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Background. By increasing the urinary excretion of
caleium, caffeine consumption may reduce bone min-
eral density (BMD) and subsequently inereaze the risk
for esteoporotic fracture. Althourh negative associae
tions between caffeine consumption and BEMD have
been reported for postmenspausal women, in particus
lar for those who consume low amounts of dietary cal-
cium, the relation beiween caffeine and BMD in
younger women isunclear. Therefore, we evaluated the
association between caffeine consumption and BMD in
across-gectional study of 177 healthy white women, age
18=28 years, who attended n Midwestern uni‘l.r-e-rait:p.

Methods., Average caffeine intake (milligrams per
day) was ealeulated from self-reports of the consump-
tion of coffes, decaffeinated coffes, ten, colns, chooalnte
produets, and select medications during the previous
12 months (mean caffeine intake = 399 mgiday). BMD
(grams per sgquare centimeter) at the femoral neck and
the lumbar spine was measured by dusl-cnergy Xoray
absorptiometry.

Regults. After adjusting in linear regression models
for potential confounders, including height, body mass
index, age ot menarche, ealeivm intake, protein con-
sumption, alcohol consumption, and tobaceo use, enfe
feine consumplion was not a significant predictor of
BMD. For every 100 mg of caffeine consumed, femoral
neck BEMD decreased 00069 glem? (35% confidence in-
terval [CI = —0.0215, 0.0076) and lumbar spine BNID
decreased 0.011% glem® (95% CI = —0L0ET1, 0.0033), No
single source of caffeine was significantly associated
with a decrease in BAD. Furthermore, the association
between calleine consumplion and BMID at either site
did not differ sig'niﬁa:,antly hetween those who con-
sumed low levels of caleium (=836 mg/day} and those
who consumed high levels of ealeium (836 melday),
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Conclusions. Caffeine intake in the range consumed
by woung adult women i3 not an important risk factor
for low BMD,

Koy Words: BMIY eaffeine; caleium; osteoaporasis.
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INTRODVICTION

Osteoporosis, a disease characterized by low bone
mineral denzity (BMD), affects 6 to 7 million women
&0 vears old or older in the United States [{]. Low BEMD
increages the risk of bone fracture [2], and those with
fractures suffer increased mortality rates as well as
significant morbidity from long-term disability [2]. Low
BMD a& an older adult may partially reflect the failure
te achieve peak BMD [£], mest of which is obtained
before the age of 30 [5,8]. Therefore, determining what
factors influence the BMD of voung women could help
identify behaviors that, when modified, could reduce a
woman's future risk of fracture, Cne behavior that may
negatively influence BMD is high caffeine conswmption.

Caffeine consumption iz hypothezized to affect BMD
by increasing ealeium excretion [7-9). Some [I10-16],
but not all [17-22], epidemiological astudies of post-
menopausal wemen suggest that high caffeine con-
sumption is aszociated with poor bone health. At least
two suggest that this negative effect iz limited to women
who consume low lesels of caleium [14, 18], In contrast,
for premenopausal women, none of the studies that
examined the association between caffeine consump-
tion and BMD found an asseciation [23-28]. It is posszi-
ble that sge-related differences in calcium abaorption
efficiency explain the disparity in results between post-
and premencpausal women [29]. However, among the
gtudics of premenepausal women, four failed to account
for potential covariates such as caleium intake and body
size [23,24,26,27], and only one examined the effect of
caffeine on BMD in women who consumed low levels
of caleiwm [27], a dietary factor that may modify the
azzociation between caffeine consumption and BMIL
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This study [27] limited its evaluation to BMD at the
lumbar spine. Mo studies have evalusted whether low
calcium intake modifies the effect of caffeine consump-
tion on BMD at the femorsl neck, a site of costly fracture
in the elderly.

Therefore, in a cross-sectional analysia of voung
healthy women age 19-28, we asked the following ques-
tigns:

1. After accounting for covariates, is caffeine eon-
sumplion associated with BMD at the lumbar spine
and the femoral neck?

2. Is the association between caffeine intake and
EMD stronger for women who consume low lavels of cal-
ciwm?

METHODS
Stucly Design and Papuletion

The 177 participants in our study were recruited from
a random sample (n = 863) of white female students,
age 19-26, registered for the 1991 fall term at a Mid-
western university. OF the 863, 614 (70%) responded to
a short questionnaire administered over the telephone
to determine eligibility for the study. To be eligible,
women had to be nulligravid, between 80 and 150% of
their ideal body weight, and to have reached menarche
before age 19. They also had to be free of the following:
amencrrhea (experiencing no menstrual periods during
the previous 12 monthal; a histery of chronic medical
conditions that could affect BMD, including Type 1 or
Type 2 dinbetes, thyroid or kidney problems, and rheu-
matoid arthritis; a history of conditions that could alter
nutrient absorption, including eating disorders and dis-
orders of the digestive tract; a history of using drugs
that could affect BMD, including seizure medications
and glueocorticoids; and sipnificant limitations in their
phyzical activity during the previous month because of
injury or illness, OF those contacted, 444 [60%) wera
eligible for the study. Among thiz group, 182 (41%)
agreed to participate, Data on four women who partici-
pated in the study were dropped from this analysis
because information on the consumption of one or more
cafleinated items was misaing, Data on a fifth partici-
pant whose daily intake of caffeine was more than eight
standard deviations from the population mean was alzo
dropped from the study. There were no significant dif-
ferences (P < 0L05) between eligible persons participat-
ing and eligible persons not participating in the study
with regard to age, height, weight, body mass index,
or age at menarche (data not shown). This study was
approved by the University of Michigan Institutional
Review Board.

Measurement of Hone Mineral Density

A single technician measured each participant's BMD
at the lumbar spine and the proximal femur using dual-
energy X-ray absorptiometry (DPX-L, Lunar, Madison,

263

WI and following standard protocols as described hy
the instrument manual. The machine was calibrated
daily, and no more than five persons were seanned each
day. Weekly scans of an aluminum spine phantom were
completed to determine the precizion of the machine
over time; all values were within 2% of the standard
phantom value over the 13-month study.

Caffeine Data Collection

To characterize caffeine consumption from foods, we
asked participants to report how frequently during the
previous year (times per day, week, month, or year) they
consumed the following items: coffee, tea texcluding
herbal tea), decaffeinated coffee, caffeinated soft drinks,
hot chocolate, and chocolate bars. Participants were
also asked whether their typical serving size was small,
medivm, or large. The caffeine values assigned to a
medium serving size of the foeds are as follows: regular
coffee (137 mg/8 oz), decaffeinated coffee (2 mg/8 oz),
regular Lea, (36 mg/8 oz), caffeinated cola (40 mgf12 oz),
hot chocolate (5 mg8 oz), and chocolate (5 mgfoz) [30],
To characterize caffeine consumption from medications,
participants were asked to report how frequently dur-
ing the previeus year they had consumed the following
medications: pills for pain relief, diet pills, and pills
to stay awake (e.g., NoDozk; they were also asked the
number of pills consumed and the brand name of the
medication. Caffeine values were assigned using infor-
mation from the 1998 Physicians Desk Reference.

To determine total caffeine consumption, the product
of the frequency, quantity, and eaffeine content of each
source were caleulated. These wvalues were then
summed aeross all sources, and average caffeine con-
sumption (in milligrams) per day wasz caleulated. Con-
sumption of coffee was the primary contributoer to eaft
feine consumption in this population, sceounting for
88% of the total caffeine consumed.

Measurements of Potentiol Confounders

Covariates were chosen for this analysis because of
their previous documented associations with BMD. Wea
defined total caleium intake (milligrams/day) az the
sum of the average daily intake from foods and the
average daily intake from other sources, Caleium in-
take from foods was obtained from the National Cancer
Institute’s Health Habits and History Questionnaire
[31], and intake from nondietary sources was obtained
by guerying participants about their consumption of
multivitamins, calcium supplements, and antaeids. Al-
cohol intake (gramafday) and protein intake (gramss
day) were also estimated using the NCI Health Habits
and History Questionnaire [27], Height was measured
in duplicate to the neareat 0.1 ¢m with the use of an
anthropometric plane and seale. Current weight (in
light clothing and without shoes) was measured Lo the
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nearest 0.1 kg with the use of a balance-beam scale.
Body mass index (BMI) was caleulated az kilograms
per square meter. Age, age at menarche, and smoking
status were obtained using a standardized guestion-
naire during the clinic interview. Smokers were defined
a3 those who had smoked more than 10 cigarettes per
week during the previous year. The activity metabelic
index (AMI), as measured by the Minnesota Leisure
Time Activity Questionnaire [32,35], was used to char-
acterize levelz of leisure-time physical activity during
the previous 12 months. AMI is an indirect measure of
the average daily energy expended in approximately
70 leisure-time physical activities.

Statistical Analysiz

All analyses were done using SAS for Windows (Ver-
sion 6.12). We used simple and multiple variable linear
regression, with caffeine consumption az a continuous
variable, to evaluate the associations between caffeine
intake and BMD. We examined a model in which the
sources of caffeine (coffes, tea, cola, other) were included
separately to determine whether the direction and mag-
nitude of the association between caffeine and BMD
was independent of the caffeine source. Since previous
studies [14, 18] reported that adequate calciom intake
may offzel the negative effect of caffeine on BMD, we
evaluated the interaction among caffeine, BMD, and
caleium eonsumption, where caleium consumption was
stratified at the median level for the population (836
mgfday). Ninety-five percent confidence intervals were
ealeulated around the beta coefficients; variahles whose
intervals did not include zero were considered signifi-
cant at P = (.05, We used regression disgnostics, includ-
ing examination of residuals and influential points, to
test model assumptions. For the essze of reading, caf-
feine consumption is reported in wunits of 100 mg'day
iry the tables.

RESULTS

Population Deseription and Covariate Analysis

In the study population, caffeine intake ranged from
0.0 to 678.4 mgiday with an average of 99.9 mg/day
(1.58 = 1.85 mg/kgMday). This caffeine intake is compa-
rabla to that ebzerved in other studies of women of
similar ages [25,28,27, 24]. The study population had a
mean age of 21 years, mean bhody mass index of 22.7
kg/m®, and mean height of 165.4 em (Table 1). Partici-
pants consumed an average of 930 mg caleium per day
with an average of 873 mg per day provided by the
diet, Although only 12% of the populstion smoked, 89%
reported drinking aleohel at least once 4 month, Partici-
pants spent an average of 83 minutes in physical activ-
ity per day (including walking for trangportation), ex-
pending approximately 400 keal. Larger body mass
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TABLE 1

Mean, Standard Deviation, and Correlation betwpen Selected
Characteristics and Caffeine in 177 Caucasian Women, Aged
19-26, Enrolled in a Midwestern University

Correlation
with
Mean cafleine
ar % Sh intakes

Caffeine intake (mgiday) 99,45 114.9 —
Phrzical chacacteristics

Femoeal neck BMD (giem?) 1.0208 {01157 =001

Lamber spine EMD (gem™ 11387 0.1%0 =0.01

Aga {years) 21 2 0.03

Height {em) 165.4 6.8 0.03

Bady maza lndex (kp'm®) 287 28 0.16*

Age it manarche (rears) 13 i — (04
Diietary charpeteriztic:

Todal caleium ingake (mg'day) 940 447 niz

Dietary caleinm (mpfday) 573 413 0,13

Protein intake (gfday) ] 236 0.1
Lifestyle charncteristics

Algohal intake (pidey) 1.6 i) olz

Ever amoke (F) 12 —_ §.20h=

Avtivity metabolic indes (AMT) 414 205 0.0%

2 Pearsen vorrelation unless otherwise specifled.
4 Spearman correlating.

* P waloe < 005

index {r = 0.16) and smoking (r = 0.20} were signifi-
cantly correlated with increased caffeine intake.

EMD at the femoral neck was significantly associated
with height {r = 0,23) and body mass index (r = 0,29,
AL the lumbar apine BMD was significantly associated
with height (» = 0.21), body mass index {r = 0.27),
and age at menarche (r = —0.25). Although age, total
caleinm intake, protein intake, alcohol intake, smoking,
and physical activity were not significantly associated
with BMD in thiz population, other studies have re-
ported theze sssaciations. Therefore, we choze to in-
clude these variables as covariates in our models,

Is Caffeine Intaks Associated with Bone Mineral
Density?

Caffeine consumption was not a significant predictar
of BMD (Table 2). For every 100 mg/day increase in
caffeine consumption (approximately 6 oz of coffes),
EMD decreased by 0.006%9 and by 0.0119 glem? in the
femoral neck and in the lumbar spine, respectively, We
found no evidence for a nonlinear relationship between
caffeine consumption and BMD when we classified caf-
feine consumption as either a second-order polynomial
or & categorical variable with caffeine intake grouped
into quartiles {data not shown). When the individual
contributors to caffeine intake were analyzed sepa-
rately, we observed a consistent inverse association be-
tween caffeine and BMD for all sources. However, no
single source was significantly associated with BMD.
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TAELE 2

Begreszion Analyzis between Caffeine and Bone Density Evaluated at the Femernl Meck and Lumbar Spine in 177 Cascasian Women,

Aged 19-26, Enrolled in a Midwestern University

Femaral neck

Lrade

Adjuated

B 25% Cl

Caffeine (10 mgiday)

Caffeine {100 mgidny)

Moddel 1 All souroes =[.00085 {=0.0L56, ull143) = (0.0 {=0.0Z15, DL)TE)
Model 2 Coffes 00043 {—0.0Z10, 0125 =0, 0HGEs {=0.0200, 0.01E2)
Tea 00272 {=0.0399, 0.0943) —{), 055 {—0.0709, 0.0571)
Caffeinated cols 0.0153 {—0.0%35, 0.0804] —0.0%54 [—0.0726, 001598
Lumbar spine
Crude Adiusted
] a5% Cl 3] 25% Cl
. Caffeine {10 mep'day) Caffedns {100 mp'day)
Modal 1 Adl sonrees -0.0037 [—0.0184, 0.0121% —0i1e (—0u0271, 00038
Model 2 Codfes =0, 0060 [=00237, 0.0116} —{LO0EG [—02hh, 0.8
Tra 005 [ =00, 00535 = L0182 {—{L0EES, 0.0498)
Cafeinated cola 0,027 [—de45, 005020 {L0E00 [—DLOTES 0.0185)

Mote, Mode] 1 (edjusted): BMD (femoral meck or lumbar spiney (ghem®™ = caffeine (mpfiday) + total calcium (mgtiay)d + age (years) +
height fem) + BMI (kg/m®) + age at menarche (years) + protein (pfday) + aleohel (gMay) + ever smoke (YYN) + activity metnbolic index.
Model 2 (ndjusted): BMD (femeral neck and lnmbar spined (ghem®) = coffes (mgfday) + tea (mpiday) + calfeinated cola (mgfday) + all other
cificine sowrces (mgfiay) + total calcium (mpMayd + age (yeara) + height et + BMI (5pfm® + ape al menarche (years) + profein

(ghlay) = aleokol (gfday) + ever smaoke (YiN} + activity metabalic index,

Iz the Aszzociation between Caffeine and Fone Mineral
Density Modified by Calcium Conzumption?

Mo aignificant interaction was found among caffeine
intake, caleium consumption, and BMD at either the
femoral neck (test for interaction, P = 0.79) or the lum-
bar zpine (test for interaction, P = 0.37) (Fig. 11 Al-
though not significant, caffeine did have a stronger nag-
ative nssociation with BMD at the lumbar spine among
persons who consumed ¢aleium levels below the popula-
tion median, compared to thoese who consumed calcium
above the median intake,

DISCUSSION

In this eross-sectional study of young premenopausal
women, caffeine was not a sipnificant predictor of BMIDD
at either the femoral neck or the lumbar spine after
controlling for covariates. Purthermore, the association
bebween caffeine and BMD was not significantly modi-
fied by level of calelum consumption.

Previous epidemiclogic studies evaluated the effect
of caffeine on bone status by assessing either bone frac-
ture or BMIDY In bone fracture studies, four eohort stud-
ies of pestmenopausal women found a small but signifi-
canl inerease in fracture risk with increased caffeine
conswmption [[0-13], while one cohort [18] and two
caze—control [12,22] studies reported no association be-
tween caffeine consumption and bone fracture.,

Becauze bone fractures are a flunction of both trauma
and bone fragility, caffeine could increase the propen-
aity for injury without directly affecting bone through
its short-term effects, such as tremors, decreaszed sleep,
anxiety symptoms, and increased muscle confraction
at lower equencies of stimulation [35]. Metabolic evi-
dence, however, indicates that caffeine may be directly
detrimental to bone by increasing urinary [7-9] and
fecal caleium [7,5] excretion. Caleium loss may then
lead to a negative calcium balance that is restored by
increased bone resorption. Chronie bone resorption can
decreaze EMD and thus increase the risk for osteoporo-
siz and bone fracture [36].

Like the fracture studies, some [14-16] but not all
studies [20,27] of pestmenopausal women that specifi-
cally investigate the effect of caffeine on BMD report
negative associations. Two of the three studies found
an effect in low caleium vser only. Harris and Dawson-
Hughes [I4] found increased caffeine consumption to
be associated with a significant decrease in both the
lumbar spine and total body BMD but only among
women with caleium intakes of less than 744 mg'day.
Barrett-Connor et al. [16] reported a similar negative
sseociation at the femoral neck and lumbar spine of
women over age 50; like the findings of Harris and
Dawson-Hughes [I4], thiz association was significant
only for low calciwm consumers, defined as women who
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did not drink at least one glass of milk a day from age
20 to 50.

Although these studies of postmenopauzal women
demonstrate some evidence for a negative relationship
between caffeine and bone status, the results may not
be applicable to premenopausal women. Calcium ah-
sarption efficiency declines with age [37], and metabaolic
studies of the effects of caffeine on caleium balanes in
pre- [7] and postmencpausal [8) women suggest that
premenopausal women may be able to compensats
through increased calcium absorption for a negative
caleivm balance caused by caffeine consumption. How-
ever, whether this compensation cccurs even at low
levels of calcium consumption is not known,

Differences in the levels of endogenous eatrogens may
also limit the generalizability of results from postmeno.
pausal women to premencpausal women. The loss of
estrogen at the menopavse results in a rapid decline
in BMD. The benefits of estrogen in maintaining BMD
may sutweigh the negative effects of caffeine for pre-
menopausal women.

Previous epidemiclogic studies provide some evi-
dence that the effect of caffeine on bone status differs
between post- and prem enopausal women sinee studiaz
of premencpansal women report no association between
caffeine consumption and hone mineral gain [26,27] or
BMD [23-25.28]. In 183 French—-Canadian women aga

40 through 50 years, Picard et al. [25] found no associa-
tion between caffeine consumption and BMD in the
distal forearm and lumbar spine, Llovd et al. [23] also
found no association between caffeine intake and BMD
at the lumbar spine in his evaluation of vegetarian and
omnivore women age 28 through 45 years. Similarly,
in four studies of adult women less than 35 voars of age,
no significant associations were found between coffes
consumption and BMD at the os calsia [24], cups of
caffeine contsining beverages and BMD at either the
lumbar spine or femoral neck [25], and caffeine intake
and gaing in either total body bone mineral [26] or
lumbar spine BMD [27]. In addition, calcium intake did
not modify the association between caffeine consump-
tion and gain in lumbar spine BMD [27]. Three observa-
tions about these studies should be noted, however
First, the Picard et al. [25] and Lloyd et al. [23] studies
may include perimencpausal women. Therefore, the
rapid bone mineral loss that occurs at menopause may
have masked an effect of caffeine. Second, several stud-
les did not account for the effects of body size
(23,24,25,27] or caleium intake [23,24,26]. In our study,
body size was positively associated with both caffeine
intake and BMD, Other stodies found caleium intake
to be positively associated with caffeine consumption
[14] and BMD [25]. Failure to control for these potential
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confounding variables may have masked a negative as-
sociation between caffeine and BMD. Third, none of the
studies evaluated whether calcium consumption rmodi-
fied the effect of caffeine consaumption on BMD at the
femoral neck. Caffeine may affect hone sites differently
[15]. Thus, the lack of effect at the lumbar spine [27]
cannot be generalized to the femoral neck.

Similar to these atudies of premenopausal women,
we found no relationzhip between caffeine and BMD in
young adult women, However, we extend the findings
of previous studies by demonstrating that this lack of
association remaing after controlling for potential con-
founders and that the azsociation between caffeine con-
sumption and BMID at both the lumbar spine and the
femoral neck is not different for women who consume
low levels of caleium than for those who do not.

Although our study extends the Andings of previous
studies of premenopausal women, several limitations
should be noted. First, selective participation cannot
be excluded as a bias because not all eligible women
were contacted and less than half of the eligible popula-
tion interviewed actually participated. Second, nondif-
ferential misclassification of caffeine consumption may
have hiased our results to the null. Third, because this
is a cross-sectional atudy, a causal link among caffeine
consumption, caleium intake, and BMD cannot be
established.

In eonelusion, caffeine consumption was not an im-
portant risk factor for low BMD in this population of
premenopausal young women, even among those who
consume low levels of calcium, Further investigation,
however, may be warranted for premenopausal women
with abnormal menstrual cycles, such as amenorrhea,
since they may be similar to postmenopausal women
with regard to estrogen status and may be susceptible
to the effects of caffeine.
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