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ABSTRACT Oral doses of caffeine increase the urinary
excretion of calcium, magnesium, sodium and chloride
for at least 3 h after consumption. The hypercalciuric
effect can be blocked by adenosine receptor agonists.
The effect is proportional to dose per lean body mass
and no adaptation to the urinary losses occurs with
continuing consumption of caffeine. Uncompensated
losses of calcium would be a risk factor for development
of osteoporosis. Risks of osteoporosis due to caffeine
consumption are reviewed. Comparison of data from
epidemiolÃ³gica! surveys and animal and human studies
suggests that for younger adult women consuming ade
quate calcium, moderate caffeine intakes may have little
or no deleterious effects. Increased urinaryand intestinal
losses may be compensated for by increased intestinal
calcium absorption. However older women do not seem
to compensate adequately to maintain their former
calcium balance, especially when calcium intakes are
below recommendations. J. Nutr. 123: 1611-1614,
1993.
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Caffeine is consumed daily by the majority of in
dividuals in the form of beverages, foods and medica
tions. Caffeine, 1,3,7-methylxanthine, is widely con
sumed because of its stimulant effects. Caffeine is a
weak diuretic (Massey and Wise 1992) and increases
sodium and water excretion. In 1982 Heaney and
Recker reported that urinary calcium excretion and
intestinal calcium secretion were correlated with caf
feine consumption in metabolic studies on
premenopausal women. The direct action of caffeine
to increase urinary calcium excretion has been
demonstrated (Massey and Wise 1984). Caffeine also
increases urinary excretion of magnesium, sodium,
chloride and water, but not potassium, phosphate or
creatinine (Massey and Wise 1992). Caffeine-induced

urinary loss of calcium is largely attributable to a
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reduction in renal reabsorption, because creatinine
clearance and filtered load did not change signifi
cantly (Bergman et al. 1990). Caffeine's effects are

proportional to dose per lean body mass (Massey and
Wise 1992). Theophylline, 1,3-methylxanthine, also
increases urinary calcium excretion in both rats
(Whiting and Whitney 1987) and humans (Colin et al.
1984). Theobromine, a 3,7- methylxanthine found in
cocoa products, did not elicit diuresis in rats (Whiting
and Whitney 1987) and was considerably less hyper
calciuric. Whiting and Hughes (unpublished) found
that 1.7 mmol (300 mg) of theobromine in a cocoa-
based fudge did not increase human 3-h total urinary
calcium volume or sodium excretion compared with
consumption of a non-cocoa fudge.

It is now recognized that many of the effects of
caffeine are due to adenosine antagonism rather than
inhibition of phosphodiesterase as previously
hypothesized. Caffeine is structurally similar to
adenosine, an extracellular messenger that acts at
specific cell surface receptors. Adenosine is produced
from adenosine monophosphate when levels of that
compound rise due to high cellular energy needs. The
most widely recognized role of adenosine in the
kidney is as a mediator in the tubuloglomerular
feedback response (Osswald et al. 1991). Research in
rats suggests antagonism of adenosine receptors is
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involved in methylxanthine-induced hypercalciuria
(McPhee and Whiting 1989). Injection of adenosine or
adenosine receptor agonists reduced theophylline-in-

duced hypercalciuria. Similar studies have not yet
been conducted in human subjects.

Prostaglandin synthesis has been implicated in
methylxanthine-induced hypercalciuria. The role of
prostaglandins in calcium excretion itself, however, is
controversial (Buck 1983, Rocco et al. 1985). Ad
ministering indomethacin, a prostaglandin synthesis
inhibitor, to theophylline- or caffeine-fed rats reduces
methylxanthine-induced hypercalciuria (Whiting and
Whitney 1987). Prostaglandin Â£2(PGE2) excretion
parallels that of calcium excretion in control, sodium-
or potassium-fed rats and theophylline plus salt-fed

rats (Whiting 1993). In one study of human subjects,
aspirin ingestion with or without caffeine was fol
lowed by a significant drop in PGE2 excretion, with a
significant correlation between total 3-h PGE2 and
calcium excretion (Whiting 1990). Massey and Hol-
lingbery (1988) found no effect of aspirin given l h
prior to caffeine. Overall the data suggest that a sig
nificant role for prostaglandins in methylxanthine-

induced hypercalciuria is unlikely.
Although adaptation to caffeine's well-known

stimulant effects occurs with a few days of habitual
consumption, no adaptation to caffeine-induced
calcium excretion is apparent, either in humans after
1 wk (Massey and Opryszek 1990) or rats after 3 wk of
continued consumption (Whiting and Whitney 1987).

Epidemiological studies on the relationship be
tween caffeine consumption and bone loss or frac
tures have failed to find an association in younger
women. The first reported study by Danieli (1976)
found no association of coffee consumption with
percent cortical area of the right second metacarpal in
103 white women aged 40-49 y. Neither Picard et al.
(1988) nor McCulloch et al. (1990) found associations
with caffeine intake in premenopausal women aged
40-50 y or coffee consumption in women aged 20-35
y, respectively. Although Lloyd et al. (1991) reported
that caffeine intake had a positive effect on urinary
calcium excretion, no association was observed be
tween caffeine intake and bone density in women
aged 28-45 y.

In contrast to the studies on young women, about
half of the epidemiological studies on older women
have found some association between caffeine con
sumption and bone density. Danieli (1976) reported
that although 60-69-y-old women in the lowest
fertile of bone mass had a higher incidence of
drinking more than four cups of coffee per day (30 vs.
20%), they also had higher frequencies of drinking
milk and smoking. Average percent cortical area was
similar for higher and lower coffee consumers with
similar smoking habits and obesity. Yano et al. (1985)
found a significant negative association between caf
feine consumption and bone mineral content of the

distal radius and distal ulna in 912 postmenopausal
Japanese-American women aged 50-80 y. Mean di
etary calcium intake was 10.7 mmol (429 mg) in 670
non-supplement users and 21.6 mmol (865 mg) for the
242 women consuming nutritional supplements,
whereas mean caffeine intake was 1.2 mmol (239 mg).
Associations were negative but not significant at the
proximal radius, proximal ulna and os calcis, sug
gesting caffeine may have different effects on cortical
and trabecular bone. No similar associations were
found in males. Weak interactions of calcium intake
by quintiles with caffeine intake tertiles in bone
mineral content were suggested for women, but not
further described. Holbrook et al. (1988) found only a
nonsignificant 1.1 relative risk for hip fractures with
caffeine consumption of 1.8 mmol/d (352 mg/d) in
957 men and women aged 50-70 y at the start of a
14-y prospective study. From a survey of 5398 college
alumnae, Wyshak et al. (1989) found an age-adjusted
odds ratio of 2.28 for the association of drinking
nonalcoholic carbonated beverages and a first bone
fracture at or after age 40 y, but only in former college
athletes, not nonathletes. Current coffee or tea
drinking or self-restriction of milk was not associated
with fracture incidence. Kiel et al. (1990) studying
3170 Framingham Study women (age 50-84 y) in
1971-1974 found that consumption of more than two
units of caffeinated beverages (one unit = one cup of
coffee or two cups of tea) increased risk of hip fracture
by 69%. Coffee and tea consumption was assessed
biannually during the 12-y prospective study. Her
nandez-Avila et al. (1991) observed a positive rela
tionship between caffeine intake and risk of hip but
not forearm fracture in women (age 34-59 y) in a
6-y prospective study. Recently Cooper et al. (1992)
reported that overall caffeine consumption was not
associated with bone mineral at five of six sites in
women aged 40-80 y. Caffeine consumption was as
sociated with improved bone mineral in younger
women, but reduced bone mineral in women aged
70-80 y.

A similar differential response by younger vs. older
women was seen in the five human metabolic studies.
The metabolic studies of Heaney and Recker (1982)
found that caffeine consumption was associated with
increased urinary calcium excretion and intestinal
calcium secretion based on 170 balance studies of
premenopausal women (age 35-45 y, mean 42 y).
However, when data were adjusted for calcium
intake, the association was no longer significant.
Calcium absorption was not altered. Predicted
calcium balance was -0.1 mmol/d (-6 mg/d) for each
0.9 mmol/d (175 mg/d) increase in caffeine con
sumption. A follow-up intervention study was then
conducted examining 12-d metabolic balances on 16
healthy premenopausal women (average age of 29 y)
who were consuming usual intakes of calcium aver
aging 21.6 mmol (865 mg). In that study (Barger-Lux
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et al. 1990), 2.1 mmol (400 mg) of caffeine lowered
calcium balance by approximately the amount
predicted by equations from the first study, although
the effects were not statistically significant. Similarly
Smith et al. (1989) found that 1.4 L of diet cola vs.
water for 1 wk each had no effect on calcium metab
olism except for 24-h cyclic adenosine:monophos-

phate creatinine ratio. Each of the eight healthy
premenopausal women consumed a diet (prepared by
the investigators) that contained 20.0 mmol (800 mg)
of calcium.

In contrast to the studies in younger women,
studies on older women report adverse effects of caf
feine on calcium metabolism and bone. We recently
completed a study (Massey et al. 1989) in which the
subjects were primarily postmenopausal women
(mean age 60 y) and were all over 35 y of age. Thirty-
seven women abstained from their usual caffeine con
sumption for 2 wk while maintaining their usual
calcium intakes, including supplements. Fasting
ultrafilterable calcium increased and serum bone
alkaline phosphatase isoenzyme levels decreased only
in women consuming <15.0 mmol (600 mg) of
calcium daily. Hasling et al. (1992) reported that caf
feine intake negatively affected calcium balance in
postmenopausal osteoporotic women aged 48-77 y, in

contrast to calcium. Dietary factors other than
calcium and caffeine were not related to calcium
balance in these women.

Several studies on caffeine, bone and calcium me
tabolism in rats help us interpret these sometimes
conflicting results from human studies. The half-life

of caffeine in rats is 0.88 h compared with 5.2 h in
humans, so dosages must be adjusted to be com
parable. When tissue exposure to caffeine is compared
using integrated plasma caffeine concentrations, the
area under the curve for humans is six times higher
than for rats for a given dose per body weight. With
this in mind, the apparently high doses given in rat
studies are reasonable approximations of human
tissue caffeine exposures. Two studies have been
reported on caffeine or coffee consumption on bone.
Greger and Emery (1987) found that 6.6% instant
coffee powder, caffeinated vs. decaffeinated, in a
calcium-adequate diet fed to weanling or young
anemic rats for 22 d had no deleterious effect on
calcium content of bone or four measures of bone
strength. Glajchen et al. (1988) reported that chronic
caffeine administration for 8 wk to 300-g male rats

may slightly increase bone turnover as evidenced by
an increase in immunoreactive parathyroid hormone
and osteocalcin, although bone histomorphometry
was not altered.

Metabolic studies have shown that the kidney and
the gastrointestinal system are directly affected by
caffeine. Yeh and Aloia (1988) found that feeding
285-g male rats 4% instant coffee for 3 to 4 wk
increased not only urinary calcium but also en

dogenous fecal calcium excretion, causing calcium
balance to be significantly reduced. The increased
endogenous fecal calcium was due to a 50% stimu
lation of bile flow, with no change in true absorbed
calcium. These results support the human balance
data of Heaney and Recker (1982). In contrast, caf
feine had no effect on calcium release from calvarla of
6-d-old mice, at either physiological or supraphysio-
logical doses (Bergman et al, 1988). These data suggest
that caffeine initially affects calcium metabolism and
that effects on bone are secondary to metabolic
changes.

An earlier study by Yeh and Aloia (1986) is im
portant for finding patterns in the data described
above. Their 1986 study on the effects of caffeine on
rats consuming a moderately low calcium diet found
that, whereas young rats (4 wk old) increased their
1,25-dihydroxyvitamin D and therefore absorbed
more calcium in response to caffeine, older rats
(12-13 mo old) did not show this compensating in
crease. Calcium balance in young rats was unaltered,
whereas in older rats it became significantly negative.

Overall the data support the hypothesis that
younger women seem to be able to compensate for
stresses on calcium metabolism caused by moderate
caffeine consumption and are thus less likely to have
deleterious consequences to bone than are older
women. The age at which this change in adaptability
occurs cannot be pinpointed and is likely to be
gradual as seen in the data of Cooper et al. (1991).
Because no difference in caffeine-induced hypercal-
ciuria is seen with increasing age (Massey and Wise
1992), the failure of adaptation may be in the failure
to compensate with increased intestinal absorption,
as seen in the study of older rats by Yeh and Aloia
(1986). Second, adequate calcium intakes may protect
against any negative effects that moderate caffeine
intakes may have on calcium metabolism. In the
human metabolic studies that have shown no
deleterious effects of caffeine, calcium intakes were at
least 20.0 mmol (800 mg) (Barger-Lux et al. 1990,

Smith et al. 1989). Massey et al. (1989) found that
intakes of >15.0 mmol (>600 mg) of calcium daily
were not associated with changes in calcium metab
olism after caffeine abstinence.

Additional studies are clearly needed on the effects
of dietary caffeine on both cortical and trabecular
bone in older women at several levels of calcium
intake to ascertain the risk to bone of the dietary
pattern of high caffeine and low dietary calcium so
common to North American women.
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