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Background: Pain is one of the most common symptoms experienced by patients with end-

stage renal disease. Although NSAIDs may lead to adverse events, NSAID use appears to be

considerably high in patients with end-stage renal disease. However, whether NSAID use is

associated with an increased risk of mortality in this population remains unknown.

Aim: This study aimed to investigate the association between the use of NSAIDs and the

risk of mortality in patients with end-stage renal disease.

Patients and methods: We used the population-based Taiwan National Health Insurance

Research Database to investigate the association between the use of NSAIDs and the risk of

mortality in patients with end-stage renal disease receiving dialysis. A total of 3,383 patients

with newly diagnosed end-stage renal disease requiring long-term dialysis between 1998 and

2012 were included in the current study, and the study outcome was evaluated until

December 31, 2013. Time-dependent Cox regression models were applied to examine the

association between NSAID use and mortality risk.

Results: In the study cohort, 2,623 (78%) patients used NSAIDs during the follow-up

period. The median follow-up period was 4.0 years, during which 1,515 patients died. The

results of multivariable analysis demonstrated that compared with NSAID nonuse, the use of

any NSAIDs, nonselective NSAIDs, and selective cyclooxygenase-2 inhibitors was asso-

ciated with a significantly increased risk of all-cause mortality with an adjusted HR (95% CI)

of 1.39 (1.21–1.60), 1.36 (1.19–1.55), and 1.61 (1.42–1.83), respectively.

Conclusion: The results suggest that NSAID use was associated with an increased risk of

mortality in the patients with end-stage renal disease. Future randomized controlled trials are

needed to validate these observational findings.
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Introduction
The prevalence and incidence of end-stage renal disease have been rapidly increas-

ing worldwide. The number of patients with end-stage renal disease receiving renal

replacement therapy was estimated to be 2.6 million in 2010, and it is expected to

rise to 5.4 million by 2030.1 Patients with end-stage renal disease experience

multiple symptoms, of which pain is one of the most common symptoms.2

Studies have reported that pain affected >50% of patients with end-stage renal

disease and that a large number of patients were not being effectively treated.3,4

Pain may result in some deteriorative consequences in patients with end-stage

renal disease including anxiety, depression, sleep disturbance, decreased physical
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activity, likeliness of withdrawal from dialysis, and cardi-

ovascular complications.5 To relieve pain and improve the

quality of life, analgesic therapy is commonly used in

patients with end-stage renal disease.6 However, various

conditions may cause pain in these patients including

musculoskeletal disease, peripheral neuropathy, peripheral

vascular disease, chronic infections, kidney disorders, and

dialysis procedure.3,5 In addition, patients with end-stage

renal disease can have complex medication regimens that

may lead to medication-related problems.7 The aforemen-

tioned reasons can cause difficulties in pain management.

When selecting pain medications, the type and severity of

pain, potential side effects, alterations in pharmacoki-

netics, comorbid disease states, and drug–drug interactions

should be considered.8

The WHO analgesic ladder is a generally accepted

guideline for pain management.9 According to WHO’s

pain relief recommendations, NSAIDs are first-line

analgesics for relieving mild to moderate pain. However,

the available data suggest that NSAIDs should be used

with caution in patients with end-stage renal disease

because they are associated with increased risks of cardi-

ovascular complications, gastrointestinal bleeding, and

compromise of renal function.5,6,10 Although NSAIDs

may lead to adverse events, the use of NSAIDs appears

to be inappropriately high in patients with end-stage renal

disease despite recommendations against their use.11–13

This may partly be due to the lack of clinicians’ and

patients’ awareness regarding the possible adverse effects

of NSAIDs in patients with end-stage renal disease.14

Although there is a general consensus that the use of

NSAIDs should be avoided in patients with end-stage

renal disease, limited evidence is available regarding

adverse clinical outcomes associated with NSAID use in

this population.14,15 The present study investigated the

association between the use of NSAIDs and the risk of

mortality in patients with end-stage renal disease receiving

dialysis by using the population-based Taiwan National

Health Insurance Research Database.

Material and methods
Data source
The Taiwan National Health Insurance Research Database

was used as the data source in the present study. Taiwan’s

National Health Insurance is a compulsory and single-

payer program that provides health-care coverage to nearly

all 23 million residents of Taiwan.16,17 This program

enables the public to receive comprehensive medical care

including inpatient and outpatient care, dental care, and

prescription drugs. The Taiwan National Health Insurance

Research Database contains encrypted registration files

and original claims data of beneficiaries enrolled in the

National Health Insurance program. The Taiwan National

Health Insurance Research Database is maintained by the

National Health Research Institutes and provided to scien-

tists for research purposes. In this study, we analyzed the

medical records of 1 million representative individuals

randomly selected from 23 million beneficiaries in the

Taiwan National Health Insurance Research Database

between 1997 and 2013. This study was approved by the

Joint Institutional Review Board of Taipei Medical

University, and the requirement of patient-informed con-

sent was waived (TMU-JIRB No. N201506025).

Study population
The study population consisted of patients with end-stage

renal disease receiving dialysis, and these patients were

identified on the basis of their catastrophic illness certifi-

cate. In Taiwan, individuals who require extended treat-

ment because of severe and chronic diseases, such as those

with end-stage renal disease requiring long-term dialysis

treatment, may apply for the catastrophic illness certifi-

cate. Patients are not required to make copayments for

medical services if they have catastrophic illness certifi-

cates. To receive the catastrophic illness certificate,

patients must fulfill the following two requirements: (1) a

diagnosis of end-stage renal disease and (2) necessity of

receiving long-term dialysis treatment. Once the afore-

mentioned conditions are confirmed by nephrologists and

verified by the National Health Insurance Administration,

patients can obtain the catastrophic illness certificate.

Therefore, we used the catastrophic illness registration

file to identify patients with end-stage renal disease who

required long-term dialysis therapy. The present study

comprised patients aged ≥20 years who had catastrophic

illness certificates with the International Classification of

Disease, Ninth Revision, Clinical Modification (ICD-9-

CM) diagnosis code of 585.x between 1998 and 2012.

The baseline demographics of the study population were

obtained from the registry for beneficiaries. The age of

patients was determined at the beginning of dialysis treat-

ment. Baseline comorbidities were determined using the

Charlson Comorbidity Index according to the medical

records 1 year before the beginning of dialysis treatment.18,19
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Study outcome
The study outcome was all-cause mortality during the fol-

low-up period. The date of death was determined according

to records in the Registry of Catastrophic Illness Database of

the Taiwan National Health Insurance Research Database.

The observation period began from when patients started to

receive dialysis and ended at their death, withdrawal from

the National Health Insurance program, or the end of 2013,

whichever occurred first.

Exposure to NSAIDs
The detailed prescription information, including drug

name, dosage, frequency, method of administration, start

date, and duration of use, are recorded in the Taiwan

National Health Insurance Research Database. All

NSAID dispensations received by individual patients dur-

ing the study period were obtained from the Taiwan

National Health Insurance Research Database. All ana-

lyzed NSAIDs are shown in Table S1 of the electronic

supplementary material including 25 traditional NSAIDs

and 3 selective cyclooxygenase-2 (COX-2) inhibitors. The

defined daily dose (DDD) recommended by the WHO was

used as a measuring unit to compare the drug consumption

of different NSAIDs.20

Statistical analysis
Baseline characteristics were summarized using counts and

percentages. The categorical variables of baseline character-

istics between NSAID users and nonusers were compared

using the chi-square test. To prevent immortal time bias, we

used time-dependent Cox regression models to examine the

association between NSAID use and all-cause mortality.21,22

We treated NSAID use as a time-varying covariate to calcu-

late HRs and 95% CIs for NSAID users compared with

nonusers. To reduce the potential residual effect of NSAID

use before dialysis, new user design was used in the current

study. Patients who received NSAID treatment before fol-

low-up period were excluded. Therefore, study subjects

were initially classified as nonusers until they received

NSAID treatment, from which time they were then reclassi-

fied as NSAID users until the end of follow-up. To observe a

dose–response relationship, we further grouped the cumula-

tive NSAID use of NSAID users into three groups: ≤30
DDDs, 31 to 90 DDDs, and >90 DDDs. To verify the

dose–response relationship between NSAID use and the

risk of mortality, the cumulative NSAID use category was

treated as a continuous variable to test for linear trend. A test

for linear trend was applied across dose categories. In addi-

tion to overall NSAID use, we conducted analyses for the

use of nonselective NSAIDs and selective COX-2 inhibi-

tors. Adjusted HRs were computed after adjustment for age,

sex, residence area, types of dialysis, opioid use, and base-

line comorbidities, including myocardial infarction, conges-

tive heart failure, peripheral vascular disease,

cerebrovascular disease, chronic pulmonary disease, liver

disease, dementia, rheumatoid disease, peptic ulcer, hyper-

tension, and diabetes mellitus. Because age, sex, residence

area, cardiovascular disease, and opioid use are predictors of

mortality in patients with end-stage renal disease, we con-

ducted subgroup analyses to examine whether the mortality

risk differed in the presence or absence of these

characteristics.23–26

All analyses were performed using the SAS System for

Windows 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Of the 1 million representative individuals randomly

selected from the Taiwan National Health Insurance

Research Database, 5,518 patients aged ≥20 years were

diagnosed with end-stage renal disease and required long-

term dialysis therapy between 1998 and 2012. After

excluding 476 patients who began dialysis therapy before

1998, 401 patients who were diagnosed with cancer before

follow-up, and 1258 patients who received NSAID treat-

ment 3 months before follow-up, a total of 3,383 patients

were included (Figure 1).

Among these 3,383 patients with newly diagnosed end-

stage renal disease, 2623 (78%) used NSAIDs during the

follow-up period. Compared with the NSAID nonusers, the

NSAID users were younger, more likely to use opioids, and

less likely to have myocardial infarction, congestive heart

failure, cerebrovascular disease, dementia, hypertension, and

diabetes mellitus (Table 1). Other characteristics, such as sex,

residence area, types of dialysis, peripheral vascular disease,

chronic pulmonary disease, liver disease, rheumatoid dis-

ease, and peptic ulcer, did not appear to differ significantly

between the NSAID users and nonusers.

The mean follow-up period of the study cohort was 4.0

years (interquartile range, 1.9–7.2 years), and 1515 patients

from this cohort died. In the time-varying multivariable ana-

lysis, NSAID use was found to be associated with an

increased risk of mortality (adjusted HR, 1.39; 95% CI,

1.21–1.60; Table 2). We also analyzed the relationship

between the use of two types of NSAIDs, selective COX-2

inhibitors and nonselectiveNSAIDs, and the risk ofmortality.
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Likewise, the use of nonselective NSAIDs and selective

COX-2 inhibitors was associated with a higher risk of mor-

tality (adjusted HR, 1.36; 95% CI, 1.19–1.55 and adjusted

HR, 1.61; 95% CI, 1.42–1.83, respectively; Table 2).

A significant dose–response association was observed

between the cumulative use of any NSAID and mortality.

Adjusted HRs for mortality were 1.32 (95% CI, 1.15–1.53),

1.57 (95% CI, 1.31–1.88), and 1.65 (95% CI, 1.35–2.01) for

cumulative NSAID use of 1–30 DDDs, 31–90 DDDs, and

>90DDDs, respectively (Table 3). The higher the cumulative

use of NSAIDs, the higher was the risk of mortality (P for

trend <0.001). A similar dose–response association was

observed in nonselective NSAID use. Adjusted HRs for

mortality were 1.32 (95% CI, 1.15–1.51), 1.47 (95% CI,

1.23–1.76), and 1.62 (95% CI, 1.31–2.01) for the cumulative

nonselective NSAID use of 1–30 DDDs, 31–90 DDDs, and

>90 DDDs, respectively (P for trend <0.001). The aforemen-

tioned dose–response relationship between cumulative

NSAID use and mortality was not observed for selective

COX-2 inhibitors (Table 3).

The most commonly used nonselective NSAIDs were

diclofenac, mefenamic acid, and ibuprofen, which were

used by 1675 (50%), 1252 (37%), and 701 (21%) study

subjects, respectively. The most frequently used selective

COX-2 inhibitors were celecoxib, etoricoxib, and rofecoxib,

which were used by 710 (21%), 226 (7%), and 96 (3%)

patients, respectively. We further analyzed the relationship

between the use of these six individual NSAIDs and the risk

of mortality. The results showed that the use of diclofenac,

celecoxib, and etoricoxib were associated with a higher risk

of mortality. Adjusted HRs for mortality were 1.44 (95% CI,

1.28–1.61), 1.57 (95% CI, 1.38–1.79), and 1.69 (95% CI,

1.33–2.16) for diclofenac, celecoxib, and etoricoxib, respec-

tively (Table 4). A significant dose–response association

between individual NSAID use and mortality was observed

for diclofenac, but not for celecoxib and etoricoxib. Adjusted

HRs for mortality were 1.44 (95% CI, 1.29–1.62), 1.28 (95%

CI, 1.00–1.64), and 1.95 (95% CI, 1.33–2.86) for cumulative

diclofenac use of 1–30 DDDs, 31–90 DDDs, and >90 DDDs,

respectively (P for trend <0.001; Table S2).

The results of subgroup analyses revealed that the

association between NSAID use and mortality risk across

different subgroups remained consistent with entire cohort.

After adjusting for baseline characteristics, the use of

NSAIDs was associated with a higher risk of mortality in

different age, sex, residence area, cardiovascular disease,

and opioid use subgroups (Figure 2). However, the effect

of NSAID use on mortality risk was higher for opioid

users than opioid nonusers (P for interaction <0.001).

Discussion
Although there is a general consensus that the use of

NSAIDs should be avoided in patients with end-stage

renal disease because of the potential deleterious effects

of NSAIDs, clinical studies on the detrimental effects of

NSAIDs on patients with end-stage renal disease remain

scant.6,10,14 To the best of our knowledge, this is the first

nationwide population-based cohort study investigating

5518 Patients were diagnosed with end-stage
renal disease and required long-term
dialysis therapy between 1998 and 2012

476

401

1258

3383

Patients began dialysis therapy before

Patients were diagnosed with cancer

Patients received NSAID treatment 3

Patients with end-stage renal disease
began dialysis therapy between 1998
and 2012 and did not received NSAID
treatment 3 months before follow-up

months before follow-up

before follow-up

1998

Figure 1 Flowchart of study sample selection.
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the association between the use of NSAIDs and the risk of

mortality in patients with end-stage renal disease. Our

findings suggest that NSAID use was associated with an

increased risk of mortality in the patients with end-stage

renal disease. In addition, significant dose–response rela-

tionships between NSAID use and mortality were

observed in the current study. A single-center cohort

study found that baseline NSAID use was not associated

with mortality risk in patients with chronic kidney

disease.27 However, due to lacking information about

NSAID use during the 6 years follow-up, the study cannot

conclude the association between NSAID use and the risk

of mortality. The relationship between the use of NSAIDs

and an increased risk of mortality has been reported in

previous studies for patients with chronic heart failure and

myocardial infarction.28,29 Although clinical guidelines

discourage the use of NSAIDs in patients with cardiovas-

cular disease, the results of these two studies have shown

that NSAIDs were used in 34% of patients with chronic

heart failure and 42% of patients with myocardial infarc-

tion, and their use was associated with an increased risk of

death and cardiovascular morbidity. Similarly, although

Taiwan chronic kidney disease clinical guidelines recom-

mend that NSAIDs should be used with caution and in

reduced doses in patients with chronic kidney disease,30

our results showed that NSAIDs were used in 78% of the

patients with end-stage renal disease receiving dialysis,

and their use was associated with an increased risk of

Table 1 Characteristics of patients with end-stage renal disease according to NSAID use

Characteristics Total Any NSAID use P-value

(N=3,383) Yes (N=2,623) No (N=760)

N (%) N (%) N (%)

Age, years <0.001

<55 1,088 (32.2) 926 (35.3) 162 (21.3)

55–64 816 (24.1) 654 (24.9) 162 (21.3)

65–74 809 (23.9) 625 (23.8) 184 (24.2)

≥75 670 (19.8) 418 (15.9) 252 (33.2)

Sex 0.91

Male 1,720 (50.8) 1335 (50.9) 385 (50.7)

Female 1,663 (49.2) 1288 (49.1) 375 (49.3)

Residence area 0.18

Central city 1,893 (56.0) 1486 (56.7) 407 (53.6)

Suburban 1,091 (32.3) 840 (32.0) 251 (33.0)

Countryside 399 (11.8) 297 (11.3) 102 (13.4)

Dialysis 0.60

Hemodialysis 3,082 (91.1) 2386 (91.0) 696 (91.6)

Peritoneal dialysis 301 (8.9) 237 (9.0) 64 (8.4)

Comorbidity

Myocardial infarction 151 (4.5) 96 (3.7) 55 (7.2) <0.001

Congestive heart failure 842 (24.9) 583 (22.2) 259 (34.1) <0.001

Peripheral vascular disease 66 (2.0) 48 (1.8) 18 (2.4) 0.35

Cerebrovascular disease 495 (14.6) 314 (12.0) 181 (23.8) <0.001

Chronic pulmonary disease 381 (11.3) 283 (10.8) 98 (1.9) 0.11

Liver disease 210 (6.2) 161 (6.1) 49 (6.5) 0.76

Dementia 88 (2.6) 43 (1.6) 45 (5.9) <0.001

Rheumatoid disease 50 (1.5) 40 (1.5) 10 (1.3) 0.67

Peptic ulcer 704 (20.8) 529 (20.2) 175 (23.0) 0.09

Hypertension 2,906 (85.9) 2236 (85.3) 670 (88.2) 0.04

Diabetes mellitus 1,824 (53.9) 1357 (51.7) 467 (61.5) <0.001

Opioid use 1,385 (40.9) 1240 (47.3) 145 (19.1) <0.001
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mortality. These results suggest that clinicians and patients

lack the awareness that NSAIDs can be harmful to patients

with end-stage renal disease.

The cardiovascular and gastrointestinal safety of

NSAIDs, including selective COX-2 inhibitors and non-

selective NSAIDs, have attracted increasing attention in

the past years.31–33 The results of a large meta-analysis of

280 placebo-controlled trials and 474 active-controlled

trials showed that both nonselective NSAIDs and selective

COX-2 inhibitors increased the risks of heart failure and

upper gastrointestinal complications.31 This meta-analysis

also reported that diclofenac, ibuprofen, and selective

COX-2 inhibitors significantly increased fatal coronary

events. Another meta-analysis of 31 large-scale rando-

mized controlled trials found that individual NSAIDs

increased cardiovascular risks by varying degrees.32 The

results of this meta-analysis showed that etoricoxib and

diclofenac significantly increased the risk of cardiovascu-

lar death by approximately four times compared with

placebo. These findings indicate NSAID use is associated

with increased risks of gastrointestinal complications, car-

diovascular adverse events, and mortality. Our findings

regarding the relationship between the use of both non-

selective NSAIDs and selective COX-2 inhibitors and the

risk of mortality are consistent with those of the aforemen-

tioned previous studies. In addition, a significant dose–

response relationship was observed between cumulative

NSAID use and mortality risk in the current study.

NSAIDs exhibit their analgesic, anti-inflammatory, and

antipyretic effects by inhibiting COX-1 and COX-2.33

However, the inhibition of these two types of COXs may

disturb normal physiological functions throughout the body,

including gastric cytoprotection, kidney function, platelet

aggregation, and thrombosis, and subsequently may lead to

adverse effects, including gastrointestinal ulcers and bleed-

ing, renal dysfunction, myocardial infarction, heart failure,

venous thrombosis, hypertension, and stroke.33–35 Studies

have indicated that NSAIDs are frequently used in patients

with end-stage renal disease who are susceptible to cardio-

vascular and gastrointestinal complications.11,13,36,37

However, few studies have investigated the safety of

NSAID use in this population. A case-control study reported

that the use of nonselective NSAIDs was associated with an

increased risk of gastrointestinal bleeding in patients receiv-

ing hemodialysis.36 The results of another case–crossover

study indicated that NSAID use resulted in a 1.31-fold

increased risk of stroke in patients receiving dialysis.37 The

results of these two studies indicate that NSAID use is

harmful to patients with end-stage renal disease. Advances

in renal replacement therapy provide the opportunity for

patients with end-stage renal disease to prolong their lives;

however, mortality in patients with end-stage renal disease

remains far in excess of that in the general population.38,39 To

improve the prognosis of patients with end-stage renal dis-

ease, we need to pay attention to the harmful effects of

NSAID use.

The major strengths of this study are its nationwide

coverage, large study population, complete follow-up, and

comprehensive diagnoses and prescription information.

The data used in the current study were medical records

Table 2 Association between the use of NSAIDs and the risk of all-cause mortality in patients with end-stage renal disease

NSAID use Number of mortality Person-years Incidence rate
(95% CI) (per
100 person-
years)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Any NSAIDs

No 372 4,994 7.4 (6.7–8.2) 1.00 (reference) 1.00 (reference)

Yes 1,143 11,711 9.8 (9.2–10.3) 1.40 (1.22–1.60) 1.39 (1.21–1.60)

Nonselective NSAIDs

No 400 5,241 7.6 (6.9–8.4) 1.00 (reference) 1.00 (reference)

Yes 1,115 11,464 9.7 (9.2–10.3) 1.34 (1.18–1.54) 1.36 (1.19–1.55)

Selective COX-2 inhibitors

No 1,111 13,835 8.0 (7.6–8.5) 1.00 (reference) 1.00 (reference)

Yes 404 2,870 14.1 (12.8–15.5) 1.81 (1.61–2.04) 1.61 (1.42–1.83)

Notes: Adjusted HRs were computed after adjustment of age, sex, residence area, types of dialysis, baseline comorbidities, and opioid use.

Abbreviation: COX, cyclooxygenase.
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of 1 million representative beneficiaries who were ran-

domly selected from 23 million insured individuals with

minimal selection bias. In addition, we identified NSAID

prescriptions by using a nationwide administrative data-

base; this enabled us to obtain detailed NSAID prescrip-

tion records and prevent recall bias. Furthermore, study

patients were verified based on their catastrophic illness

certificate to ensure high case validity. Finally, we used the

new user design to reduce the potential residual effect of

NSAID use before dialysis.

This study has several limitations that should be addressed.

First, patients can obtain over-the-counter NSAIDs that are not

covered by the Taiwan National Health Insurance. Therefore,

the use of NSAIDs may be underestimated. Second, it is likely

that patients were not fully compliant with NSAID prescrip-

tions. Third, data used in this study are from a claim-based

database; accordingly, no detailed clinical information regard-

ing biochemical data, physical activity, body mass index,

smoking, and alcohol consumption was available. Fourth,

patients’ comorbidities were defined according to ICD-9-CM

codes in claims data. Only few of these diagnoses were proved

to have high positive predict value.40 Finally, because the

Registry of Catastrophic Illness Database of the Taiwan

National Health Insurance Research Database provides only

the date of death, information regarding the exact cause of

death is not available.

Conclusion
In conclusion, a considerable number of the patients with

end-stage renal disease experienced acute or chronic pain.

However, the results of the current observational study

suggested that NSAID use was associated with an

increased risk of mortality in the patients with end-stage

renal disease and the risk of mortality is proportional to the

cumulative use of NSAIDs. Future randomized controlled

trials are needed to validate these observational findings.

Table 4 Association between the usage of frequently used individual NSAIDs and the risk of all-cause mortality in patients with end-

stage renal disease

NSAID use Number of mortality Person-years Incidence rate
(95% CI) (per
100 person-
years)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Non-selective NSAIDs

Diclofenac

No 810 9,967 8.1 (7.6–8.7) 1.00 (reference) 1.00 (reference)

Yes 705 6,738 10.5 (9.7–11.3) 1.33 (1.19–1.49) 1.44 (1.28–1.61)

Mefenamic acid

No 1,017 1,1004 9.2 (8.7–9.8) 1.00 (reference) 1.00 (reference)

Yes 498 5,701 8.7 (8.0–9.5) 0.91 (0.81–1.03) 1.00 (0.89–1.13)

Ibuprofen

No 1,255 13,718 9.1 (8.7–9.7) 1.00 (reference) 1.00 (reference)

Yes 260 2,987 8.7 (7.7–9.8) 0.93 (0.81–1.07) 1.13 (0.98–1.30)

Selective COX-2 inhibitors

Celecoxib

No 1,170 14,267 8.2 (7.7–8.7) 1.00 (reference) 1.00 (reference)

Yes 345 2,438 14.2 (12.7–15.7) 1.77 (1.56–2.01) 1.57 (1.38–1.79)

Etoricoxib

No 1,442 16,321 8.8 (8.4–9.3) 1.00 (reference) 1.00 (reference)

Yes 73 384 19.0 (15.1–23.9) 2.17 (1.71–2.75) 1.69 (1.33–2.16)

Rofecoxib

No 1,453 16,103 9.0 (8.6–9.5) 1.00 (reference) 1.00 (reference)

Yes 62 602 10.3 (8.0–13.2) 1.13 (0.87–1.46) 1.17 (0.91–1.52)

Notes: Adjusted HRs were computed after adjustment of age, sex, residence area, types of dialysis, baseline comorbidities, and opioid use.

Abbreviation: COX, cyclooxygenase.
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Supplementary materials

Table S1 All analyzed nonsteroidal anti-inflammatory drugs (NSAIDs) in this study

Classification of NSAIDs ATC code Drug name

Traditional NSAIDs M01AB01 Indometacin

M01AB02 Sulindac

M01AB03 Tolmetin

M01AB05 Diclofenac

M01AB06 Alclofenac

M01AB08 Etodolac

M01AB11 Acemetacin

M01AB15 Ketorolac

M01AB16 Aceclofenac

M01AC01 Piroxicam

M01AC02 Tenoxicam

M01AC06 Meloxicam

M01AE01 Ibuprofen

M01AE02 Naproxen

M01AE03 Ketoprofen

M01AE04 Fenoprofen

M01AE05 Fenbufen

M01AE09 Flurbiprofen

M01AE11 Tiaprofenic acid

M01AG01 Mefenamic acid

M01AG02 Tolfenamic acid

M01AG03 Flufenamic acid

M01AX01 Nabumetone

M01AX02 Niflumic acid

M01AX17 Nimesulide

Selective COX-2 inhibitors M01AH01 Celecoxib

M01AH02 Rofecoxib

M01AH05 Etoricoxib

Abbreviations: ATC, Anatomical Therapeutic Chemical; COX, cyclooxygenase.
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