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Abstract

Wemeasured bone mineral density (BMD) at the midradius
and lumbar spine in 106 normal women, ages 23-84 yr (61
were postmenopausal). Three to nine measurements (median,
four) were made over 2.6 to 6.6 yr (mean, 4.1 yr). The correla-
tion between calcium intake (range, 260-2,035 mg/d) and rate
of change in BMDwas not significant at the midradius (r
= 0.06) or lumbar spine (r = 0.08), even after adjusting for age,
menopausal status, and serum estrogen levels by multiple re-

gression analysis. Womenin the lower (mean, 501 mg/d) and
in the upper (mean, 1,397 mg/d) quartiles of dietary intake had
similar rates of change in BMD(%/yr Imean±SEI, at midra-
dius, -0.78±0.24 and -0.91±0.17 for lower and upper quar-
tiles, respectively; at lumbar spine, -1.06±0.24 and
-0.98±0.24). These data do not support the hypothesis that
insufficient dietary calcium is a major cause of bone loss in
women.

Introduction

When calcium absorbed from the diet is insufficient to offset
obligatory fecal and urinary losses, calcium must be with-
drawn from bone, which contains 99% of total body calcium
stores (1). Several investigators consider insufficiency of di-
etary calcium intake or of calcium absorption to be major risk
factors for the development of osteoporosis (2, 3). Although
the recommended daily allowance for calcium is set at 800
mg/d (4), middle-aged and elderly American women have a

mean intake of only 500 mg/d (5).
Additionally, the Consensus Conference on Osteoporosis

from the National Institutes of Health recommended that cal-
cium intake be increased to 1,000 mg/d for premenopausal
women and to 1,500 mg/d for postmenopausal women (6).
This recommendation has received a great deal of attention in
the media, and it is estimated that sales of calcium tablets in
the United States should reach $166 million in 1987, an ap-

proximate doubling of sales in the last two years (7).
Despite this popular enthusiasm, experimental studies doc-

umenting the role of calcium deficiency in the pathogenesis of
osteoporosis and the value of calcium supplementation in the
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prevention of it have given confficting results. Using metabolic
balance methods, Nordin et al. (8) estimated that a calcium
intake of 550 mg/d was required to prevent negative calcium
balance. In contrast, Heaney et al. (9) estimated with com-
bined radiocalcium kinetic and calcium balance studies that
daily requirements were 1,000 mg for premenopausal women
and 1,500 mg for postmenopausal women. In a large cross-
sectional survey, Garn (10) found no relationship between
metacarpal cortical area and calcium intake. Matkovic et al.
( 11) found lower values for this cortical area in a Yugoslavian
district with low calcium intake than in another district with a
high intake. These differences were apparent in young adult
bone and did not become larger with aging, suggesting that the
main effect of calcium intake was during bone growth. Nilas et
al. (12) found no relationship in postmenopausal women be-
tween rate of bone loss from the distal radius and dietary cal-
cium consumption over a wide range of intakes. Four of six
clinical trials (13-18) found significant short-term slowing of
bone loss from the appendicular skeleton when postmeno-
pausal women received calcium supplements of at least 750
mg/d. In those trials in which a significant effect of calcium
supplementation was demonstrated, however, the degree of
retardation of bone loss was less than that achieved by estrogen
administration (14, 15, 17). More recently, however, two stud-
ies (19, 20) found that administration of 1,500 mg/d of cal-
cium supplements for 2 yr did not decrease rate of bone loss
from lumbar spine as compared with a placebo-treated group
of women in the immediate postmenopausal period.

Because of this uncertainty, we evaluated the relationship
between dietary calcium intake and rates of change in bone in
the axial and appendicular skeleton in normal womenof var-
ious ages.

Methods

Experimental subjects and protocol. Wemeasured bone mineral den-
sity (BMD)' at the midradius and lumbar spine in 106 normal women
who were residents of Rochester, MN. Of these, 73 were from a strati-
fied random sample selected from the community population as part
of an ongoing epidemiologic study (group A). All subjects from the
random sample were included provided they had been followed for
> 2.5 yr, had at least three densitometry measurements, and had none
of the exclusion criteria. The remainder were volunteers from the same
population (group B). Mean age was 52 yr (range, 23-84 yr), and 61
were postmenopausal. Menopause was defined as absence of menses
for at least 6 moand serum estradiol level < 50 pg/ml. Normality was
assessed by interview, review of each patient's medical record, and
laboratory testing. All had normal values for serum calcium, phospho-
rus, creatinine, and alkaline phosphatase. All subjects were ambula-
tory. None had vertebral fractures on roentgenograms of the spinal
column or a history of hip fracture. None was taking corticosteroids,
anticonvulsive medication, thiazide diuretics, vitamin Din pharmaco-

1. Abbreviation used in this paper: BMD, bone mineral density.
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logic dosages, or calcium supplement of > 500 mg/d. None of the
postmenopausal women was taking estrogen replacement therapy.
Five of the premenopausal women were taking contraceptive hor-
mones. None had any evident medical disease known to affect calcium
metabolism. These exclusion criteria were maintained for the duration
of the study.

Dietary calcium intake was assessed by a trained dietitian who
interviewed each patient for 1 h and reviewed a 7-d dietary diary
recorded by the subject. The dietary survey was made at the beginning
of the period of observation of the 73 subjects in group A, whereas it
was obtained at the end for the subjects in group B. Reproducibility of
the estimate of the dietary calcium intake was assessed by repeating the
interview and the 7-d dietary diary after an interval of 2 yr in 22
subjects (12 of these were in the present study and 10 were members of
the ongoing epidemiologic study but were not included because they
did not meet the criteria for normality). Stability of calcium intake
over the period of study was assessed by a questionnaire on use of dairy
products and calcium supplements (the principal sources of calcium in
the diet). In the patients in the epidemiologic study, the questionnaire
was completed at the end of the study and was compared with compa-
rable items obtained by the dietitian's interview. In the remaining
subjects, the stability of the calcium intake was assessed by comparing
these same items in the dietary calcium interview obtained at the end
of the study with estimates by the dietitian of use of these items at the
beginning of the study.

Fasting-state blood samples were drawn for determination of
serum sex steroid levels. For the premenopausal women, the blood
sample was obtained between days 7 and 10 of the menstrual cycle.
Bone densitometry was repeated on one or more occasions. The inter-
val between the first and last measurements ranged from 2.6 to 6.6 yr
(median, 4.1 yr). The number of measurements per subject ranged
from three to nine (median, four measurements).

All subjects gave their informed consent. The experimental proto-
col was reviewed and approved by the Mayo Institutional Review
Board. Descriptive characteristics of the experimental subjcts are given
in Table I.

Laboratory methods. BMDof the midradius was measured by sin-
gle-photon absorptiometry as described (21) except that the scanner
was modified to permit rectilinear scanning. The recorded value was
the mean of five scan passes at intervals of 0.1 cm. Reproducibility
([SD/mean of repeat measurements] X 100) was 1%. BMDof the
lumbar spine was measured by dual-photon absorptiometry (22); re-
producibility was 1.7% (23). Serum estrone and estradiol were mea-
sured by described radioimmunoassay techniques (24).

Statistical methods. To estimate rates of BMDchange, a linear
regression was fitted for each patient. These regressions used BMDas
the dependent variable and time, in years, from the patient's entry into
the study as the independent variable. The slope was expressed as
g/cm2 per yr and g/cm per yr for the lumbar spine and midradius sites,
respectively. Each slope was divided by the predicted BMDvalue at the
midpoint of the time interval for which the patient was under study
and multiplied by 100 to obtain the percent change per year (%/yr).
The slopes and the percentage change per year are highly correlated (r
= 0.984 for midradius and r = 0.981 for lumbar spine). Thus, we
elected to express results as percent change per year for the sake of
simplicity.

To evaluate the association between dietary calcium intake and
rate of BMDchange (%/yr), we examined both the overall relationship
as well as the adjusted effect after controlling for other significant
variables. To assess the overall relationship, zero-order correlation was
used. The sample was also divided into four groups by quartile of
calcium intake and rates of BMDchange were compared across
groups. To assess the adjusted effect of calcium intake on rates of BMD
change, we first used stepwise multiple regression with backward elimi-
nation to select significant control variables before the inclusion of
calcium intake in the model. In the process of variable selection, as well
as in the final model, various interaction terms and the distribution of
residuals were examined, and the assumptions of normality and ho-
moskedasticity of the residuals were verified for each of them. The

Table L Characteristics of Experimental Subjects Expressed
as Mean±SDand Range of Values

All subjects Premenopausal Postmenopausal

Number of subjects 106 45 61
Age (yr) 53.9±13.9 40.6±6.2 63.7±9.0

(25.2-86.1) (25.2-55.0) (48.4-86.1)
Calcium intake (g) 922.4±355.3 991.0±393.9 871.8±317.9

(260-2,003) (289-2,003) (260-1,743)
Rate of loss (%/yr)

Midradius -0.81±1.16 -0.10±0.75 -1.32±1.13
(-4.23-1.94) (- 1.43-1.55) (-4.23-1.94)

Lumbar spine -1.05±1.24 -0.89±1.15 -1.16±1.30
(-4.33-1.91) (-3.92-1.22) (-4.33-1.91)

Serum estradiol 58.4±77.3 117.6±89.2 14.7±6.8
(pg/ml) (3-367) (7-367) (3-39)

Serum estrone 39.7±31.3 60.7±37.8 24.1±9.3
(pg/ml) (7-204) (19-204) (7-54)

adjusted effect of calcium intake on rates of BMDchange was then
assessed by partial correlation. To account for the differences in fol-
low-up time and number of bone measurements associated with indi-
vidual rates of changes in BMD, regression analysis was weighted by
the inverse of the corresponding variances of these rates (equal to the
sum of the inter- and intrasubject variances) (25).

Results

Calcium intake. There was a normal distribution for total in-
take of dietary calcium; mean±SDwas 922±355 mg/d (range,
260-2,003 mg/d). For the 22 subjects who had a repeat assess-
ment of calcium intake, the baseline measurement
(mean±SE), 891±76 mg/d, and the 2-yr repeat measurement,
1,011±118 mg/d, did not differ significantly. The main
sources of calcium intake (dairy products and supplemental
calcium tablets) also did not change significantly between the
beginning, 574±37 mg/d, and the end, 558±33 mg/d, of the
study.

Bone densitometry. The overall rates of BMDchange for
both the midradius and the lumbar spine were normally dis-
tributed with means (±SD) of -0.81%±1.16% and
-1.05%±1.24% per yr, respectively. Calcium intake and rate
of change in BMDwere not correlated at the midradius (r
= -0.04, NS) or at the lumbar spine (r = 0.08, NS). Individual
values for this relationship are shown in Figs. 1 and 2. Women
in the lower (mean, 501 mg/d) and upper (mean, 1,397 mg/d)
quartiles of dietary calcium intake had similar rates of change
in BMD(%/yr [mean±SE], at midradius, -0.78±0.24 and
-0.91±0.17 for lower and upper quartiles, respectively; at
lumbar spine, - 1.06±0.24 and -0.98±0.24).

Table II summarizes the multiple regression models used
to control the effects of potentially confounding variables on
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Figure 1. Relationship
of rate of change in
BMD(%/yr) at midra-
dius to estimated di-
etary calcium intake in
106 normal women.
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Figure 2. Relationship
of rate of change in
BMD(%/yr) at lumbar
spine to estimated di-
etary calcium intake in
106 normal women.

the relationship between rate of BMDchange and calcium
intake. The model was adjusted for these variables by entering
each term into it and adjusting accordingly before testing for
an effect of calcium intake on rates of change in BMDusing
partial correlation coefficients. The variables considered for
this model were age, age squared, serum estrone, serum estra-
diol, and menopausal status. The square of age was included
because in a previous study (20) we found that the rate of
BMDchange for the lumbar spine was related to age in a
parabolic fashion. For lumbar spine, the interaction of age and
menopausal status was significant. For midradius, the age-
squared term and its interaction with menopause were signifi-
cant in a model of age, age-squared, menopausal status, and
two-way interactions. The interaction terms between age and
menopausal status indicated that the effects of age on the rate
of BMDchange were different between pre- and postmeno-
pausal women. Thus, the effect of calcium intake was assessed
separately in pre- and postmenopausal women. Of course,
once menopausal status was taken into account, the values for
serum estrone and estradiol were not significant because both
were highly correlated with menopausal status (r = -0.58, P
< 0.001 for serum estrone; r = -0.66, P < 0.001 for serum
estradiol).

Calcium intake was then incorporated into the regression
model for rate of change by menopausal status. For midradius,
there was a marginally significant trend (P = 0.08) for an
inverse correlation between change in BMDand calcium in-
take in the premenopausal women (the higher the intake the
more negative the rate of change). For lumbar spine, there was
no suggestion of a relationship for either pre- or postmeno-
pausal women. Thus, even after controlling for all salient vari-
ables, a significant relationship between calcium intake and

Table II. Influence of Calcium Intake on Rate of BMDChange
(% of Mean/Yr) at Midradius and Lumbar Spine,
by Menopausal Status with Adjustment for Effect
ofAge: Results of Weighted Analysis

Age model* Additional effect
of calcium intake

Menopausal
Site status R2 P r P

Midradius Pre- 0.214 0.006 -0.272 0.08
Post- 0.001 0.89 -0.134 0.31

Lumbar spine Pre- 0.249 0.001 0.133 0.39
Post- 0.001 0.77 -0.024 0.85

Weighting factor is the inverse of the sum of intrasubject variance
and intersubject variance.
* For premenopausal group at midradius, the age model includes the
square of age.

rate of change in BMDcould not be demonstrated for either
the midradius or lumbar spine.

Table III gives the power calculations for the ability of the
model to detect these changes. The values presented are the
values for p, the population correlation coefficient, which if
these or higher values existed would yield statistically signifi-
cant results 80 or 90% of the time (assuming that the samples
of the sizes actually in hand were used to test the hypothesis of
no association at a = 0.05). These values have been adjusted
for measurement errors, i.e., the proportion of intrasubject
variance in relation to intersubject variance for both rate of
change in BMDand calcium intake. The intra- and intersub-
ject variance of calcium intake were estimated based on 12
subjects with repeated measurements. The shares of intra- and
intersubject variance are about 52 vs. 48% for rate of change in
lumbar spine, 57 vs. 48% for midradius and 20 vs. 80% for
calcium intake.

Discussion
Our data do not support the hypothesis that the rate of bone
loss in adult women has a major relationship to dietary cal-
cium intake over the wide range of values found in the normal
American diet. If such a major relationship were present, we
believe that it would have been detected by our experimental
design. First, the bone densitometry methods that we used
were highly precise, and we observed individual subjects for a
sufficient interval to obtain a good estimate of individual rate
of change in the axial and the appendicular skeleton. Second,
we assessed calcium intake by combining two reliable survey
methods-interview by a trained dietitian and 7-day food
diary. Using a somewhat less precise method, we found that
the mean intake of dairy products and calcium supplements,
the two major sources of calcium, did not change during the
study interval. Third, we controlled for the potentially con-

Table III. Power Calculations for Detection of Correlations
between Rates of Change in BMDand Dietary
Calcium Intake Whena = 0.05,
Adjustedfor Measurement Errors

p

All subjects Premenopausal Postmenopausal

Number of subjects 106 45 61

Midradius
Power to detect = 0.8
Simple 0.43 0.65 0.57
Partial 0.45 0.67 0.58
Power to detect = 0.9
Simple 0.50 0.73 0.65
Partial 0.52 0.75 0.65

Lumbar spine
Power to detect = 0.8
Simple 0.41 0.62 0.54
Partial 0.43 0.64 0.56
Power to detect = 0.9
Simple 0.48 0.70 0.62
Partial 0.49 0.71 0.62

Adjusted for the proportion of intrasubject variance in relation to in-
tersubject variance.
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founding effects of age, menopause, and serum estrogen levels
by multiple regression analysis.

Our calculations indicate that we had sufficient power to
detect a strong relationship between calcium intake and bone
loss, had such a relationship existed. Wecannot exclude the
possibility of a weak relationship that was not detected. The
complete absence of any trend for a positive correlation be-
tween rate of change in BMDand dietary calcium intake,
however, argues against the existence of a major physiologic
relationship.

Our results differ from the preliminary longitudinal results
obtained by Aloia et al. (26), who measured total body calcium
by neutron activation analysis and bone density of midradius
by photon absorptiometry at baseline and after 1 yr in 44
women in the immediate postmenopause period. They found
a weak correlation of estimated dietary calcium intake with
rate of loss of total body calcium but no correlation with mid-
radius bone loss.

Several caveats must be considered in interpreting these
data. First, our results are relevant only to adult women. We
did not study the possibility that variation in dietary calcium
intake during the adolescent growth spurt may influence peak
bone mass (1 1). Second, because patients with vertebral or hip
fractures were excluded from the study, we did not evaluate
the possibility that some patients develop osteoporosis because
of calcium deficiency. Nonetheless, because there is a contin-
uum of bone density values between age-matched normal
women and patients with postmenopausal osteoporosis (20),
our results probably are relevant to the process by which os-
teoporosis develops. Finally, because only four of our subjects
had a total calcium intake of more than 1,500 mg/d, we cannot
exclude the possibility that larger doses of calcium (with or
without vitamin D) would decrease the rate of bone loss (27,
28). Thus, the questions of the relationship of dietary calcium
to bone loss and the value of high calcium intake in prevention
of osteoporosis should be considered open, and further studies
should be conducted. Studies relating the amount of absorbed
calcium to bone loss in women of various ages and assessing
the effect of calcium supplements on rates of bone loss from
the vertebrae are particularly needed.
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