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Abstract

Aim Non-steroidal anti-inflammatory drugs (NSAIDs) are widely used analgesics among older adults. Adverse effects may
be avoided by careful patient selection. We aimed to evaluate the incidence of acute kidney injury (AKI) and/or hyperkalemia,
risk factors, and the accuracy of an NSAID risk prediction model in a cohort of Asian older adults.

Methods We conducted a retrospective cohort study of older adults, age 65 years and above, who received prescriptions
between March 2015 and December 2017 from Singapore’s largest cluster of public healthcare institutions. Factors associ-
ated with 30-day incident acute kidney injury and/or hyperkalemia were evaluated with multivariable regression analysis.
Calibration and discrimination of the Nash prediction model were assessed using the Hosmer-Lemeshow goodness-of-fit
test and C-statistic, respectively.

Results The primary outcome occurred in 16.7% of 12,798 older adults. Topical NSAIDs (adjusted OR 1.29, 95% CI
1.15-1.45), systemic NSAIDs of 1-14 days’ duration (adjusted OR 1.43, 95% CI 1.27-1.62), and systemic NSAIDs > 14
days (adjusted OR 1.84, 95% CI 1.37-2.49) were independently associated with the primary outcome, compared with no
NSAID. Diabetes mellitus, cardiovascular disease, lower estimated glomerular filtration rate (¢eGFR), and diuretics were
also independently associated with increased incident AKI and/or hyperkalemia. When applied to older adults with systemic
NSAIDs > 14 days (n = 305), the Nash risk model had poor calibration (p < 0.001) and poor discrimination with C-statistic
0.527 (0.438, 0.616).

Conclusions Longer NSAID duration and systemic compared with topical route were associated with incremental odds for
acute renal events. Further studies are required to improve the available risk model to guide NSAID prescriptions in older
adults.

1 Introduction kidney injury (AKI) can occur when an NSAID inhibits

the prostaglandin-mediated dilation of the afferent renal
Non-steroidal anti-inflammatory drugs (NSAIDs) are widely ~ arteriole in conditions where renal glomerular perfusion is
used analgesics but may be associated with adverse cardi-  reduced. Older adults are particularly susceptible to NSAID-

ovascular, renal, and gastrointestina] events [1, 2]. Acute induced AKI [3]. Despite evidence-based clinical guidelines
that have repeatedly cautioned against potentially inappro-

priate NSAID prescription in older adults with heart failure,
severe hypertension, and chronic kidney disease (CKD) [1,
2, 4], NSAID prescription remains frequent. The Chronic
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Non-steroidal anti-inflammatory drugs (NSAIDs) are
widely used analgesics among older adults and care-

ful patient selection may minimize adverse effects. The
Nash risk prediction model was developed in a predomi-
nantly Caucasian older adult population but external
validation in other cohorts is lacking.

This study evaluated 12,798 Asian older adults aged
65 years and older who received prescriptions from
Singapore’s largest cluster of public healthcare institu-
tions and confirmed that systemic NSAIDs > 14 days,
systemic NSAIDs prescribed for 1-14 days, and topi-
cal NSAIDs increased the risk of acute adverse kidney
events.

The Nash risk model had poor calibration and discrimi-
nation among Asian older adults prescribed systemic
NSAIDs for > 14 days. Further research to guide NSAID
prescriptions in older adults is required.

for 30-day risk of AKI and/or hyperkalemia [5], developed
in Canadian older adults in the general population and acces-
sible as an online calculator (https://qxmd.com/calculate-by-
gxmd), may be a useful decision support tool for clinicians
to avoid prescribing NSAIDs to older adults at risk of AKI
[6]. However, this tool has yet to be extensively validated
in other populations. As most of the evidence of NSAID-
induced AKI in the community is obtained from predomi-
nantly Caucasian populations [3, 7], it is unclear if the risks
of AKI will be different in Asians. We thus aimed to evaluate
the factors associated with risk of acute adverse renal events
and the accuracy of the Nash risk model in a cohort of multi-
ethnic Southeast Asian older adults.

2 Methods

This was a retrospective cohort study of all older adults aged
> 65 years who received incident prescriptions between 1
March 2015 and 30 December 2017 from Singapore General
Hospital and seven SingHealth Polyclinics (Bukit Merah,
Outram, Marine Parade, Bedok, Tampines, Pasir Ris, and
Sengkang). Together, the Singapore Health Services (Sin-
gHealth) cluster is Singapore’s largest cluster of public
healthcare institutions that provides integrated clinical ser-
vices spanning primary care and tertiary referral centers.

2.1 Cohort and Risk Factors

Data was obtained from the INSIDER (Inappropriate
nephrotoxic Non-Steroidal Anti-Inflammatory Drug in
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Diabetes, Elderly and Renal Impairment) study, which evalu-
ated potentially inappropriate NSAID prescription in at-risk
individuals who received any prescriptions between 2015
and 2017 in Singapore General Hospital and SingHealth
Polyclinics [8]. NSAID prescriptions (including selective
NSAIDs such as cyclooxygenase II [COX II] inhibitors, Sup-
plementary Table S1, see electronic supplementary mate-
rial [ESM]) were identified from outpatient and discharge
electronic pharmacy records. Prescription dates, type, route,
dose, and duration of each NSAID was retrieved. We cat-
egorized systemic NSAID prescription by (a) NSAID (oral
or parental route) for > 14 days according to the Nash study
definition for NSAID users [5], and (b) short course for
1-14 days. Following the Nash study [5], the date of the first
NSAID prescription for > 14 days was defined as the cohort
entry date for those with multiple NSAID prescriptions.
Additionally, if there was no NSAID prescription > 14 days,
then the date of the first systemic NSAID prescription for
1-14 days was defined as the cohort entry date. If there was
no systemic NSAID prescription, then individuals were fur-
ther categorized into (c) topical NSAID, and (d) no NSAID
(i.e. did not have any systemic or topical NSAID prescrip-
tion). The cohort entry date for the ‘no-NSAID’ group was
the date of the first prescription during the study period.
Among individuals prescribed systemic NSAIDs, any topi-
cal NSAID in the same prescription was documented as ‘co-
prescribed topical NSAID’. We excluded individuals with
the following: (i) prescriptions for NSAIDs within 60 days
prior to cohort entry so that the NSAID groups are incident
NSAID users and those in the ‘non-NSAID’ group will not
have had any recent NSAID prescription; (ii) missing serum
creatinine and/ or potassium values within 6 months before
and 30 days after cohort entry; and (iii) advanced or severe
kidney dysfunction defined as baseline estimated glomerular
filtration rate (¢GFR) < 15 mL/min/1.73 m°.

Variables collected included demographic data, co-mor-
bid conditions, and biochemistry (most recent serum creati-
nine and potassium values within 6 months preceding cohort
entry and peak values within 30 days after cohort entry).
Baseline eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD EPI) equa-
tion using the most recent serum creatinine value within 6
months preceding cohort entry. CKD was present if eGFR
was < 60 mL/min/1.73 m%. Diabetes mellitus was identified
from the SingHealth Diabetes Registry, an electronic medi-
cal record (EMR)-based registry that defined diabetes based
on diagnosis codes, drug prescriptions of glucose-lowering
medications and laboratory results (e.g. plasma glucose and
HbAIc). Baseline cardiovascular disease (CVD) was present
if there was any CVD-related hospitalization for ischemic
heart disease or congestive heart failure in the preceding
6 months. Renin-angiotensin-aldosterone system (RAAS)
blockers (such as angiotensin-converting enzyme inhibitor,
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angiotensin-receptor blocker, and mineralocorticoid recep-
tor blocker) or thiazide or loop diuretics prescribed within
6 months before and up to 30 days after cohort entry were
also recorded as high-risk medications that may result in
adverse renal outcomes when administered concurrently
with NSAIDs [5, 9, 10].

2.2 Renal Events

The primary outcome in this study was the incidence of AKI
and/or hyperkalemia within 30 days. AKI was defined if
serum creatinine increased >26.5 umol/L or >50% from
baseline, according to the Kidney Disease: Improving Global
Outcomes (KDIGO) 2012 criteria that was used by the Nash
study [5, 11]. Incident hyperkalemia was present if base-
line serum potassium was < 5.5 mmol/L and subsequently
increased to >5.5 mmol/L. Earlier studies had established
that the risk of NSAID-related AKI was highest within 30
days after treatment initiation [12], thus a 30-day follow up
was chosen for this study. Data was censored at last follow
up or at 30 days, whichever was earlier.

This study was conducted according to the Declaration of
Helsinki. Waiver of informed consent for use of de-identi-
fied EMR data was approved by the SingHealth Centralized
Institutional Review Board (2018/2567).

3 Statistical Analysis

Statistical analysis for risk factors was performed using
IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA).
Categorical variables were presented as proportions and
continuous variables summarized as means with standard
deviations. Pearson chi-square test was used to compare
categorical variables and student t-test or one-way Anova
test for continuous variables, as appropriate. Binary logistic
regression analysis (enter method) was used to obtain odds
ratios (ORs) and 95% confidence intervals (CIs) for pre-
selected factors associated with the outcome based on avail-
able literature [3, 5, 9, 13], as well as factors with p < 0.20
in univariate analysis. Hence, the variables included in the
multivariable regression model were age, diabetes melli-
tus (yes vs no), CVD (yes vs no), eGFR, serum potassium,
NSAID type and duration (vs no-NSAID), RAAS blocker
(yes vs no), and diuretic (yes vs no). Multicollinearity was
checked by examining the correlation matrix for coefficient
values > 0.80. Cox regression analysis was also performed to
generate the survival curves for time to the primary outcome
according to NSAID type and duration. Sensitivity analysis
was performed for older adults with serum creatinine values
at baseline and follow up to evaluate the outcome of incident
AKI. All tests were two-tailed and statistical significance
was defined as p < 0.05 unless otherwise stated.

External validation analysis of the Nash clinical risk
model was performed using R (R Core Team, Vienna, Aus-
tria) [14] with ResourceSelection [15] and pROC [16] pack-
ages for the Hosmer-Lemeshow goodness-of-fit tests and
C-statistic calculations, respectively. C statistic, the equiv-
alent of the area under a receiver operating characteristic
(ROC) curve (AUC), was computed as a measure of discrim-
ination for a binary outcome, where a value of 0.5 suggests
poor predictive performance (similar to that of a coin toss)
while a value of 1.0 suggests perfect ability to differentiate
between individuals with and without the outcome. Calibra-
tion of the model was evaluated by the Hosmer-Lemeshow
goodness-of-fit test and graphically by logistic regression
models with loess smoothers [17], where p < 0.05 suggests
poor agreement between predicted and observed risks. The
sensitivity, specificity, positive predictive value, and nega-
tive predictive value were calculated at 1%, 5%, and 10%
risk. Since the Nash risk score was developed in a relatively
low-risk cohort [5], we performed sensitivity analysis for
older adults without CVD. An additional sensitivity analy-
sis included those without follow-up serum creatinine and
potassium results by assuming they did not have incident
AKI or hyperkalemia.

4 Results
4.1 Population and Renal Events

Figure 1 describes the cohort identification and exclusions.
We identified 12,798 older adults with incident prescrip-
tions between March 2015 and December 2017. Half were
female (50.9%). The multi-ethnic cohort were mostly Chi-
nese (n = 10,369, 81.0%), followed by Malay (7.5%), Indian
(6.3%), and other ethnicities (5.2%). Comorbid conditions
such as diabetes (36.2%) and CKD (36.4%) were frequent,
as was use of RAAS blockers (36.5%) and diuretics (25.1%).

NSAIDs were prescribed in 7210 individuals (56.3%).
Systemic NSAIDs were prescribed in 3640 individuals
(28.4%), of whom 305 (2.4%) had systemic NSAID prescrip-
tions for > 14 days and 3335 (26.1%) received short-course
systemic NSAID prescriptions for 1-14 days. The majority
of systemic NSAIDs were COX II inhibitors (61.0%). Co-
prescription of topical NSAIDs was present in 19.7% and
13.1% of those with systemic NSAID prescriptions for > 14
days and 1-14 days, respectively. Another 3570 (27.9%)
received only topical NSAIDs.

Table 1 compares the baseline characteristics and acute
renal outcomes by route and duration of NSAID prescrip-
tion. The group with systemic NSAID prescriptions > 14
days were significantly younger, more likely to be female but
less likely to have CVD, CKD, RAAS blockers, and diuret-
ics, and had higher eGFR than the other groups. In contrast,
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those with topical NSAID prescriptions were significantly
older, more likely to have diabetes, CVD, and CKD, and
had lower eGFR and higher baseline serum potassium than
the other groups.

The primary outcome of 30-day AKI and/or hyperkalemia
occurred in 2137 individuals (16.7%). Table 1 shows that it
was most frequent in the group prescribed systemic NSAIDs
for > 14 days (20.0%), compared with short-course systemic
NSAIDs (17.1%), topical NSAIDs (19.0%), and no NSAIDs
(14.8%).

4.2 Factors Associated with Acute Kidney Injury
and Hyperkalemia

In univariate analysis compared according to the primary
outcome (Supplementary Table S2, see ESM), those with
AKI and/or hyperkalemia were significantly older with lower
eGFR and more likely to have diabetes, CVD, RAAS block-
ers, and diuretics than those without. Co-prescription of sys-
temic and topical NSAIDs was not significantly different
between the group with the primary outcome and the group
without (12.1% vs 13.9%; p = 0.23).

Multivariate analysis by logistic regression for the occur-
rence of the primary outcome within 30 days in Table 2
shows that NSAIDs, compared with no NSAIDs, were inde-
pendently associated with increased odds of the primary out-
come. The odds ratios were incrementally higher for topical
NSAIDs (adjusted OR 1.29, 95% CI 1.15-1.45), systemic
NSAIDs 1-14 days (adjusted OR 1.43,95% CI 1.27-1.62),
and systemic NSAIDs >14 days (adjusted OR 1.84, 95%
CI 1.37-2.49). Diabetes, CVD, lower eGFR, and diuretics
were also independently associated with increased 30-day
incident AKI and/or hyperkalemia. None of the covariates
were significantly correlated. Cox regression adjusting for

All older adults who received prescriptions
between March 2015 — Dec 2017
N = 165,659

l

Exclusions
N =152,861
Incomplete laboratory results, n = 150,583
Missing baseline serum creatinine or
potassium, n= 82,755
Missing follow up serum creatinine or
potassium, n = 67,828
Baseline eGFR <15 ml/min/1.73m?, n = 2117
NSAID in 60 days prior, n = 161

}

Study cohort
N=12,798

Fig. 1 Cohort identification of older adults with incident prescriptions
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age, diabetes, CVD, baseline eGFR and serum potassium,
and use of RAAS blockers and diuretics similarly showed
that systemic route and longer duration increased the risk
for the primary outcome (Fig. 2). CVD, lower eGFR, and
diuretics continued to be independently associated with the
primary outcome (Supplementary Table S3, see ESM).

Supplementary Table S4 (see ESM) showed the sensi-
tivity analysis performed for the outcome of AKI among
13,221 individuals with serum creatinine at baseline and
follow up. Prescribing NSAIDs for > 14 days (adjusted OR
2.13,95% CI 1.54-2.95), systemic NSAIDs for 1-14 days
(adjusted OR 1.72,95% CI 1.50-1.98), and topical NSAIDs
(adjusted OR 1.41, 95% CI 1.24-1.61) were significantly
associated with 30-day incident AKI, compared with no
NSAIDs.

4.3 External Validation

When applied to our cohort of 305 older adults with sys-
temic NSAID prescriptions > 14 days, the Nash risk model
had poor calibration (p < 0.001, Supplementary Fig. S2, see
ESM), and poor discrimination with C-statistic 0.527 (0.438,
0.616) (Supplementary Fig. S3, see ESM). The calibration
(goodness-of-fit, p < 0.001) and discrimination (C-statistic
0.518 [0.424, 0.611]) remained poor in the subgroup with-
out CVD (n = 294). Supplementary Table S5 demonstrates
the clinical utility of the Nash model to identify high-risk
individuals in our cohort based on different predicted risk
thresholds. The sensitivity values were 77% and 28% and
the specificity values were 22% and 82% for predicted risk
thresholds of > 5% and > 10%, respectively.

In the sensitivity analysis where those without follow-up
serum creatinine and potassium were assumed not to have
AKI or hyperkalemia, the Nash risk model was applied
to 2786 older adults with systemic NSAID prescriptions
> 14 days. Incident AKI and/or hyperkalemia occurred in
62 (2.2%). The calibration (goodness-of-fit p < 0.001) and
discrimination (C-statistic 0.529 [0.441, 0.613]) remained
poor in this cohort. The sensitivity values were 4.8% and
1.6% and the specificity values were 98.8% and 99.7% for
predicted risk thresholds of >5% and > 10%, respectively.

5 Discussion

This study comprising 12,798 older adults found that topi-
cal NSAIDs (adjusted OR 1.29), systemic NSAIDs for
1-14 days (adjusted OR 1.43) and systemic NSAIDs for
>14 days (adjusted OR 1.84) were independently associ-
ated with 30-day incident AKI and/or hyperkalemia. While
prolonged systemic NSAIDs use is associated with AKI
[5], there was little data on the nephrotoxicity of short-term
NSAIDs or topical NSAIDs. We had recently demonstrated
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Table 1 Clinical characteristics of older adults included in the study
Systemic NSAID Short-course systemic Topical No NSAID, N = 5588  p value®
> 14 days, N=305 NSAID 1-14 days, NSAID,
N =3335 N=3570
Baseline characteristics
Age, years 733+ 6.1 743 £ 6.9 71.5+79 75.8 +7.9 <0.001
Female, n (%) 174 (57.0) 1765 (52.9) 1956 (54.8) 2616 (46.8) <0.001
Diabetes mellitus, n (%) 98 (32.1) 1202 (36.0) 1649 (46.2) 1683 (30.1) <0.001
Cardiovascular disease, n (%) 11 (3.6) 172 (5.2) 405 (11.3) 503 (9.0) <0.001
Chronic kidney disease, n (%) 47 (15.4) 715 (21.4) 1665 (46.6) 2234 (40.0) <0.001
eGFR, mL/min/1.73 m? 80.3 + 18.7 76.3 £20.4 63.1 +25.1 66.2 +23.4 <0.001
Serum potassium, mmol/L 4.1+0.6 4.1+0.6 42 +0.6 4.1+0.7 0.002
RAAS blocker, n (%) 69 (22.6) 866 (26.0) 1246 (34.9) 2488 (44.5) <0.001
Diuretic?, n (%) 59 (19.3) 655 (19.6) 956 (26.8) 1537 (27.5) <0.001
NSAID prescription at cohort entry
Type of systemic NSAID
Non-selective, n (%) 102 (33.4) 1382 (41.4)
COX II inhibitor, n (%) 205 (67.2) 2016 (60.4)
Co-prescribed topical NSAID, n (%) 60 (19.7) 436 (13.1)
Adverse renal events
AKI and/or hyperkalemia, n (%) 61 (20.0) 571 (17.1) 680 (19.0) 825 (14.8) <0.001
Incident AKI, n (%) 48 (15.7) 458 (13.7) 522 (14.6) 585 (10.5) <0.001
Incident hyperkalemia, n (%) 23 (7.5) 215 (6.4) 267 (7.5) 374 (6.7) 0.32

Categorical data were presented as number (percentage) and continuous data as mean + standard deviation

AKI acute kidney injury, CKD EPI Chronic Kidney Disease Epidemiology Collaboration, eGFR estimated glomerular filtration rate calculated
using CKD EPI estimation equation, NSAIDs non-steroidal anti-inflammatory drugs, RAAS renin -angiotensin-aldosterone system

*Diuretic refers to thiazide and loop diuretics

®Pearson chi-square test was used to compare categorical variables and one-way Anova test for continuous variables. Statistical significance was
defined as p < 0.008 after Bonferroni correction for multiple comparisons

Table 2 Univariate and multivariate analysis of factors associated with acute kidney injury and/or hyperkalemia

Unadjusted Adjusted®

OR 95% C1 p value OR 95% CI p value
Age, per year increase 1.01 1.01-1.02 <0.001 1.00 1.00-1.01 0.21
Diabetes mellitus, yes® 1.29 1.17-1.42 <0.001 1.15 1.04-1.27 0.006
Cardiovascular disease, yes® 2.48 2.16-2.85 <0.001 1.71 1.48-1.99 <0.001
Baseline eGFR, per 10 mL/min/1.73 m? increase 0.90 0.89-0.92 <0.001 0.93 0.91-0.95 <0.001
Baseline serum potassium, per 1 mmol/L increase 1.06 0.99-1.14 0.10 1.02 0.94-1.10 0.67
Systemic NSAID > 14 days, yes® 1.44 1.08-1.93 0.01 1.84 1.37-2.49 <0.001
Short-course systemic NSAID, yes® 1.19 1.06-1.34 0.003 1.43 1.27-1.62 <0.001
Topical NSAID, yes® 1.36 1.21-1.52 <0.001 1.29 1.15-1.45 <0.001
RAAS blocker, yes® 1.24 1.12-1.36 <0.001 0.94 0.84-1.04 0.22
Diuretic, yes® 2.61 2.37-2.88 <0.001 2.35 2.11-2.61 <0.001

CI confidence interval, eGFR estimated glomerular filtration rate, NSAI/Ds non-steroidal anti-inflammatory drugs, OR odds ratio, RAAS renin

-angiotensin-aldosterone system

#The multivariable logistic regression model included the following variables: age, diabetes mellitus, cardiovascular disease, eGFR, serum
potassium, NSAID type and duration, RAAS blocker, and diuretic

bCompared with those without the risk factor (reference with OR 1.0)
“Compared with no-NSAID group (reference with OR 1.0)
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Fig.2 Comparison of time to acute kidney injury or hyperkalemia
according to prescribed NSAID route and duration, after adjustment
for age, diabetes, cardiovascular disease, baseline estimated glomeru-
lar filtration rate and serum potassium and use of renin-angiotensin-
aldosterone system blockers and diuretics by Cox regression. NSAIDs
for >14 days (adjusted HR 1.50, 95% CI 1.15-1.96), systemic

that short-course systemic NSAIDs and topical NSAIDs
were associated with increased AKI and/or hyperkalemia
[8]. The findings from this study further showed that there
were incremental odds of an acute adverse renal outcome
with longer NSAID duration and systemic route, compared
with topical. This is consistent with the greater nephrotoxic-
ity expected with greater cumulative exposure, since topical
NSAIDs have lower bioavailability and plasma concentra-
tions compared with oral NSAIDs. While recent studies on
NSAID-associated AKI in older adults did not study the
impact of NSAID duration or route [18-20], NSAIDs were
associated with increased risk of acute myocardial infarction
in a dose-dependent manner in a meta-analysis that included
446,763 individuals [21]. Thus, our findings relating NSAID
prescription duration and acute adverse renal outcomes com-
plement those in acute cardiovascular events.

The other risk factors of diabetes [7, 12], lower eGFR,
and diuretics identified by this study are consistent with
known literature on NSAID-associated AKI [5, 9, 10]. In
addition, we found that recent CVD-associated hospitaliza-
tions for ischemic heart disease or congestive heart failure
were strongly associated with AKI and/or hyperkalemia,
even after accounting for use of RAAS blockers and diu-
retics. CVD may adversely affect renal hemodynamics
and reduce glomerular flow, thereby potentiating NSAID-
induced AKI mediated by reduced renal prostaglandin
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NSAIDs for 1-14 days (adjusted HR 1.26, 95% CI 1.13-1.41), and
topical NSAIDs (adjusted HR 1.12, 95% CI 1.01-1.24) were signifi-
cantly associated with incident AKI and/or hyperkalemia, compared
with no-NSAIDs. AKI acute kidney injury, CI confidence interval,
HR hazard ratio, NSAIDs non-steroidal anti-inflammatory drugs

synthesis and reduced renal blood flow [22]. However, CVD
was not included as a risk factor in the Nash risk model [5].
While age, diabetes, and diuretic use were similar between
the groups, our cohort of older adults who received sys-
temic NSAIDs > 14 days were more likely to have had
CVD-related hospitalization within 6 months preceding
cohort entry than the Nash NSAID users who had a mean of
0.2 +0.5 hospitalizations in the preceding year [5]. Thus, the
poor calibration and discrimination of the Nash model may
be due to differences in case mix in the two studies. How-
ever, the performance of the Nash model did not improve in
the subgroup without CVD, nor in the sensitivity analysis.
At a predicted risk threshold of > 5%, the Nash model
had high sensitivity but low specificity, while at a predicted
risk threshold of > 10%, the Nash model had low sensitiv-
ity but high specificity. The positive predictive values were
low and negative predictive values were high for both lev-
els of predicted risk threshold. When applied to clinical
practice, the Nash model can potentially aid physicians in
risk stratifying older adults before prescribing potentially
nephrotoxic systemic NSAIDs. However, the acceptable risk
threshold remains debatable and may need to be individual-
ized according to the individual’s comorbid conditions and
tolerance for AKI or hyperkalemia. It can be argued that the
adverse renal outcomes identified by the study definitions
may include mild cases of AKI or hyperkalemia. These may
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be trade-offs for adequate pain relief and an improved qual-
ity of life, especially when alternative effective analgesic
options such as opioids, anti-epileptics, and anti-depres-
sants are limited due to comorbid conditions that reduce
drug clearance or predispose to drug interactions [23, 24].
Hence, the choice of risk threshold should reflect the harms
of false positives (e.g. not prescribing an NSAID resulting in
inadequate pain relief or use of other inappropriate analge-
sic) and false negatives (e.g. prescribing prolonged systemic
NSAIDS to high-risk individual and causing AKI and/or
hyperkalemia); and the benefits of identifying true positives
(e.g. instituting close monitoring after NSAID prescription
to identify adverse events early or even avoid prescription
of prolonged systemic NSAIDs). These are likely to change
according to the clinical context [25], so shared decision
making to tailor therapy to the needs of the individual is
required. The results from this study support the recommen-
dations from the American Geriatrics Society 2019 updated
AGS Beers Criteria® that systemic NSAIDs be prescribed
at the lowest effective dose for shortest possible duration
[24]. Topical NSAIDs had been frequently recommended
for better gastrointestinal and cardiovascular tolerability [26,
27]. Considering the limitations of the Nash model when
applied to a higher-risk cohort, and that topical NSAIDs
were also associated with acute renal events [8], albeit with
a lower risk magnitude than prolonged systemic NSAIDs,
future studies may want to consider evaluating short-course
systemic NSAIDs and topical NSAIDs in predictive risk
models to guide NSAIDs prescriptions to older adults. These
newer models will need to be externally validated in cohorts
of varying risks before they can be widely implemented in
appropriately risk-stratified older adults [8].

This study has several limitations. Since we sought to
evaluate the Nash risk model, we similarly defined NSAID
exposure by prescription data. However, the authors
acknowledge that NSAID prescriptions may not equate to
NSAID use and data on over-the-counter NSAID use was
not available. By necessarily including only those with both
baseline and follow-up serum creatinine and potassium lev-
els to accurately classify the outcome, we may have selected
those who had their biochemistry performed because they
were deemed by their physicians to be at risk for renal dys-
function. This contributed to the higher incidence of acute
renal events observed, compared with that of the Nash
cohort [5]. On the other hand, it is possible that we excluded
very sick patients who died before reaching the emergency
department where the kidney function would be routinely
assessed, whereas their inclusion would have led to an even
higher acute adverse event rate. A sensitivity analysis for
the outcome of AKI was conducted to include those who
were initially excluded for missing serum potassium lev-
els and found that the factors identified remained consist-
ent with the main analysis. While we attempted to address

immortal time bias by defining the cohort entry according to
first prescription and the subsequent person-time as exposed,
excluding those with NSAID prescription prior to cohort
entry, and using a Cox regression model to assess time to
event [28], we did not censor for death or loss to follow up
since the number of affected patients is presumed to be low
for the short follow up. We were also unable to account for
confounding by indication, where individuals with certain
conditions predisposing them to use of systemic and topical
NSAIDs may be at increased risk for acute adverse events,
such as hyperuricemic gout and rheumatoid arthritis. The
authors acknowledge that the comorbidities and co-prescrip-
tions were not exhaustive, and associations elicited in this
observational study do not necessarily indicate causality.
The external validation was performed in a relatively small
cohort of older adults with systemic NSAIDs > 14 days.
While this study focused on acute adverse renal events, there
are increasing data that NSAIDs may be associated with
progressive CKD [23, 29]. Such information will further add
to the risk—benefit discussion when physicians consider pre-
scribing NSAIDs to older adults. This deserves greater study
but is beyond the scope of this work. However, this study
attempted to address the current knowledge gap by quan-
tifying the risk of NSAID-associated acute nephrotoxicity
by NSAID route and duration in multi-ethnic Asians, after
considering well established risk factors. We found that sys-
temic NSAIDs > 14 days, systemic NSAIDs prescribed for
1-14 days, and topical NSAIDs increased the risk of acute
adverse kidney events among older adults. This study also
provided insight into potential limitations of the Nash risk
model when it is applied in this population to assess their
acute adverse renal events after systemic NSAIDs; hence,
further studies are required to improve the available risk
model to guide NSAID prescriptions in older adults.
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