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KEY POINTS
1. The use of nonsteroidal anti-inflammatory drugs (NSAIDs) before and during exercise has been linked to acute renal failure in a

handful of case-study reports.  Similarly, long-term NSAID may be involved in some cases of chronic renal failure, independent
of exercise.

2. Acute renal failure occurs when the kidney is unable to maintain fluid and electrolyte balance and excrete waste products.

3. NSAIDs act therapeutically by inhibiting prostaglandin synthesis thereby reducing pain and inflammation.  Because renal
prostaglandins protect against decreases in renal blood flow during exercise, renal PG inhibition with an NSAID during exercise
may lead to an abnormally depressed renal blood flow and glomerular filtration rate.

4. Excessive NSAID use may increase the potential for renal problems associated with exercise.  This potential is magnified if pro-
longed exercise is combined with severe heat stress and/or dehydration.

5. Fortunately, the incidence of renal failure associated with exercise is low, even in athletes who habitually use NSAIDs.
6. Proper hydration prior to and throughout exercise can minimize any risk that NSAIDs may pose to the kidney.

INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are used by competitive athletes and recreational exercisers because of their

analgesic (pain reduction) and anti-inflammatory benefits. A list of common NSAIDs and other analgesics available over-the-
counter (OTC) is presented in Table 1 (Physicians’ Desk Reference, 1997).  Estimates indicate that approximately 50 million
Americans intermittently or regularly use NSAIDs, making this class of drugs one of the most widely used across all age groups.
The most recent annual data available (year ending June 22, 1997) indicate that OTC analgesics accounted for $2.693 billion in sales
(Information Resources Inc., Chicago, 1997).

Case study reports have linked NSAIDs to acute renal failure during exercise.  For example, Macsearraigh et al. (1979) reported
that 7 out of the 9 runners who developed renal failure during a 9-year period were taking some form of analgesic.  In addition, all
four runners who developed renal failure during the 1986 Comrades Marathon in South Africa were taking NSAIDs (Seedat et al.,
1990).  The Comrades Marathon is an example of an extreme endurance event, covering 90-kilometers (approximately 56 miles)
between the cities of Durban and Pietermaritzburg.  The course is hilly, and the race takes place in May when the weather is typi-
cally warm.  There have been similar reports of runners developing acute renal failure in other races, often under less severe
conditions.  For example, a 41-year-old male marathon runner developed acute renal failure after competing in a race following
naproxen use (Vitting et al., 1986).

The association between NSAID use and renal failure is not limited to exercise conditions.  Whelton (1995) recently reviewed
individual case reports of NSAID-induced acute renal failure.  A common finding is the presence of risk factors such as chronic
heart failure, renal disease, and hepatic disease.  Outside of these chronic disease states (which do not tend to affect young and
healthy athletes), Whelton reported that alcohol consumption (binge drinking) in combination with NSAID use may cause renal
failure in younger individuals.  Although there are obvious limitations when attempting to draw conclusions based solely on case



greater (nonoliguric renal failure; > 400
mL per day).  Renal failure can be
defined by a number of different crite-
ria, including an increase in serum
creatinine of > 0.5 mg/dL (44 mmol/L)
over baseline values, a reduction in cre-
atinine clearance of > 50%, or a
decrease in renal function that results in
the need for dialysis.  Prompt dialysis
can prevent uremia, hyperkalemia, and
other complications of fluid overload
(Thadhani et al., 1996).

RENAL FUNCTION
DURING EXERCISE

During exercise in the heat, skin
and active muscle tissue compete for a
limited cardiac output.  The increased
blood flow to the skin along with the
evaporation of sweat allows heat to be
dissipated to the environment while
increased blood flow to the muscle
allows for the delivery of oxygen and
e n e rgy substrates.  In order to accom-
plish this dual purpose without a
decrease in blood pressure, blood flow
to the liver, pancreas, gastrointestinal
tract, and kidney decreases (Rowell,
1993).  When the intensity of exercise
exceeds 50% VO2max, blood flow to
the kidney (RBF), filtration rate of the
kidney (glomerular filtration rate;

ACUTE RENAL FAILURE
The renal failure that may occur with

NSAID use results from a reduction in
renal perfusion, leading to a depressed
glomerular filtration rate (GFR).  Acute
renal failure can be characterized by the
inability of the kidney to maintain fluid
and electrolyte balance and to eliminate
nitrogenous waste products.  Urinary
output is usually less than 400 mL per
day (oliguric renal failure) but can be

GFR), sodium excretion and urine
flow rate all decrease by 30-60%
(Zambraski et al., 1996).  Additional
perturbations such as heat stress,
sodium depletion, and dehydration
may exaggerate these decrements in
renal function.  For example, Smith et
al. (1952) found that GFR did not
change during very-light-intensity
treadmill exercise (3 mph, 5% grade)
performed in thermoneutral condi-
tions.  When this exercise was
performed in the heat (50˚C), GFR
decreased 19%, and when heat and
dehydration (-3.5% to  -7.7% loss in
body mass) were combined, GFR
decreased 51%.

These changes in renal function dur-
ing exercise are caused mainly by
enhanced activity of the sympathetic
nervous system that causes renal vaso-
constriction (Zambraski, 1996).
Increases in antidiuretic hormone
(ADH), renin, angiotensin II (ANGII),
and aldosterone also contribute (see
Figure 1).  The end results are increased
sodium and water conservation by the
kidneys and the maintenance of mean
arterial pressure during exercise.  While
these adjustments are beneficial for
homeostasis, excessive reductions in
renal function can precipitate renal failure.

Table 1

D r u g G e n e r i c Brand Name M a n u f a c t u re r Max OTC Dose
C a t e g o ry

N S A I D s I b u p ro f e n A d v i l W h i t e h a l l - R o b i n s 1 2 0 0 # m g / d
Motrin IB Pharmacia & Upjohn
N u p r i n B r i s t o l - M y e r s

K e t o p ro f e n A c t r o n Bayer Consumer 7 5 # m g / d
Orudis KT W h i t e h a l l - R o b i n s

N a p ro x e n A l e v e Bayer Consumer 6 6 0 # m g / d
S o d i u m

R E L AT E D
D R U G C L A S S E S

S a l i c y l a t e s A s p i r i n Genuine Bayer Aspirin Bayer Consumer 3 9 0 0 # m g / d
B u ff e r i n B r i s t o l - M y e r s
E c o t r i n SmithKline Beecham Consumer

A c e t a m i n o p h e n A c e t a m i n o p h e n Ty l e n o l McNeil Consumer Products 4 0 0 0 # m g / d

studies, these reports are alarming and
warrant attention.

Epidemiological reports also link
long-term NSAID use with end-stage
renal disease (ESRD).  A retrospective
case-control study that surveyed 716
patients with ESRD and 361 apparently
healthy control subjects found that
heavy NSAID use  —more than 5000
pills in a lifetime— was associated with
a nine-fold greater rate of ESRD
(Perneger et al., 1994).  Since it
remains to be determined if the mecha-
nisms causing NSAID-induced
long-term renal dysfunction and acute
renal failure are the same, the remain-
der of this review will focus only on the
literature dealing with acute changes in
renal function during exercise and
related stresses.



NSAIDS, PROSTAGLANDINS,
AND THE KIDNEY

NSAIDs act therapeutically by
inhibiting the enzyme cyclooxygenase,
thereby preventing the breakdown of
arachidonic acid to prostaglandins
(PGs).  Some of the PGs -- specifically
PGE2 and PGI2 -- cause vasodilation in
the kidney (Murray & Brater, 1993)
and may also be involved in the release
of renin (Kramer et al., 1985).  In
young, healthy subjects during
unstressed conditions, basal renal vaso-
constrictor tone is low, and the
vasodilation produced by PGs is not
required for normal kidney function
(Sedor et al., 1986).  Therefore, when
OTC or prescription doses of NSAIDs
are ingested, there are no apparent
adverse renal effects.  This is not the
case during disease states such as heart
failure (Dzau et al., 1984) or liver cir-
rhosis (Zipser et al., 1979).  Renal
vasoconstriction in these disease states
results from increased sympathetic out-
flow to the kidney, increased blood
catecholamine concentrations, and the
production of renin-angiotensin II.
These are the same physiological
changes that occur during exercise.
The PGs may therefore be predicted to
become more important mediators of
renal function during exercise because

of this heightened vasoconstrictor tone
and the consequent reductions in RBF
and GFR.  This mechanism of NSAID
inhibition (illustrated in Figure 2) of
PG function during exercise may
explain the case-study reports that link
NSAID use and acute renal failure.

There are only a few laboratory
studies that have examined this rela-
tionship.  Zambraski et al. (1982) had
six healthy men exercise for 30 min at
70% VO2max in a hydrated (4 mL/kg
of water before the trial) and a hypohy-
drated state (no food and water for 10 h
before the trial).  The exercise trials
were conducted under thermoneutral
conditions, and each subject completed
two trials, one trial after taking aspirin
(3.25 g/d for 3 d prior to testing) and
one control trial (no aspirin).  No dif-
ferences were found in creatinine
clearance (used as an index of GFR)
when the aspirin trials were compared
to the control trials in either hydration
state.  This led the authors to conclude
that aspirin treatment had no significant
effects on the renal response to short-
term exercise.  In another study
(Walker et al., 1994), eight men exer-
cised for 30 min at a slightly greater
exercise intensity (80% VO2max) with
and without prior indomethacin intake
(50 mg every 8 h for 36 h prior to the
exercise).  All subjects were well
hydrated (20 mL/kg) prior to exercise.
Even at this slightly greater exercise
i n t e n s i t y, there were again no signifi-
cant differences in GFR (by inulin
clearance), but RBF was significantly
lower in the indomethacin trial com-
pared to the control trial.  Because of
the lower RBF, the authors concluded
that NSAIDs such as indomethacin may
impair renal function during exercise
conditions.  Because the main function
of the kidney is to filter the blood and

Figure 1.  Factors predicted to cause the renal conservation of sodium and water during acute exercise
(redrawn from Zambraski, 1996).

Figure 2. The mechanisms by which NSAIDs affect renal function.
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because both studies reported no signif-
icant changes in GFR during the
NSAID trials, the question of whether
NSAID use inhibits GFR under more
severe exercise conditions, which many
athletes typically encounter, remained
unaddressed.

We recently completed a study that
simulated the conditions that an
endurance athlete might expect to
encounter during the summer months
(Farquhar et al., 1997).  This entailed
reducing bodily stores of sodium and
water in 12 healthy men and women
prior to a 45-min run at 65% VO2max
in a temperature controlled (36˚C)
environmental chamber.  Each subject
completed three trials: a placebo trial, a
trial in which the maximal OTC dose of
acetaminophen was given, and a trial in
which the maximal OTC dose of
ibuprofen was given.  [Ibuprofen and
acetaminophen were employed because
they are both commonly used anal-
gesics and antipyretics.  Ibuprofen also
has anti-inflammatory actions at higher
prescription doses.]  The sodium- and
volume-depletion were accomplished
with a salt-restricted diet for 3 d and a
60-min dehydration period before exer-
cise.  We hypothesized that this
sequential increase in renal stressors
(salt restriction, dehydration, and exer-
cise in the heat) would render the
kidneys PG-dependent and that ibupro-
fen would cause greater transient
reductions in GFR (compared to the
placebo trial).  Acetaminophen is
thought to be a very weak inhibitor of

PG synthesis in peripheral tissues;
therefore, it was hypothesized that
acetaminophen would not cause further
reductions in renal function.  However,
recent data have challenged the premise
that acetaminophen has minimal effects
in peripheral tissues such as the kidney.
Using a renal PG-dependent animal
model, Zambraski et al. (1996) demon-
strated that acetaminophen inhibited
production of renal PGs and caused
decrements in RBF and GFR, although
not to the same extent as ibuprofen.

The data confirmed our initial
hypothesis, that is, OTC ibuprofen use
was associated with significantly
greater reductions in GFR during exer-
cise in this sodium and
volume-depleted condition (Figure 3).
The reductions in GFR during the
acetaminophen trials were not different
from the placebo trials.  The ibuprofen-
induced reductions in GFR were
modest, but under conditions where the
exercise intensity might be greater
and/or the degree of dehydration might
be more severe, ibuprofen use could
potentially precipitate acute renal defi-
ciencies or possibly failure.

SIGNIFICANCE
Despite the previously discussed

case study reports and the suggestion
that NSAID use inhibits GFR, the inci-
dence of acute renal failure during
exercise is remarkably low.  This fact is
made even more impressive when one
considers the large number of athletes
taking NSAIDs prior to and during
endurance events.  It is important to

keep in mind that even though many
NSAIDs inhibit renal PGs, most are
only able to inhibit PG production by
approximately 50-60% (Zambraski &
Dunn, 1993).  This means that some
PG production continues, helping
assure the maintenance of renal hemo-
dynamics.  Also, other substances such
as nitric oxide may also preserve renal
vasodilation and help prevent excessive
decreases in GFR (Deng et al., 1996),
although the exact role of nitric oxide
in the kidney remains to be elucidated.
These factors make it difficult to
unequivocally quantify a precise role
for renal PGs during exercise.

PRACTICAL
RECOMMENDATIONS

Even though the incidence of renal
failure during exercise is low, it would
seem prudent for athletes to use
NSAIDs judiciously during training
and competition.  Since the scientific
literature suggests that athletes who
exercise in hot environments in a
hypohydrated state are likely to have
greater reductions in GFR, adequate
hydration prior to and during exercise
would minimize any risk.  Also,
although it has not been studied, very
high doses of a NSAID could theoreti-
cally have even greater effects on renal
function and thereby expose the athlete
to greater risk.  Therefore, athletes
should not exceed the OTC dose unless
directed to do so by a physician.
Physicians should stress the impor-
tance of proper hydration during
exercise, especially when higher, pre-
scription doses of NSAIDs are utilized
for prevention or treatment of inflam-
mation.  Where appropriate,
non-NSAID analgesics such as aceta-
minophen should be considered.

SUMMARY AND CONCLUSIONS
Use of NSAIDs during prolonged

exercise has been linked to acute renal
failure in case-study reports.  These
NSAIDs may depress renal function
by inhibiting the cyclooxygenase
enzyme, causing a decrease in the pro-
duction of PGs.  The PGs are thought
to aid in the maintenance of renal
hemodynamics during exercise, i.e., to
modulate precipitous falls in GFR and
R B F.  Although the overall incidence
of acute renal failure among athletes is
l o w, caution should be exercised when
NSAIDs are used in concert with
dehydrating exercise in the heat.
Proper hydration before and during
exercise may help to prevent severe
reductions in renal function and mini-
mize the risk of renal failure.
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Figure 3. The % change in GFR from initial baseline values immediately following an exercise bout in the
heat.  Subjects were dehydrated before the start of exercise.  The GFR was significantly decreased in all
three trials († = p < 0.001 vs. baseline).  The greatest % change in GFR occurred in the IBU trial (* = p <
0.05 vs. PL).  Values are means ± SE.
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