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Relative bioavailability of calcium-rich dietary sources in the
elderly1–4

Ligia Martini and Richard J Wood

ABSTRACT
Background: The recent increase in the dietary calcium recom-
mendation from 800 to 1200 mg/d for persons aged > 51 y has made
it important to identify alternative high-calcium dietary sources that
the elderly can use in meeting their calcium requirement.
Objective: We determined the bioavailability of calcium from 3 dif-
ferent sources: orange juice fortified with calcium-citrate malate,
skim milk, and a calcium carbonate supplement.
Design: Twelve subjects [9 women and 3 men with a mean (± SEM)
age of 70 ± 3 and 76 ± 6 y, respectively] consumed low-calcium
(300 mg/d) and high-calcium (1300 mg/d) diets for three 1-wk peri-
ods each during a 6-wk crossover study. The acute biochemical
response to calcium from each of the 3 sources was assessed during
a 4-h period after the initial breakfast meal of the high-calcium diet.
Results: Postprandial suppression of serum parathyroid hormone
did not differ significantly between the test meals containing cal-
cium-fortified orange juice, the calcium carbonate supplement, and
milk. This finding suggests that the calcium bioavailability from the
3 sources was equivalent. During the 1-wk high-calcium diet peri-
ods, fasting serum calcium increased by 3% (P < 0.0001), serum
1,25-dihydroxyvitamin D decreased by 20% (P < 0.0001), and a
biomarker of bone resorption (serum N-telopeptide collagen cross-
links) decreased by 14% (P < 0.02) compared with the low-calcium
diet period. However, no differences among the supplemental cal-
cium sources were found in these calcium-responsive measures or
fasting serum parathyroid hormone concentration.
Conclusions: In elderly subjects, the calcium bioavailability of the
3 high-calcium dietary sources tested was equivalent, during both
the acute postprandial and longer-term periods. Am J Clin Nutr
2002;76:1345–50.
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INTRODUCTION

A large body of research suggests that a high calcium intake
throughout life is necessary to attain peak bone mass and to mini-
mize bone loss during aging (1). In 1997, the Food and Nutrition
Board of the Institute of Medicine (1) recommended a daily intake
of 1200 mg (30 mmol) dietary calcium to reduce the risk of osteo-
porosis in all men and women > 51 y of age.

However, it is difficult for many people to consume diets sup-
plying the recommended calcium intakes of 25–32.5 mmol/d
(1000–1300 mg/d) (1), which are needed to achieve optimal bone
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density and protect against bone loss. In the United States, national
dietary survey data (2–4) have consistently shown that calcium
intakes for most groups are far below recommended amounts
throughout most of childhood and adulthood, especially in the eld-
erly, a group at high risk of developing osteoporosis. In addition,
aging can cause physiologic changes, such as hypochlorhydria (5),
intestinal resistance to vitamin D (6, 7), or estrogen deficiency in
postmenopausal women (8), all of which may alter intestinal cal-
cium absorption.

Given that the usual intakes of dietary calcium in the United States
are far below recommended amounts for most elderly persons,
increased use of traditional calcium-rich foods (such as milk and
other dairy products) to increase dietary calcium intakes appears
imperative.

However, there may be personal, physiologic, and cultural rea-
sons why some elderly persons find it difficult to increase dairy prod-
uct consumption. For example, it is generally well known that lac-
tose malabsorption is a common problem in nonwhite populations,
affecting most blacks and Asians (9), but it is less appreciated that the
prevalence of lactose intolerance is quite high among white elderly
persons. Therefore, for many elderly persons in the United States
and elsewhere, calcium-rich dietary sources that are alternatives to
increased milk consumption, such as calcium-fortified nondairy
products and calcium supplements, will be relied on increasingly to
meet current dietary calcium recommendations. The bioavailability
of calcium from different sources can vary significantly (10–12). Lit-
tle information is available about the relative bioavailability of cal-
cium from different commercial products, especially for elderly peo-
ple, who may have compromised ability to absorb different forms of
calcium (7, 13, 14).
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Thus, it is important in elderly persons to document the adequacy
of calcium bioavailability from sources that are intended to provide
a substantial portion of the dietary calcium requirement. A direct
measure of calcium absorption from various foods can be achieved
by labeling them with radioactive or stable isotopes of calcium (12,
15, 16). However, these studies can be extremely costly, and in the
case of stable isotopes, they require highly sophisticated analytic
capability. In addition, there are difficulties in using isotopic label-
ing approaches when testing commercial products, such as dietary
supplements or calcium-fortified foods (17). Therefore, indirect
methods that reflect relative calcium bioavailability (absorption) but
do not depend on the use of calcium isotopes may be useful for com-
parative purposes, especially in whole foods or proprietary prepara-
tions. These indirect methods involve evaluating calcium-responsive
biochemical endpoints relevant to bone and mineral metabolism,
such as serum calcium or parathyroid hormone (PTH) (18, 19) or
measures of urinary bone resorption markers (20). Although indirect
estimates of the amount of absorbed calcium, these measures of rel-
ative calcium bioavailability do focus on relevant biochemical end-
points and biomarkers of important physiologic processes in the
skeleton. Moreover, these methods can be applied easily to the study
of reference populations, such as the elderly.

The aim of this study, conducted in elderly men and women, was
to compare the relative bioavailability of calcium from 3 dietary
sources: a commercial calcium-fortified beverage (orange juice), a
calcium carbonate dietary supplement, and milk. We compared rel-
ative calcium bioavailability on the basis of both a commonly used
acute postprandial PTH suppression test (10, 18, 19, 21–23) and
measures of bone and calcium metabolism obtained during longer
periods (7 d) of high calcium consumption within a 6-wk crossover
study conducted in a metabolic unit.

SUBJECTS AND METHODS

Subjects

Twelve elderly volunteer subjects (3 men and 9 women) partici-
pated in the metabolic study. All the women were postmenopausal
and none were receiving estrogen replacement therapy. All subjects
were in good health as determined by a medical history, physical
examination, and clinical laboratory analyses completed before
enrollment. Potential subjects were excluded from participation in
this study if they presented at screening with significant cardiovas-
cular, hepatic, gastrointestinal, or renal disease or diabetes, or if they
were smokers or had a history of lactose malabsorption or milk intol-
erance. A 3-d dietary record was obtained before the study began to
estimate the subjects’ usual calcium intakes. The study was approved
by the Tufts University Human Investigational Research Committee
and all subjects provided informed, written consent.

Study design

A 6-wk crossover trial was conducted at the Human Study Unit of
the Jean Mayer USDA Human Nutrition Research Center on Aging
at Tufts University in Boston. Throughout the study, all subjects
resided exclusively in the Human Study Unit. For the entire 6-wk
study, subjects consumed a standardized low-calcium basal diet pro-
viding 300 mg (7.5 mmol) Ca/d. During 3 wk of the study, calcium
intake was increased by 1000 mg (25 mmol) daily. Each of these
three 1-wk high-calcium treatment periods was preceded by a 1-wk
low-calcium diet period during which the diet was exactly the same,
except that the supplemental calcium sources were excluded.

During the 3 high-calcium treatment periods, the increase in cal-
cium intake was achieved by providing 500 mg additional Ca at
breakfast (0800–0900) and at dinner (1700–1800). The source of the
additional calcium was skim milk, a calcium carbonate dietary sup-
plement (Os-Cal; Smith-Kline-Beecham, Pittsburgh), or calcium-
fortified orange juice (fortified with calcium-citrate malate; Tropicana,
Bradenton, FL). The calcium contents of the milk and calcium-
fortified orange juice were determined by direct-current plasma emis-
sion spectroscopy. To provide 500 mg Ca, it was necessary to admin-
ister slightly different volumes of orange juice and milk. The volumes
were 0.317 L (�11 oz) orange juice and 0.430 L (�15 oz) skim milk.
To maintain a constant volume of liquid intake during the different
periods of the study, 0.430 L distilled water was added to the break-
fast and dinner meals during the 3 weeks of the low-calcium diet and
during the 1-wk calcium carbonate supplement treatment. Some addi-
tional distilled water was also provided during the orange juice period
to equalize the liquid volume between treatments.

Assessment of relative calcium bioavailability

Acute postprandial effects of calcium supplementation

Relative calcium bioavailability from the 3 supplemental cal-
cium sources (each of which provided an oral dose of 500 mg Ca)
was evaluated indirectly by monitoring the relative suppression of
serum PTH (PTH suppression test) and measuring postprandial
changes in serum and urinary calcium and urinary collagen type I
N-telopeptide cross-links (NTX) during a 4-h period after con-
sumption of the test breakfast. NTX is a biomarker of bone resorp-
tion activity (24, 25). Serum and urinary phosphorous concentra-
tions were also measured.

The PTH suppression test, similar to that described by Guille-
mant and Guillemant (18), was conducted on 3 separate occasions
during the study, at the first meal (breakfast) after initiation of
each of the 3 high-calcium treatment periods in weeks 2, 4, and 6.
During each preceding week (weeks 1, 3, and 5), all subjects con-
sumed only the low-calcium basal diet to elevate serum PTH and
maximize the sensitivity of the acute test to the PTH-suppressing
ability of absorbed calcium. The standard test meals during each
PTH suppression test were identical and supplied 90 mg Ca. Each
test meal consisted of 40 g wheat bread, 12 g jelly, 7 g butter, and
1 serving of vegetable scramble [115 g imitation eggs (Egg Beat-
ers; Beatrice Foods, Downers Grove, IL), 30 g mushrooms, 30 g
green peppers, 7 g soybean oil, 0.4 g salt, and 0.1 g black pepper].
This low-calcium test meal was supplemented with 500 mg Ca as
skim milk, calcium-fortified orange juice, or a single calcium car-
bonate dietary supplement tablet, as appropriate. The order of
treatments for all subjects was randomized, and each subject
received all 3 treatments. The volume of liquid consumed at each
of the test meals was kept constant by adding an appropriate
amount of distilled water when necessary. No attempt was made
to equalize the intake of other nutrients supplied by the added milk
or orange juice. The nutrient contents of the test meals used in the
3 PTH suppression tests are shown in Table 1.

Longer-term effects of calcium supplementation

The acute postprandial effects of a single oral calcium load on
various biochemical markers could differ from the longer-term
response to increases in dietary calcium after repeated administra-
tion of the supplemental calcium. Therefore, we also estimated the
relative calcium bioavailability from the 3 calcium sources, assess-
ing the effects on bone and mineral metabolism by measuring
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TABLE 1
Nutrient content of calcium-supplemented test meals used for the
parathyroid hormone suppression tests

Test meal +
Test meal1 + Test meal + calcium

milk2 orange juice3 carbonate4

Energy (kcal) 462 445 312
Fat (g) 15.2 14.8 14.4
Carbohydrate (g) 53.0 63.7 32.5
Protein (g) 29.6 16.7 14.9
Calcium (mg) 590 590 590
Phosphorus (mg) 536 145 101

1 All test meals consisted of bread, jelly, butter, imitation eggs, mush-
rooms, green peppers, soybean oil, salt, and black pepper and contained 90
mg Ca and 101 mg P. Supplemental calcium (500 mg) from various sources
was added to each test meal.

2 0.430 L skim milk.
3 0.317 L calcium-fortified orange juice (Tropicana, Bradenton, FL).
4 One 500-mg Ca supplement (OsCal; Smith-Kline-Beecham, Pittsburgh).

various calcium-responsive biochemical indexes after 1 wk of cal-
cium supplementation. The effects of calcium supplementation on
mineral and bone metabolism were assessed by measuring serum
calcium, phosphorous, intact PTH1–84, 25-hydroxyvitamin D,
1,25-dihydroxyvitamin D, and NTX and urinary calcium, phos-
phorous, and NTX corrected for creatinine excretion.

Blood and urine measurements

At the end of each study period, blood samples were drawn in
the morning after an overnight fast and then hourly for 4 h post-
prandially during the PTH suppression test. The serum was sep-
arated and frozen at �80 �C until assayed. Except for during the
PTH suppression test, urine samples were collected for 24-h peri-
ods. During the last 3 d of each study period, the daily urine sam-
ples were combined into a 3-d pool and a representative aliquot
was retained for subsequent analysis. During the PTH suppres-
sion test, urine was collected for three 2-h periods: �2 h to 0 h,
0 h to 2 h, and 2 h to 4 h. Urinary calcium was measured by using
direct-current argon plasma emission spectroscopy. Serum cal-
cium and phosphorus and urinary creatinine were measured with
standard automated colorimetric assays. Intact serum PTH was
measured with an immunoradiometric assay (Nichols Institute
Diagnostics, San Juan Capistrano, CA); the intraassay CV was
4%. Serum 1,25-dihydroxyvitamin D3 and 25-hydroxyvitamin D
were measured with a specific radioimmunoassay kit (DiaSorin,
Stillwater, NM) after extraction of the serum with acetonitrile;
the intraassay CV was 8%. Serum and urinary NTX were meas-
ured with an enzyme-linked competitive inhibition immunosor-
bent assay kit (Ostex International, Seattle); the CV was 8%. Vita-
min D deficiency was defined as a serum 25-hydroxyvitamin D
concentration < 10 ng/mL (< 25 nmol/L) (26).

Statistical analysis

Unless otherwise noted, the data are expressed as means ± SEMs.
For the purpose of statistical analysis, the area-under-the-curve
(AUC) procedure was used to summarize serial postprandial meas-
ures. The main effects of the different calcium sources during the
crossover study were evaluated with the general linear model analy-
sis of variance with separate hypothesis testing of any sequence
effect (SYSTAT version 9 for WINDOWS; SPSS Inc, Chicago). If a

significant effect of calcium source was evident (F test < 0.05), then
the individual differences between calcium sources were compared
by using the general linear model Tukey pairwise comparisons pro-
cedure. Statistical analysis for the longer-term calcium study was
performed on the basis of analysis of covariance of the differences
in measures between the preceding low-calcium diet period and the
various high-calcium periods of the study, with the low-calcium
baseline value included as the covariate.

RESULTS

Subject characteristics

The mean (± SEM) age of the women was 70 ± 3 y and of the men
was 76 ± 6 y. The mean body weight of the women was 62 ± 3 kg
and of the men was 69 ± 3 kg. On the basis of a 3-d dietary record
obtained before the start of the study, the reported mean calcium
intake was 752 ± 106 mg/d for women and 1022 ± 240 mg/d for
men. None of the subjects had a serum 25-hydroxyvitamin D con-
centration < 25 nmol/L, which would indicate vitamin D deficiency.

Effects of supplemental calcium source on measures of bone
and mineral metabolism

Acute postprandial effects of calcium supplementation

First, we investigated whether there were any significant dif-
ferences in the effects of the different supplemental calcium
sources on the measured variables during an acute 4-h postpran-
dial period of observation (the PTH suppression test). In Table 2,
the mean values for serum calcium, phosphorous, and PTH and
urinary calcium, phosphorous, and NTX during the PTH sup-
pression test are shown. For serum calcium concentration, there
was no significant postprandial change, on the basis of calculated
AUC values for the percentage change in serum calcium. The
AUC for serum calcium was �0.6 (95% CI: �0.1, �1) for milk,
�0.1 (95% CI: 0.6, �0.8) for orange juice, and �0.03 (95% CI:
0.42, �0.47) for the calcium carbonate supplement.

However, the acute oral load of 500 mg Ca consumed with the test
meal did cause the expected postprandial suppression of serum PTH
after each of the 3 different test meals. The mean AUC for the per-
centage change in serum PTH from baseline was �21 (�5, �38) for
milk, �33 (�15, �50) for orange juice, and �33 (�18, �49) for
calcium carbonate. Likewise, there was a postprandial increase in
urinary calcium corrected for creatinine excretion. The mean AUC
for the percentage change in urinary calcium corrected for creatinine
excretion was 147 (50, 245) for milk, 136 (52, 221) for orange juice,
and 102 (54, 149) for calcium carbonate. There was no significant
postprandial change in urinary NTX corrected for creatinine excre-
tion during the 4-h PTH suppression test compared with the 2-h base-
line fasting urinary NTX concentration. The mean AUC for urinary
NTX (corrected for creatinine excretion) was �8 (�30, 14) for milk,
10 (�14, 34) for orange juice, and 2 (�27, 31) for calcium carbon-
ate. The calcium source had no effect on the 4-h postprandial serum
concentrations of calcium or PTH or the urinary excretion of calcium
or NTX.

There was a significant difference (P < 0.001, analysis of covari-
ance) between the supplemental calcium sources in the AUC for
percentage change in serum phosphorous concentration after the
test meals. The AUC for serum phosphorous was significantly
greater after the test meal supplemented with milk compared with
the test meals supplemented with orange juice and calcium carbon-
ate (P < 0.003 and P < 0.001, respectively; Tukey’s test). The mean AUC
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TABLE 2
Acute postprandial changes in serum calcium, phosphorus, and intact parathyroid hormone (PTH) and urinary calcium, phosphorus, and collagen type I
N-telopeptide cross-links (NTX) in elderly subjects after different high-calcium test meals1

Serum Serum Serum Urinary Urinary Urinary
calcium2 phosphorus3,4 PTH2,4 calcium2,4 phosphorus4,5 NTX2

mmol/L mmol/L pmol/L nmol/mmol Cr nmol/mmol Cr nmol BCE/nmol Cr

Calcium carbonate tablet
Baseline6 2.29 ± 0.017 1.23 ± 0.03 3.66 ± 0.32 263 ± 56 1968 ± 168 77 ± 14
1 h postprandial 2.27 ± 0.017 1.13 ± 0.02 2.90 ± 0.21
2 h postprandial 2.32 ± 0.024 1.06 ± 0.03 2.37 ± 0.11 291 ± 73 2203 ± 200 81 ± 14
3 h postprandial 2.29 ± 0.017 1.09 ± 0.04 2.47 ± 0.21
4 h postprandial 2.32 ± 0.022 1.13 ± 0.02 2.80 ± 0.32 605 ± 87 1478 ± 193 78 ± 17

Milk
Baseline6 2.27 ± 0.019 1.23 ± 0.03 3.66 ± 0.32 254 ± 65 1971 ± 189 85 ± 12
1 h postprandial 2.22 ± 0.032 1.19 ± 0.05 3.12 ± 0.22
2 h postprandial 2.22 ± 0.032 1.16 ± 0.04 2.90 ± 0.22 379 ± 85 2833 ± 252 75 ± 12
3 h postprandial 2.24 ± 0.022 1.23 ± 0.05 2.90 ± 0.22
4 h postprandial 2.27 ± 0.030 1.25 ± 0.04 2.90 ± 0.22 568 ± 107 2392 ± 227 56 ± 7

Calcium-fortified orange juice
Baseline6 2.29 ± 0.014 1.19 ± 0.03 3.55 ± 0.32 286 ± 59 1817 ± 227 74 ± 12
1 h postprandial 2.27 ± 0.017 1.16 ± 0.03 2.69 ± 0.21
2 h postprandial 2.27 ± 0.024 1.03 ± 0.04 2.26 ± 0.22 385 ± 76 2529 ± 249 74 ± 10
3 h postprandial 2.29 ± 0.017 1.06 ± 0.03 2.15 ± 0.22
4 h postprandial 2.32 ± 0.014 1.13 ± 0.03 2.58 ± 0.11 639 ± 99 1274 ± 182 63 ± 9

1 x– ± SEM; n = 12. Cr, creatinine; BCE, bone collagen equivalent.
2 There was no significant effect of calcium source.
3 Serum phosphorus area under the curve was significantly higher with milk than with calcium-fortified orange juice (P < 0.003, Tukey’s test) and

calcium carbonate (P < 0.001, Tukey’s test).
4 The percentage postprandial change was significantly different from zero, P < 0.05 (Tukey’s pairwise comparisons).
5 Area under the curve for urinary phosphorus (corrected for creatinine excretion) was significantly higher with milk than with calcium-fortified

orange juice and calcium carbonate, P < 0.002 (Tukey’s pairwise comparisons).
6 Baseline was before the meal (t = 0 h) for blood measures and was t = –2 to 0 h for urinary measures.

for percentage change in serum phosphorous was �0.2 (0.3, �0.7)
for milk, �1.2 (�0.7, �1.6) for orange juice, and �1.4 (�0.9,
�1.8) for calcium carbonate. These differences in serum phospho-
rous probably simply reflect the higher oral phosphorous load asso-
ciated with milk consumption (Table 1). This difference was also
seen in the urinary phosphorous concentration corrected for creati-
nine excretion; the mean AUC was 36 (14, 59) for milk, 11 (�9, 32)
for orange juice, and �7 (�20, 6) for calcium carbonate.

Longer-term effects of calcium supplementation

We evaluated the effects of the different calcium sources during
1-wk periods of calcium supplementation. As shown in Table 3, on
the basis of an analysis of covariance of the difference between
the low-calcium and high-calcium diet periods, consumption of
an additional 1000 mg Ca/d during three 1-wk periods increased
fasting serum calcium by 3% (P < 0.0001), decreased serum
1,25-dihydroxyvitamin D by 20% (P < 0.0001), and decreased
serum NTX by 14% (P < 0.02). However, there were no signifi-
cant differences in these responses among the 3 different supple-
mental calcium sources.

DISCUSSION

In the present study, we found that consumption of a standardized
low-calcium test meal together with 500 mg supplemental Ca caused
the expected postprandial suppression of serum PTH concentration
in elderly subjects. The acute drop in serum PTH reflects a
homeostatic adaptation of the parathyroid gland, mediated by its

calcium-sensing receptor (27), in response to a transient postpran-
dial increase in plasma calcium; this postprandial increase resulted
from absorption of the calcium in the test meal.

The calcium-dependent postprandial decrease in PTH has been
well described by others (18, 19) and is the basis of the PTH sup-
pression test for measuring calcium bioavailability. Although we
did not study the postprandial biochemical responses of these sub-
jects in the absence of a high calcium load, studies by others have
shown that there is little change in either serum calcium or PTH
in the absence of a calcium load (10). We did not observe the
expected acute postprandial rise in serum calcium in our subjects
after consumption of the calcium-containing test meal. The
absence of a serum calcium response to the oral calcium load was
probably a result of the very small changes that occur in this
measure after a calcium load (Table 2). Another possible expla-
nation is that we measured total serum calcium, rather than ionic
calcium concentrations, as some others have done (10, 23). Nev-
ertheless, the observed postprandial decline in PTH, a 29%
decrease overall, in our elderly subjects suggests that the calcium
from the test meal was absorbed within the time frame of the
acute 4-h postprandial study. The overall absorbability of calcium
from the supplemental sources was further confirmed by the
marked postprandial increase in the rate of urinary calcium excre-
tion, a 53% increase overall.

We did not find a significantly different acute response to milk, as
opposed to the other supplemental calcium sources, in the elderly sub-
jects in our study. Other investigators have reported a relatively atten-
uated acute postprandial suppressing effect of milk on serum PTH
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TABLE 3
Serum and urinary measures in 12 elderly subjects during 1-wk periods
of consumption of a basal low-calcium (300 mg/d) diet and 3 different
high-calcium (1300 mg/d) diets consisting of the basal diet plus 1000 mg
supplemented Ca/d from either milk, calcium-fortified orange juice, or a
calcium carbonate tablet1

Calcium Calcium-fortified
carbonate tablet Milk orange juice

Serum calcium
LCD (mmol/L) 2.30 ± 0.022 2.28 ± 0.02 2.29 ± 0.02
HCD (mmol/L) 2.36 ± 0.02 2.34 ± 0.02 2.38 ± 0.02
Change (%)3 3 3 4

Serum phosphorus
LCD (mmol/L) 1.23 ± 0.03 1.22 ± 0.04 1.22 ± 0.03
HCD (mmol/L) 1.25 ± 0.03 1.25 ± 0.03 1.28 ± 0.03
Change (%) 2 2 5

Serum PTH
LCD (ng/L) 34.1 ± 2.7 31.9 ± 2.4 34.6 ± 3.6
HCD (ng/L) 33.4 ± 4.0 32.7 ± 2.8 30.7 ± 2.8
Change (%) �2 2 �11

Serum 1,25-(OH)2 vitamin D
LCD (pmol/L) 107 ± 5 112 ± 1 112 ± 10
HCD (pmol/L) 92 ± 8 82 ± 8 89 ± 6
Change (%)3 �14 �27 �20

Serum 25-(OH) vitamin D
LCD (nmol/L) 57 ± 3 58 ± 3 56 ± 5
HCD (nmol/L) 54 ± 2 54 ± 3 54 ± 4
Change (%) �5 �7 �3

Serum NTX
LCD (nmol BCE/L) 23.7 ± 2.1 22.0 ± 2.2 21.0 ± 1.8
HCD (nmol BCE/L) 19.4 ±2 18.0 ± 1.5 18.6 ± 1.4
Change (%)4 �18 �18 �11

Urinary calcium
LCD (nmol/mmol Cr) 277 ± 48 291 ± 53 265 ± 47
HCD (nmol/mmol Cr) 414 ± 71 428 ± 71 434 ± 77
Change (%) 49 47 64

Urinary phosphorus
LCD (nmol/mmol Cr) 2347 ± 166 2284 ± 137 2292 ± 23
HCD (nmol/mmol Cr) 1738 ± 86 3150 ± 189 1626 ± 171
Change (%) �26 38 �29

Urinary NTX
LCD (nmol BCE/mmol Cr) 51 ± 7 58 ± 8 56 ± 6
HCD (nmol BCE/mmol Cr) 45 ± 7 45 ± 5 43 ± 5
Change (%) �12 �22 �23

1 Cr, creatinine; PTH, parathyroid hormone; NTX, collagen type I
N-telopeptide cross-links; BCE, bone collagen equivalent; LCD, low-
calcium diet; HCD, high-calcium diet. There was no significant effect
of the supplemental calcium source for any variable.

2 x– ± SEM.
3 P < 0.0001 for analysis of covariance, with no difference among the

groups.
4 P < 0.02 for analysis of covariance, with no difference among the

groups.

compared with some other supplemental calcium sources (10, 23).
The reason for the difference between our study and others is
unknown, but it may relate to the older age of our subjects, because
the men and women in the other studies were younger (10, 23). When
our subjects consumed milk as the supplemental calcium source con-
tinually for 1 wk, there was no evidence (Table 3) that milk differed
from the other 2 calcium sources in its ability to suppress bone resorp-
tion (serum NTX) or serum 1,25-dihydroxyvitamin D, or with regard
to the observed increases in total serum calcium. These observations

suggest that equal amounts of calcium were probably absorbed from
all 3 supplemental calcium sources. Equivalent absorption of cal-
cium from isotopically labeled milk and calcium carbonate was
reported previously (15).

Thus, on the basis of our acute and longer-term studies of several
biomarkers of calcium and bone metabolism, we conclude that cal-
cium bioavailability from milk, calcium-fortified orange juice, and
a calcium carbonate supplement is equivalent. This indicates that
elderly persons may freely choose to add any of these calcium-rich
supplemental sources to their usual diets to help achieve optimal
dietary calcium intakes without concern about differences in calcium
bioavailability.

We thank the elderly men and women who graciously volunteered to give
their time to participate in this study. In addition, we appreciate all the mem-
bers of the USDA HNRCA Human Study Unit and the Nutrition Evaluation
Laboratory who provided assistance in conducting the metabolic study and
sample analyses, especially G Dallal of the HNRCA for biostatistical consul-
tation and Judy Lee of the Human Study Unit Dietary Department for designing
and monitoring the experimental diets.
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