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Nonsteroidal Anti-Infl ammatory Drug Use 
Among Persons With Chronic Kidney 
Disease in the United States

ABSTRACT
PURPOSE Because avoidance of nonsteroidal anti-infl ammatory drugs (NSAIDs) is 
recommended for most individuals with chronic kidney disease (CKD), we sought to 
characterize patterns of NSAID use among persons with CKD in the United States.

METHODS A total of 12,065 adult (aged 20 years or older) participants in the 
cross-sectional National Health and Nutrition Examination Survey (1999-2004) 
responded to a questionnaire regarding their use of over-the-counter and pre-
scription NSAIDs. NSAIDs (excluding aspirin and acetaminophen) were defi ned by 
self-report. CKD was categorized as no CKD, mild CKD (stages 1 and 2; urinary 
albumin-creatinine ratio of ≥30 mg/g) and moderate to severe CKD (stages 3 
and 4; estimated glomerular fi ltration rate of 15-59 mL/min/1.73 m2). Adjusted 
prevalence was calculated using multivariable logistic regression with appropriate 
population-based weighting.

RESULTS Current use (nearly every day for 30 days or longer) of any NSAID was 
reported by 2.5%, 2.5%, and 5.0% of the US population with no, mild, and 
moderate to severe CKD, respectively; nearly all of the NSAIDs used were avail-
able over-the-counter. Among those with moderate to severe CKD who were 
currently using NSAIDs, 10.2% had a current NSAID prescription and 66.1% had 
used NSAIDs for 1 year or longer. Among those with CKD, disease awareness 
was not associated with reduced current NSAID use: (3.8% vs 3.9%, aware vs 
unaware; P = .979).

CONCLUSIONS Physicians and other health care clinicians should be aware of use 
of NSAIDs among those with CKD in the United States and evaluate NSAID use in 
their CKD patients.

Ann Fam Med 2011;9:423-430. doi:10.1370/afm.1302. 

INTRODUCTION

B
oth over-the-counter and prescription nonsteroidal anti-infl amma-

tory drugs (NSAIDs) are widely used in the United States.1 General 

medicine textbooks2-4 and nephrology subspecialty consensus guide-

lines (National Kidney Foundation)5 recommend avoidance of NSAIDs 

(except aspirin and acetaminophen) for most patients with chronic kidney 

disease (CKD). Persons with CKD, however, are likely unaware of their 

disease6 and may also be unaware that NSAIDs should be avoided. Addi-

tionally, those with CKD are likely to be older and have multiple comor-

bid conditions or symptoms that lead to increased use of NSAIDs.7

NSAIDs have been associated both with acute kidney injury in the 

general population8 and with disease progression in those with CKD.9 

For those with CKD, the further decrease in volume of renal blood fl ow 

resulting from decreased prostaglandin synthesis can lead to acute kidney 

injury, sodium retention, edema, hypertension, and hyperkalemia.10 Acute 

interstitial nephritis can cause kidney damage and reduced renal func-
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tion in a small percentage of NSAID users.11 Habitual 

NSAID abuse can lead to analgesic nephropathy, a 

condition that is often irreversible upon drug discon-

tinuation.12 Additionally, NSAIDs interact unfavorably 

with some commonly prescribed medications, includ-

ing loop diuretics, angiotensin-converting enzyme 

inhibitors, and angiotensin receptor blockers, leading 

to reduced effectiveness, along with increased risk of 

renal impairment.13,14 Although epidemiologic studies 

have linked NSAID use to progressive CKD,15 the risks 

of NSAIDs in patients with CKD, while supported by 

consensus and theoretical effect, remain less clearly 

established by evidence.

Despite the potential adverse renal effects of 

NSAIDs, little is known about the patterns of NSAID 

use among those with CKD in community settings. 

Here we estimate the prevalence and describe pat-

terns of self-reported NSAID use among adults by 

CKD status using data from the community-based 

National Health and Nutrition Examination Survey 

(NHANES).

METHODS
Study Design
We conducted a cross-sectional study of participants 

from NHANES, which consists of standardized 

in-home interviews and physical examinations and 

specimen collections at mobile examination centers 

of representative samples of noninstitutionalized US 

civilian residents.16 A complex, multistage, probability 

sampling design was used, with oversampling of cer-

tain subpopulations to increase reliability of estimates. 

Response rates for participants completing both the 

interview and examination were 76% (1999-2000), 

80% (2001-2002), and 76% (2003-2004), for a total of 

14,213 participants.

There were 12,065 NHANES 1999-2004 partici-

pants (n = 3,753, 4,297, and 4,015 for 1999-2000, 2001-

2002, and 2003-2004, respectively) who were aged 20 

years or older, responded to the analgesic question-

naire, and had available serum creatinine and urine 

albumin and creatinine measurements; exclusions were 

pregnancy and estimated glomerular fi ltration rate 

(eGFR) of less than 15 mL/min/1.73 m2 (Figure 1). All 

participants gave written informed consent. The pro-

tocol was approved by the National Center for Health 

Statistics Research Ethics Review Board.

Measurements
During the interview, participants reported on current 

and past use of specifi c over-the-counter and prescrip-

tion analgesic pain relievers via a computer-assisted 

personal interviewing system. Additionally, partici-

pants were asked to provide bottles of all prescription 

medications taken within the past month for recording 

by interviewers. Self-reported information on demo-

graphics (age, sex, and race/ethnicity), socioeconomic 

status and health care access (education and income), 

and diagnosed diseases and conditions was also 

obtained during the interview.

Height, weight, and blood pressure were measured, 

and samples were collected during the examination. 

Serum creatinine was measured by the modifi ed kinetic 

method of Jaffe and corrected for different analyzers 

as specifi ed in NHANES documentation.17,18 Urine 

albumin and creatinine were measured using solid-

phase fl uorescence immunoassay and the modifi ed Jaffe 

kinetic method, respectively.

Defi nitions
CKD

Patients’ CKD status was defi ned by single measure-

ments of kidney function (estimated glomerular fi ltra-

tion rate [eGFR]) and albuminuria (albumin:creatinine 

ratio [ACR]), as follows: no CKD, eGFR ≥60 mL/

min/1.73 m2, and ACR ≤30 mg/g; stages 1 and 2 (mild 

CKD), eGFR ≥60 mL/min/1.73 m2, and ACR ≥30 

mg/g; and stages 3 and 4 (moderate to severe CKD), 

 Figure 1. Flowchart of cumulative study 
participant exclusions.

eGFR = estimated glomerular fi ltration rate; NHANES = National Health and 
Nutrition Examination Survey.

14,213 All NHANES 1999-2004 
participants ≥20 years old 

who underwent home 
interview and examination

14,213 Responding to 
analgesic questionnaire

12,088 Available serum creatinine 
and urine albumin/creatinine data

2,125 Excluded

12,065 eGFR ≥15 mL/min/1.73 m2

23 Excluded

12,065 Not pregnant
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eGFR 15-59 mL/min/1.73 m2. eGFR was calculated 

according to the modifi ed Modifi cation of Diet in 

Renal Disease (MDRD) Study equation for calibrated 

creatinine was eGFR = 175 × [(calibrated serum creati-

nine in mg/dL)-1.154] × age-0.203 × (0.742 if female) × 

(1.210 if African-American).19

NSAID Use

Current use of NSAIDs was defi ned by self-reported 

use of ibuprofen, naproxen, sulindac, piroxicam, indo-

methacin, tolmetin, or diclofenac (with brand names 

and combination formulas identifi ed) daily or nearly 

every day for the last 30 days (Figure 2). Number of 

pills or doses per day were also collected on those 

reporting current use. Long-term use was defi ned by 

use for 1 year or longer (Figure 2). Current NSAID 

prescriptions were identifi ed in the prescription medi-

cation database. Although the questionnaire assessed 

the use of aspirin and acetaminophen, these medica-

tions were excluded from our primary defi nitions of 

NSAID use because of their relatively low nephrotoxic-

ity and recommended use for pain (acetaminophen) or 

for the prevention of comorbid cardiovascular disease 

(aspirin) in the setting of known CKD.20

Covariates

Comorbid diseases were defi ned by self-reported diag-

nosis. Self-reported cardiovascular disease was defi ned 

by diagnosed coronary artery disease, angina, myo-

cardial infarction, stroke, or congestive heart failure. 

Hypertension was defi ned by self-report, self-reported 

use of anti-hypertensive medications, or by measured 

systolic or diastolic blood pressure of ≥140 or ≥90 mm 

Hg, respectively. Obesity was defi ned by a measured 

body mass index (BMI) of ≥30 kg/m2. CKD awareness 

was defi ned as a yes answer to “Have you ever been 

told by a doctor or other health professional that you 

have weak or failing kidneys?” Angiotensin-converting 

enzyme inhibitors and angiotensin receptor blockers 

included captopril, enalapril, fosinopril, lisinopril, can-

desartan, eprosartan, irbesartan, losartan, olmesartan, 

telmisartan, and valsartan; loop diuretics included furo-

 Figure 2. Questionnaire items and study defi nitions for reported over-the-counter and prescription 
NSAID use, National Health and Nutrition Examination Survey, 1999-2004.

NSAID = nonsteroidal anti-infl ammatory drug.

Questionnaire item: Have you ever taken any of these prescription or 
over-the-counter pain relievers nearly every day for a month or longer?

Aspirin—also buffered aspirin products such 
as Anacin, Bayer, Bufferin, Midol, Ascripton, 
Ecotrin, Pabrin, and Alka Seltzer

Tylenol—including sinus products such as 
Anacin-3, Dristan AF, and Comtrex

Ibuprofen—also Advil, Nuprin, Motrin IB 
(including cold and sinus products contain-
ing ibuprofen)

Aleve, Naprosyn (naproxen)

Celebrex (celecoxib) 2003-2004 only

Clinoril (sulindac)

Excedrin

Feldene (piroxicam)

Indocin (indomethacin)

Relafen (nabumetone)

Tolectin (tolmetin sodium)

Vanquish

Voltarin, Arthrotec (diclofenac)

Vioxx (rofecoxib) 2003-2004 only

No current use

No ever chronic use

No ever long-term use Ever 
chronic 

use

Questionnaire item: For 
how many years did you 

take NSAID nearly every day?

Questionnaire item: Do you 
currently use or take NSAID 

daily or nearly every day?

No Yes

No Yes

<1 year ≥1 year
No current use Current use

No ever long-
term use

Ever long-
term use
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semide, torsemide, and bumetanide (prescriptions for 

ethacrynic acid were not reported).

Statistical Methods
Unweighted characteristics of patients were calculated 

and compared by CKD status. Unadjusted and adjusted 

weighted prevalence estimates of current NSAID use 

were calculated by CKD category, and variance of pro-

portions was estimated with Taylor series linearization. 

Sensitivity analyses with defi nition of reduced kidney 

function by the CKD-EPI equation,21 with further 

adjustment for additional covariates, and with stratifi ca-

tion by arthritis were performed. All weighted analyses 

were performed using the SVY commands in Stata 10.0 

(College Station, Texas) to account for study design 

weights, strata, and primary sampling units. Statistical 

signifi cance was set at P <.05.

RESULTS
Participant Characteristics
The NHANES participants with CKD were older, more 

likely to be female and non-Hispanic black, and more 

likely to have lower income and educational attainment 

than their counterparts without CKD (Table 1). With 

US population-based weighting, trends were similar to 

those seen in the unweighted results in Table 1, except 

that the non-Hispanic black and white populations were 

similarly likely to have CKD (data not shown).

Prevalence of Reported NSAID Use by Patients 
With CKD
Reported Current NSAID Use

Reported current use of NSAIDs was not uncommon 

in the US population (3.7% overall). Persons with 

moderate to severe CKD were slightly more likely than 

those with no or mild CKD to report current use of 

NSAIDs (Figure 3A). The great majority of currently 

used NSAIDs were available over-the-counter (Figure 

3A). Among those with CKD, current NSAID use was 

similar among those were aware and those who were 

unaware of their CKD status (5.7% vs 5.0%, P = .80).

More than two-thirds (65.7%) of current NSAIDs 

users also reported long-term use of NSAIDs (1 year or 

longer), and the prevalence of ever reporting long-term 

use did not differ by current CKD status (Figure 3B). 

The mean number of pills or doses per day among cur-

rent NSAID users was 3.0, 3.3, and 2.6 for no, mild, and 

moderate to severe CKD, respectively (P = .34).

Current NSAID Prescriptions

Of those reporting current NSAID use, 19.4% also had 

a current prescription for a NSAID, with higher preva-

lence among those with no CKD (21.8%) vs mild (10.7%) 

or moderate to severe (9.8%) CKD (Figure 3B). Regard-

less of self-reported current NSAID use, 11.4% of those 

with moderate to severe CKD reported a NSAID pre-

scription compared with 7.6% for mild CKD (P = .007) .

Other Current Prescriptions

Angiotensin-converting enzyme inhibitors and angio-

tensin receptor blockers were reported for 9.3% of cur-

rent NSAID users (19.4% and 19.1% for mild and mod-

erate to severe CKD, respectively). In addition, 3.7% 

of current NSAIDs users had prescriptions for loop 

diuretics (17.8% for moderate to severe CKD). Among 

participants with CKD stage 3 or 4 who reported pre-

scriptions for NSAIDs, 15.7% and 20.4% also had pre-

scriptions for angiotensin-converting enzyme inhibi-

tors, angiotensin receptor blockers, and loop diuretics.

Sensitivity Analyses
The distribution of reported current NSAID use by 

CKD defi ned by the CKD-EPI equation21 did not dif-

fer substantially from those who reported using the 

MDRD Study equation (data not shown). Adjustment 

for demographics and clinical conditions did not sub-

stantially change the results (data not shown). Stratifi ed 

analyses showed that, although current NSAID use was 

substantially higher among those with arthritis, the 

association of greater prevalence of NSAID use among 

those with CKD stage 3 or 4, relative to those with 

earlier stage or no CKD, did not differ by arthritis sta-

tus (no arthritis: 2.5%, 2.8%, and 3.4% NSAID use for 

no CKD, CKD stage 1 and 2, and CKD stage 3 and 

4, respectively; arthritis, 7.6%, 7.7%, and 8.1% NSAID 

use; Pinteraction = .85 and .47 for CKD stage 1 or 2 and 

stage 3 or 4, respectively).

DISCUSSION
We found that current use of NSAIDs, particularly 

those available over-the-counter, was low but not rare 

in the US population with CKD, with more than 5% 

of those with moderate to severe CKD reporting cur-

rently using NSAIDs regularly. At a population level, 

this percentage refl ects up to 870,000 persons in the 

United States with advanced CKD who are using 

NSAIDs. The prevalence of current NSAID use in 

the general population did not differ substantially by 

CKD status, and two-thirds of all current users had 

used NSAIDs for at least 1 year. Current prescriptions 

for NSAIDs were also common overall and in those 

with CKD (~10%), possibly refl ecting the lack of both 

clinician awareness of CKD status and possible adverse 

effects of NSAIDs in patients with CKD who have 

additional competing indications for NSAID use (eg, 

chronic pain). Many of those with CKD who had pre-
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Table 1. Characteristics of Study Participants, by Chronic Kidney Disease Status, National Health and 
Nutrition Examination Survey, 1999-2004

Characteristic Overall

CKD Statusa

No CKDb Mild CKDc Moderate-Severe CKDd

No. (%) participants 12,065 (100) 9,604 (79.6) 1,137 (9.4) 1,324 (11.0)

Sociodemographic        

Age, mean (SD) y 51.0 (18.7) 47.2 (17.2) 57.5 (18.0) 72.9 (11.8)

Sex, %        

Male 51.6 53.4 46.6 48.7

Female 48.4 46.6 53.4 51.3

Race/ethnicity, %e        

Non-Hispanic white 40.1 41.3 37.6 37.7

Non-Hispanic black 24.8 23.5 24.6 28.2

Mexican-American 25.5 25.7 27.1 24.7

Household Income, %        

<$20,000 25.7 23.7 31.1 29.3

$20,000-44,999 32.9 32.6 33.6 33.5

$45,000-74,999 20.6 21.3 19.1 19.3

>$75,000 20.8 22.4 16.2 18.0

Education, %        

Less than high school 49.5 43.0 53.0 68.3

High school graduate 50.5 57.0 47.1 31.7

Clinical        

BMI ≥30 kg/m2, %        

No 75.8 73.0 69.1 85.3

Yes 24.2 27.0 30.9 14.7

Diabetes (self-reported), %        

No 93.2 95.0 80.6 92.7

Yes 6.8 5.0 19.5 7.4

Hypertension (self-reported, use of medications, 
or ≥140/90 mm Hg), %

       

No 50.3 60.9 37.1 19.4

Yes 49.7 39.1 62.9 80.6

Cardiovascular disease (self-reported), %        

No 88.1 92.3 82.2 71.5

Yes 11.9 7.7 17.8 28.5

Cancer (self-reported), %        

No 90.8 92.8 89.8 81.4

Yes 9.3 7.2 10.2 18.7

Arthritis (self-reported), %        

No 72.4 76.6 65.0 56.2

Yes 27.6 23.4 35.0 43.8

Last visit to health care clinician, %        

>1 y ago 17.0 18.9 14.0 13.3

Within last year 83.0 81.1 86.0 86.8

ACEI or ARB prescription, %        

No 95.5 96.1 92.1 95.0

Yes 4.5 3.9 7.9 5.0

Loop diuretic prescription, %        

No 97.7 98.9 95.8 95.3

Yes 2.3 1.1 4.2 4.7

CKD awareness, %        

No 92.5   95.6 89.8

Yes 7.5   4.4 10.2

ACR = albumin-creatinine ratio; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; BMI = body mass index; CKD = chronic kidney 
disease;  eGFR = estimated glomerular fi ltration rate.

Note: Estimates are unweighted study population (not US population) estimates.
a P <.001 for all comparisons across CKD status, by analysis of variance (continuous variables) and χ2 (categorical variables).
b ACR ≤30 mg/g, eGFR ≥60 mL/min/1.73 m2.
c Stages 1 and 2 (ACR ≥30 mg/g).
d Stages 3 and 4 (eGFR 15-59 mL/min/1.73 m2)
e Other race excluded from analysis of race/ethnicity because of small n, but individuals from this group are included in other comparisons.
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scriptions for NSAIDs also had prescriptions for angio-

tensin-converting enzyme inhibitors and angiotensin 

receptor blockers (~16%) and loop diuretics (~20%), the 

therapeutic action of which is inhibited by NSAIDs.10 

Not surprisingly, NSAID use was greater among those 

who had arthritis compared with those who did not. 

Informed Decision Making Regarding NSAID 
Use in the Setting of CKD
Our fi ndings suggest that there may be large numbers 

of individuals with CKD, many of whom unaware of 

their disease,6 who may be at risk for further kidney 

injury through use of NSAIDs. Awareness not only 

of CKD status but also of 

necessary behavioral modifi ca-

tions, including recommended 

NSAID avoidance or restric-

tion, is important to avoid 

CKD progression. We found 

no evidence that those who 

were aware of their CKD were 

less likely to use NSAIDs over 

the long term than were those 

who were unaware, suggest-

ing that awareness of recom-

mended NSAID avoidance in 

CKD is not associated with 

awareness of CKD itself. We 

also found that many of those 

with prescriptions for NSAIDs 

had prescriptions for angioten-

sin-converting enzyme inhibi-

tors and angiotensin receptor 

blockers or loop diuretics as 

well. The nephrotoxicity of 

and potential interactions with 

these drugs may need to be 

more clearly communicated to 

primary care clinicians, other 

prescribers of medications for 

pain management, and the 

community. This communi-

cation is important to those 

individuals who self-manage 

pain with over-the-counter 

NSAIDs, given that explicit 

labeling regarding the poten-

tial renal risks of the over-

the-counter ibuprofen and 

naproxen, as has been recom-

mended,20 is not required.

It is important to note that, 

although there is general con-

sensus that NSAIDs should be 

avoided in CKD, the evidence 

supporting this belief remains 

mixed. In the 1990s, case-

control studies22,23 indicated 

that the risk of progression to 

end-stage renal disease was 

increased in those who took 

 Figures 3 A and B. Crude reported use of nonsteroidal anti-infl ammatory 
drugs in the US population by chronic kidney disease status, National 
Health and Nutrition Examination Survey, 1999-2004.

A. Reported current use (nearly every day for the last 30 or more days), by type of NSAID. 

CKD = chronic kidney disease; NSAID = nonsteroidal anti-infl ammatory drug; OTC = over-the-counter; 
Rx = prescription. 

Note: P >.05 across CKD categories by χ2, except where indicated. OTC drugs included ibuprofen and naproxen; 
Rx-only drugs included sulindac, piroxicam, indomethacin, tolmetin, diclofenac, celecoxib, and rofecoxib. Prescrip-
tion NSAIDs included ibuprofen, naproxen, sulindac, piroxicam, indomethacin, tolmetin, diclofenac, nimesulide, 
meclofenamate, etodolac, ketorolac, fl urbiprofen, and ketoprofen.

a Unreliable estimates because of small sample sizes.

B.  Reported long-term use (1 year or longer) and current NSAID prescriptions, among 
those reporting current use of any NSAID.
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NSAIDs. Cohort studies have shown that up to 13% 

to 18% of elderly and hospitalized patients24,25 develop 

acute renal failure in response to NSAIDs, and elderly 

high-dose NSAID users had a 26% increased risk of 

progression.9 More recent cohort studies show that 

long-term NSAID use may have either no26,27 or mod-

erate28 effect on the renal function of healthy men and 

women. The concept of classic analgesic nephropathy29 

has now been largely attributed to abuse of phenace-

tin-containing analgesic mixtures,30 which are no lon-

ger available in the United States, Australia, and most 

of Western Europe but continue to be associated with 

CKD and end-stage renal disease in countries where 

such mixtures are available.31

This contradictory body of evidence may be one 

contributing factor to the continuing use of NSAIDs 

among persons with CKD. Common conditions with 

indications for NSAID use, particularly arthritis, may 

be more bothersome and limiting to overall quality 

of life than coexisting CKD, which is often without 

symptoms before end-stage renal disease. Indeed, we 

found that current NSAID use was 2- to 5-fold higher 

among those with arthritis compared with those with-

out arthritis, regardless of CKD status. Thus, although 

primary care and general medicine textbooks2-4 and 

clinical practice guidelines5 recommend avoidance of 

NSAIDs for most CKD patients, clinicians are advised 

to consider the risks and benefi ts on a case-by-case 

basis, with determination and consideration of their 

patients’ CKD status and over-the-counter NSAID use. 

For example, for a patient with pain caused by arthritis 

or other conditions, the potential risk of CKD progres-

sion resulting from NSAID use may be outweighed by 

improved patient quality of life. Such trade-offs must 

be considered.

Study Limitations
First, although we can show that high-risk use of 

NSAIDs is common among those with CKD, no 

causal inference can be drawn. Also, acute kidney 

injury cannot be distinguished from CKD in a cross-

sectional study. CKD status before the NHANES 

survey is unknown, so only current NSAID use can 

be examined in relation to CKD. Second, our main 

defi nition did not include the most commonly used 

over-the-counter analgesics—acetaminophen and 

aspirin—because of their relatively low nephrotoxicity 

and indications for pain and cardiovascular preven-

tion, respectively. Even though prolonged, high-dose 

use of acetaminophen23,28 or aspirin may be nephro-

toxic, however, they are recommended as analgesics in 

the setting of CKD. Third, participants with chronic 

pain may over- or underestimate the duration and 

frequency of NSAID use or may not recognize medi-

cations as NSAIDs; reporting could also be biased by 

psychosocial reasons (eg, attention-seeking behavior 

or embarrassment). We did not have information on 

indication, clinician recommendation, or detailed dos-

age and frequency. Fourth, there is the possibility of 

CKD misclassifi cation, particularly for earlier stages. 

Data from more recent NHANES (2005-2008) did not 

include information on NSAID use, somewhat limiting 

the generalizability of the results to current practices. 

Finally, information on comorbid conditions was self-

reported and, likely, underreported.

In summary, reported current use of NSAIDs in 

the United States is low, but it is as common among 

those with CKD as in those without CKD, even 

among those who are aware of their CKD. Primary 

care physicians, who are likely to manage both early-

stage CKD and indications for NSAID use, should 

be aware of the rates of NSAID (both prescribed and 

over-the-counter) use, assess the risk of NSAID use 

in each patient, and, most importantly, engage each 

patient in informed decision making about the risks 

and benefi ts of NSAID use. CKD screening in those 

who use NSAIDs daily and effective communication 

of the risks of NSAID use among those with CKD 

may be warranted to prevent further kidney damage 

and progression of disease.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/9/5/423.
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