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Objective: Although nonsteroidal anti-inflammatory drugs (NSAIDs) are the first-line treatment for ankylosing spondylitis (AS),
their effect on kidney function remains unclear. This longitudinal study investigated the correlation between long-term NSAID
use and kidney function in patients with AS using electronic medical records.

Methods: The electronic medical records of 1,280 patients with AS collected from a single center between January 2001 and De-
cember 2018 were reviewed. The Assessment of Spondyloarthritis International Society (ASAS) NSAID Intake Score was used
to determine the cumulative dose of all NSAIDs prescribed for a different time intervals. Each ASAS NSAID Intake Score was
obtained for intervals of 6 months, 1 year, 2 years, 3 years, 5 years, and 10 years. The correlation between the ASAS NSAID Intake
Score and final estimated glomerular filtration rate (eGFR) for each interval was investigated.

Results: The mean ASAS Intake Scores for 6-month, 1-year, 2-year, 3-year, 5-year, and 10-year intervals were 55.30, 49.28, 44.84,
44.14, 44.61, and 41.17, respectively. At each interval, the pearson correlation coefficients were —0.018 (95% CI: —0.031 to —0.006,
p=0.004), —0.021 (95% CI: —0.039 to —0.004, p=0.018), —0.045 (95% CI: —0.071 to —0.019, p=0.001), —0.069 (95% CI: —0.102 to
—0.037, p<0.001), —0.070 (95% CI: —0.114 to —0.026, p=0.002), —0.019 (95% CI: —0.099 to 0.062, p=0.645), respectively. There was
a very weak negative relationship between ASAS Intake Score and eGFR at each interval.

Conclusion: Long-term NSAID use did not correlate with kidney function based on real-world data in patients with AS.

Keywords: Anti-inflammatory agents, non-steroidal, Kidney function tests, Renal insufficiency, chronic, Spondylitis, ankylosing

INTRODUCTION mended as the first-line treatment for patients with AS [3-5].

Therefore, many types of NSAIDs are used for temporary or

Ankylosing spondylitis (AS) is a chronic inflammatory ar- long-term control of disease activity. In addition, several studies

thritis that primarily affects the spine and sacroiliac joints [1,2]. have suggested that long-term use of NSAIDs may slow radio-
Nonsteroidal anti-inflammatory drugs (NSAIDs) are recom- graphic progression [6,7].
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NSAIDs and kidney function

NSAIDs exert analgesic, anti-inflammatory, and antipyretic
effects by inhibiting the cyclooxygenase (COX) enzymes [8].
COX has two isoforms, COX-1 and COX-2, which overlap
functionally, but exhibit different physiological functions. COX-
1 maintains the basic physiological functions of kidney perfu-
sion and protects the gastric mucosa. COX-2 is involved in the
inflammatory response, but importantly, it plays a role in in-
creasing prostaglandin production in environments that require
augmentation of renal blood flow [9]. In response to volume
contraction, COX-2 expression is upregulated to protect the
kidneys. In other words, the inhibition of COX-2 by NSAIDs
may lead to nephrotoxicity [10].

NSAID-induced nephrotoxicity includes edema due to so-
dium retention, hyperkalemia, acute kidney injury (AKI), inter-
stitial nephritis, and hypertension [8,10]. The extensive use of
NSAIDs implies that many patients are at risk because NSAIDs
are widely regarded as important risk factors that influence
kidney function and chronic kidney disease (CKD). Notabley,
there are reports that the long-term use of NSAIDs is related to
deterioration of kidney function [11-13]. A systematic review
reported that high-dose NSAIDs use increases the risk of ac-
celerated CKD progression [12]. In addition, a study among
a community-based elderly population revealed that high cu-
mulative NSAIDs exposure is associated with an increased risk
of CKD [13]. Although there is no clear information on the
duration and dose of NSAIDs that can cause kidney function
decline, many nephrologists are concerned about the long-term
use of NSAIDs [14].

Patients with rheumatic diseases who respond well to
NSAIDs, including patients with AS, are often prescribed
NSAID:s for a considerable period of time. Although the major-
ity of patients with AS are young [15], there is always concern
that long-term use of NSAIDs may leave them vulnerable to
impaired kidney function. The purpose of this study was to
determine the effect of long-term NSAID treatment on kidney
function from electronic medical records (EMRs) collected over
18 years in patients with AS. We focused on the relationship
between NSAID dose and estimated glomerular filtration rate
(eGFR) by quantifying the prescribed dose of NSAIDs.

MATERIALS AND METHODS

Data collection
In this retrospective observational study, we enrolled patients

with AS who had used EMRs from January 2001 and December
2018 at Hanyang University Seoul Hospital, Seoul, Korea. AS
patients met the modified New York criteria [16]. Most of the
patients visited the outpatient clinic every 6 months from the
first visit. Blood tests, including serum creatinine, erythrocyte
sedimentation rate, and C-reactive protein, were performed,
along with the evaluation of disease activity and side effects.
This study was approved by the Institutional Review Board of
Hanyang University Seoul Hospital (HYUH 2018-07-007). This
study included only anonymized patient data, and all the studies
were performed in accordance with the Declaration of Helsinki.
The requirement for informed consent was waived by the In-
stitutional Review Board of Hanyang University Seoul Hospital

because the study retrospectively reviewed EMRs.

Calculation of eGFR
The eGFR was calculated using the Chronic Kidney Disease-
Epidemiology Collaboration (CKD-EPI) equation [17] using

the outpatient serum creatinine measurement.

Calculation of Assessment of Spondyloarthritis
International Society (ASAS) NSAID Intake Score

The patients used various NSAIDs to treat AS. Previous
studies have been referenced to calculate the total amount of
NSAIDs prescribed to a patient [18]. The ASAS NSAID Intake
Score is an indicator of the total NSAID dose used in clinical
trials or epidemiologic studies. The calculation method is as
follows: NSAID Intake Score=NSAIDs daily dose (equivalent
score)x(days of intake during period of interestxdays of intake
per week)/period of interest in days. The equivalent score is
a scale for the dose of NSAIDs. For example, no intake was 0,
while 500 mg naproxen was 50, 1,000 gm naproxen was 100,

200 mg celecoxib was 50, and 400 mg celecoxib was 100.

Statistical analysis
Variables are summarized as means+standard deviations or

counts (percentages). Statistical significance was set at p<0.05.
The relationship between eGFR and ASAS Intake Score was
confirmed using Pearson correlation. The correlation between
the NSAID Intake Score and eGFR for each period (6 months,
1 year, 2 years, 3 years, 5 years, and 10 years) was calculated. As
a subgroup analysis, the relationship between eGFR and ASAS
Intake Score was investigated by dividing patients into three sec-

tions by their age: patients aged 18~40, 40~60, and 60 years or
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older (18~40, 40~60, 60~80 yr). R statistical language (version
3.6.1; Vienna, Austria; https://www.R-project.org/) was used for
statistical analysis.

RESULTS

Baseline characteristics

Of the 1,280 patients, 1,264 patients with serum creatinine
levels and a prescription for NSAIDs were identified in the
EMRSs. Table 1 presents the baseline patient characteristics. The
mean age was 30.23+9.37 years, and the follow-up period was
9.95+3.69 years. The mean serum creatinine level was 0.88+0.34
mg/dL and the eGFR was 112.28+13.66 mL/min/1.73 m”’.
Thirty-four (2.69%) patients had an eGFR <60 mL/min/1.73 m’
at least once during follow-up. Two of them (0.16%) had eGFR
<30 mL/min/1.73 m’ at the last follow-up due to a gradual de-
crease in eGFR. Changes in eGFR according to the follow-up

period are shown in Supplementary Figure 1.

Table 1. Baseline clinical characteristics of 1,280 patients
No. of

Variable patients Value
Age at diagnosis, yr 1,264 30.23+9.37
Female 1,264 152 (12.0)
Follow-up duration, yr 1,264 9.95+3.69
HLA-B27 1,258 1,210 (96.2)
Eye involvement 1,066 392 (36.8)
Peripheral joint involvement 1,057 434 (41.1)
Creatinine, mg/dL 1,264 0.88+0.34
eGFR, mL/min/1.73 m? 1,264 112.28+13.66
eGFR <60 mL/min/1.73 m” at least 1,264 34 (2.69)
once during the follow-up period
eGFR <30 mL/min/1.73 m” at least 1,264 2(0.16)

once during the follow-up period

Values are presented as meantstandard deviation or number (%).
eGFR: estimated glomerular filtration rate, HLA: human leukocyte
antigen.

Table 2. NSAID Intake Score and eGFR at each interval

Interval ﬁ::g:::ls 1 years interval
Number of intervals 24,902 12,157
NSAIDs Intake Score 55.30+£39.71 49.28+41.22
Serum creatinine*, mg/dL 0.90+0.29 0.90+0.27
eGFR*, mL/min/1.73 m? 109.47+13.24

2 years interval

108.88+13.21 108.05+13.70

NSAID Intake Score and eGFR at each interval

The mean NSAIDs Intake Score in each interval and the
mean value of the last serum creatinine and eGFR in each inter-
val were obtained (Table 2). The longer the interval, the lower
the mean NSAIDs Intake Score, serum creatinine level, and
eGFR in all patients. In all age groups, these values also tended
to decrease with increasing intervals (Supplementary Table 1).
However, the NSAID Intake Score increased only at 10 years
interval in the 40~60 and 60~80 years age groups.

Correlation between NSAID Intake Score and eGFR in

each interval
A scatter plot showed the relationship between the NSAID

Intake Score and eGFR change for each interval in all patients
(Figure 1). In most intervals, NSAID Intake Scores were <100,
and eGFR changes were distributed near zero. The scatterplots
by age group were also similar to the overall patients (Supple-
mentary Figures 2~4 for patients aged 18 to 39, 40 to 59, and 60
or older, respectively). Table 3 shows the Pearson’s correlation
analysis between the two variables by interval. In all intervals,
the Pearson correlation coefficients were mostly between 0 and
—0.1, which were statistically significant (p<0.05) but not clini-
cally significant. The Pearson correlation coefficients by age
group were also mostly between 0 and —0.1, which were difficult
to show clinical significance or were not statistically significant

even if it was smaller than —0.1 (Supplementary Table 2).

Patients with an eGFR <60 mL/min/1.73 m” at least
once during the follow-up period

Table 4 and Figure 2 show the change in eGFR of 34 patients
who had an eGFR <60 mL/min/1.73 m’ at least once during
the follow-up period. The mean baseline eGFR was 65.9+18.4
mL/min/1.73 m”. Two patients had a baseline eGFR <60 mL/
min/1.73 m’ and an eGFR <30 mL/min/1.73 m” at the last
follow-up. One patient had a baseline eGFR of 45.34 mL/

3 years interval 5 years interval 10 years interval

5,765 3,613 1,946 592
44.84+40.56 44.14+40.13 44.61+38.49 41.17+40.04
0.90+0.17 0.90+0.20 0.8910.25 0.8910.33

107.64+13.14 106.84+13.47 104.28+14.68

eGFR: estimated glomerular filtration rate, NSAIDs: nonsteroidal anti-inflammatory drugs. *Values at the end of interval.
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Figure 1. Scatter plots for NSAID Intake Score and eGFR changes in intervals of (A) 6 months, (B) 1 year, (C) 2 years, (D) 3 years, (E) 5
years, and (F) 10 years in overall patients. eGFR: estimated glomerular filtration rate, NSAID: nonsteroidal anti-inflammatory drug.

Table 3. Pearson correlation between NSAIDs Intake Score
and eGFR at each interval

Pearson
correlation
coefficient

Intervals n 95% Cl

p-value

6 months 24,902 -0.018 -0.031to-0.006 0.004
1 year 12,157 -0.021  -0.039t0-0.004 0.018
2 years 5,765 -0.045  -0.071t0-0.019 0.001
3 yesrs 3,613 -0.069 -0.102 to —0.037 <0.001
5 years 1,946 -0.070  -0.114t0-0.026 0.002
10 years 592 -0.019 -0.099t00.062 0.645

eGFR: estimated glomerular filtration rate, NSAIDs: nonsteroidal
anti-inflammatory drugs.

min/1.73 m’, which decreased to 27.43 mL/min/1.73 m” af-
ter 4,705 days (NSAID Intake Score 91.90). Another patient
had a baseline eGFR of 59.87 mL/min/1.73 m” and 24.75 mL/
min/1.73 m” after 3,031 days (NSAID Intake Score of 23.76).

Table 4. Baseline clinical characteristics of 34 patients had
eGFR <60 mL/min/1.73 m? at least once during the follow-up
period

Variable Value

Age at diagnosis, yr 53.1+12.4
Female 3(8.8)
Follow-up duration, yr 11.7+3.7
HLA-B27 30 (88.2)
Eye involvement 10 (29.4)
Peripheral joint involvement 14 (45.2)
Creatinine, mg/dL 1.3+0.4
eGFR, mL/min/1.73 m® 65.9118.4

eGFR: estimated glomerular filtration rate, HLA: human leukocyte
antigen.

DISCUSSION

This study investigated the relationship between NSAIDs and
kidney function by using long-term data from patients with
AS. The correlation between NSAIDs Intake Score and eGFR

change was not significant at intervals of 6 months, 1 year, 2
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years, 3 years, 5 years, and 10 years. Our data provides evidence
for the safety of long-term NSAID use in patients with AS
without deterioration of kidney function. However, the results
should be interpreted with consideration of the characteristics
of AS, which is more prevalent at a young age [15].

In AS patients, more patients with impaired kidney function
than in the general population may be found due to various
factors, such as the presence of comorbidities such as hyperten-
sion and nephrotoxic medication. The prevalence rate of AS in
patients with decreased eGFR is approximately 0.1%~5.4% [19-
21]. In a retrospective cohort, CKD was found in 2.5% of men
and 1.6% of women, which was higher than that in men (1.5%)
and women (1.2%) in the general population [19]. A single cen-
ter study among patients with AS in China reported that 5.4%
of the patients had reduced eGFR [20]. The risk of renal impair-
ment or CKD seems to be reported differently depending on the
definition of kidney disease, methods of kidney function evalua-
tion, and sex and age of the study population. Our data revealed
that 2.69% of patients had a decreased eGFR (<60 mL/min/m®)
at least once during the follow-up period. The kidney function
of our patients was similar to that of other AS study participants
and patients encountered in general medical settings. However,
it is worth noting that very few patients showed a sustained de-
crease in eGFR (<60 mL/min/m?).

NSAIDs have been widely used as first-line treatment for
symptom relief in patients with various types of arthritis. In
rheumatoid arthritis (RA), a chronic inflammatory disease,
long-term treatment with NSAIDs is often required to control
symptoms. Previous studies among patients with RA have re-
ported a relationship between the long-term use of NSAIDs
and renal impairment. In a prospective cohort study, chronic

NSAID use in patients with RA was an independent predictor
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the follow-up period. eGFR: estimated
glomerular filtration rate, NSAID:
nonsteroidal anti-inflammatory drug,.

6,000

of accelerated kidney function decline in patients with an eGFR
<30 mL/min/1.73 m* [22]. In a population-based cohort study
of patients with RA, patients using NSAIDs for more than 90
days had a double risk of CKD compared to non-users [23].

Considering that many patients have been prescribed NSAIDs
for a substantial period, the literature regarding the correlation
between kidney function and NSAIDs intake in patients with
AS is limited. In a single-center cohort study, the use of NSAIDs
in patients with AS did not differ between CKD and non-CKD
patients [20]. However, this study was insufficient to explain the
safety of kidney function in patients with AS requiring long-
term treatment with NSAIDs. One age- and sex-matched study
of AS reported that the group that used NSAIDs for more than
48 months had a lower rate of kidney dysfunction than those
who took NSAIDs for less than 48 months [24]. The authors
suggested that these results may be due to AS itself and not to
NSAIDs induced nephropathy. However, there was a limitation
in that it was difficult to generalize the results because the num-
ber of cases (40 cases) was too small.

It is difficult to explain the long-term safety of NSAIDs be-
cause of conflicting results on the relationship between NSAIDs
and kidney function. However, the subgroup analysis provided
reasonable results regarding the stability of NSAIDs in the
selected patients. In a cohort study, there was a significant cor-
relation between the cumulative NSAID dose and a decrease
in eGFR in elderly patients [13]. Another study reported an
increased risk of ibuprofen-associated renal impairment in
elderly patients and in patients with coronary artery disease
[25]. Among active young and middle-aged adults, modest but
significant associations were observed between exposure to high
doses of NSAIDs and incident kidney disease [11]. Summariz-

ing those results, caution is warranted with the long-term use of
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NSAID:s in patients of old age or with comorbidities. Patients at
risk are susceptible to nephrotoxicity owing to their low cardiac
output, volume-contracted state, or other conditions that lead
to impaired renal perfusion [10]. Considering the age of onset
of patients with other arthritic diseases in previous studies, rela-
tively young patients with AS were less likely to have conditions
that were more susceptible to NSAIDs-induced nephrotoxic-
ity than patients with other arthritic diseases. We believe that
this is why there may have been no association between kidney
function and NSAID dose in patients with AS in this study.
Therefore, we need to focus on patients with decreased kidney
function in the present study. Although their number was small,
it is necessary to identify factors that may affect kidney function
during long-term NSAID treatment.

In this study, the NSAID Intake Score was used to unify the
prescriptions of various NSAIDs into one indicator. Although
the defined daily dose system was also used to determine the
dose of an NSAID in several studies [13,26,27], the NSAID
Intake Score was simple and easy to understand. Interestingly,
some patients had NSAID Intake Scores greater than 100.
They may have been prescribed more than the regular dose of
NSAIDs, or they may have been prescribed two or more over-
lapping NSAIDs. However, the eGFR change in most patients
was less than 20 at all intervals.

The present results should be interpreted in the light of some
limitations. First, the long-term use of NSAIDs was calculated
by integrating the effects of various NSAIDs into the NSAID
Intake Score. Differences in action between NSAIDs, such as
the selectivity of COX, were ignored. Second, in patients with
AS, there are patients who take NSAIDs when they need them,
so it is possible that they were prescribed and did not take the
full dose. This was an inevitable limitation of the EMR study, in
which compliance was not collected. Third, there were no data
on comorbidities such as cardiovascular diseases and diabetes
and their associated drugs that directly affect kidney function.
Fourth, since most patients with AS were diagnosed at a young
age, data on older patients are relatively scarce. Fifth, because
patients with initially low renal function tend not to prescribe
NSAIDs, these patients could not be included in the study.
However, most patients in the cohort, along with a small num-
ber of CKD patients, were included in this study, and studies
confirming the relationship between early renal function and
NSAIDs require a different study design.

We found that long-term NSAID use was not associated with

a decline in kidney function, even at 10-year intervals. More-
over, there was no correlation between the duration of NSAIDs
use and kidney function among the age groups. These findings
suggest that long-term NSAIDs may be safe for kidney function
in patients with AS. Further studies are needed to evaluate older
patients or those with preexisting conditions, particularly CKD,

in a larger patient population.
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