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■ ABSTRACT

Despite the ubiquitous use of both over-the-counter
and prescription nonsteroidal anti-inflammatory
drugs (NSAIDs), clinical syndromes—NSAID-related
hypertension, salt and water retention, edema, and
hyperkalemia—are highly infrequent. Nevertheless,
they remain a concern, and patient populations at
risk for renal adverse effects from NSAIDs can be
prospectively identified. Patients at risk include
those with age-related declines in glomerular filtra-
tion rate; those with hypovolemia, particularly
patients taking loop diuretics; and those with con-
gestive heart failure, cirrhosis, or nephrosis. The fol-
lowing patient populations are at higher risk for
increases in blood pressure with concomitant use of
an NSAID and an antihypertensive: those with con-
gestive heart failure, liver disease, or kidney disease,
and those taking angiotensin-converting enzyme
inhibitors or diuretics. Nonselective NSAIDs and
COX (cyclooxygenase)-2–selective inhibitors (cox-
ibs) appear to have similar effects on renal function

if dosed equivalently, and standard precautions to
avoid renal toxicity with use of nonselective NSAIDs
apply to coxibs.

Nonselective nonsteroidal anti-inflamma-
tory drugs (NSAIDs) are widely used.
These agents share anti-inflammatory,
analgesic, and antiplatelet properties and

also have many side effects in common. The most
frequent is ulcerogenesis; by inhibiting cyclooxyge-
nase (COX)-1, the nonselective NSAIDs can alter
protective mechanisms in the gastric mucosa and
increase acid secretion.1 By selectively inhibiting
only the COX-2 isoform, the COX-2–selective
inhibitors (coxibs) are less likely to cause ulceroge-
nesis and have shown improved gastrointestinal
safety and tolerability.2–7 Nevertheless, there are
renal syndromes and toxicities common to both the
nonselective NSAIDs and the coxibs.

This article will summarize current knowledge
regarding nonsteroidal renal syndromes associated
with nonselective NSAIDs and COX-2–selective
inhibitors. It will identify patients at risk for devel-
oping renal toxicity with the use of these drugs, and
provide strategies to primary care physicians to min-
imize these risks.

■ PHYSIOLOGIC AND PATHOPHYSIOLOGIC ROLES
OF PROSTAGLANDINS IN THE KIDNEY

COX-1–related prostaglandins are largely consti-
tutive and responsible for maintaining the integrity of
the gastrointestinal mucosa, platelet adhesion, and
acid secretion. Though constitutive in some physio-
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logical systems, COX-2–related prostaglandins are
largely inducible and mediate pain and inflamma-
tion. NSAIDs alter renal function through their
effects on renal prostaglandins.

In general, COX-1 functions in the control of
renal hemodynamics and the glomerular filtration
rate (GFR); COX-2 functions affect salt and water
excretion, although there is some overlap. This sep-
aration of COX-mediated functions in the kidney is
based in part on the physiologic/anatomic distribu-
tion of COX-1 compared to COX-2 (Figure 1);
blockade of either or both of these enzymes can
have, therefore, different effects on renal function.8,9

However, renal syndromes associated with the use
of nonselective NSAIDs and COX-2–selective
inhibitors can be either prostaglandin-dependent
(ie, functional) or prostaglandin-independent (ie,
anatomic).

As shown in Figure 2,10 the renal syndromes
caused by nonselective NSAIDs and coxibs can be
grouped according to their effects on prostaglandin
(PG)E2 and PGI2. So whereas PGI2, or prostacyclin,
mostly affects renal homeostatic mechanisms, PGE2
and PGD2 dilate the renal vascular bed, lower renal
vascular resistance, and increase renal perfusion.1 In
a person with normal renal hemodynamic parame-
ters, prostaglandins do not play a dominant physio-
logic role in maintaining renal blood flow; PGE2
and PGI2 also normally play minor roles in main-
taining the GFR.1 However, in a person with com-
promised renal hemodynamics (for example,
decreased circulating volume), the kidney synthe-
sizes vasodilating prostaglandins to offset vasocon-
tricting autocoids and to maintain renal perfusion.11

These prostaglandins become critically involved in
maintaining the GFR. When production of PGI2 is

blocked, hyperkalemia and acute renal failure can
result. The effects of blocking production of PGE2
may include peripheral edema, increased blood
pressure, weight gain, and, though rare, congestive
heart failure.10

■ CLINICAL CONSIDERATIONS

Overall, the different nonselective NSAIDs pro-
duce similar renal effects. And, despite the ubiqui-
tous use of both over-the-counter and prescription
NSAIDs, the most frequent clinical syndromes
related to their use—hypertension, salt and water
retention, edema, and hyperkalemia—are relatively
infrequent. Nevertheless, they remain a concern.
But patient groups who are at risk for renal adverse
effects from NSAIDs can be prospectively identi-
fied. Especially at risk are those with extreme liver
dysfunction, or nephrotic patients with high-level
proteinuria, or those with very low renal function.10

Furthermore, the increased risk for ARF and subse-
quent hospitalization due to NSAID use has been
known for some time. Because of the role of COX-
2 in regulating salt and water excretion, the COX-
2–selective inhibitors, rofecoxib, celecoxib, and,
most recently, valdecoxib, would be expected to
have similar effects. Therefore, the standard renal
precautions that apply to use of nonselective
NSAIDs also apply to use of coxibs.

When effective arterial blood volume is dimin-
ished, greater susceptibility to renal prostaglandin
inhibition and changes in renal function can occur.
In patients with preexisting decreased renal blood
flow, the inhibition of vasodilating prostaglandins
contributes to a further decrease in glomerular
blood flow and overall renal perfusion.

COX-2–derived PGE2 is found primarily on the
thick ascending limb of the loop of Henle; it pro-

SI-54 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 69 • SUPPLEMENT I

R E N A L  E F F E C T S  ■ W E I R

Loop of Henle

Efferent arteriole: COX-1, COX- 2

Macula
densa:
COX-2

Distal
tubule

Afferent
arteriole:
COX-1,
COX-2 

Thick
ascending

limb:
COX-2

Proximal 
convoluted tubule

Glomerulus:
COX-1,
COX-2

Podocytes : COX-2 Renin-secreting
granular cells PGI 2

Hyperkalemia
Acute renal

failure

PGE 2

 Sodium retention
• Peripheral edema
• ↑ blood pressure
• ↑ weight
• Congestive heart

failure (rarely)

FIGURE 1. The role of prostaglandins in the kidney.8,9

FIGURE 2. Renal syndromes caused by NSAID effects on
prostaglandins.10
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motes diuresis and natriuresis by inhibiting reab-
sorption of sodium and water. NSAID-induced
decreases in PGE2 can increase sodium and water
reabsorption and can produce some weight gain and
occasionally edema. As noted, in persons with
decreased circulating volume, vasodilating
prostaglandins are produced by the kidneys to offset
other vasoconstricting autocoids. In clinical settings
in which renal blood flow depends on prostaglandin
synthesis, NSAIDs can significantly decrease renal
blood flow, with resultant acute renal failure.12,13

Patients at risk include those with age-related
declines in GFR; those with hypovolemia, particu-
larly patients taking loop diuretics; and those with
congestive heart failure, cirrhosis, or nephrosis.
Similarly to use of a nonselective NSAID, use of a
COX-2–selective inhibitor  should be carefully
assessed in patients with any of these risk factors.

Some drug therapies, eg, angiotensin-convert-
ing enzyme (ACE) inhibitors and angiotensin II
receptor blockers, also cause functional, but
reversible, renal insufficiency that may worsen
with NSAIDs. NSAIDs can lessen response to
diuretics, especially the loop-acting diuretics (eg,
furosemide), by as much as 20%. This effect may
be more pronounced in patients likely to retain
sodium, such as in those with congestive heart fail-
ure or cirrhosis.10

Concomitant use of NSAIDs
and antihypertensives

Another concern is the 20 million people in the
United States who currently take both an antihy-
pertensive drug and an NSAID. Nonselective
NSAIDs can induce dose-related fluid retention
and raise blood pressure (BP) in some patients. Age-
related declines in renal blood flow are more promi-
nent in hypertensive persons and, as noted,
NSAIDs can reduce renal blood flow and also cause
a dose-dependent form of BP salt sensitivity. This
can be clinically significant in susceptible persons.

In different studies of selective and nonselective
NSAIDs, a 3- to 5-mm Hg increase in BP is seen
across populations. In a meta-analysis by Pope and
colleagues of 54 clinical trials involving 123
NSAID treatment arms and 1,324 participants, the
effects of NSAIDs on BP, after adjusting for dietary
salt intake, were noted only in hypertensive sub-
jects. Indomethacin and naproxen raised mean arte-
rial pressure by 3.59 and 3.74 mm Hg, respectively,
while placebo, ibuprofen, and aspirin each lowered

mean arterial pressure. The investigators concluded
that, in short-term use, NSAIDs vary considerably
in their effects on BP.14

In their meta-analysis of pooled data from 50 tri-
als and 771 patients, Johnson and colleagues
showed that NSAIDs increased supine mean arteri-
al BP by 5 mm Hg (Figure 3). Mean weight gain
was 0.3 kg; mean decrease in urinary sodium was 0.1
mmol/day, and urinary PGE2 decreased by 162.7
ng/day.15

The effect of coxibs on BP is less well studied. A
6-week analysis by Geba and colleagues compared
rofecoxib (25 mg QD), celecoxib (200 mg QD), and
placebo in 1,082 patients with osteoarthritis of the
knee or hip after withdrawal of previous osteoarthri-
tis therapy. More than 40% of patients had a histo-
ry of hypertension. Predefined changes in systolic
blood pressure (>140 mm Hg and increase of >20
mm Hg) occurred in 9.6%, 9.4%, and 3.3% of
patients taking rofecoxib, celecoxib, and placebo,
respectively. This difference was significant in cox-
ibs vs placebo (P = .015), but not between rofecox-
ib and celecoxib. Mean changes in systolic blood
pressure were 1.9 mm Hg, 0.2 mm Hg, and –4.3 mm
Hg for rofecoxib, celecoxib, and placebo, respec-
tively.16

In the VIGOR trial, rofecoxib increased mean
systolic and diastolic BP by 4.6 and 1.7 mm Hg vs
increases of 1.0 and 0.1 mm Hg, respectively, with
naproxen.17 In the same trial, the incidence of renal-
related adverse events was low and similar in the
two treatment groups: 1.2% in the rofecoxib group
and 0.9% in the naproxen group.6 (The cardiovas-
cular effects noted in the VIGOR trial are detailed
elsewhere in this issue.)
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FIGURE 3. Hypertension with traditional NSAIDs. Adapted
with permission from Johnson et al. Ann Intern Med 1994;
121:289–300.15 *Not available in the United States.
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The clinical significance of an increase of as
much as 5 mm Hg in mean arterial BP is unclear.
Increases of this size in systolic and diastolic BPs
have been shown to increase the risk for stroke and
heart failure.18 For the vast majority of patients, the
BP increase seen with concurrent use of an NSAID
and an antihypertensive is probably clinically
insignificant and can be treated with a reduction in
dietary salt or an adjustment of medication.

Still, there are patient populations that are at
higher risk for an increase in BP with concomitant
use of an NSAID and an antihypertensive—those
with congestive heart failure, liver disease, or kid-
ney disease, and those taking ACE inhibitors or
diuretics. In such patients, more careful manage-
ment is mandated. It may be necessary to use addi-
tional diuretics to maintain a patient with conges-
tive heart failure in an edema-free state. Frequent
monitoring of BP, weight, and serum creatinine and
potassium levels is appropriate.1

The following strategies are recommended to
clinicians when treating hypertension in a patient

taking an NSAID: lower the dose of the nonselec-
tive NSAID or coxib as much as possible, without
compromising efficacy; lower salt intake; retitrate
the antihypertensive; and inquire about the
patient’s use of over-the-counter NSAIDs. Another
strategy is to use aspirin or the atypical opioid-like
agent, tramadol. Use of a non-NSAID or aspirin is
preferable to use of those NSAIDs that have been
described as “renal-sparing” (nabumetone), since
the renal-sparing effects have never been convinc-
ingly demonstrated.10

■ RENAL EFFECTS
OF COX-2–SELECTIVE INHIBITORS

Before discussing the renal-effects profile of
COX-2–selective inhibitors, NSAID-related renal
syndromes will be briefly summarized. Several dis-
tinct syndromes of disturbed renal function—
including fluid and electrolyte disorders, acute renal
dysfunction, nephrotic syndrome/interstitial
nephritis, and renal papillary necrosis—are associat-
ed with the use of nonselective NSAIDs. In addi-
tion, by blunting the homeostatic renal effects of
prostaglandins, NSAIDs can hinder BP control,
particularly with concomitant use of ACE
inhibitors, diuretics, and beta-blockers. The risk of
congestive heart failure is also significantly
increased when NSAIDs are given to patients
receiving diuretic therapy who have cardiovascular
risk factors.19

Rossat and colleagues studied the renal effects of
celecoxib vs naproxen in 40 healthy young men
(age range 18 to 35 years) who were randomized to
one of four treatment groups: celecoxib 200 or 400
mg twice daily, naproxen 500 mg twice daily, or
placebo for 7 days. Subjects were salt-depleted by a
low-sodium diet that began 5 days before drug
administration and continued through the 7-day
study. (Prostanoid-dependent renal function may
become more pronounced in the setting of sodium
depletion.) On days 1 and 7, GFR, renal blood flow,
urine output, and urinary sodium were measured
before and for 3 hours after drug administration.20

Selective inhibition of COX-2 with celecoxib
resulted in as much sodium and potassium retention
as that seen with naproxen. At 400 mg twice daily,
celecoxib transiently lowered the GFR and effective
renal plasma flow; these effects were not seen with
naproxen. Rossat and colleagues concluded that
selective inhibition of COX-2 with celecoxib caus-
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Renal effects of NSAIDs and coxibs
The standard renal precautions that apply to use of
nonselective NSAIDs also apply to coxibs. They should
be used carefully in patients with hypertension, par-
ticularly those taking ACE inhibitors and/or potassi-
um-sparing diuretics; patients taking salt substitutes;
in patients with diabetes, particularly those with type
IV renal tubular acidosis and possibly renal insufficien-
cy; and in patients who are volume-depleted or who
have cirrhosis or congestive heart failure.

If dosed in therapeutically equivalent ways, nonselec-
tive NSAIDs and coxibs show no evidence of major
differences in renal effect.

Clinicians should be aware of the 3- to 5-mm Hg
increase in BP seen across populations in different
studies of COX-2–selective and nonselective NSAIDs.
This BP-raising effect must be weighed against the
therapeutic impact.

When a patient’s BP increases, the following strate-
gies are recommended: use a lower dose of nonselec-
tive NSAID or coxib; try to restrict dietary salt; inquire
about patients’ home remedies and over-the-counter
drug use, including NSAIDs; review all medications
being taken, including over-the-counter NSAIDs; and
adjust the antihypertensive as appropriate.

NSAID-related renal syndromes include hypertension,
salt and water retention, edema, and hyperkalemia.
Despite the ubiquitous use of NSAIDs, these clinical
syndromes occur infrequently. Nevertheless, they
remain a concern, given the large number of patients
at risk.
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es as much sodium and potassium retention as with
a nonselective coxib in salt-restricted persons.
Unlike the nonselective NSAID, high-dose cele-
coxib transiently but significantly lowered GFR and
effective renal plasma flow.20

The effect of celecoxib on GFR in the elderly has
also been studied. Whelton and colleagues adminis-
tered celecoxib and naproxen to 29 healthy elderly
subjects (age range, 65 to 80 years) using a single-
blind, randomized, crossover format. Participants
received celecoxib 200 mg twice daily for 5 days fol-
lowed by 400 mg twice daily for 5 days, or the alter-
nate schedule of naproxen 500 mg twice daily for 10
days. After a 7-day washout, subjects were crossed
over to the other regimen. GFR was measured with
radiolabeled sodium 2 days before drug administra-
tion and then 3 to 5 hours after drug administration
on days 1 and 6 of treatment. Sodium intake was
not controlled.21

Naproxen lowered the GFR with the first dose;
the difference between naproxen and celecoxib in
lowering GFR was statistically significant on day 6
(change from baseline on day 6, naproxen vs cele-
coxib, –7.5 ± 2.4 vs –1.1 ± 1.9 mL/min/1.73 m2,
respectively, P = .004). Small, transient decreases in
sodium excretion, which returned to baseline by
study end, were seen with both drugs.21 None of
these changes are likely to be clinically significant.

Catella-Lawson and colleagues administered
rofecoxib under double-blind conditions to 36
healthy older adults who were sodium restricted.22

Participants received rofecoxib 50 mg once daily, or
indomethacin 50 mg three times daily, or placebo
for 2 weeks. As seen in Figure 4, in the first 72
hours of treatment, both rofecoxib and
indomethacin decreased urinary sodium excretion
significantly. The change seen in the rofecoxib arm,
however, was transient; only indomethacin lowered
the GFR significantly vs rofecoxib and placebo.
Neither agent produced any significant change in
BP or weight.

Swan and colleagues also gave rofecoxib to 60
elderly subjects (age range, 65 to 80 years) on a
low-salt diet using a randomized, multidose, paral-
lel-group design. On day 6, peak effect on GFR
was measured after the first dose. Both rofecoxib
and indomethacin significantly lowered the GFR
compared to placebo. On day 6, however, neither
urinary sodium nor potassium was significantly
lowered. The investigators note that the study
subjects were generally healthy. Predisposed per-

sons who have lower effective circulating fluid
volume (eg, those with congestive heart failure,
with cirrhosis, or taking diuretics) may have clin-
ically significant renal insufficiency with use of
coxibs, similar to NSAID-induced alterations.
Renal precautions that are observed for nonselec-
tive NSAIDs should also be observed for COX-
2–selective inhibitors.23

In a direct comparison study, Schwartz and col-
leagues administered rofecoxib (25 mg QD), cele-
coxib (200 mg BID), naproxen (500 mg BID), or
placebo to 67 healthy elderly subjects for 2 weeks
(age range, 60 to 80 years), and measured urinary
sodium excretion. There were no significant differ-
ences among the three active treatments in daily
average sodium excretion over the first 3 days or
over 2 weeks of treatment. Peripheral edema did not
occur. One subject each given rofecoxib and cele-
coxib experienced an increase in systolic BP. The
investigators concluded that rofecoxib and celecox-
ib have similar effects on urinary sodium excretion,
and that these effects are similar to those of nonse-
lective NSAIDs.24

These clinical trials comparing changes in renal
function between nonselective NSAIDs and coxibs
indicate only subtle changes in renal hemodynam-
ics and BP. Thus, the renal effects of celecoxib and
rofecoxib appear to be similar to nonselective
NSAIDs and class specific. However, how to use
these drugs in patients at higher risk for non-
steroidal renal syndromes has not been fully eluci-
dated, as these studies have not been conducted in
patients with renal disease.
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FIGURE 4. Renal effects of rofecoxib: mean change from
baseline in urinary sodium excretion. Adapted with permis-
sion from Catella-Lawson et al. J Pharmacol Exp Ther
1999; 289:735–741.
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■ CONCLUSIONS

Nonselective NSAIDs and COX-2–selective
inhibitors are widely used drugs that appear to be
similar in terms of their effects on renal function if
they are dosed in therapeutic equivalents. Although
the prevalence of renal toxicity in patients treated
with NSAIDs is relatively low, the extensive use of
both prescription and over-the-counter agents
places many persons at risk. The mechanisms
whereby these agents affect the kidney are under-
stood, which allows at-risk patients—eg, the elderly
and the hypovolemic, or patients with diabetes,
hypertension, or congestive heart failure—to be

identified prospectively. Standard precautions to
avoid renal toxicity with use of nonselective
NSAIDs also apply to COX-2–selective inhibitors.

An increase in BP is often seen with concomitant
use of an NSAID and an antihypertensive.
Although this increase is probably clinically insignif-
icant, the following strategies are recommended if
BP increases in a patient taking a nonselective
NSAID or a COX-2–selective inhibitor with an
antihypertensive: lower the dose of the nonselective
NSAID or coxib; lower salt intake; retitrate the anti-
hypertensive; and inquire about the patient’s use of
over-the-counter NSAIDs. Another strategy is to
use a non-NSAID, eg, tramadol or aspirin.
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