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Ibuprofen does not affect serum electrolyte concentrations
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Objective: To determine the effects of ibuprofen on serum electrolyte concentrations after a 160 km running
race.

Methods: Twenty nine subjects (mean (SD) age 47.9 (7.4) years) ingested 600 mg ibuprofen the day before,
and 1200 mg ibuprofen during, a 160 km competitive trail running race (approximately every 4 h in
200 mg doses). Twenty five control subjects (mean (SD) age 46.8 (10.3) years) avoided ingestion of
ibuprofen before or during the race. Blood was drawn on the day before the race and immediately after the
race. Serum biochemical profiles were analysed by a clinical laboratory. Significant effects of treatment and
time were determined with a general linear model with repeated measures.

Results: Subijects in the two groups did not differ by age, training volume, race experience, body mass index,
body fat, or finishing time (25.8 (3.3) vs 25.6 (3.9) h). Body weight did not change significantly over the race
(measured before, mid-race (90 km), and after). lbuprofen ingestion did not significantly affect any of the
serum markers including creatine kinase (p=0.16). A significant decrease in serum sodium (p=0.006),
potassium (p=0.001), chloride (p<<0.001), calcium (p<<0.001), albumin (p<<0.001) and globulin (p<0.001)
was observed after the race. Increases were seen in creatine kinase (p<<0.001), creatinine (p<0.001), blood
urea nitrogen (p<<0.001), uric acid (p<<0.001) and glucose (p<0.001) as the result of the race.
Conclusions: These data suggest that the non-specific cyclo-oxygenase inhibitor, ibuprofen, does not alter
serum electrolyte concentrations during ultradistance running. However, the stress of ultradistance running
appears to be related to significant changes in certain serum markers.

of low serum sodium and potentially hyponatraemia,'”
which may be the result of over-hydration,*" too little
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S everal reports suggest that ultradistance athletes are at risk

sodium intake,"” or syndrome of inappropriate antidiuresis.
An additional factor may be use of non-steroidal anti-
inflammatory drugs (NSAIDs). It has been reported that as
many as 75% of ultradistance athletes use NSAIDs during
competition.® " Indeed, NSAIDs have been implicated in the
causation of hyponatraemia or low serum sodium independent
of exercise.””” Three studies have investigated the effects of
retrospective pre-exercise NSAID use on serum biochemical
compounds after a marathon.®** No studies to date have
demonstrated the effects of NSAIDs in a dose-controlled
intervention experimental design during an ultradistance
running race.

NSAIDs have long been suspected of adversely affecting renal
function.” ** However, this is not a consistent finding and may
be only in the renally compensated.” ' NSAIDs may act as
antidiuretics during exercise, possibly through the inhibition of
prostaglandin formation which typically inhibits arginine
vasopressin (AVP).” ** This interaction between NSAIDs and
the antidiuretic hormone, AVP, which is raised during exercise,
may thus contribute to water retention.®*’' There is also
evidence that NSAIDs may inhibit diuresis independent of
antidiuretic hormone through the inhibition of renal prosta-
glandins.” Water retention, typically assessed by weight gain in
field research, has been tightly linked with decreases in serum
sodium and outright hyponatraemia.® '*'**>**” It has been
reported that ad libitum intake of NSAIDs probably results in
altered serum electrolytes in a marathon cohort® **; however,
findings are not consistent.”” Wharam et al' showed in a
retrospective study that ironman triathletes who chose to use
NSAIDs (30%) in the 24 h before a race had increased plasma
potassium and creatinine and reduced sodium after the race. It
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has also been shown that NSAID use increases seven cytokines
after ultradistance running,'” and, more recently, an increase in
liver, but not muscle, damage markers has been found.” Thus it
is the purpose of this research to illustrate the effect of a
prescribed dose of ibuprofen on serum electrolytes after a
160 km running race with an intervention experimental design.

METHODS

Subject selection

Sixty three experienced male and female ultramarathoners
from the 2005 Western States 100 Mile Endurance Run were
recruited and provided pre-race blood samples. Athletes were
placed into an ibuprofen (n = 33) or a control (n = 30) group on
the basis of their willingness to use or avoid ibuprofen before
and during the race. Permission for a randomised, placebo-
controlled research design was not granted by the race medical
board because of concerns about compliance by athletes
suffering from pain during the later stages of the 20-30 h race.
Fifty four subjects (29 in the ibuprofen group, 25 in the control
group) completed the race and provided post-race blood
samples. Informed consent was obtained from each subject,
and the experimental procedures were in accordance with the
policy statements of the institutional review board of
Appalachian State University and the Declaration of Helsinki.
To enter the study, runners must have qualified for the 2005
160 km Western States Endurance Run.

Race description
Qualification for the Western States Endurance Run requires
that runners must have completed a 160 km race, a 100 km

Abbreviations: AVP, arginine vasopressin; COX, cyclo-oxygenase;
NSAID, non-steroidal anti-inflammatory drug
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race in less than 14 h, or a 50 mile run in less than 11 h and be
chosen in a lottery 6 months before the race.

The 160 km Western States Endurance Run is a point-to-
point trail run in the Sierra Nevada Mountains of northern
California, and is regarded as one of the most difficult
ultradistance trail races in the United States. The race starts
at Squaw Valley, California (1890 m altitude), and finishes at
Auburn, California (366 m). The course ascends 777 m to
Emigrant Pass (2668 m, the highest point) within the first
7 km and then passes through remote and rugged territory. The
total altitude gain and loss during the race has been estimated
at 5500 m and 6700 m, respectively. The race starts at 05:00,
and runners must reach the finish line within 30 h to be
considered an official finisher.

Research design

Subjects provided blood during registration on the morning
before the race. Pre-race body mass and percentage body fat
(three-site skinfolds) was measured, and subjects filled in a
questionnaire on basic demographics and training history
during training. Subjects in the ibuprofen group ingested
600 mg (three 200 mg tablets) during the afternoon before the
race, and 1200 mg on race day (six 200 mg tablets, with one
taken before the race and one approximately every 4 h
thereafter). Subjects in the control group avoided use of all
drugs including ibuprofen, and subjects in the ibuprofen group
avoided all other drug use. On race day, body mass was
measured at the 90 km aid station (Michigan Bluff, 1220 m)
and within 5-10 min of the finish of the race. Subjects
completed a post-race questionnaire indicating adherence to
the research design. Subjects from both the control and
ibuprofen groups reported complete compliance. Subjects
consumed food and beverages ad libitum during the race.

Blood cell counts, diagnostic biochemistry profile and
creatine kinase

Blood samples were drawn from the antecubital vein with
subjects in the seated position. Complete blood counts and
differentials were measured using a Coulter STKS instrument
(Coulter Electronics, Inc, Hialeah, Florida, USA). The compre-
hensive diagnostic biochemistry panel and creatine kinase were
measured in a clinical laboratory using an LX-20 clinical
analyser (Beckman, Brea, California, USA). Plasma volume
changes were estimated using the method of Dill and Costill.*
Additional data from this study have been published sepa-
rately.”®

Statistical analysis
Data are expressed as mean (SD). Serum markers in the two
groups were compared using a general linear model with

repeated measures. COmpariSOnS between genders were

Table 1  Subject characteristics in the ibuprofen
(n=29) and control (n=25) groups

Variable Ibuprofen Control

Age (years) 47.9 (7.4) 46.8 (10.3)
Height (m) 1.75 (0.08) 1.77 (0.09)
Pre-race weight (kg) 71.0(11.1) 71.2 (9.8)

90 km weight (kg) 71.2(11.0) 71.0 (9.3)

160 km weight (kg) 71.2(10.9) 71.1 (9.0)
Body fat (%) 17.8 (6.2) 16.1 (5.4)
Body mass index 22.8 (2.6) 22.4 (2.0)
Race time (h) 25.8 (3.3) 25.6 (3.9)
Years running 16.0 (8.8) 16.5(7.3)
Ultramarathons raced 50.6 (67.1) 41.3 (27.9)
Run training (km/week) 87.1(6.7) 76.3 (6.2)
Values are mean (SD).
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conducted using Student’s t tests. Gender effects on pre-race
and post-race serum markers were examined, when significant;
the general linear model repeated measures were rerun with
gender as a covariate. Pearson product-moment correlations
were used to test the relationship between changes in measured
outcomes. Significance was set at p<0.05.

RESULTS

Fifty four of 63 subjects completed the 160 km race (86%). Air
temperature was 9°C and humidity was 70% at the start of the
race (Squaw Valley), 30°C by 13:00 (Michigan Bluff) with 34%
humidity, 14°C and 76% humidity by 02:00, and 25.5°C with
50% humidity by the race cutoff time of 12:00 (Auburn). Table 1
compares the subject characteristics for the ibuprofen (n = 29)
and control (n=25) groups; there were no significant
differences in age, body composition, training and racing
history, or race time. Male (n=43) and female (n=11)
runners did not differ significantly in any of the subject
characteristics in table 1 except for those related to weight and
body composition. There was no significant treatment or time
effect on body weight during the race. Plasma volume did not
change appreciably, and did not differ significantly between
groups (—1.6 (0.4)% and —1.2 (0.3)%, respectively; p = 0.381).

Table 2 presents serum markers. There was no significant
treatment by time interaction for any of them. There was a
significant change over the race in several including increases
in creatinine (p<0.001), uric acid (p<0.001), glucose
(p=0.001), blood urea nitrogen (p<<0.001), creatine kinase
(p<<0.001) and bilirubin (p<<0.001). Significant decreases after
the race were seen in sodium (p=0.006), potassium
(p=0.001), chloride (p<<0.001), calcium (p<<0.001), albumin
(p<<0.001), globulin (p<<0.001) and total protein (p<<0.001).
Significant gender effects on sodium, creatinine and uric acid
were found. When analysed with gender as a covariate,
significant effects were still seen in creatinine (p<<0.001) and
uric acid (p=0.049). However, there was no longer a
significant effect on sodium with gender as a covariate
(p=0.83). Nonectheless, a significant treatment by time
interaction was not apparent when covaried for gender in any
of these serum markers.

Correlations were observed between the change in sodium
over the race with race time (r=0.37, p=0.007), post-race
sodium and race time (fig 1), the change in potassium and body
mass index (r=-0.31, p=0.04), post-race sodium and age
(r=-0.3, p=0.03), and post-race sodium and kilometres run
per week (r=0.3, p=0.04). These relationships suggest that
the faster finishers did so with higher post-race sodium
concentrations and a smaller change in sodium over the race.
Post-race sodium was highest in the athletes with the highest
training volume, and lowest in the older participants. No
correlation existed between change in body weight and race
time (r=0.22, p=0.11) or change in body weight and post-
race sodium (fig 2).

DISCUSSION

These data suggest that ibuprofen, when taken before and
during an ultradistance running race, does not significantly
alter serum electrolyte concentrations. This is in contrast with
previous data suggesting reduced serum sodium after pro-
longed exercise in subjects taking NSAIDs ad libitum.® ' ** One
main difference between the present investigation and these
studies is the experimental design. Davis et al® collected data
retrospectively from subjects who presented to any of 14
emergency departments because of signs or symptoms of
hyponatraemia after a marathon. Another study with a similar
design found that hyponatraemia was not related to NSAID
use.”” Reid et al** examined a large cohort of marathoners
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Table 2 Serum biochemical profiles in the ibuprofen and control groups
Ibuprofen (n=29, 8 women) Control (n=25, 3 women)

Serum marker Before After Before After Normal range
Sodium (mmol/l) 138.8 (1.5) 137.6 (2.7)* 139.2 (1.5) 138.1 (3.1)* 135-148
Potassium (mmol/l)  4.13 (0.34) 3.88 (0.33)***  4.14(0.34) 3.98 (0.34*** 355
Chloride (mmol/I) 104.0 (1.9) 101.7 (3.0)*** 104.8 (1.8) 102.2 (3.8)*** 96-109
Calcium (mg/dl) 9.66 (0.25) 9.37 (0.39)*** 9.68 (0.32) 9.40 (0.51)*** 8.5-10.6
Creatinine (mg/dl) ~ 0.96 (0.14) 1.34 (0.28)*** 1.03 (0.17) 1.36 (0.30)*** 0.5-1.5
Glucose (mg/dl) 101.1 (19.5) 113.0 (27.1)***  89.9 (13.) 105.9 (18.9)***  65-109
Bilirubin (mg/dl) 0.90 (0.33) 1.48 (0.88)*** 1.03 (0.60) 1.43 (0.99)**  0.1-1.2
ALK (U/1) 65.7 (14.0) 64.8 (14.7) 65.7 (19.6) 63.8 (15.4) 25-160
Uric acid (mg/dl) 4.40 (1.30) 4.75 (1.40)**  4.70 (1.64) 5.12 (1.77)** 2.4-8.2
Total protein (g/dl)  7.55 (0.49) 6.92 (0.60)*** 7.68 (0.59) 6.97 (0.34)*** 6.0-8.5
Albumin (g/dl) 4.65 (0.36) 4.48 (0.41)*  4.78 (0.4¢) 4.51 (0.34)*** A50.5
Globulin (g/dl) 2.89 (0.3¢) 2.44 (0.34)*** 2.90 (0.41) 2.46 (0.31)*** 1.5-4.5
BUN (mg/dI) 12.6 (3.6) 31.4 (12.4) 13.1 (4.4) 26.3(7.9) 5225
Creatine kinase (U/l) 126.5 (57.7) 20621 (19197) 156.6 (89.7) 13886 (15336)  100-200
ALK, alkaline phosphatase; BUN, blood urea nitrogen.

Values are mean (SD).

*p<0.05, **p<0.001, compared with before the race.

during a southern hemisphere winter marathon. In that study,
13% (18/134) of the runners had chosen to take NSAIDs in the
24 h before the race. Post-race serum creatinine, urea and
potassium were raised in the runners who had taken NSAIDs.
Similarly, Wharam et a/* found that ad libitum NSAID use in
the 24 h before an ironman marathon increased the likelihood
of lower plasma sodium after the race. None of these previous
studies controlled for intake or dosage. This retrospective type
of design may be misleading because, under conditions of ad
libitum intake, NSAIDs may be ingested under duress or by
slower participants. In fact, it has been demonstrated by this
study and others* *” that slower participants are more likely to
finish races with lower blood sodium. The design in the present
investigation eliminated the confounding factors that may also
predispose endurance race participants to lower post-race
sodium. Experience, race time, and training levels did not
differ between the ibuprofen and control groups in the present
investigation.

As we did not demonstrate a direct effect of ibuprofen on
serum electrolyte concentrations, we are unable to make
assumptions about potential mechanisms. However, in situa-
tions of high AVP concentration (higher intensity exercise,
syndrome of inappropriate antidiuresis, or exercise in the heat),
NSAIDs may contribute to further antidiuresis and potentially
the risk of hyponatraemia.® > ** Another difference between our
study and the previous literature on NSAIDs and electrolytes is
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www.bjsportmed.com

the duration of the exercise bout (marathon and ironman vs a
25 h run). It may be that higher intensity is needed for the
interaction between NSAIDs and exercise for the proposed
antidiuretic effect to occur. Yet we did find that NSAIDs, by
themselves, in healthy subjects performing ultraendurance
runs do not alter serum electrolytes.

We cannot rule out the possibility that the effects of NSAIDs
on serum electrolytes depend on dose or NSAID type. The
1800 mg dose that was adhered to by the subjects in this study
was chosen because it is the manufacturer’s recommended
daily maximal limit. In ad libitum situations, race participants
may exceed this recommendation. Unfortunately dose and type
of NSAID were not reported in the previous retrospective
studies in this area.®' *** Ibuprofen is one type of non-
selective cyclo-oxygenase (COX) 1 and 2 inhibitor, and aspirin
and acetaminophen are other non-selective COX-1 and COX-2
inhibitors. The potential differences that these, or COX-2-
specific NSAIDs, have on electrolytes and the potential for
hyponatraemia remain to be determined.

A large proportion of athletes performing ultraendurance
exercise rely on NSAIDs for their analgesic effect or to reduce
muscle soreness. Despite this, there is growing evidence that
these analgesics may have little effect on muscle damage or
soreness, and may even exacerbate the inflammatory response
and endotoxaemia during exercise.'® ** “*> Although we did not
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What is already known on this topic

® Few investigations of non-steroidal anti-inflammatory
drug (NSAID) use during ultradistance endurance events
have been carried out.

o The few retrospective studies to date did not control for
dosage or timing of NSAID intake.

e Investigations using recall of ad libitum intake suggest
that NSAIDs may adversely affect post-race serum
sodium concentration.
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In addition to their primary finding that ibuprofen use was not
associated with decreased plasma sodium concentration
([Na"],, mmol/l), the authors found that there was no
relationship between post-race [Na'], and weight change.
Every other study to date'” (Noakes et al' cites all previous
studies) “in which pre- and post-event [Na'], have been
measured [has found that] the more an athlete weighs at the
end of an event compared with his/her weight at the start, the
lower is the [Na'],”.* Thus, the authors’ conclusion that
“weight gain by itself does not put an individual at risk for
hyponatremia” is consistent only with their own anomalous
finding.

Dumke, Nieman, Oley, et al

Among possible reasons for the authors’ anomalous result is
the Western States 100 Mile Endurance Run’s long-standing
mandatory weight check policy,” unique among events thus far
studied. A culture of weighing-in light has developed® because
this policy has, until very recently, been directed at weight loss
only. Runners weigh in the day before the race, and common
practice is to do so before breakfast, in a somewhat dehydrated
state. If the subjects in the present study were not exempt from
the race’s weight check policy, it is possible that their pre-race
weights were misleadingly low, and resulted in weight change
estimates erroneously skewed in the direction of weight gain.

Louise B Weschler
Colts Neck, New Jersey, USA; Weschler@optonline.net
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