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Caffeine ingestion increases urinary calcium excretion. The mechanism is not known, but prostaglan-
din synthesis has been implicated. We hypothesized that administration of a prostaglandin inhibitor
such as acetylsalicylic acid (aspirin) along with caffeine would prevent caffeine-induced hypercal-
ciuria. We measured 3-hour excretion in fasting subjects who each randomly ingested four treatments
on nonconcurrent mornings: no drug, caffeine (5 mgikg body weight), acetylsalicylic acid (650 mg), or
caffeine plus acetylsalicylic acid. In experiment 1, nine healthy premenopausal female subjects were
studied; each treatment was taken with 200 ml of orange juice. Water was provided hourly to encour-
age urine flow. Urinary calcium excretion rose with caffeine treatment; mean 3-hour calcium (mmol/
mmol creatinine) was 0.49 + 0.07 compared with 0.23 = 0.04 during the no-drug treatment. Acetyl-
salicylic acid caused a significant reduction in urinary calcium to 0.13 + 0.02; when it was combined
with caffeine, caffeine-induced calcium excretion fell significantly to 0.35 + 0.08. Sodium excretion
tended to reflect calcium excretion. Urinary prostaglandin E, fell significantly with acetylsalicylic acid,
with and without caffeine. There were no significant changes in creatinine, water, or potassium excre-
tion. Experiment 2 was similar, except that water was substituted for orange juice to test the possibility
that acetylsalicylic acid affected elevated but not basal calcium excretion. Similar and even more
pronounced results were obtained, with caffeine causing a threefold increase in urinary calcium,
acetylsalicylic acid causing a decrease by half, and the combined drug treatment being greater than no
drug but less than caffeine alone. Urinary phosphorus rose significantly with caffeine alone. Prosta-
glandin synthesis may not be directly involved in caffeine-induced hypercalciuria, as the magnitude of
the caffeine-induced increase was similar when treatments given the acetylsalicylic acid were com-
pared with those without a prostaglandin synthesis inhibitor.

Keywords: Calcium; caffeine; aspirin; prostaglandin E,; urinary calcium; acetylsalicylic acid

Introduction

Caffeine and theophylline have been found to promote
urinary calcium excretion in rats and humans.!-> While
this finding has implications for hypercalciuria in renal
calcium stone disease and for negative calcium bal-
ance in involutional osteoporosis, the mechanism for
this action remains unclear. Both stimulation of pros-
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taglandin synthesis by caffeine' and antagonism of
adenosine receptors, as demonstrated by the allevia-
tion of theophylline-induced calciuria with adenosine
agonists,* have been implicated from work done in our
laboratory using rats. There is evidence that methyl-
xanthines increase prostaglandin synthesis.> Further,
nonsteroidal antiinflammatory drugs (NSAIDs) reduce
urinary calcium excretion in subjects with idiopathic
hypercalciuria.® However, Massey and Hollingbery’
did not find any effect on urinary calcium excretion in
females given 650 mg aspirin (acetylsalicylic acid,
ASA) 10 hours and 1 hour before a 3 mg/kg caffeine
dose. We hypothesized that ASA given at the same
time as caffeine would prevent caffeine-induced hy-
percalciuria if prostaglandin synthesis was indeed the
mechanism for the hypercalciuria.

J. Nutr. Biochem., 1990, vol. 1, April 201



Research Communications

We examined the effect of ASA on caffeine-induced
hypercalciuria using healthy premenopausal female
subjects in two acute experiments; in one, orange juice
was given with the test drugs while in the other, only
water was provided. Evidence is presented to suggest
that inhibition of prostaglandin synthesis blunts the
effects of caffeine on calcium excretion but may not be
directly responsible for the action of caffeine.

Materials and methods
Experiment 1

Nine female subjects between the ages of 20 to 45
years were given caffeine (5 mg/kg) with and without
650 mg ASA (Bayer Aspirin, Sterling Drug Ltd., Au-
rora, Ontario, Canada). Caffeine was provided as
whole or half tablets containing 100 mg caffeine
(WakeUps, Adrem Limited, Toronto, Ontario, Can-
ada). The protocol was approved by the University of
Saskatchewan Advisory Committee on Ethics in Hu-
man Experimentation. Subjects, who gave informed
consent, were healthy and did not smoke. Oral con-
traceptive use was noted in three subjects. Tests were
performed on nonconcurrent days once or twice a
week. The subjects fasted from 9:00 pm the evening
prior to their load of caffeine, ASA, caffeine plus ASA,
or no drug. On each morning of the experiment, the
subjects emptied their bladders and drank 250 ml of
water. A fasting urine sample was obtained approxi-
mately 1 hour later. Subjects ingested 200 ml of orange
juice with one of four treatments; the order was deter-
mined randomly. At 1-hour intervals for 3 hours, the
subjects emptied their bladders; at each hour, the sub-
jects drank 200 ml of distilled water to ensure adequate
urine production. Both acidified and unacidified urine
samples were obtained hourly.

Experiment 2

A protocol similar to experiment 1 was followed, ex-
cept that distilled water was substituted for orange
juice. Nine female subjects between the ages of 19 to
45 years were given caffeine (5 mg/kg) with and with-
out 650 mg ASA. One subject was an occasional
smoker and two used oral contraceptives. Three sub-
jects from experiment 1 participated. Most subjects
conducted the study at home or at their place of work
after receiving instructions; only acidified urine was
obtained.

Analytical procedures

The volume of the urine sample was recorded and a 50-
ml aliquot, acidified with 1.0 ml of 6 M HCI, was
placed in a polyethylene tube. Urine was centrifuged
and refrigerated until analysis. In experiment 1, a sec-
ond aliquot, unacidified, was immediately frozen for
later analysis of prostaglandin E,. Acidified urine was
analyzed for calcium using a Gilford Calcium Kit
(Ciba-Corning, Oberlin, OH, USA), which gave values
comparable to those using a calcium analyzer (Corning
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940, Corning Scientific Instruments, Medfield, MA,
USA); for sodium and potassium by flame photometry
(Corning 410C, Corning Medical and Scientific, Corn-
ing, NY, USA); and for creatinine and phosphorus by
colorimetric methods (Sigma Kit 555 and 670, respec-
tively, Sigma Chemicals, St. Louis, MO, USA). Pros-
taglandin E, was analyzed using an RIA kit (Prosta-
glandin E; RIA Kit, DuPont, Wilmington, DE, USA).

Statistics

Data are presented as mean plus one standard error
(SE). As each subject acted as her own control, data
were analzyed using repeated-measure analysis of
variance using a microcomputer program®; if there was
a significant F (P < 0.05), the mean values were tested
using the Student-Newman-Keuls test. Bartlett’s test
for homogeneity was performed on the data and, when
variances were not equal, a square root transformation
was applied to the data.’

Results
Experiment 1

Fasting (i.e., hour 0) calcium to creatinine (Ca/Cr)
ratios for subjects were within the expected normal
range of 0.06 to 0.36 mmol/mmol (Figure 1A). The
effects of caffeine on excretion rates of calcium,
sodium, potassium, phosphorus, and creatinine are
shown in Table 1. There was a significant increase in
total 3-hour calcium excretion with caffeine adminis-
tration whether ASA was present or not. Total 3-hour
calcium excretion was reduced with ASA, and caf-
feine-induced calcium excretion was reduced when
ASA was given concurrently. Drug effects on calcium
excretion are shown in Figure 2A, in which Ca/Cr
ratios show a similar pattern to total calcium excre-
tion. Time trends are shown in Figure 1A. At the end
of 3 hours, the effect of caffeine in both the caffeine
and caffeine plus ASA groups appeared to have
peaked. Calcium excretion in the ASA group tended to
be in a downward direction.

Urinary sodium followed a similar pattern of excre-
tion to that of calcium. Caffeine increased sodium ex-
cretion whether or not ASA was given; ASA alone
reduced total 3-hour excretion, but values were not
significantly different from the no drug treatment.
Prostaglandin E, excretion fell significantly in both
ASA groups compared with the no drug and caffeine
treatment groups. There were no significant changes in
total potassium, creatinine, or water excretion with
any drug treatment. There was a trend in volume ex-
creted; caffeine appeared to raise and ASA appeared
to lower urinary volume. Urinary phosphorus excre-
tion rose after caffeine ingestion and fell with aspirin
ingestion so that these two groups were significantly
different.

Experiment 2

Fasting values for Ca/Cr indicate that subjects again
fell within the expected normal range (Figure 1B). The
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Figure 1 Time course analysis of calcium excretion (mmol/mmol
creatinine) following a dose of caffeine (CAF, 5 mg/kg), acetyl-
salicylic acid (ASA, 650 mg), caffeine plus acetylsalicylic acid (C
+ A), or no drug (ND). In pane!l A, the treatments were given with
orange juice (experiment 1); in panel B, the treatments were given
with distilied water (experiment 2). Results are shown as mean =
SE values; the asterisk (*) indicates significantly different (P < 0.05)
from hour 0.
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Figure 2 Three-hour posttest calcium excretion (mmol/mmol
creatinine) following a dose of caffeine (CAF, 5 mg/kg), acetyl-
salicylic acid (ASA, 650 mg), caffeine plus acetylsalicylic acid (C
+ A), or no drug (ND). In panel A, the treatments were given with
orange juice (experiment 1); in panel B, the treatments were given
with distilled water (experient 2). Bars with different letters are
significantly different (P < 0.05) from each other.

Table 1 Effect of caffeine (5 mg/kg) and acetyisalicylic acid (650 mg) on 3-hour urinary excretion of calcium, sodium, potassium, creatinine,

volume, and prostaglandin E,: experiment 1

Treatment
Measure?® No drug Caffeine ASA Caffeine + ASA
Calcium (umol/3 hr) 321 = 50° 664 + 108 181 + 322 457 = 82°
Sodium (mmol/3 hr) 16.0 = 3.02° 27.4 + 55° 8.6 = 1.72 20.2 + 40°
Potassium (mmol/3 hr) 150 + 1.72 12.3 + 1.97 11.7 = 1.8° 11.2 + 1.4°
Creatinine (mmol/3 hr) 1.38 = .09? 1.35 + 107 1.37 + .092 1.36 = .09°
Volume (ml/3 hr) 447 + 872 495 + 99° 315 = 742 426 + 72°
Phosphorus (mmol/3 hr) 1.94 = .36%° 2.44 + 34° 146 + 212 2.18 + .332°
Prostagiandin E, (ng/3 hr) 12.1 = 3.6° 157 = 2.82 56 + 0.5° 48 + 0.9°

2 Mean = SE values for nine subjects except prostaglandin E, (n = 7). Values in rows with different letters are significantly different, P < 0.05
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Table 2 Effect of caffeine (5 mg/kg body weight) and acetylsalicylic acid (650 mg) on 3-hour urinary excretion of calcium, sodium,

potassium, phosphorus, creatinine, and volume: experiment 2

Treatment
Measure?® No drug Caffeine ASA Caffeine + ASA
Calcium (umol/3 hr) 178 = 502 504 + 81¢ 96 + 297 301 + 60°
Sodium (mmol/3 hr) 13.2 = 3.4° 28.3 + 45° 52 = 1.6° 15.0 = 2.8°
Potassium (mmol/3 hr) 129 = 2.5° 10.8 = 2.0° 109 = 1.82 7.0 = 15°
Creatinine (mmol/3 hr) 1.34 = 177 1.20 = 09° 1.30 = 13° 113 = 122
Volume (ml/3 hr) 510 = 60° 678 + 75° 436 = 78° 536 + 84°
Phosphorus (mmol/3 hr) 2.08 = 257 292 + 26° 2.04 + 22° 2.28 + .33°

“Mean = SE values for nine subjects. Values in rows with different letters are significantly different, P < 0.05

effects of caffeine on excretion rates of calcium,
sodium, potassium, creatinine, volume, and phos-
phorus are shown in Table 2. There was a significant
increase in total 3-hour calcium excretion with caffeine
administration whether ASA was present or not. Caf-
feine-induced calcium excretion was significantly re-
duced when ASA was given concurrently. Drug ef-
fects on calcium excretion are shown in Figure 2B; Ca/
Cr ratios indicate that ASA decreased calcium excre-
tion significantly, as in experiment 1. Time trends are
shown in Figure 1B. At the end of 3 hours, the effect of
caffeine in both the caffeine and caffeine plus ASA
treatment groups had peaked. Calcium excretion in the
ASA group was on a significant downward trend.
Sodium followed a pattern of excretion similar to
calcium in that caffeine significantly increased and
ASA significantly reduced total 3-hour excretion.
There was no significant change in total creatinine ex-
cretion with any drug treatment. Potassium excretion,
with the caffeine plus ASA treatment only, fell
significantly. Volume was found to significantly rise
with caffeine, but not when ASA was given with caf-
feine. As in experiment 1, ASA tended to lower urine
volume, but not significantly (P < 0.092). Phosphorus
excretion rose significantly with caffeine treatment.

Discussion

As expected, we found a marked caffeine-induced hy-
percalciuria, a finding that is consistent with those
from other human®’ and animal studies.! There was
a higher excretion rate of urinary phosphorus with
caffeine in both experiments. Other studies using
human®7 or animal subjects' found no change in
phosphorus excretion. Colin et al.,'” who infused
theophylline, did find a significant rise in urinary phos-
phorus in human subjects. It is possible that the higher
phosphorus excretion rate is related to a nonspecific
diuresis as phosphorus excretion was correlated to
volume excretion in experiment 2 (r = 0.64, P =
0.0001), where a significant diuretic effect of caffeine
was observed, and to a lesser extent in experiment 1 (r
= 0.27, P = 0.11), where volume changes were not
significant. Studies not finding phosphaturia also did
not find diuresis,"” but a study in animals finding caf-
feine-induced diuresis reported phosphaturia.!
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This report is the first to document an effect of aspi-
rin on reducing urinary calcium excretion in healthy
normocalciuric subjects. These results apply to an
acute situation only, as other investigators have shown
that aspirin and other NSAIDs do not affect daily ex-
cretion of calcium.!? There is controversy as to the role
of prostaglandin E, production in the regulation of uri-
nary calcium excretion. Because we had previously
shown an inhibition by administering indomethacin to
caffeine-fed rats,! our hypothesis was that it was in-
volved in the caffeine-induced hypercalciuria. In a re-
cent study,'? healthy subjects treated with aspirin, in-
domethacin, or ketoprofen did not show reduction in
24-hour urinary calcium excretion but did reduce
sodium excretion, suggesting no significant role of
prostaglandin production in renal calcium handling.
Buck,'® on the other hand, proposed that prostaglan-
din E, production is a major determinant of hypercal-
ciuria in renal calcium stone disease. While NSAID
treatment has been advocated as a way to decrease
hypercalciuria,'* it is not clear whether prostaglandin
synthesis, per se, is the cause of idiopathic hypercal-
ciuria. Hirayama et al." found a significant correlation
between 24-hour prostaglandin E, excretion and uri-
nary calcium excretion in male subjects with and with-
out renal calcium stone disease. In our study, ASA
ingestion with or without caffeine was followed by a
significant drop in prostaglandin E, excretion. We did
find a significant (P < 0.02) correlation between total
3-hour prostaglandin E, and calcium excretion, sug-
gesting a role for prostaglandin E, production in mod-
ulating renal calcium.

This study reports a significant alleviation of caf-
feine-induced hypercalciuria with ASA (Figure 2). On
the other hand, Massey and Hollingbery’ found no ef-
fect of aspirin on caffeine-induced hypercalciuria. The
difference in timing of the ASA dose likely accounts
for the different response. In their study, aspirin was a
pretreatment, which may have altered hepatic metabo-
lism of the subsequent caffeine dose due to a de-
creased Py4so content.'® Prostaglandin E, enhances the
excretion of water and sodium chloride; therefore,
preventing its synthesis should result in water and
sodium retention,!” as our study reports. Additionally,
we were able to show a significant decrease in prosta-
glandin E, production with ASA treatment; measure-



ment of urinary unmetabolized prostaglandins is a use-
ful indicator of renal prostaglandin production.!” We
had to eliminate results from two of our subjects who
showed up to 100-fold increases in urinary prostaglan-
din E, due to seminal fluid contamination of urine from
intercourse. We did not find a significant increase in
prostaglandin E, excretion with caffeine; in rats, we
have found theophylline to increase 24-hour prosta-
glandin E, excretion* and others have found an in-
crease after caffeine.” As most of the women par-
ticipated at various times in their menstrual cycles, any
natural cyclical variation in prostaglandin E, excretion
would have masked changes due to caffeine.

A food effect was not observed, as both ASA and
caffeine treatments were as effective with or without
orange juice. An effect due to orange juice ingestion
was expected since it contained (by analysis) the fol-
lowing: Ca, 1.5; P, 3.8; Na, 0; K, 50 mmol/l. Further-
more, orange juice contains monosaccharides and di-
saccharides which promote calcium absorption.'® The
orange juice did contribute to calcium excretion by
raising basal (no drug) excretion; hour 0 values were
not different between the two experiments, but at each
hour there were significant differences (P < 0.05) be-
tween the no drug groups in experiments 1 and 2. That
caffeine can increase basal and diet-induced urinary
calcium excretion suggests that it will influence uri-
nary calcium already increased due to other dietary
factors; that ASA could influence basal calcium excre-
tion implies that it is effective in altering calcium ex-
cretion in normocalciuric as well as hypercalciuric in-
dividuals,

While ASA treatment resulted in a blunting of caf-
feine-induced hypercalciuria, the magnitude of change
in calcium excretion, induced by caffeine, as the per-
centage excreted when caffeine was not present, was
similar with and without aspirin (269% and 213%, re-
spectively, experiment 1; 371% and 308%, respec-
tively, experiment 2). This suggests that ASA, by in-
hibiting prostaglandin E, production, has a calcium
lowering effect which neither blocks nor promotes caf-
feine-induced hypercalciuria. Thus, the mechanism of
caffeine-induced hypercalciuria appears to occur inde-
pendently of prostaglandin production.

Because loss of calcium by increased urinary cal-
cium excretion has been recently advocated as the
significant factor affecting osteoporosis,'® it is impor-
tant to recognize and understand dietary factors, such
as caffeine, which affect urinary calcium excretion.
We have shown that in the rat, adenosine receptor
antagonism may be the mechanism for caffeine-
induced hypercalciuria*; further work is needed to de-
termine whether adenosine receptor antagonism plays

* Whiting SJ, McPhee MD (1989). Effect of enprofyiline and
theophylline on urinary calcium (Ca) excretion in the rat. FASEB J
3, A773 (abstr)
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arole in caffeine-induced hypercalciuria in human sub-
jects.
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