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Calcium and

Related Nutrients:
Overview and Methods

OVERVIEW

This report focuses on five nutrients—calcium, phosphorus, mag-
nesium, vitamin D, and fluoride, all of which play a key role in the
development and maintenance of bone and other calcified tissues.
Indeed, 99 percent of body calcium, 85 percent of body phospho-
rus, 50 to 60 percent of body magnesium, and 99 percent of body
fluoride are found in bone or other calcified tissues.  Vitamin D
functions as the substrate for the synthesis of 1,25-dihydroxyvitamin
D, which is the active hormone necessary for the regulation of calci-
um and phosphorus homeostasis.

Although the development and preservation of bone mass are key
elements in the estimation of the needs for these five nutrients for
the population of the United States and Canada, the evidence con-
sidered includes other biological roles for these nutrients and their
possible relevance to human health and to decreasing risk of dis-
ease.  For the most part, however, it is the functioning of these
nutrients in bone and teeth that provided the most convincing cri-
teria on which to base the new Dietary Reference Intakes (DRIs).

Other nutrients may be of biological significance to the develop-
ment and maintenance of bone.  These include the microminerals
copper, zinc, manganese, and boron and the vitamins C and K.
With the exception of boron, all these nutrients have been identi-
fied as required cofactors for enzymes that act in the synthesis or
post-translational modification of constituents of bone matrix.  Vita-
min C is essential for collagen cross-linking, and vitamin K is essen-
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tial for the gamma carboxylation of three bone matrix proteins (for
example, osteocalcin, which facilitates calcium binding to hydroxya-
patite).  With the exception of boron, deficiencies of these nutri-
ents in growing animals have been associated with bone lesions
(Heaney, 1997).  In humans, the primary biological function of
these nutrients does not appear to be bone metabolism and mainte-
nance of skeletal integrity.  Bone fragility in humans related to defi-
ciencies of these trace elements and vitamins has not been well
described.  Thus, these trace elements and vitamins will be covered
in subsequent DRI reports that deal with their major functions.

The roles of boron in human health, in general, and in bone
metabolism, in particular, are uncertain.  Studies in animals suggest
that boron contributes to the composition and strength characteris-
tics of bone (Hunt and Nielsen, 1981).  Boron may have an interac-
tive role with vitamin D because it affects steroid hormone metabo-
lism in humans (Nielsen, 1990; Nielsen et al., 1987).  In studies in
postmenopausal women, boron depletion was not consistently
found to alter calcium and vitamin D homeostasis (Nielsen et al.,
1987; Peace and Beattie, 1991).  Epidemiological evidence of a rela-
tionship between dietary boron status and osteoporosis is not avail-
able.  Thus, it was deemed premature to consider boron as a nutri-
ent functionally related to bone health, and boron was not included
in this report.

METHODOLOGICAL CONSIDERATIONS

The scientific data for developing the DRIs have come primarily
from clinical, dose-response, balance, depletion-repletion, observa-
tional, and case-control studies.  In general, only studies published
in peer-reviewed journals have been utilized.  However, studies pub-
lished in other scientific journals or readily available reports were
considered if they appeared to provide important information on
health effects not documented elsewhere.  In some cases they were
used to estimate intakes.  If applicable, original scientific studies
were used for the critical determinants of endpoints for deriving
the Estimated Average Requirement (EAR), Adequate Intake (AI),
and Tolerable Upper Intake Level (UL) for each nutrient at each
stage of the lifespan.

Based on a thorough review of the scientific literature, the possi-
ble criterion or outcomes of nutrient adequacy were identified for
each nutrient and life stage or gender group.  The choice of the
indicator to utilize in determining the EAR or AI was based on
scientific judgment.  The strengths and weaknesses of each study
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considered in developing the EAR or AI were assessed.  Chapters 4
through 8 describe the rationale for the inclusion or exclusion of
evidence.  Among the factors considered were the methods used to
determine intake from food and supplements; methods used for
measuring the indicator of adequacy; relationships among the indi-
cator, dietary intake, and functional or physiologic outcome; any
allowances for adaptation to changes in intake; and other aspects of
the study design.

When applicable, the strength, consistency, and preponderance
of the data and the degree of concordance among epidemiological,
clinical, and laboratory evidence determined the strengths of the
indicators that were used as the basis for EARs and AIs in each stage
of the lifespan.  As was adopted by the Surgeon General’s Report on
Nutrition and Health (DHHS, 1988) and the Food and Nutrition
Board’s Diet and Health (NRC, 1989b), the assessment of the strength
of the data supporting a nutrient’s role in decreasing risk of chron-
ic debilitating disease or developmental abnormalities was based on
the following criteria (Hill, 1971):

• strength of association, usually expressed as relative risk;
• dose-response relationship;
• temporally correct association, with exposure preceding the

onset of disease;
• consistency of association;
• specificity of association; and
• biological plausibility.

The greatest weight was given to studies, if available, that were
directly related to a determination of nutrient needs and that used
an appropriate experimental design and outcome measure.  Less
weight was given to studies in which observed levels of nutrient
intake were related to a specific criterion or criteria of nutriture.
Neither average dietary intake data nor indicator of adequacy data
alone provided a sufficient basis for deriving an EAR, although this
approach, of necessity, was applied to the development of AIs for
infants and for fluoride.  If necessary, a factorial model could be
used as a basis for estimating the physiological requirement, which
could then be used to estimate the dietary requirement for a nutri-
ent.  This process was used to estimate the phosphorus require-
ments for some life stage groups.

In developing estimates of average requirements for minerals such
as calcium, phosphorus, and magnesium, the available literature
until the late 1980s consisted primarily of balance studies in which
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normal subjects with somewhat similar age, body size, and gender
characteristics were tested while consuming different dietary in-
takes.  A key concern in such studies was the significant body store
represented by the skeletal tissues for these nutrients and the fact
that the balance method could easily fail to detect, due to systemat-
ic bias or error, small changes in mineral status.  In addition, bal-
ance studies tend to err toward a positive balance since intake is
usually overestimated and excretion is underestimated.  With the
advent of readily available noninvasive and fairly inexpensive meth-
ods to detect changes in bone mineral content and bone mineral
density, additional information relative to small changes became
available to augment information from balance studies.

In general, in order to account for possible errors introduced
through the use of available balance data, criteria and methods for
compiling balance data that could be used to develop DRIs for cal-
cium and magnesium included the following:

• Preferential use was made of studies on self-selected calcium
intakes in order to avoid the bone remodeling transient as described
in Chapter 4.

• For every situation, data from more than one reported investi-
gation of calcium balance were considered.

• Only balance studies whose dietary periods were thought to be
long enough to assure a reasonable degree of adaptation to the diet
via urinary and fecal losses were used.

• In some instances (as for children ages 9 through 13 years),
comparable data from individual investigations were combined to
create a larger sample size in order to facilitate use of a statistical
model which describes the relationship between calcium intake and
retention over a range of intakes.  Using the equation derived from
this model (see Appendix E), a prediction of calcium intake re-
quired to attain a desirable calcium retention could be obtained.

• When investigators did not measure or estimate miscellaneous
losses of calcium in balance studies, an adjustment for this was made
in predicting the desirable calcium retention.  When rate of expect-
ed growth or change in tissue mass was not accounted for in indi-
vidual studies (particularly related to magnesium in children), ad-
justments for growth were made to the available balance data.
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NUTRIENT INTAKE ESTIMATES

Methodological Considerations

When examining data on an individual’s requirement for any nu-
trient, it is essential to consider the quality of the intake data.  The
most valid intake data are those collected from the metabolic study
protocols in which all food is provided by the researchers, amounts
consumed are accurately measured, and the nutrient composition
of the food is determined by laboratory analyses.  Such protocols
can be used for balance studies with a small number of subjects, but
they are seldom possible for larger studies.  Thus, intake data are
often self-reported (for example, 24-hour recalls of food intake,
diet records, or food frequency questionnaires), which have inher-
ent limitations.  Potential sources of error in self-reported intake
data include over- or under-reporting of portion sizes, omission of
foods, and inaccuracies in tables of food composition.  These and
other sources of dietary intake errors have been discussed in several
reviews (Kohlmeier et al., 1997; LSRO/FASEB, 1986; Thompson
and Byers, 1994; Willett, 1990) and at two recent conferences on
dietary assessment methods (Buzzard and Willett, 1994; Willett and
Sampson, 1997).  The general conclusion is that self-reported di-
etary data are subject to a number of inaccuracies and biases.  There-
fore, the values reported by nationwide surveys or studies that rely
on self reporting may be somewhat inaccurate and possibly biased.

Because of day-to-day variation in dietary intakes, the distribution
of 1-day (or 2-day) intakes for a group is wider than the distribution
of usual intakes, even though the mean of the intakes may be the
same.  Statistical adjustments have been developed (NRC, 1986;
Nusser et al., 1996) that require at least 2 days of dietary data from a
representative subsample of the population of interest.  These ad-
justments have been made to the U.S. population intake data from
the 1994 U.S. Department of Agriculture (USDA) Continuing Sur-
vey of Food Intake of Individuals (CSFII) (Cleveland et al., 1996),
which are used in this report to more accurately estimate intakes of
specific life stage and gender groups.  However, this method does
not adjust for the underreporting of intake, which may be as much
as 20 percent (Mertz et al., 1991).

Finally, food composition databases that are used to calculate nu-
trient intake from self-reported and observed intake data introduce
errors due to random variability, genetic variation in content, and
use of poor analytical methods.  In general, when estimating nutri-
ent intakes for groups, the effect of errors in the composition data
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is probably considerably smaller than the effect of errors in the self-
reported intake data (NRC, 1986).

DIETARY INTAKES IN THE UNITED STATES AND CANADA

Sources of Dietary Intake Data

The major sources of intake data for the U.S. population are the
national surveys conducted by the U.S. Department of Health and
Human Services (USDHHS) and by the USDA.  Partial results of
two surveys from phase I (1988–1991) of the Third National Health
and Nutrition Examination Survey (NHANES III), which was con-
ducted from 1988 to 1994 by USDHHS (Alaimo et al., 1994), and
the first two years of the 1994 to 1996 CSFII, which was conducted
by USDA (Cleveland et al., 1996) have been released recently.
NHANES III examined 30,000 subjects aged 2 months and older.  A
single 24-hour diet recall was collected for all subjects, and a second
recall was collected for a 5 percent subsample.  The 1994 to 1996
CSFII collected two nonconsecutive 24-hour recalls from approxi-
mately 16,000 subjects of all ages.  Both surveys used a food compo-
sition database developed by USDA to calculate nutrient intakes
(Perloff et al., 1990).

National survey data for Canada are not currently available, al-
though data have been collected from two provinces and should be
available shortly.  The data regarding nutrient intakes for individu-
als in the United States may be applicable to Canada, but until
comparable databases are available, the degree of similarity of in-
takes is unknown.

When comparisons are made in this report between intake and
DRIs (AIs, EARs, RDAs, and ULs), only intakes from the recent
CSFII survey that have been adjusted for day-to-day variation in in-
take are presented.  In many cases, values available from the
NHANES III survey are similar, which is noted.  Values reported by
CSFII are for intake from food only.

Table 2-1 gives the fifth, median, and ninety-fifth percentiles of
intakes of calcium, phosphorus, and magnesium by age in the Unit-
ed States from the first phase of the CSFII survey, as adjusted by the
method of Nusser et al. (1996).  Because food composition data are
not readily available for vitamin D, neither of the U.S. national
surveys has attempted to estimate intakes for this nutrient.  An anal-
ysis using NHANES II data (collected from 1976 to 1980) has esti-
mated median 1-day vitamin D intakes by young women at 2.9 µg
(114 IU)/day from food (maximum of 49 µg [1,960 IU]/day) (Mur-
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phy and Calloway, 1986).  A smaller study of older women estimat-
ed median food intakes of vitamin D at 2.3 µg (90 IU)/day, with a
maximum of 12.5 µg (500 IU)/day (Krall et al., 1989).  No esti-
mates of the extent to which exposure to sunlight met part of the
individual’s requirements for vitamin D are available in these stud-
ies.  Intakes of fluoride from foods are difficult to estimate due to
wide variations in the fluoride content of local water supplies and
inadvertent consumption of fluoride through dental products.  As a
result, none of the U.S. national surveys has attempted to estimate
fluoride intake.  Some data are available from relatively small sam-
ples of individuals, and these are provided in Chapter 8 which dis-
cusses fluoride.

Estimates of intakes for some of these nutrients can be made from
per-capita food availability (disappearance data).  For the United
States, the most recent disappearance data (USDA, 1997) show 900
mg (22.5 mmol) of calcium per person, 1,420 mg (45.8 mmol) of
phosphorus per person (which excludes the phosphorus used as a
food additive in processed foods and beverages such as in soft
drinks), and 320 mg (13.3 mmol) of magnesium per person.  These
daily average figures are lower than those shown in Table 2-1 for
adults because intakes of all age groups are combined.  In addition,
they overestimate actual intakes of the population because spoilage,
trimming, and plate waste are not subtracted from the per-capita
estimates.  However, the general magnitude of the intake estimates
is confirmed by this alternative source of food consumption data.

Finally, drinking water may be an important source of some min-
erals other than fluoride.  Although accounted for in most balance
studies conducted in modern metabolic units, the contribution of
calcium, magnesium, and phosphorus from water to the total esti-
mated intake of subjects is frequently not included or estimated.

Sources of Supplement Intake Data

Although NHANES and CSFII ask subjects about the use of di-
etary supplements, neither collects quantified information on in-
takes from supplements.  In 1986, the National Health Interview
Survey (NHIS) queried 11,558 adults and 1,877 children on their
intake of supplements during the previous 2 weeks (Moss et al.,
1989).  The composition of the supplement was obtained directly
from the product label whenever possible.  These data indicated
that almost 25 percent of adults took a vitamin D supplement dur-
ing the previous 2 weeks, 20 percent took a calcium supplement,
and 15 percent took a magnesium supplement.  Use of phosphorus
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TABLE 2-2 Percentage Use of Supplements in the United
States by Children and Adults: Calcium, Phosphorus,
Magnesium, Vitamin D, and Fluoride

Percentage Who Intake (mg/day) of Nutrient
Reported Use in Supplements by Those Reporting Use
Previous 2 Weeks in Previous 2 Weeks (Percentiles)

Nutrient Median 50th 95th 99th

Children
Calcium (mg) 7.5 88 160 304
Phosphorus (mg) 6.2 48 128 200
Magnesium (mg) 7.9 23 70 117
Vitamin D (µg) 38.2 10 10 10
Fluoride  2 .5 NDa ND ND

Men
Calcium (mg) 14.0 160 624 928
Phosphorus (mg) 9.2 120 264 448
Magnesium (mg) 13.5 102 200 350
Vitamin D (µg) 19.9 10 12 20
Fluoride 0 ND ND ND

Women
Calcium (mg) 24.7 248 904 1,200
Phosphorus (mg) 11.2 128 264 448
Magnesium (mg) 17.1 100 240 400
Vitamin D (µg) 27.6 10 13 17
Fluoride 0.1 ND ND ND

a ND = not determined.

SOURCE: Moss et al. (1989).

supplements was less common (10 percent); virtually no adults used
fluoride supplements.  Children aged 2 to 6 years were less likely to
take supplements of calcium, phosphorus, or magnesium (6 to 8
percent took these supplements) but they were more likely to take
vitamin D (38 percent).  The percentages of supplement use for
adults and children, as well as the median, ninety-fifth, and ninety-
ninth percentile of intake, are shown in Table 2-2 for calcium, phos-
phorus, magnesium, vitamin D, and fluoride.

The lack of accurate estimates of a population’s intake from sup-
plements plus food prevents accurate examination of the upper
end of the nutrient intake distribution.  This, in turn, limits the
ability to identify intakes that approach or exceed the UL.
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Use of Intake Data in This Report

Intake data from food, water, and, when available, supplements
and some over-the-counter medications are used for several purpos-
es in this report:  to estimate the average requirement of a nutrient,
to determine the lowest-observed-adverse-effect level (LOAEL) or
the no-observed-adverse-effect level (NOAEL) of a nutrient, and to
characterize the risk of exceeding the UL for a nutrient.  They are
also used in a few examples of applying DRIs to specific situations.

Food Sources of Calcium and Related Nutrients

Availability of nutrients from a range of foods provides useful in-
formation when setting nutrient requirements and ULs.  Calcium
in the United States and Canada is obtained primarily from dairy
products (Cleveland et al., 1996; NIN, 1995).  Household consump-
tion data show that individuals in the United States consume the
equivalent of 2 cups of milk per day (based on the calcium content
of various dairy products), while Canadians consume approximate-
ly 1.6 cups per day (Cleveland et al., 1996; NIN, 1995).

Cross-Cultural Differences in Dietary Intake and Bioavailability

For this report, consideration of the dietary practices associated
with intakes of calcium and related nutrients has been limited to
observations within U.S. and Canadian populations.  The recom-
mendations for the DRIs may not be generalizable globally, espe-
cially where food intake and indigent dietary practices may result in
very different bioavailability of mineral elements from sources not
considered in traditional diets of Canadians and Americans.  For
example, both the consumption of bones from fish and meat foods
and the practice of geophagia are more common in developing
countries than in the United States or Canada.  Population varia-
tions in the consumption of other diet components such as protein
and sodium may significantly affect population calcium and magne-
sium needs and ULs.

With regard to the need for calcium and related nutrients for
bone health, cross-cultural comparisons must also consider variabil-
ity among populations in activity, weight-bearing practices, and sun
exposure.  Differences in hip axis length or other structural fea-
tures may vary across cultures; hip axis length is directly associated
with hip fracture risk (Cummings et al., 1993).  Until more is
learned about the prevalence of osteoporosis and hip fracture risk
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in other countries (Cooper et al., 1992), and about habitual intakes
of calcium and related nutrients according to specific cultural di-
etary practices, the implementation of the published DRIs should
be used with caution outside the United States and Canada.

USE OF ADEQUATE INTAKE RATHER THAN ESTIMATED
AVERAGE REQUIREMENT

As defined in Chapter 1, the AI is used as a reference value when
sufficient data are not available to estimate an average requirement.
In this report, AIs rather than EARs and RDAs are developed for all
nutrients for infants to age 1 year, and for calcium, vitamin D, and
fluoride for all life stages.  The method used to derive the AIs dif-
fers for infants and for each nutrient as follows.

Infants: Ages 0 through 6 Months

The AI is the intake by healthy breast-fed infants as obtained from
average human milk nutrient composition and average milk vol-
ume.  Since infants self-regulate milk intake from the breast, it is
presumed that larger infants, who may require more milk than the
average population intake, will achieve this by increasing milk in-
take volume.

Calcium

    In this report, three major approaches were considered in de-
riving the AIs for calcium—calcium balance studies of subjects con-
suming variable amounts of calcium, a factorial model using calcium
accretion based on bone mineral accretion data, and clinical trials
which investigated the response of change in bone mineral content/
density or fracture rate to varying calcium intakes.  The prepublication
version of this report estimated per cent maximal calcium retention
derived from calcium balance data as one of the three major ap-
proaches considered to develop the recommended intakes for calci-
um.  Subsequent comments received following the report’s release
in prepublication form indicated concerns with the statistical meth-
odology used to obtain such estimates from the available balance
data.  In response to the technical issues raised, the DRI Committee
determined for this final printed version that it would estimate
desirable calcium retention in place of estimating the percent of max-
imal retention, using the same data and statistical methodology as
was included in the prepublication version (see Appendix E).
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Where sufficient data were available, values from balance studies
for individual subjects within specific age groups were applied to a
nonlinear mathematical model recently used by Jackman et al.
(1997) which describes the relationship between varying calcium
intakes and retention.  The equation derived from this model was
then solved to determine the calcium intake required to achieve
retention of the desirable amount of calcium.  The desirable reten-
tion varied by age group but for the most part reflected accretion of
calcium in bone based on bone mineral accretion data available for
some of the age groups.

Another major approach considered by the Committee to esti-
mating intake needed to maintain calcium adequacy was the facto-
rial method.  This is based on combining estimates of losses of
calcium via various routes by apparently healthy individuals  and
then assuming that these represent the degree to which calcium
intake, as corrected by estimated absorption, will balance these loss-
es.  The weakness of using this approach alone is that the data come
from different studies, in different subjects, and the variation in
absorption, particularly depending on previous intake, may be sig-
nificant.  The third approach derives calcium requirements from
the few available clinical trials in which addditional calcium was
given and changes in bone mineral content or density or in fracture
rate were measured over time.

Comparison of the intakes needed to achieve desirable calcium
retention or maintain minimal calcium loss using each of these
three methods gave reasonable confidence and concordance to the
levels of intake recommended as AIs.   Thus the recommended AI
for each life stage group is an approximation of the calcium intake
that would appear to be sufficient to maintain calcium nutriture for
almost all the individuals in the specific group. It is also recognized
that the ability to maximize calcium retention may not be limited by
calcium intake alone since there are many other factors that affect
calcium retention, such as growth velocity (in children), hormonal
status, gender and ethnic backgrounds, other diet components, and
genetic patterns.  Evidence to support this is cited in the study by
Jackman et al. (1997), which demonstrated that the further into
puberty the teenage girls were, the lower their relative calcium re-
tention was even though calcium intake remained the same.  In
addition, calcium retention would be expected to oscillate above
and below a mean value at the calcium intake levels tested, which
often were intended to approximate or exceed the subjects’ usual
intakes.  Additional consideration of the approach used is included
in Chapter 4.
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The decision to set AIs rather than EARs and thus RDAs for calci-
um was based on the following concerns: (1) uncertainties in the
methods inherent in and the precise nutritional significance of val-
ues obtained from the balance studies that form the basis of the
desirable retention model, (2) the lack of concordance between
observational and experimental data (mean calcium intakes in the
United States and Canada are much lower than are the experimen-
tally derived values required to achieve average desirable calcium
retention), and (3) the lack of longitudinal data that could be used
to verify the association of the experimentally derived calcium in-
takes for achieving a predetermining calcium retention with the
rate and extent of long-term bone loss and its clinical sequelae,
such as fracture.  Taking all of these factors into consideration it
was determined that an EAR for calcium could not be established at
the present time.  The recommended AI represents an approxima-
tion of the calcium intake that, in the opinion of the DRI Commit-
tee and its Panel on Calcium and Related Nutrients, would appear
to be sufficient to maintain calcium nutriture while recognizing
that lower intakes may be adequate for many; however, this evalua-
tion will have to await additional studies on calcium balance over
broad ranges of intakes and/or of long-term measures of calcium
sufficiency.

Vitamin D

The AI is the intake value that appears to be needed to maintain,
in a defined group of individuals with limited but uncertain sun
exposure and stores, serum 25-hydroxyvitamin D concentration
above a defined amount.  The latter is that concentration below
which vitamin D deficiency rickets or osteomalacia occurs.  The
intake value was rounded to the nearest 50 IU, and then doubled as
a safety factor to cover the needs of all, regardless of their sun
exposure.

Fluoride

The AI is the intake value that reduces the occurrence of dental
caries maximally in a group of individuals without causing unwant-
ed side effects.  For fluoride, the data are strong on risk reduction,
but the evidence on which to base an actual requirement is scant,
thus driving the decision to adopt an AI as the reference value.


