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CONSENSUS OPINION

The role of calcium in peri- and postmenopausal women:
consensus opinion of The North American Menopause Society

ABSTRACT

Objective: The North American Menopause Society (NAMS) established a goal to review the
published medical data and develop an evidence-based consensus opinion regarding the role of
calcium in peri- and postmenopausal women.

Design: In building this consensus opinion, NAMS followed the general principles established
for evidence-based guidelines. As part of that process, NAMS appointed a panel of clinicians and
researchers acknowledged to be experts in the field of calcium. Their advice was used to assist the
NAMS Board of Trustees in developing this consensus opinion.

Results: Adequate calcium intake (in the presence of adequate vitamin D intake) has been shown
to prevent bone loss and reduce fracture risk in-peri- and postmenopausal women. Although
calcium is not as effective as antiresorptive agents (e.g., estrogen, selective estrogen-receptor
modulators, or bisphosphonates), it is an esséntial component of antiresorptive agent therapy for
osteoporosis. Calcium has also been associated with beneficial effects in several nonskeletal dis-
orders, primarily hypertension, colorectal cancer, obesity, and nephrolithiasis, although the extent
of those effects and mechanisms involved have not been fully explored. Estimates of adequate
intakes of calcium for peri- and postmenopausal women are based on evidence relating to osteo-
porosis prevention. At least 1,200 mg/day of calcium is required for most women; levels greater
than 2,500 mg/day are not rtecommended. To ensure adequate calcium absorption, a daily intake of
400-600 IU of vitamin D'is recommended, either through sun exposure or through diet or supple-
mentation. Since no accurate test to determine calcium deficiency exists, clinicians should focus
instead on ensuring that a woman consumes enough calcium to meet the recommended levels.

Conclusion: Although the most definitive role for calcium in peri- and postmenopausal women
is in bone health, it is clear thatadequate calcium intake has implications that encompass a woman’s
overall health. Based on the available evidence, a strong statement can be made regarding
the importance of ensuring adequate calcium intake in all women, particularly those in peri- or
postmenopause.

Key Words: Calcium — Menopause — Perimenopause — Bone mass — Fractures — Osteoporosis —

Hypertension — Obesity — Nephrolithiasis — Colorectal cancer.

Received November 27, 2000.

The Board of Trustees of The North American Menopause Society
(NAMS) developed this consensus opinion with assistance from the
following panel of experts: Robert P. Heaney, MD (Chair); Bess
Dawson-Hughes, MD; J. C. Gallagher, MD; Robert Marcus, MD; and
Jeri W. Nieves, PhD.

Address reprint requests to NAMS, P.O. Box 94527, Cleveland, OH
44101, USA.

84 Menopause, Vol. 8, No. 2, 2001

alcium, an essential nutrient for the human
body, has received substantial interest in
both the medical literature and lay press re-
garding its role in osteoporosis and several
other chronic diseases, including hypertension and co-
lon cancer. In response to the growing body of clinical
trial data, The North American Menopause Society
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(NAMS) has created this consensus opinion to address
issues related to the role of calcium in the peri- and
postmenopausal woman.

In building this consensus opinion, NAMS followed
the general principles established for evidence-based
guidelines detailed in several publications.' > NAMS
conducted a search of the literature on MEDLINE for
clinical trials evaluating the role of calcium supplemen-
tation in diseases and disorders related to peri- and
postmenopausal women.

In addition, recognized experts on calcium were so-
licited to serve on an advisory board. If the evidence
was contradictory or inadequate to form a conclusion,
opinion-based decisions were made. The consensus-
buildi‘{lg process of NAMS was described in a previous
issue.

PHYSIOLOGIC ROLE OF CALCIUM

Calcium is the most abundant mineral in the human
body. Approximately 99% of the total calcium stores
are contained in the skeletal structure. The remaining
stores are in the cells of soft tissue (0.9%) and in the
bloodstream and extracellular fluid (0.1%), where they
exert effects on the cardiovascular, nervous, and mus-
cular systems.

Calcium requirements for skeletal maintenance fluc-
tuate throughout a woman’s life. During the teenyears;
calcium requirements are high because of the demands
of arapidly growing skeleton. Low calcium‘intake dur-
ing that time may impede reaching peak bone mass,
which can increase the risk of osteoporosis later in life.
During a woman’s 20s, less calcium is required as bone
turnover stabilizes (i.e., bone formationand resorption
rates become balanced) and peak adult bone mass is
achieved. Calcium requirements remain stable until
menopause. When a woman reaches menopause, the
bone resorption rate increases and bone mass declines,
associated with the fall in ovarian estrogen production.
Calcium needs rise at that time because of a decrease
in the efficiency of utilization of dietary calcium, which
is also associated with the fall in ovarian estrogen
production.

The amount of calcium needed is also affected by the
decrease in intestinal absorption that occurs with age.
Calcium absorption increases transiently during the
adolescent growth spurt and, briefly, during pregnancy.
At other times, calcium absorption averages 20—
30%.>° This efficiency declines slowly with age. By
age 65, calcium absorption efficiency is typically 50%
below that of adolescent peak absorption. One factor
that may limit calcium absorption is a lack of vitamin
D, resulting from age-related declines in several func-

tions, including ingestion, dermal synthesis,” renal
enzymatic activity,®° and intestinal responsiveness. '’

Dietary factors limiting calcium absorption include
consuming oxalic acid (found in spinach and some
other greens), consuming large amounts of grains that
contain phytates (e.g., wheat bran), and, possibly, con-
suming tannins (found in tea). Evidence indicates that
other dietary components, such as fat, phosphorus,
magnesium, and caffeine, have negligible effects on
calcium absorption at generally applicable intake lev-
els.!! Calcium, on the other hand, has been shown to
lower the rate of iron absorption in single-meal
tests;'*'3 however, in general, the body up-regulates
iron absorption to compensate.'* Nevertheless, it is
generally advised that iron supplements not be taken
with calcium.

The importance of an adequate calcium intake for
skeletal healthis well established. In addition, calcium
is associated with beneficial effects in several nonskel-
etal disorders, primarily hypertension, colorectal
cancer, obesity, and nephrolithiasis, although the ex-
tent of those effects and mechanisms involved have not
been fully explored. Low calcium intake also may be
associated with premenstrual syndrome.'”

Thus, although the best attested role of calcium in
peri- and postmenopausal women is in bone health, it is
clear that adequate calcium intake has implications
that encompass a woman’s overall health. Based on
the available evidence, a strong statement can be
made regarding the importance of ensuring adequate
calcium intake in all women, particularly those in peri-
or postmenopause.

OSTEOPOROSIS

The skeletal disorder osteoporosis is characterized
by compromised bone strength, predisposing bone to
an increased risk of fracture. Bone strength reflects
bone mass, bone density, bone architecture, bone size,
and bone material quality. Bone mass in peri- and post-
menopausal women is determined by peak bone mass
achieved during growth and the amount of bone loss
thereafter. Results of standard noninvasive densitomet-
ric techniques to assess bone status are expressed as
bone mineral content (BMC) or bone mineral density
(BMD). BMC is expressed as grams of mineral and
BMD as grams of mineral per area or volume. Bone
quality reflects a broad range of different features, in-
cluding bone architecture, bone remodeling activity,
and accumulated fatigue damage (e.g., microfractures).

Most cases of osteoporosis occur in postmenopausal
women, and the incidence increases with age. In the
United States, approximately 15% of women aged 50
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or older have osteoporosis, with another 35-50% hav-
ing low bone mass.'®

In the United States, it has been estimated that
more than 40% of women over age 50 will suffer an
osteoporotic fracture;'” the usual fracture sites are the
vertebrae, hip, pelvis, ribs, distal forearm, and other
limb bones. Up to 90% of all hip and spine fractures in
elderly women can be attributed to osteoporosis.'® The
event precipitating a fracture can range from a trau-
matic high-impact fall to normal lifting and bending.
Falls seem to be the most common precipitating event
for all categories of fracture (wrist, spine, and hip).

Bone fractures are associated with significant mor-
bidity and mortality. Women with hip fractures have up
to 20% mortality the first year; 50% of cases will have
some long-term loss of mobility and independence,
with 25% of these women requiring long-term care.'®
Clinical (as opposed to silent) spine compression frac-
tures have a 15-20% excess mortality, in addition to
their effect on quality of life.*®

The primary clinical goal of osteoporosis therapy
is to prevent fracture by slowing or preventing bone
loss, maintaining bone strength, and minimizing or
eliminating factors that may contribute to falls. With
the emergence of parathyroid hormone as a therapeutic
agent, the goal of stimulating new bone formation is
available for some patients. Evidence has clearly estab-
lished the importance of adequate calcium intake in
programs focused on bone. However, because osteopo-
rosis is a complex disorder, maintaining an adequate
calcium intake is just one aspect of @ comprehensive
skeletal health program for the peri= or postmenopausal
woman.

Bone density studies

Scientific evidence confirms that-the decline in cir-
culating levels of 17B-estradiol is the predominant
factor influencing the accelerated bone loss associated
with menopause.®' Bone loss at the spine begins about
1.5 years before the last menstrual period and occurs at
a rate of approximately 3% per year for about 5 years,
amounting to a total BMD loss of approximately 15%.
Bone mass at the hip declines at a rate of about 0.5%
per year before and after menopause, and sustains an
additional loss of approximately 5-7% across the
menopause transition period.**

It is well established that supplemental calcium can
reduce the rate of postmenopausal bone loss, especially
5 or more years after menopause.>> However, calcium
in usual doses does not prevent menopause-associated
bone loss as effectively as estrogen or an antiresorptive
agent.>* Nevertheless, it is clear that calcium potenti-
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ates both the bone-sparing and antifracture efficacy of
antiresorptive agents.?> 2’

Calcium Monotherapy

The use of calcium monotherapy (i.e., without an an-
tiresorptive agent, although combined with vitamin D
in some studies) has been shown to reduce or halt bone
loss in healthy postmenopausal women as well as in
postmenopausal women with substantial bone loss or
previous fracture.”>**>> A review of more than 20
studies found that postmenopausal women receiving
calcium supplementation had bone losses of 0.014%
per year compared with 1.0% per year in untreated
women.'® In longer-term trials, the beneficial effects
of calcium supplementation were sustained for up to
4 years.>> 7

Most evidence indicates that the benefits of calcium
on BMD aredependent on time since menopause, with
a more pronounced effect seen in women 5 or more
years postmenopause.”>2*>%>% In a 3-year trial with
older women (aged =65 years), 500 mg/day sup-
plemental calcium (with vitamin D) was found to
significantly reduce the loss of total body BMD com-
pared with placebo after 1 and 3 years of therapy.*’
Despite calcium’s lower efficacy in peri- and early
postmenopausal women, these populations need to
maintain optimal calcium intake for general health con-
siderations and to prevent additional loss of BMD
above that due to diminished estrogen levels.

Calcium appears to potentiate the effect of exercise
on BMD in postmenopausal women. In a review of 17
trials evaluating the benefits of exercise (e.g., resis-
tance training, low- to high-impact exercises) and
calcium intake on bone,*” adding calcium supplemen-
tation to the exercise groups significantly improved
BMD. The benefits of exercise, however, were ob-
served only in those with daily calcium intakes above
1,000 mg.

Calcium Plus an Antiresorptive Agent

The antiresorptive agent estrogen is prescribed either
alone as estrogen replacement therapy (ERT) or com-
bined with a progestogen as hormone replacement
therapy (HRT). In studies of early (=5 years) post-
menopausal women that compared ERT/HRT without
calcium versus calcium monotherapy*® or compared
ERT/HRT with or without calcium supplementation,*!
calcium alone was not as effective as ERT/HRT alone in
reducing estrogen-withdrawal bone loss. However,
supplemental calcium did improve the efficacy of
ERT/HRT.*®
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A review of trials administering calcium in addition
to the active treatment (either an oral estrogen or nasal
calcitonin) supports those conclusions.® In postmeno-
pausal women receiving estrogen, high calcium intakes
(1,183 mg/day, through both diet and supplements) sig-
nificantly increased BMD at various skeletal sites when
compared with estrogen therapy combined with low
calcium intakes (563 mg/day): 2.1-3.3% versus 0.4—
1.3%, respectively. Similar results were observed in the
trials evaluating the effects of calcium supplementation
with nasal calcitonin. In these studies, lumbar spine
BMD increased 2.1% with calcitonin (200 IU/day) plus
calcium (1,466 mg/day) compared with a decline of
0.2% with calcitonin given without calcium.

Because of the well-established need for adequate
calcium intake, the key trials with either a selective
estrogen-receptor modulator (SERM) or a bisphospho-
nate have not used a true placebo control.**>° Instead,
all participants received calcium. Although it is likely
that calcium potentiates the positive BMD effects of
these agents, as it does for ERT/HRT, this conclusion
can only be surmised.

Bone fracture studies

Reduced BMD is recognized as an important risk
factor for osteoporotic fractures. In observational stud-
ies,”'>* postmenopausal women who had suffered a
hip fracture had significantly reduced BMC.compared
with age-matched controls. Women withdow calcium
absorption also have an increased risk for hip fractures,
especially those with low calcium intakes.>> Calcium’s
established benefits on BMD in controlled trials, com-
bined with the causal relationship between low BMD
and higher fracture rates, led to investigations of cal-
cium in reducing fractures.

Calcium Monotherapy

In the presence of adequate vitamin D, calcium has
been found to reduce the incidence of spine, hip, and
other fractures.?®?%°° In a large (N = 3,270) controlled
trial of healthy, elderly French women (mean age, 84
years) who had low vitamin D levels and low calcium
intakes, women who received supplemental vitamin D
(800 IU/day) and calcium (1,200 mg/day) for 18
months had significantly fewer nonvertebral fractures
(32%) and hip fractures (43%) than placebo recipi-
ents.”® Another well-controlled trial in older postmeno-
pausal women (aged =65 years) found that 500 mg/day
of calcium plus 700 IU/day of vitamin D for 3 years
significantly reduced the relative risk of any first non-
vertebral fracture (RR, 0.4; 95% CI, 0.2-0.8).>° A re-

duction in vertebral fracture rate was also seen in a
study of 93 vitamin D-replete elderly women (mean
age 72.1 years) given calcium supplementation (800
mg/day).?®

In controlled clinical trials of calcium supplementa-
tion without concomitant vitamin D,***” calcium
(mean dose, 1,050 mg/day) reduced fracture rates,
showing risk reductions of 25-70%. In the largest of
these studies (N = 197),%? calcium (1,200 mg/day) sig-
nificantly lowered the spine fracture incidence in
postmenopausal women (aged >60 years) with prior
spine fracture and low calcium intakes, but not in
women without a history of fracture. Among those with
a fracture on entry, women not receiving calcium
supplements were 2.8 times more likely to suffer an-
other fracture.

Calcium Plusan Antiresorptive Agent

In trials demonstrating the efficacy of antiresorptive
agents in fracture prevention, all study participants re-
ceived calcium plus adequate vitamin D.>”"°> How-
ever, because the trials were not placebo-controlled for
calcium, it .can only be inferred that combination
therapy with an antiresorptive agent and calcium is
more effective at reducing fractures than calcium
monotherapy. On the other hand, it cannot be assumed
that antiresorptive agents would lower fracture rates in
women with low calcium intake.

The efficacy of the SERM raloxifene in lowering the
risk for vertebral fractures was established in the Mul-
tiple Outcomes of Raloxifene Evaluation (MORE)
trial,”” a double-blind, placebo-controlled study of
7,705 postmenopausal women with osteoporosis. The
bisphosphonates alendronate and risedronate have
each been shown to reduce the risk of vertebral and hip
fractures in women with low bone density,’® !
although their effects on fractures were dependent on
the prevalent fracture status of women at entry into
trial. Intranasal calcitonin also has been found to reduce
vertebral fractures.®”

Conclusions

Calcium, alone or with vitamin D, is not as effective
in reducing menopause-related bone loss as are ERT/
HRT, SERMs, or bisphosphonates. Calcium plus vita-
min D can reduce the risk of fracture, particularly in the
elderly, but it is no substitute for an antiresorptive agent
in early postmenopausal women. However, calcium
and vitamin D are both essential components of osteo-
porosis therapy with all antiresorptive agents.
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COLORECTAL CANCER

The third most common malignancy in US women is
colorectal cancer, and the risk increases with age. The
incidence is six times higher in women aged 65 years
and older compared with women aged 40-64 years.*

Low calcium intake is one of the risk factors associ-
ated with an increased incidence of colorectal cancer.
A recent review of epidemiological studies concluded
that high calcium intake appeared to decrease prolifera-
tion of colorectal epithelial cells (shown to promote
tumor formation in animal studies) and lower the risk
for colorectal adenoma.®* However, clinical trial data
are not fully consistent.

The association between high calcium intake and de-
creased proliferation of colorectal epithelial cells has
been observed in several trials.®>’° Calcium (up to
1,200 mg/day from either diet or supplementation)
reduced colorectal cancer turnover in high-intake
groups.®>®7 The largest trial (N = 193) found that
calcium supplementation (1,000 or 2,000 mg/day) nor-
malized the distribution of proliferating cells in the
colorectal mucosa without affecting the proliferation
rate.®® However, two randomized trials using 1,200 mg
of calcium daily did not find reduced epithelial cell
proliferation.®®-7°

In studies of calcium and colorectal adenoma devel-
opment, most findings support an inverse association
between high calcium intake and cancer risk, although
statistical significance has been reached in only a few
studies.®* In the largest controlled study (N = 930 men
and women with a recent history.of colorectal adeno-
mas), 1,200 mg/day of calcium significantly reduced
the risk of recurrent colorectal adenomas (RR, 0.85;
95% CI, 0.74-0.98).”" A’similar positive effect (al-
though not statistically‘significant)-has been observed
in other prospective trials.”*”* A prospective cohort
study of nearly 90,000 women free of colorectal cancer
at study entry also found an association (again not sta-
tistically significant) between calcium intake and
lowered risk of colorectal cancer.””

Considerable research in experimental animals has
clearly established the protective role of calcium in co-
lon carcinogenesis.”® Although the human studies have
not all been positive, their findings are consistent with
these animal data.

The controlled trials of calcium supplementation and
colon cancer in humans have typically used calcium
carbonate as the calcium source, based on the assump-
tion that one calcium source is much the same as
another. However, calcium phosphate has been shown
to bind bile acids more efficiently than calcium carbon-
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ate and has worked better in the animal models than has
the carbonate salt. Furthermore, high milk diets (in
which the calcium source is effectively calcium phos-
phate) yield a colonic residue less irritating to mucosal
cells than do diets in which supplements of the carbon-
ate salt are used.”” More research is needed to clarify
the difference, if any, between various calcium salts
and their role in colorectal cancer prevention.

Conclusions

Based on the generally consistent animal and human
data, a case can be made that high calcium intake
provides some chemoprotective properties against co-
lorectal cancer. The data, however, are not sufficient to
support a general recommendation that women take
calcium solely to prevent colorectal cancer. However,
since women should consume at least a minimum
amount of calcium required for skeletal health, they
may receive an added colorectal cancer benefit.

HYPERTENSION

The incidence of hypertension becomes more com-
mon with aging..Postmenopausal women are at great
risk, with more than 50% of US women affected be-
yond age 55.7%

Considerable epidemiologic and clinical trial data
exist on the relationship between calcium intake and
blood pressure. Although data from observational
studies are equivocal, most controlled clinical trials
have found that calcium has a beneficial effect on
hypertension.

Analyses of pooled data from calcium intervention
trials in hypertensive women’® ®* have concluded that
supplemental calcium intake significantly lowers
blood pressure (systolic: —0.15 mm Hg/100 mg per
day of calcium; diastolic: —0.051 mm Hg/100 mg per
day of calcium).®® Because of the heterogeneity of
hypertension, calcium intake did not have an effect on
all active-treatment cohorts, although some subsets did
show efficacy.

In both hypertensive and normotensive women and
men, trials have found that high calcium intake from
supplements produced small (2—5 mm Hg), but statis-
tically significant, decreases in blood pressure. Dietary
sources for calcium have produced similar effects. In a
study of the DASH (Dietary Approaches to Stop
Hypertension) diet,** which used fruits and vegetables
and low-fat dairy products as the primary source of
calcium, diastolic and systolic blood pressure declines
of 3.0 and 5.5 mm Hg, respectively, were observed.

For white women, the calcium requirement for bone
probably provides optimal protection against hyperten-
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sion as well. It may be the opposite for black women,
who utilize dietary calcium more efficiently, and
thereby have denser bones with the same or lower
calcium intake.®* However, their calcium intake re-
quirement is at least as high as for white women.®* This
is because hypertension may be the principal expres-
sion of inadequate calcium intake in blacks. For blacks,
it may be more appropriate to peg calcium require-
ments to a cardiovascular, rather than a skeletal,
endpoint.

Conclusions

Trials have demonstrated that calcium intake is
associated with a beneficial effect on hypertension.
However, the data are not sufficient to support a gen-
eral recommendation that women take calcium solely
to prevent or treat hypertension. Women may experi-
ence an added hypertension benefit from consuming
the minimum amount of calcium required for skeletal
health.

NEPHROLITHIASIS

Another condition, nephrolithiasis, is relatively
common among both women and men. Although some
concern has been expressed that high intake of calcium
may increase the risk of developing renal calculi, sev-
eral lines of evidence suggest that increasing calcium
consumption up to or beyond 1,500 mg/day, as desired
for osteoporosis therapy, actually reduces the risk.

The most convincing evidence of thisinverse asso-
ciation comes from the standard use of calcium
carbonate to treat the syndrome of intestinal hyperoxa-
losis and also from the Nurses’ Health Study. In the
Nurses’ Health Study (N =91,731 women),* those
with dietary calcium intakes above 1,000 mg/day had a
lower risk of developing an initial renal calculus than
did women with lower calcium intakes (RR, 0.65; 95%
CI, 0.50-0.83). However, women consuming less than
500 mg/day of calcium from a supplement had an in-
creased risk compared with women taking less than 100
mg/day (RR, 1.20; 95% CI, 1.02—-1.41). The authors
suggested that the higher risk with supplements may
have been related to the timing of calcium intake in re-
lation to meals or to the oxalate content of those meals.
In 67% of women, the supplements either were not con-
sumed with a meal or the meal had a low oxalate
content. More likely, this was a chance occurrence,
since supplements ingested at more than 500 mg/day
exhibited no increased risk.

Conclusions

Calcium intakes of up to 1,500 mg/day do not appear
to increase the risk of developing renal calculi and
probably reduce the risk appreciably. For peri- and
postmenopausal women at high risk for developing
renal calculi, foods may be the best sources of calcium.
If calcium supplementation is needed, each dose should
be taken with a large glass of water.

OBESITY

In women, the incidence of obesity (i.e., body mass
index =30.0) increases until age 60, then decreases.
According to NHANES III data, approximately 52% of
women 50-59 years of age are either overweight or
obese, a percentage that drops to about 41% in women
60—74 years old.®

A potential link between an increased risk of obesity
and low calcium intake has only recently become ap-
parent. An analysis of observational data has suggested
an association based on findings that children and ado-
lescents with‘high milk intakes weighed less and had
less body fat than those with low milk intakes.®” This
conclusion was supported by an analysis of the
NHANES Ill-database that found a highly significant
stepwise, inverse correlation between dietary calcium
intake and the risk of obesity.*® In a reanalysis of three
calcium intake trials,® investigators found a similar
inverse relationship between BMI and calcium intake
in two studies of perimenopausal women as well as sig-
nificant weight loss in a controlled trial of calcium
supplementation in older women.

One plausible mechanism to explain the clinical and
epidemiological observations is that low calcium
intake, which increases parathyroid hormone and 1,25-
dihydroxyvitamin D levels, stimulates the adipose cell
metabolism to switch from lipolysis to lipogenesis,
which in turn increases fat storage.

Conclusions

Although limited data suggest a statistically strong,
inverse correlation between the risk of obesity and
dietary calcium intake, available studies indicate that
calcium intake explains only a small portion of the vari-
ability in body weight in postmenopausal women.
Nevertheless, as for the other nonskeletal disorders
addressed in this consensus opinion, ensuring an ad-
equate calcium intake for skeletal purposes may confer
small weight-control benefits as well.

OPTIMAL INTAKES

The primary factor influencing the amount of cal-
cium absorbed is the amount of calcium ingested. Thus,
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TABLE 1. Recommended daily elemental calcium intakes in
peri- and postmenopausal women

National Academy of Sciences

Age 31-50 1,000 mg
Age 51 and older 1,200 mg
National Institutes of Health

Premenopausal women aged 25-50 1,000 mg
Postmenopausal women younger than age 65 using ERT 1,000 mg
Postmenopausal women not using ERT 1,500 mg
All women older than age 65 1,500 mg

Adapted from NIH?' and the Standing Committee on Dietary Reference
Intakes.'!

attention should be focused on achieving optimal
intakes of calcium, as well as vitamin D.

Calcium

The body’s calcium requirements for optimal skel-
etal health vary by age, peaking during adolescence and
then declining somewhat during early and middle
adulthood. Calcium requirements rise again after mid-
life, particularly in postmenopausal women, owing in
large part to estrogen-related shifts in intestinal calcium
absorption and renal conservation.

Most experts support the published recommenda-
tions for daily calcium consumption from either the
National Institutes of Health (revised in 1994)*' or the
National Academy of Sciences (revised in 1997).""
Recommendations related to peri- and postmenopausal
women are presented in Table 1.

The recommended calcium intakes are based on the
total calcium content of various foods. To achieve
maximum calcium absorption, food selection deci-
sions should reflect the food’s calcium bioavailability
and the presence in the meal of other foods that may
inhibit calcium absorption: Calcium requirements
should optimally be met-by food sources, with a cal-
cium supplement added, if needed.*'

The side effect profile from recommended levels
of calcium intake is insignificant. No calcium inter-
vention trials have reported any serious side effect
associated with these levels.

The use of higher calcium intakes produces no cur-
rently recognized health benefits to women, and side
effects can occur. Intakes greater than 2,500 mg/day
(the upper limit for healthy adults set by the National
Academy of Sciences) can increase the risk for hyper-
calcemia, which, in extreme cases, can lead to kidney
failure.

Calcium supplements should be considered contra-
indicated in women with a renal calculus until the
specific cause has been determined and the woman re-
assessed. It is not necessary to measure urine calcium
excretion before increasing calcium intake to recom-
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mended levels in women who have not had a renal
calculus. In general, women with a renal calculus
should have their urine calcium excretion measured.

Vitamin D

The nutrient vitamin D is essential for the intestinal
absorption of calcium. Ensuring sufficient vitamin D
intake is fundamental to all prevention and treatment
programs for postmenopausal osteoporosis.

The current recommended dietary intake for vitamin
D is 400 IU/day for women aged 51-70 years and 600
IU/day for women older than age 70.'' The National
Osteoporosis Foundation recommends intakes of up to
800 IU/day for women at risk of deficiency because of
inadequate sunlight exposure, such as elderly, chroni-
cally ill, housebound, institutionalized women, or those
who live in northern latitudes.” The safe upper limit of
vitamin D is2,000 IU/day."' Higher doses may intro-
duce risks such as hypercalciuria and hypercalcemia,
and should be avoided.

Sources of vitamin D include sunlight, vitamin D-
fortified dairy products, fatty fish, cod liver oil, and
supplements. Daily requirements can usually be met
with a multivitamin supplement (typically containing
400 TU vitamin D) plus moderate sun exposure. Many
elderly women (>65 years) who have little or no sun
exposure and rely on multivitamins alone for vitamin D
intake may have suboptimal vitamin D levels.”" Cur-
rently, there is no worldwide consensus on criteria for
acceptable serum 25-hydroxyvitamin D [25(OH)D]
values, but if minimization of parathyroid hormone
concentration is used, as some suggest, the lower end of
the normal 25(OH)D concentration would be in the
range of 28-32 ng/mL (70-80 nmol/L). Taking vitamin
D at the same time as a calcium supplement is not nec-
essary, although it can be a convenient way to obtain
adequate levels of both nutrients.

Magnesium

Another nutrient, magnesium, is sometimes men-
tioned as a necessary supplement for the protection of
bone health and/or for absorption of calcium. Although
magnesium is a necessary nutrient for the metabolic
activity of all cells, in most trials focused on BMD
or osteoporotic fracture, benefits of calcium were
observed without magnesium supplementation. More-
over, a study with calcium absorption as the endpoint
found that 789—826 mg/day of magnesium, more than
double the daily average magnesium intake (280 mg)
for postmenopausal women, had no effect on calcium
absorption.”?
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Two studies”>** that did report an increase in BMD

in postmenopausal women who received magnesium-
containing supplements were small and not well
controlled, and they do not present persuasive evidence
of a beneficial magnesium effect. However, in frail el-
derly women and women with gastrointestinal disease,
magnesium supplements may be needed.’>-*¢

Conclusions

Estimates of adequate intakes of calcium, vitamin D,
and magnesium for peri- and postmenopausal women
are based on evidence relating to osteoporosis preven-
tion. At least 1,200 mg/day of calcium is required for
most women; levels greater than 2,500 mg/day are not
helpful. A daily intake of 400—600 IU of vitamin D is
recommended, either through sun exposure or through
dietary intake or a supplement. The current evidence
does not support magnesium supplementation for most
peri- and postmenopausal women who ingest a bal-
anced diet.

ASSESSMENT OF CALCIUM DEFICIENCY

No single laboratory test can accurately detect cal-
cium deficiency. Tests for serum calcium and urine
calcium, as well as those for BMD, have been used;
however, each has important limits in clinical utility.
Serum calcium levels are maintained within normal
ranges even in the face of dietary calcium deficiency.
The use of urine calcium is limited by its large range of
normal values. Bone density is influenced by many fac-
tors other than diet; thus, its measurement cannot be
considered a specific test of calcium deficiency.

In the absence of specific laboratory tests for calcium
deficiency, an assessment of dietary calcium intake of-
fers a quick and inexpensive option. However, such an
assessment relies on the woman’s subjective recollec-
tions of her food intake and serving sizes, which are
often inaccurate. Moreover, inadequate dietary intake
is only one aspect of calcium insufficiency. Others in-
clude inefficient absorption and excessive obligatory
loss, neither of which is readily measurable in clinical
practice.

In general, postmenopausal women in the United
States and Canada have calcium intakes that are low,
with median intakes of approximately 600 mg/day.**°”
Specific populations of postmenopausal women at ex-
tra risk for inadequate calcium intake include women
who are lactose intolerant, follow a vegetarian diet, or
have poor eating habits.

Conclusions

Since no accurate test to determine calcium deficiency
exists, clinicians should focus instead on ensuring that
a woman consumes enough calcium to meet the recom-
mended levels through diet and, when necessary,
supplementation.

CALCIUM SOURCES

There are three categories of calcium sources: foods,
calcium-fortified foods, and supplements.

Foods and fortified foods

Dietary sources are the preferred means of obtaining
adequate calcium intake because there are other essen-
tial nutrients found in high-calcium foods. For most
US residents, dairy products (e.g., milk, cheese, yogurt,
ice cream) are the major contributors of dietary
calcium, providing approximately 70% of the total
calcium<intake of postmenopausal women aged 60
years-and older.’® Dairy products have a high calcium
content, high calcium bioavailability, and relatively
low cost. Reduced-fat or low-fat products contain at
least as much’calcium per serving as high-fat dairy
products, and they offer an alternative to the higher-fat
products for those concerned about weight and lipid
profiles.

Nondairy food sources of calcium include leafy
green vegetables, a few types of nuts (e.g., almonds),
and dried beans; however, the content is less concen-
trated than in dairy products, and the calcium in some
foods (e.g., spinach) is not well absorbed. Other foods
containing high levels of calcium include canned
salmon and sardines (both eaten with bones).

Many calcium-fortified foods are available, includ-
ing orange and fruit juices, cereals, bread, nutrition
bars, and selected soy products (see Table 2). Although
some of these foods have been shown to exhibit good
bioavailability for their added calcium, most have not
been tested.

An estimated 25% of the US population and 70%
of the world’s population exhibit some degree of
lactase nonpersistence (i.e., inability to metabolize
lactose in dairy products),”®'°° which in some in-
dividuals may produce diarrhea, bloating, and
gas when dairy products are consumed (i.e., lac-
tose intolerance). Lactase nonpersistence is more
common among people of Asian, African, and
South American descent. Other gastrointesti-
nal problems (e.g., celiac disease, irritable bowel
syndrome, Crohn’s disease, gastrointestinal infec-
tion), or their treatment with intestinal antibiotics,
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TABLE 2. Calcium content of foods

Approximate
Serving calcium per
Food size serving (mg)
Milk
Whole or skim lcup (80z) 290-315
Chocolate, whole, low fat 1 cup 280-285
Powdered nonfat milk 1 tsp 50
Ice cream, soft, hardened 1/2 cup 90-100
Cheese
American 1oz 175
Cheddar 1oz 200
Cottage 1/2 cup 70
Cream 2 tbsp 2040
Mozzarella, part skim 1oz 210
Parmesan 1 tbsp 70
Ricotta, part skim 40z 335
Yogurt”
Whole milk, plain 1 cup 295
Low fat, plain, fruit 1 cup 340450
Frozen, flavored 1 cup 160-240
Fish, shellfish
Sardines in oil (with bones) 3oz 370
Salmon 3oz 170-210
Vegetables, nuts
Almonds, dry roasted 1/4 cup 100
Beans, kidney 1 cup 50
Beans, baked, canned 1 cup 130
Beans, refried, canned 1 cup 190
Bok choy, raw 1 cup 160-250
Broccoli, fresh, cooked 1 cup 120-180
Cabbage, fresh, cooked 1 cup 50
Collards, fresh, cooked 1 cup 300-350
Figs, dried 10 figs 270
Soybeans, cooked 1 cup 175
Soybean curd (tofu)® 40z 30-155
Turnip greens 1 cup 200
Fortified foods®
Calcium-fortified milk 1 cup 500
Calcium-fortified soy milk product 1 cup 80-300
Cereal with added calcium
(without milk) 1 cup 100-1,000
Fruit juice with added calcium 1 cup 225-300
Breakfast bars 1 bar 200-500

“Yogurt varies in serving size, fat, and calecium content. Check labels for
calcium content and calories.

®The calcium content of tofu processed with calcium salts can be as
much as 300 mg/4 oz. The label should provide specific information.
¢Unfortified breads and cereals are relatively low sources of calcium but
still contribute substantially to calcium intake because these foods con-
stitute a large part of the diet.

can cause lactose intolerance, either temporary or
permanent.'®’

Many women with lactase nonpersistence can toler-
ate milk normally if they never stop drinking it in youth
or if they increase intakes gradually, thereby condition-
ing their intestinal flora to produce lactase.'®® Those
few who remain intolerant may substitute yogurt and
lactase-treated milk. True milk intolerance or allergy is
rare. Calcium supplements should be considered if
dietary preferences or lactase deficiency restrict con-
sumption of dairy foods.
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Supplements

Calcium supplements offer a convenient alterna-
tive to women unable to consume enough calcium
from diet alone. Wide selections of supplements are
available, varying in size, type of preparation (e.g., tab-
let, chewable tablet, dissolvable tablet, liquid), and
price. They also vary in elemental calcium content and
absorbability.

The two most common calcium supplements consist
of calcium carbonate or calcium citrate.

Calcium carbonate contains the highest percentage
of elemental calcium (40%). Calcium carbonate prod-
ucts are typically less expensive than most other types
of calcium supplements and are the most widely used
calcium supplement. Calcium citrate (tetrahydrated
form) contains 21% elemental calcium. Calcium car-
bonate and calcium citrate are equally well absorbed if
taken with meals, the normal way of assimilating any
nutrient.'%

Other calcium produets on the market include the
following:

e  Effervescent calcium supplements, typically
calcium carbonate and citric acid. These are com-
bined with materials that facilitate dissolving in
water or orange juice to aid swallowing and im-
prove absorption.

e Calcium citrate malate, which usually costs more
than calcium carbonate.

e Supplements containing calcium that is chelated to
an amino acid (e.g., bisglycinocalcium); these ex-
hibit superior absorbability, although also at a
higher cost.

e Bone meal, dolomite, or oyster shell supplements.
In the past, some of these have contained toxic
contaminants, especially lead;'®* however, a more
recent analysis of the most commonly used brands
did not reveal toxic levels of contaminants.'®*

The total calcium dose in a supplement is based on
the amount of elemental calcium it contains. For ex-
ample, 1,250 mg of calcium carbonate (which contains
40% elemental calcium) provides 500 mg of elemental
calcium. Most products list the available elemental cal-
cium. Recommended calcium levels (either reference
values or dietary recommended intakes) refer to el-
emental calcium.

To maximize absorption, calcium supplements
should be taken in doses of 500 mg or less throughout
the day, and usually with meals. Consumption of cal-
cium supplements with meals can also minimize the
potential for rare gastrointestinal side effects.
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Conclusion

Foods should be the primary source of calcium
intake. Dairy products are among the best sources of
calcium based on their high elemental calcium content,
high absorption rate, and low cost relative to total
nutritional value. Supplements and fortified foods are
an alternative source for women not able to consume
enough dietary calcium. Although achieving adequate
calcium intake is the primary goal, a level of caution
may be needed to avoid consuming more than 2,500
mg/day, owing to the abundance of supplemental cal-
cium sources.

RESEARCH NEEDS

While much is known about the role of calcium in
peri- and postmenopausal women, additional research
is needed to further the understanding of this important
nutrient. Some suggested areas for research include the
following:

e Determine the optimal calcium intake during vari-
ous stages of peri- and postmenopause.

e Determine the optimal calcium requirements in
different ethnic populations, and the appropriate
functional indicator for each. To date, bone status
has been used for all ethnic groups as the functional
indicator of calcium deficiency; however, for
blacks, blood pressure may be the more appropriate
indicator.

e Measure the long-term effects of calcium intake on
bone remodeling.

e Examine the dose-response relationships between
varying calcium intakes combined with antiresorp-
tive agents regarding efficacy on bone loss and/or
fractures.

¢ Evaluate the long-term effects of increased calcium
intake on the incidence of colorectal cancer.

e Further define the role of calcium in the prevention
of obesity and hypertension.
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