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Abstract: To investigate the association between the use of nonse-

lective or cyclooxygenase (COX)-2-selective nonsteroidal antiinflam-

matory drugs (NSAIDs) and risk of acute kidney injury (AKI) in a

general Asian population.

We conducted an observational, nationwide, nested case–control

cohort study using Taiwan’s National Health Insurance Research Data-

base between 2010 and 2012. AKI cases were defined as hospitalization

with a principle diagnosis of AKI. Each case was matched to 4 randomly

selected controls based on age, sex, and the month and year of cohort

entry. Odds ratios (ORs) were used to demonstrate the association

between hospitalization for AKI and current, recent, or past use of an

oral NSAID.

During the study period, we identified 6199 patients with AKI and

24,796 matched controls. Overall, current users (adjusted OR 2.73, 95%

confidence interval [CI] 2.28–3.28) and recent users (adjusted OR 1.17,

95% CI 1.01–1.35) were associated with increased risk of hospitaliz-

ation for AKI. The risk was also similar for nonselective NSAIDs.

However, neither current nor recent use of COX-2 inhibitors was

significantly associated with AKI events.

Our study supported that the initiation of nonselective NSAIDs

rather than COX-2 inhibitors is associated with an increased risk of AKI

requiring hospitalization. Future randomized trials are needed to elu-
ng-Tai Chen, MD, , MD,
MD, PhD, and Dachen Chu, MD,PhD

Abbreviations: CI = confidence interval, AKI = acute kidney

injury, COX = cyclooxygenase, NHIRD = National Health

Insurance Research Database, NSAID = nonsteroidal

antiinflammatory drug, OR = odds ratio.

INTRODUCTION

N onsteroidal antiinflammatory drugs (NSAIDs), commonly
used medications in the US,1 alleviate pain and inflam-

mation associated with medical disorders by inhibiting isoen-
zymes of cyclooxygenase (COX): COX-1 and COX-2.

However, the adverse events, particularly gastrointestinal
(GI) bleeding and renal dysfunction, are well-recognized in
many nonselective NSAIDs because COX-1 inhibition
impaired gastric mucosa integrity and renal hemodynamics.
Thus, COX-2-selective NSAIDs theoretically were associated
with less clinic GI and renal toxicity, whereas the benefits must
be weighed against possible increased risks of cardiovascular
events.2,3

The superior GI safety profile of COX-2-selective
NSAIDs had been documented in previous studies,4,5 but the
risk of acute kidney injury (AKI) among users of COX-2-
selective NSAIDs remained controversial. Meta-analyses
showed that the association of COX-2-selective NSAIDs with
the risk of AKI did not achieve a statistical significance,6 or
even existed only for Rofecoxib, but not for a COX-2 inhibitor
class effect.7 Given AKI requiring hospitalization is relatively
rare adverse renal events for NSAID users,8 population-based
observational studies were encouraged to assess this infrequent
adverse effect.

To date, we are aware of only few studies which have
examined the AKI risk association of COX-2-selective
NSAIDs, and most of the studies involve small samples or
limited AKI events. We conducted a nationwide, nested case–
control population-based study to evaluate the time-dependent
association of NSAID use (nonselective or selective) with AKI
differences in risk for various COX-2-

selective NSAIDs, by using Taiwan’s National Health Insur-
ance Research Database (NHIRD).

METHODS

Data Sources
Taiwan’s NHIRD is a prospectively recorded claims data-

base, which contained information on all hospital admissions,

noses, prescriptions, and procedures of
inhabitants in Taiwan. The details of

cribed previously.9,10 All diagnoses are
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recorded according to International Classification of
Disease, ninth revision, Clinical Modification (ICD-9-CM).
We used the Longitudinal Health Insurance Database dataset
containing complete data of 1,000,000 randomly sampled ben-
eficiaries during 1996 to 2010 from the original NHIRD. The
dataset used in this study consists of deidentified secondary data
exclusively for research purposes. As the patient information is
encrypted in NHIRD, this study was exempted from a full
ethical review by the institutional review board of Taipei
City Hospital.

Settings and Participants
This Taiwanese population aged �20 years, who were

followed from 1 January 2000 to 31 December 2010, consisted
of cases diagnosed with AKI and matched controls. Cases were
defined as patients who were hospitalized with a principle
diagnosis of AKI (ICD-9-CM 584.9), and the date of hospital-
ization was defined as the index date. Patients with history of
chronic kidney disease (ICD-9-CM 250.4, 403, 404, 405.01,
405.11, 405.91, and 580–588) and kidney transplantation reci-
pients were excluded. A pool of potential eligible controls with
the same follow-up period as the case without a previous ICD-9
code for AKI was extracted from the Longitudinal Health
Insurance Database. From these eligible controls, 4 were
selected randomly and matched to a case by age (�1 year),
sex, and the month and year of cohort entry. Charlson comor-
bidity index score,11 predisposing factors, or associated comor-
bidities for AKI including hypertension, diabetes mellitus,
chronic liver disease, heart failure, coronary artery disease,
dyslipidemia, autoimmune disease, drug abuse, peripheral vas-
cular disease, cerebrovascular disease, gout, nephrolithiasis,
and cancer (database codes shown in Supplementary Table 1,
http://links.lww.com/MD/A663), and concomitant drugs
including angiotensin-converting-enzyme inhibitor, angiotensin
II receptor blocker, beta-blocker, statin, steroid, and other
nephrotoxic agents12 were also included in our analysis.

Exposure Assessment
We identified all oral NSAIDs (including nonselective

and COX-2-selecitve) prescribed in the year before the index
date. The available COX-2-selecitve NSAIDs in Taiwan during
the study period included celecoxib, etoricoxib, and rofecoxib.
NSAID uses based on the timing between the prescription
termination date (date of dispensation plus number of days
of supply) and the index date were allocated to current, recent,
or past use.13,14 We defined current users as those diagnosed
with AKI during the NSAID prescription period, recent users
as those diagnosed with AKI 1 to 30 days after the prescription
termination date, and past users as those diagnosed with AKI
at 31 to 180 days after the prescription termination
date. We characterized the association of NSAID with AKI
according to their COX-2 selectivity and different types of
COX-2 inhibitors.

Statistical Analysis
The demographic characteristics of the cases and controls

were compared with Chi-square tests for categorical variables,
and with the independent t-test for continuous variables. Odds
ratios (ORs) were used to compare the exposure to NSAIDs
among those with AKI and controls. Conditional logistic

Chou et al
regression was used to adjust for confounding. In addition,
given the varied degrees of safety concern of different
NSAIDs on heart failure that may cause selection bias,2 we
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also conducted subgroup analyses that only enrolled subjects
without heart failure. The Microsoft SQL Server 2012 (Micro-
soft Corp., Redmond, WA) was used for data linkage, proces-
sing, and sampling. All analyses were performed using STATA
statistical software (version 12.0; StataCorp, College Station,
TX) with 2-sided tests of significance at the P value level of
<0.05.

RESULTS
During the study period, 6199 patients with AKI and

24,796 matched controls were identified. Table 1 depicts the
demographic characteristics and comorbidities of the cases and
controls. The mean age was 67.1 years and predominately male
(62.1%). Patients with AKI were more likely than controls to
have hypertension, diabetes mellitus, chronic liver disease, and
heart failure.

Table 2 presents the crude and adjusted ORs (aORs) for the
NSAID use (including nonselective and COX-2-selecitve
NSAIDs) in cases who had diagnosis of AKI compared to
controls by adjusting for all observed variables. In the nested
case–control analysis, the risk of hospitalization for AKI was
higher among current users (adjusted OR 2.73, 95% confidence
interval [CI] 2.28–3.28) than recent users (adjusted OR 1.17,
95% CI 1.01–1.35), whereas past users (adjusted OR 0.62, 95%
CI 0.55–0.70) were not associated with increased risk of AKI.
In further analysis restricted to nonselective NSAIDs users or
COX-2-selective NSAIDs (Table 3), similar association
between nonselective NSAIDs and risk of AKI was observed,
but adjusted ORs were consistently closer to null in current
(adjusted OR 0.98, 95% CI 0.66–1.46) and recent (adjusted OR
1.07, 95% CI 0.65–1.76), although significant in past (adjusted
OR 0.74, 95% CI 0.57–0.94) users of COX-2-
selective NSAIDs.

When stratified according to current use of individual
NSAIDs with different perceived COX-2 selectivity
(Table 4), the risk of AKI remained significantly increased
in the subgroup analysis of patients taking nonselective NSAIDs
with high COX-2 inhibition (adjusted OR 3.82, 95% CI 2.48–
3.96) or other nonselective NSAIDs (adjusted OR 3.67, 95% CI
2.95–4.57), but the risk of AKI was insignificant for celecoxib
(adjusted OR 1.07, 95% CI 0.67–1.72), etoricoxib (adjusted OR
0.39, 95% CI 0.15–1.05), or other relatively selective COX-2
inhibitor users (adjusted OR 0.79, 95% CI 0.51–1.22) although
rofecoxib use was associated with increased risk of AKI
(adjusted OR 3.32, 95% CI 1.23–9.01). In addition, subgroup
analyses of nonselective or COX-2-selective NSAIDs users
without heart failure also showed findings similar to the main
analyses (Supplementary Table 2, http://links.lww.com/MD/
A663).

DISCUSSION
In this contemporary national representative NSAID

nested-control cohort study, we found that the use of nonse-
lective NSAIDs rather than COX-2-selective NSAIDs was
associated with increased risk of hospitalization for AKI within
1 month of 1st prescription, although the risk was not increased
in past users than unexposed controls, possibly due to con-
founding in baseline covariates between remote exposure and
outcomes or representing a selected population less vulnerable
to nephrotoxicity so that no more AKI events could be detected.

Medicine � Volume 95, Number 9, March 2016
However, the association of COX-2-selective NSAIDs subtypes
with AKI was consistently insignificant for current use of
celecoxib and etoricoxib, except for rofecoxib.
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TABLE 1. Characteristics of the Cases and Controls

Cases
(n¼ 6199)

Control
(n¼ 24,796)

P
Value

Age, mean (SD), year 67.1 (17.2) 67.1 (17.2) >0.99
Male sex, no., % 3848 (62.1) 15,392 (62.1) >0.99
Monthly income

Dependent, n, % 2084 (33.6) 9285 (37.4) <0.001
0–19,100 NT
dollars, n, %

1700 (27.4) 4374 (17.6)

19,100–42,000 NT
dollars, n, %

2238 (36.1) 9567 (38.6)

>42,000 NT dollars,
n, %

177 (2.9) 1570 (6.3)

Urbanization
�

Level 1, n, % 1702 (27.5) 8271 (33.4) <0.001
Level 2, n, % 4148 (66.9) 15,024 (60.6)
Level 3, n, % 292 (4.7) 1258 (5.1)
Level 4, n, % 57 (0.9) 243 (1.0)

Charlson comorbidity index
scorey, n, %
0 709 (11.4) 16,963 (68.4) <0.001
1 774 (12.5) 4669 (18.8)
2 974 (15.7) 1948 (7.9)
3 936 (15.1) 764 (3.1)
34 2806 (45.3) 452 (1.8)

Risk factor for acute kidney injury, n, %
Hypertension 4017 (64.8) 5020 (20.2) <0.001
Diabetes mellitus 2357 (38.0) 1761 (7.1) <0.001
Chronic liver disease 1957 (31.6) 1319 (5.3) <0.001
Heart failure 1363 (22.0) 528 (2.1) <0.001

Concomitant drugs
ACEI or ARB 1229 (19.8) 2791 (11.3) <0.001
Beta blocker 803 (13.0) 2041 (8.2) <0.001
Statin 324 (5.2) 910 (3.7) <0.001
Steroid 784 (12.6) 1064 (4.3) <0.001
Nephrotoxic agents 2268 (36.6) 2625 (10.6) <0.001

Other comorbidity,
n, %
Coronary artery
disease

2399 (38.7) 2318 (9.3) <0.001

Dyslipidemia 1981 (32.0) 1315 (5.3) <0.001
Autoimmune disease 223 (3.6) 142 (0.6) <0.001
Drug abuse 231 (3.7) 11 (0.0) <0.001
Peripheral vascular
disease

433 (7.0) 105 (0.4) <0.001

Cerebrovascular
disease

2209 (35.6) 1549 (6.2) <0.001

Gout 1054 (17.0) 2956 (11.9) <0.001
Nephrolithiasis 921 (14.9) 2765 (11.2) <0.001
Cancer 1767 (28.5) 767 (3.1) <0.001

ACEI¼Angiotensin-converting-enzyme inhibitor, ARB¼Angiotensin
receptor blocker, CCI¼ Charlson comorbidity index, NT¼New Taiwan,
SD¼ standard deviation.�

Urbanization levels in Taiwan are divided into four strata according
to the Taiwan National Health Research Institute publications. Level 1
designates the most urbanized areas, and level 4 designates the least
urbanized areas.
yCCI score is used to determine overall systemic health. With each

increased level of CCI score, there are stepwise increases in the
cumulative mortality.
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Our findings are concordant with those of previous meta-
analysis7 of randomized controlled trials of COX-2 inhibitors
and showed that only rofecoxib was associated with elevated
risk of AKI, but no such association was observed for other
COX-2 inhibitors. However, their findings needed to interpret
with caution because of limited cases in each trial and potential
publication bias. By contrast, a Canadian-based registry study
demonstrated that elevated risk of AKI was evident among
COX-2 inhibitor users (including rofecoxib and celecoxib)
although the risk seemed to be insignificant for low-dose
users.12 However, their results originated from older patients
(mean age,78 years) than those in the present study (mean age,
67 years). Besides, a recent meta-analysis6 of large observa-
tional studies reported insignificant risk of AKI among different
COX-2 inhibitor users, whereas in which most trials took place
in more remote time periods, had small number of cases, and
lacked the data from Asian ethnicity. Thus, in addition to recent
emphasis of NSAID related cardiovascular harm by U.S. Food
and Drug Administration in 2015 followed by the existing label
warning in 2005,15 our study used a nationwide, unselected
Taiwanese population to further strengthen the adverse effects
of NSAID on AKI, which were mostly observed in nonselective
NSAID users not in COX-2 inhibitor users and extended results
of previous studies on different races.

The mechanisms responsible for the differential risk of
AKI between nonselective NSAIDs or COX-2 inhibitors were
beyond the scope of our design. Renal prostaglandin mainly
synthesized by COX-1 served as an compensatory mechanism
of renal hemodynamics.16 Thus, nonselective NSAIDs were
theoretically more likely than COX-2 inhibitors to downregu-
late renal prostaglandin formation via inhibition of COX-1,
leading to renal circulatory compromise. Previous some small
studies also supported the evidences that COX-2 inhibitors
spared more renal hemodynamic function than nonselective
NSAIDs did,17–19 although some studies did not.20,21 Never-
theless, our results from 6199 AKI cases did provide a more
robust basis for clarifying the controversy about whether COX-
2 inhibitors were responsible for AKI events on a
national scale.

The particular strengths of the present study include the use
of prospectively recorded claims data reported by physicians,
comprehensive follow-up (including outpatient visits and hos-
pitalization), adjustment for important confounding factors, and
use of reliable measures of NSAID exposure and AKI events.
Nevertheless, our study has some limitations. The major one
was confounding by indication from the retrospective observa-
tional pharmacoepidemiologic study design although we have
adjusted for several covariates that may influence the AKI risk
estimate. Thus, the current study only showed the association
between NSAIDs and AKI, but no causal relationship can be
either established or excluded. However, this type of cohort
study is less time- and cost-consuming than a prospective trial
because of relatively low incidence of AKI among NSAID
users.8 Second, given that the information of serum creatinine
changes was not available in our claims database, we used the
strict definition for AKI based on validated ICD-9-CM coding
of hospitalization diagnosis.22 Thus, the underestimated risk for
AKI with mild severity (ie, those with AKI not seeking medical
attention or requiring hospitalization) may be possible. Third,
the use of over-the-count NSAIDs was not recorded in Taiwan’s
NHIRD. However, this bias may be negligible due to con-

NSAIDs and the Risk of AKI
venient medical access and minimal financial barrier of health
insurance access in Taiwan. We also believed that the bias
between 2 cohorts was nondifferential due to large sample size.
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TABLE 2. Crude and Adjusted Odds Ratios for the Risk of Hospitalization for Acute Kidney Injury With Oral NSAIDs

No., % Odds Ratio (95% CI)

Cases (n¼ 6199) Control (n¼ 24,796) Crude P Value Adjusted
�

P Value

No NSAID use y 1668 (27.3) 9007 (36.3) 1 [Reference] 1 [Reference]
NSAID use

Current z 1163 (19.0) 1468 (5.9) 4.42 (4.01–4.86) <0.001 2.73 (2.28–3.28) <0.001
Recent § 1295 (21.2) 3603 (14.5) 1.97 (1.81–2.14) <0.001 1.17 (1.01–1.35) 0.035
Pastjj 2073 (33.9) 10,718 (43.2) 1.06 (0.99–1.14) 0.122 0.62 (0.55–0.70) <0.001

CI¼ confidence interval, NSAID¼ nonsteroidal antiinflammatory drug.�
Adjusted for all confounder in Table 1.
yDuring the year prior to the index date.
zA prescription termination date (date of dispensation plus the day supply) overlapping with the index date.
§ A prescription termination date of 1 to 30 days before the index date.
jjA prescription termination date of 31 to 180 days before the index date.

TABLE 3. Crude and Adjusted Odds Ratios for the Risk of Hospitalization for Acute Kidney Injury With Different Type of NSAIDs

No. (%) Odds Ratio (95% CI)

Cases (n¼ 6199) Control (n¼ 24,796) Crude P Value Adjusted
�

P Value

No non-selective NSAID use y 1742 (28.5) 9227 (37.2) 1 [Reference] 1 [Reference]
Nonselective NSAID use

Currentz 1066 (17.4) 1221 (4.9) 4.75 (4.30–5.25) <0.001 2.76 (2.31–3.30) <0.001
Recent§ 1287 (21.0) 3539 (14.3) 1.95 (1.80–2.12) <0.001 1.16 (1.01–1.34) 0.041
Pastjj 2104 (34.4) 10,809 (43.6) 1.04 (0.97–1.12) 0.238 0.61 (0.54–0.69) <0.001

No COX-2 inhibitor usey 5598 (91.5) 23,237 (93.7) 1 [Reference] 1 [Reference]
COX-2 inhibitor use

Currentz 128 (2.1) 270 (1.1) 2.03 (1.64–2.52) <0.001 0.98 (0.66–1.46) 0.921
Recent§ 95 (1.6) 210 (0.8) 1.94 (1.52–2.48) <0.001 1.07 (0.65–1.76) 0.787
Pastjj 378 (6.2) 1079 (4.4) 1.51 (1.33–1.71) <0.001 0.74 (0.57–0.94) 0.016

CI¼ confidence interval, COX¼ cyclooxygenase, NSAID¼ nonsteroidal antiinflammatory drug.�
Adjusted for all confounder in Table 1.
yDuring the year prior to the index date.
zA prescription termination date (date of dispensation plus the day supply) overlapping with the index date.
§ A prescription termination date of 1 to 30 days before the index date.
jjA prescription termination date of 31 to 180 days before the index date.

TABLE 4. Crude and Adjusted Odds Ratios for the Risk of Hospitalization for Acute Kidney Injury With Current Use of Individual
NSAIDs According to COX-2 Selectivity

No., % Odds Ratio (95% CI)

Current Use
�

Cases (n¼ 6199) Control (n¼ 24,796) Crude P Value Adjustedy P Value

Celecoxib 82 (1.3) 192 (0.8) 1.72 (1.33–2.24) <0.001 1.07 (0.67–1.72) 0.769
Etoricoxib 28 (0.5) 61 (0.2) 1.84 (1.18–2.89) 0.008 0.39 (0.15–1.05) 0.062
Rofecoxib 19 (0.3) 17 (0.1) 4.81 (2.44–9.50) <0.001 3.32 (1.23–9.01) 0.018
Relatively selective

COX-2 Inhibitorsz
110 (1.8) 273 (1.1) 1.63 (1.30–2.03) <0.001 0.79 (0.51–1.22) 0.287

Nonselective NSAIDs with
high COX-2 inhibition§

438 (7.1) 359 (1.4) 5.21 (4.51–6.02) <0.001 3.82 (2.95–4.95) <0.001

Other nonselective NSAIDs 604 (9.7) 606 (2.4) 4.35 (3.86–4.90) <0.001 3.67 (2.95–4.57) <0.001

CI¼ confidence interval, COX¼ cyclooxygenase, NSAID¼ nonsteroidal antiinflammatory drug.�
A prescription termination date (date of dispensation plus the day supply) overlapping with the index date.
yAdjusted for all confounder in Table 1 and nonselective NSAID use.
zRelatively selective COX-2 Inhibitors included etodolac and meloxicam.
§ Nonselective NSAIDs with high COX-2 inhibition included diclofenac, salsalate, piroxicam, and sulindac.
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Finally, general limitation of retrospective registry study
included unavailable information on several potential con-
founding factors, including vital signs, body mass index,
cigarette/alcohol consumption, nutritional condition, functional
status, laboratory parameters, and family history of kidney
disease.

CONCLUSIONS
In a large ‘‘real-world’’ Asian population, the use of

nonselective NSAIDs rather than COX-2 inhibitors is associ-
ated with an increased risk of AKI requiring hospitalization,
especially within 1 month after prescription. Even though the
present study was not a prospective, randomized study, present
analysis resulted in a possibly less harmful effect of selective
NSAIDs on kidney function. Future randomized trials are
needed to elucidate these findings.

ACKNOWLEDGEMENTS

This study was based in part on data from the NHIRD
provided by Bureau of National Health Insurance (BNHI) of the
Department of Health and managed by the NHRI. The con-
clusions presented in this study are those of the authors and do
not necessarily reflect the views of the BNHI, the Department of
Health, or the National Health Research Institute.

REFERENCES

1. Zhou Y, Boudreau DM, Freedman AN. Trends in the use of aspirin

and nonsteroidal anti-inflammatory drugs in the general U.S.

population. Pharmacoepidemiol Drug Saf. 2014;23:43–50.

2. Vascular and upper gastrointestinal effects of non-steroidal anti-

inflammatory drugs: meta-analyses of individual participant data

from randomised trials. Lancet. 2013;382:769–779.

3. Barkin RL, Beckerman M, Blum SL, et al. Should nonsteroidal anti-

inflammatory drugs (NSAIDs) be prescribed to the older adult?

Drugs Aging. 2010;27:775–789.

4. Silverstein FE, Faich G, Goldstein JL, et al. Gastrointestinal toxicity

with celecoxib vs nonsteroidal anti-inflammatory drugs for osteoar-

thritis and rheumatoid arthritis: the CLASS study: a randomized

controlled trial. Celecoxib Long-term Arthritis Safety Study. JAMA.

2000;284:1247–1255.

5. Mamdani M, Rochon PA, Juurlink DN, et al. Observational study of

upper gastrointestinal haemorrhage in elderly patients given selective

cyclo-oxygenase-2 inhibitors or conventional non-steroidal anti-

inflammatory drugs. BMJ. 2002;325:624.

Medicine � Volume 95, Number 9, March 2016
injury: a systematic review and meta-analysis of observational

studies. Eur J Intern Med. 2015;26:285–291.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
7. Zhang J, Ding EL, Song Y. Adverse effects of cyclooxygenase 2

inhibitors on renal and arrhythmia events: meta-analysis of rando-

mized trials. JAMA. 2006;296:1619–1632.

8. Winkelmayer WC, Waikar SS, Mogun H, et al. Nonselective and

cyclooxygenase-2-selective NSAIDs and acute kidney injury. Am

J Med. 2008;121:1092–1098.

9. Shih CJ, Chu H, Chao PW, et al. Long-term clinical outcome of major

adverse cardiac events in survivors of infective endocarditis: a nation-

wide population-based study. Circulation. 2014;130:1684–1691.

10. Chao PW, Shih CJ, Lee YJ, et al. Association of postdischarge

rehabilitation with mortality in intensive care unit survivors of

sepsis. Am J Respir Crit Care Med. 2014;190:1003–1011.

11. Charlson ME, Pompei P, Ales KL, et al. A new method of

classifying prognostic comorbidity in longitudinal studies: develop-

ment and validation. J Chronic Dis. 1987;40:373–383.

12. Schneider V, Levesque LE, Zhang B, et al. Association of selective

and conventional nonsteroidal antiinflammatory drugs with acute

renal failure: A population-based, nested case-control analysis. Am

J Epidemiol. 2006;164:881–889.

13. Etminan M, Forooghian F, Brophy JM, et al. Oral fluoroquinolones

and the risk of retinal detachment. JAMA. 2012;307:1414–1419.

14. Wu HH, Chen YT, Shih CJ, et al. Association between recent use of

proton pump inhibitors and nontyphoid salmonellosis: a nested case-

control study. Clin Infect Dis. 2014;59:1554–1558.

15. FDA Drug Safety Communication: FDA strengthens warning that

non-aspirin nonsteroidal anti-inflammatory drugs (NSAIDs) can

cause heart attacks or strokes. http://www.fda.gov/Drugs/DrugSafety/

ucm451800.htm. [Acessed July 12, 2015].

16. Oates JA, FitzGerald GA, Branch RA, et al. Clinical implications of

prostaglandin and thromboxane A2 formation (2). N Engl J Med.

1988;319:761–767.

17. Whelton A, Lefkowith JL, West CR, et al. Cardiorenal effects of

celecoxib as compared with the nonsteroidal anti-inflammatory drugs

diclofenac and ibuprofen. Kidney Int. 2006;70:1495–1502.

18. Whelton A, Schulman G, Wallemark C, et al. Effects of celecoxib

and naproxen on renal function in the elderly. Arch Intern Med.

2000;160:1465–1470.

19. Catella-Lawson F, McAdam B, Morrison BW, et al. Effects of

specific inhibition of cyclooxygenase-2 on sodium balance, hemody-

namics, and vasoactive eicosanoids. J Pharmacol Exp Ther.

1999;289:735–741.

20. Swan SK, Rudy DW, Lasseter KC, et al. Effect of cyclooxygenase-2

inhibition on renal function in elderly persons receiving a low-salt

diet. A randomized, controlled trial. Ann Intern Med. 2000;133:1–9.

21. Rossat J, Maillard M, Nussberger J, et al. Renal effects of selective

cyclooxygenase-2 inhibition in normotensive salt-depleted subjects.

NSAIDs and the Risk of AKI
Clin Pharmacol Ther. 1999;66:76–84.
6. Ungprasert P, Cheungpasitporn W, Crowson CS, et al. Individual

non-steroidal anti-inflammatory drugs and risk of acute kidney
22. Wu VC, Wu CH, Huang TM, et al. Long-term risk of coronary

events after AKI. J Am Soc Nephrol. 2014;25:595–605.

www.md-journal.com | 5

http://www.fda.gov/Drugs/DrugSafety/ucm451800.htm
http://www.fda.gov/Drugs/DrugSafety/ucm451800.htm

	Adverse Effects of Oral Nonselective and cyclooxygenase-�2-Selective NSAIDs on Hospitalization for Acute Kidney™Injury
	INTRODUCTION
	METHODS
	Data Sources
	Settings and Participants
	Exposure Assessment
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	Acknowledgements


