NSAID groups was the date of first NSAID
prescription, while the cohort entry date for the “no NSAID”
group was the date of the first prescription during the study
period. We excluded individuals with missing serum creati-
nine within 6 months before cohort entry, since their CKD
status could not be ascertained. The study cohort (Fig. 1)
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Individuals with chronic kidney disease who received
prescriptions between March 2015 — Dec 2017

N =28,439
Exclusions
N =22,141

Incomplete laboratory results, n = 16,701
Baseline eGFR <15 ml/min/1.73m?, n = 3649
NSAID in 60 days prior, n = 1791

!

Study cohort
N = 6298

Fig. 1 Cohort identification of chronic kidney disease with incident
prescriptions

excluded those who had (1) prescriptions for NSAID within
60 days prior to cohort entry (n=1791), so that the NSAID
groups comprised incident NSAID users and those in the
“no NSAID” group will not have had any recent NSAID
prescription, (2) missing serum creatinine and/or potas-
sium values within 30 days after cohort entry (n=16,701),
since the kidney outcomes could not be ascertained, and
(3) advanced or severe kidney dysfunction defined as base-
line eGFR < 15 ml/min/1.73 m? (n=3649), as this group
included those on dialysis and serum creatinine fluctuations
cannot be interpreted as AKI.

Variables collected included demographic data, co-
morbid conditions, and biochemistry (most recent serum
creatinine and potassium values within 6 months preceding
cohort entry and peak values within 30 days after cohort
entry) obtained from electronic medical records from the
ambulatory clinics and hospitalizations. Baseline eGFR
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation using the most
recent serum creatinine value within 6 months preceding
cohort entry [14]. CKD was present if eGFR was less than
60 ml/min/1.73 m?. Individuals with diabetes mellitus (DM)
were identified from the SingHealth Diabetes Registry, an
electronic medical record-based registry which defined
DM based on diagnosis codes, drug prescriptions of glu-
cose lowering medications, and laboratory results (e.g.,
plasma glucose and HbAlc). Recent cardiovascular (CV)
hospitalization was defined as hospitalizations for ischemic
heart disease or congestive cardiac failure in the preceding
6 months. Renin—angiotensin—aldosterone system (RAAS)
blockers (such as angiotensin converting enzyme inhibi-
tors, angiotensin-receptor blockers, and mineralococorticoid
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receptor antagonists) or thiazide or loop diuretics prescribed
within 3 months before and up to 30 days after cohort entry
were also recorded as high-risk medications that may result
in adverse kidney outcomes when administered concurrently
with NSAID [15]. Hospitalization episodes and discharge
diagnoses from 6 months before until 30 days after cohort
entry were retrieved from electronic medical records.

Outcomes: kidney events

The primary outcome was the incidence of AKI
within 30 days. AKI was defined if serum creatinine
increased >26.5 umol/L or >50% from baseline, accord-
ing to the Kidney Disease: Improving Global Outcomes
(KDIGO) 2012 criteria [16]. Earlier studies had estab-
lished that the risk of NSAID-related AKI was highest
within 30 days after treatment initiation [17]; thus, a 30-day
follow-up was chosen for this study. The other commonly
used timeframe of 48 h to define AKI was not feasible in
this study based largely on outpatient prescriptions and
ambulatory clinic follow-up data, since kidney function
tests are less likely to be performed so soon after prescrip-
tion. The secondary outcomes were (1) KDIGO Stage
2 or 3 AKI, (2) incident hyperkalemia if baseline serum
potassium was < 5.5 mmol/L and subsequently increased
to>5.5 mmol/L, and (3) need for either inpatient or out-
patient nephrology specialist consult, all within 30 days
of cohort entry. We hypothesized that patients with acute
adverse kidney events, including those assessed by this study
(AKI and hyperkalemia) and those not assessed directly
by this study (NSAID-related hypertension or fluid over-
load), may be referred to the nephrologist, and hence, “need
for nephrology consult” would be a surrogate measure of
adverse kidney outcome and a pertinent measure of health-
care utilization.

This study was conducted according to the Declaration of
Helsinki. Waiver of informed consent for use of de-identified
electronic medical record data was approved by the Sing-
Health Centralized Institutional Review Board (2018/2567).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics 25 (IBM Corp., Armonk, New York). Baseline charac-
teristics and outcomes were compared by route of NSAID
administration. Categorical variables were presented as pro-
portions and compared using Pearson chi-square test. Con-
tinuous variables were summarized as means with standard
deviations and compared using one-way ANOVA with Bon-
ferroni correction as appropriate. Binary logistic regression
analysis (enter method) was used to obtain odds ratio (OR)
and 95% confidence interval (CI) for pre-selected factors

associated with the kidney outcome based on available
literature [4, 18, 19]. Sensitivity analyses were performed
by excluding those with subsequent NSAID prescriptions
within 30 days of cohort entry. All tests were two-tailed and
statistical significance defined as p <0.05 unless otherwise
specified.

Results
Population

We identified 6298 adults with CKD whose mean age was
72.1 +£13.3 years and baseline eGFR was 41.9+12.2 ml/
min/1.73 m?, respectively. Systemic NSAIDs were pre-
scribed in 1054 individuals (16.7%), among whom 56
(0.9%) had prescriptions for > 14 days and 998 (15.8%) had
prescriptions for 1-14 days. Among the systemic NSAID
group, 420 patients received another NSAID prescription in
the following 30 days: 215 and 175 patients received addi-
tional systemic and topical NSAID prescriptions, respec-
tively, while 30 individuals received both. In contrast, 2014
individuals (32.0%) received only topical NSAIDs. Among
the topical NSAID group, ketoprofen plaster was most fre-
quently prescribed (71.1%) and 1274 received another topi-
cal NSAID prescription within 30 days. Table 1 compares
the baseline characteristics by route of first NSAID prescrip-
tion. The groups prescribed systemic and topical NSAIDs
were significantly older, female and more had diabetes
compared to no NSAIDs. Recent CV hospitalization, more
severe kidney disease with CKD Stage G4, RAAS blockers,
and diuretics were significantly less frequent in those pre-
scribed systemic NSAID compared to topical or no NSAIDs.

Kidney events

Table 1 shows that the primary outcome of incident AKI of
any severity occurred in 1050 individuals (16.7%) and was
significantly less frequent in those with no-NSAID (14.5%)
compared to systemic NSAIDs and topical NSAIDs (19.2%
and 18.9%, respectively). More severe AKI (KDIGO Stage
2 or 3) was most frequent in the systemic NSAID group,
although the differences were not statistically significant.
Nephrology consults were significantly more frequent in the
topical and systemic NSAID groups.

Uni-variate analysis found that those with incident AKI
were more likely to have diabetes, recent CV hospitalization,
lower baseline eGFR, NSAID, and diuretic use (Table 2). In
the multi-variable model adjusted for age, gender, diabetes,
recent CV hospitalization, baseline eGFR, RAAS blocker,
and diuretic (Table 2), systemic NSAID and topical NSAID,
compared with the no-NSAID group, were independently

@ Springer



682

International Urology and Nephrology (2023) 55:679-686

Table 1 Clinical characteristics and adverse kidney outcomes in chronic kidney disease, compared by NSAID route of administration

All, N=6298 Systemic NSAID, Topical NSAID, No NSAID, N=3230 p Value”
N=1054 N=2014
Baseline characteristics
Age, years 72.1+13.3 70.5+12.6 75.4+11.6 70.6+14.0 <0.001
Age > 65 years, n (%) 4661 (74.0) 762 (72.3) 1665 (82.7) 2234 (69.2) <0.001
Female, n (%) 2972 (47.2) 525 (49.8) 1057 (52.5) 1390 (43.0) <0.001
Diabetes mellitus, n (%) 2818 (44.7) 506 (48.0) 1116 (55.4) 1196 (37.0) <0.001
Recent CV hospitalization, n (%) 725 (11.5) 68 (6.5) 289 (14.3) 368 (11.4) <0.001
eGFR, ml/min/1.73 m> 419+12.2 45.1+11.1 39.8+12.5 42.1+12.2 <0.001
CKD Stage G3, (%) 4976 (79.0) 932 (88.4) 1463 (72.6) 2581 (79.9) <0.001
CKD Stage G4, n (%) 1322 (21.0) 122 (11.6) 551 (27.4) 649 (20.1)
Serum potassium, mmol/L 43+0.7 43+0.6 43+0.7 43+0.7 0.001
Serum potassium > 5 mmol/L, n (%) 877 (13.9) 127 (12.0) 293 (14.5) 457 (14.1) 0.14
RAAS blocker, n (%) 2601 (41.3) 268 (25.4) 635 (31.5) 1698 (52.6) <0.001
Diuretic, n (%) 1830 (29.1) 201 (19.1) 520 (25.8) 1109 (34.3) <0.001
Adverse kidney events

AKI (any), n (%) 1050 (16.7) 202 (19.2) 380 (18.9) 468 (14.5) <0.001
AKI Stage 2 or 3, n (%) 162 (2.6) 35(3.3) 53 (2.6) 74 (2.3) 0.18
Incident hyperkalemia, n (%) 520 (8.3) 87 (8.3) 174 (8.6) 259 (8.0) 0.73
Nephrology consult, n (%) 666 (10.6) 105 (10.0) 257 (12.8) 304 (9.4) <0.001

Categorical variables were presented as proportions and compared using Pearson chi-square test. Continuous variables were summarized as
means with standard deviations and compared using ANOVA as appropriate

AKI acute kidney injury, CKD chronic kidney disease, CV cardiovascular, eGFR estimated glomerular filtration rate, NSAID non-steroid anti-

inflammatory drug, RAAS renin—angiotensin—aldosterone system

AComparison between systemic NSAID, topical NSAID, and no-NSAID groups, and hence, statistical significance is defined as p <0.0167

Table 2 Uni-variate and multi-
variable analysis of factors
associated with acute kidney
injury

Acute kidney injury, n=1050

Unadjusted Adjusted

OR 95% CI p Value OR 95% CI p Value
Age, per year increase 1.00 0.99-1.00 0.36 0.99 0.99-1.00 0.02
Female, yes 0.97 0.85-1.10 0.61 0.86 0.75-0.99 0.04
Diabetes mellitus, yes 1.19 1.04-1.36 0.009 1.07 0.93-1.23 0.36
Recent CV hospitalization, yes 2.45 2.06-2.92 <0.001 1.80 1.49-2.17 <0.001
Baseline eGFR, per ml/min/1.73  0.97 0.96-0.98 <0.001 0.98 0.97-0.98 <0.001

m? increase

#Systemic NSAID, yes 1.40 1.17-1.68 <0.001 1.80 1.48-2.18 <0.001
“Topical NSAID, yes 1.37 1.18-1.59 <0.001 1.40 1.19-1.64 <0.001
RAAS blocker, yes 0.98 0.86-1.12 0.80 0.75 0.65-0.88 <0.001
Diuretic, yes 2.55 2.23-2.92 <0.001 2.63 2.25-3.07 <0.001

CV cardiovascular, eGFR estimated glomerular filtration rate, NSAID non-steroid anti-inflammatory drug,
RAAS renin—angiotensin—aldosterone system

4Compared to no-NSAID group

associated with incident AKI [adjusted OR 1.77 (95% CI
1.46-2.15) and 1.38 (95% CI 1.18-1.63), respectively].
Table 3 shows that systemic NSAIDs were indepen-
dently associated with moderate—severe AKI (adjusted OR
1.68, 95% CI 1.09-2.58, p=0.02) and need for nephrology
consults (adjusted OR 1.41, 95% CI 1.09-1.82, p=0.008),
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whereas topical NSAIDs were independently associated
with need for nephrology consults (adjusted OR 1.69,
95% CI 1.39-2.07, p <0.001). Incident hyperkalemia was
not increased by NSAID use. In sensitivity analyses after
excluding those with a second NSAID prescription (Sup-
plementary Table S2), both systemic and topical NSAID



International Urology and Nephrology (2023) 55:679-686 683
Table 3 Multivariable analysis of factors associated with secondary outcomes

Adverse acute renal events within 30 days

AKI Stage 2 or 3, N=162 Incident hyperkalemia, N=520 Nephrology consult, N=666

Adjusted OR 95% CI  p Value Adjusted OR 95% CI p Value Adjusted OR 95% CI  p Value
Age, per year increase 0.99 0.98-1.00 0.21 1.00 0.99-1.004 022 0.95 0.95-0.96  0.95
Female, yes 0.96 0.70-1.33  0.80 1.20 1.00-1.45 0.05 0.84 0.70-0.99  0.04
Diabetes mellitus, yes 0.86 0.62-1.20 037 1.12 0.92-1.35 026 1.29 1.08-1.54  0.005
Recent CV hospitalization, yes 2.10 1.44-3.08 <0.001 2.02 1.60-2.55 <0.001 0.84 0.63-1.10  0.20
Baseline eGFR, per ml/ 1.02 1.00-1.03  0.009 0.99 0.98-0.996  0.002 0.94 0.94-0.95 <0.001

min/1.73 m? increase

Systemic NSAID, yes 1.68 1.10-2.60  0.02 1.15 0.88-1.50 026 143 1.11-1.85  0.006
“Topical NSAID, yes 1.29 0.89-1.88  0.18 1.03 0.83-1.28 072 1.72 1.40-2.10 <0.001
RAAS blocker, yes 0.46 0.32-0.66 <0.001 0.80 0.65-0.97 0.03 129 1.07-1.55  0.008
Diuretic, yes 4.86 3.39-6.95 <0.001 1.80 1.46-2.20 <0.001 1.08 0.89-1.32 043

CV cardiovascular, eGFR estimated glomerular filtration rate, NSAID non-steroid anti-inflammatory drug, RAAS renin—angiotensin—aldosterone

system

4Compared to no-NSAID group

prescriptions were independently associated with increased
risk for AKI and more severe AKI.

Discussion

This study investigated 6298 adults with CKD, among whom
16.7% were prescribed systemic NSAIDs, while 32.0%
were prescribed topical NSAIDs. Both systemic NSAIDs
and topical NSAIDs were significantly associated with AKI
within 30 days after prescription with adjusted ORs of 1.77
and 1.38, respectively. In comparison, a systematic review
that included 5 general population studies with 106,681
individuals with CKD noted that current NSAID use was
associated with 63% greater risk of AKI (pooled OR 1.63,
CI 1.22-2.19) [4]. However, prior studies focused on oral
NSAIDs with little data regarding the risk of acute adverse
kidney events after topical NSAIDs. This study showed that
the topical NSAIDs in CKD, compared to no-NSAID, were
independently associated with increased AKI and the need
for nephrology consults. Although this study did not evalu-
ate the duration or intensity of topical NSAID use, we had
previously proposed that prolonged or high-dose topical
NSAIDs may lead to significant systemic absorption and
accumulation [11, 13]. NSAIDs reduce kidney prostaglan-
din synthesis and blood flow [20], with more pronounced
adverse effects in the presence of microvascular disease and
impaired kidney hemodynamics which characterize CKD.
However, the AKI event rate was largely driven by mild AKI
as the risk of moderate and severe AKI was low (2-3%) in
all the NSAID groups. This may suggest physician discre-
tion in prescribing NSAIDs, as those who received topical

NSAIDs were older and more had comorbidities than those
prescribed systemic NSAIDs.

The American Society of Nephrology had identified
NSAID avoidance to be an area in patient care most amena-
ble to improvement [21]. It is concerning that despite pre-
scribing guidelines from internationally renowned societies
[21, 22], NSAID use remained prevalent among susceptible
individuals with established CKD [1-3, 9]. There is mount-
ing evidence that NSAIDs also increase the risk of progres-
sive kidney disease [23, 24]. In a prospective cohort study
of 3939 adults with estimated glomerular filtration rates of
20-70 ml/min/1.73 m? and followed up for a median of 6.8
years [24], oral NSAIDs were associated with increased risk
of the composite outcome of 50% reduction in the estimated
glomerular filtration rate and/or kidney failure requiring kid-
ney replacement therapy (hazard ratio 1.2, 95% confidence
interval 1.0-1.5). More recently, a retrospective cohort of
180,371 Japanese patients with osteoarthritis or chronic low
back pain noted that the risks of incident progressive CKD
were similar in topical (patch) and oral NSAIDs [25]. In
addition, a global assessment for risk should consider other
risk factors, such as concurrent RAAS blockers, diuretics,
and cardiovascular disease [15, 18, 26]. Special attention
should also be accorded to the latter, since NSAIDs are also
associated with CV disease [27], and CV disease is the lead-
ing cause of death in CKD [28]. While the additive CV risk
incurred by topical and oral NSAID use in individuals with
CKD has not yet been evaluated, the composite of CV events
(myocardial infarct, unstable angina, heart failure, stroke,
and revascularisation) was 1.87 per 100 person-years for
topical NSAID compared to 2.14 per 100 person-years for
oral NSAID in rheumatoid arthritis [7], such that topical
NSAID had 36% lower risk for CV disease compared with
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oral NSAID (hazard ratio 0.64, 95% confidence interval
0.43-0.95). Since the presence of multiple risk factors may
lead to incremental risks, clinical decision support tools such
as integrating risk prediction models into electronic medi-
cation alerts or having systematic pharmacist intervention
programs can guide prescribing for patients with CKD to
improve dose and frequency choices [29, 30], while elec-
tronic alerts for AKI in the context of nephrotoxin expo-
sure can prompt early recognition and appropriate action to
reduce nephrotoxin exposure and possibly reduce AKI [31].

In mild CKD, cautious use of topical (rather than oral)
NSAIDs for the shortest duration to avoid systemic accu-
mulation may ameliorate kidney risks [32]. In severe CKD,
alternative analgesic strategies such as non-pharmacologic
therapy are recommended as initial management [33], but
effective pharmacological pain control is complicated as safe
alternatives are limited [34]. A prospective cohort of 3939
adults with CKD found that self-reported, time-updated opi-
oid use was associated with a substantial risk for adverse
kidney disease outcomes, death, and hospitalization, pos-
sibly due to reduced clearance in CKD [24]. Higher doses
of gabapentinoids (more than 300 mg gabapentin or more
than 75 mg pregabalin daily) were associated with increased
risk of hospital visit with encephalopathy, fall or fracture,
or hospitalization with respiratory depression in a popula-
tion-based retrospective cohort study of 74,084 older adults
with CKD in Canada [35]. Ultimately, prescribers will need
to consider the risks and benefits of the various analgesics
according to patients’ risk profiles and preferences for effec-
tive pain control and quality of life within an acceptable
level of risk and risk modification, such as avoiding concur-
rent medications that potentiate risks and close surveillance
to identify complications early.

This study has several limitations. While it was necessary
to exclude those with missing laboratory values for serum
creatinine and potassium to accurately define the study
outcomes, we may have introduced selection bias, since
those included may have had their biochemistry performed,
because they were deemed by their physicians to be at-risk
for kidney dysfunction. On the other hand, immortal time
bias was introduced, since the included cohort was alive
until the time of their laboratory tests, while loss to follow
up bias may be present if the group who should have, but
did not have biochemistry performed after NSAID prescrip-
tion was significantly different in their risks for the outcome
compared to those who did. In determining and classifying
exposure to NSAIDs, we acknowledge that NSAID prescrip-
tions may not equate to NSAID use and our study may not
capture possible NSAID exposure from over-the-counter
purchases or from other healthcare providers such as gen-
eral practitioners in private practice. While there may be
other unaccounted confounders such as conditions that cause
hemodynamic instability that predispose to NSAID-induced
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AKI, we did not include NSAID prescribed during inpa-
tient treatment for acute illnesses, so it was less likely that
there was active untreated hypotension or decompensated
congestive cardiac failure at the time of NSAID prescrip-
tion. Instead, the known risk factors for NSAID-induced
AKI that had been consistently reported in the literature
were included in the multi-variate analyses as potential
confounders, so that the regression analyses adjusted for
the prognostic imbalance conferred by different prevalence
of potential confounders in the systemic NSAID, topical
NSAID, and no-NSAID groups in this observational study
[36]. The specific indications for prescribing NSAIDs were
not available from the de-identified data in this large medi-
cal records database study; hence, the analysis could not
control for confounding by indication, where conditions that
are treated with NSAIDs also predispose to kidney injury
and need for nephrology consults (such as gouty arthritis
with urate nephropathy) may over-estimate the kidney risks
conferred by NSAIDs. It is recognized that the indication for
treatment is usually difficult to characterize outside of ran-
domized controlled trials, since prescribing decisions may
be driven by multiple considerations, especially for NSAIDs
that are used for their broad range of analgesic, anti-pyretic,
and anti-inflammatory effects [37]. However, we utilized the
“new user” method (excluded those with NSAID prescrip-
tions during the pre-specified washout of 60 days) to reduce
survivor bias [38]. While the indication for the nephrology
consult was not available, Supplementary Table S3 shows
that need for nephrology consult was associated with inci-
dent AKI, KDIGO Stage 2 or 3 AKI, and hyperkalemia and
need for nephrology consult, thus lending support to its use
as a pertinent measure of an adverse kidney outcome requir-
ing healthcare utilization. The associations in this obser-
vational study do not necessarily indicate causal relation-
ships. However, this study utilized a large medical records
and pharmacy database, and reported findings according to
the rigorous STROBE guidelines (Supplementary Table S4).
The findings that both topical and systemic NSAIDs may be
associated with acute adverse kidney events, albeit with dif-
ferent magnitude and severity, support concerns regarding
their prescriptions in patients with impaired kidney function
[10-12]. Future studies would need to account for the pre-
scribing indication when evaluating the impact of both route
and cumulative exposure of NSAIDs on adverse kidney and
cardiovascular outcomes in individuals with chronic kidney
disease.
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