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Background: There are limited data in adolescents on racial differences in relationships between
dietary calcium intake, absorption, and retention and serum levels of calcium-regulating
hormones.
Objectives: The aim of this study was to investigate these relationships cross-sectionally in American White and Black adolescent girls.
Methods: Calcium balance studies were conducted in 105 girls, aged 11–15 yr, on daily calcium
intakes ranging from 760 –2195 mg for 3-wk controlled feeding periods; 158 observations from 52
Black and 53 White girls were analyzed.
Results: Black girls had lower serum 25-hydroxyvitamin D [25(OH)D], higher serum 1,25-dihydroxyvitamin D, and higher calcium absorption and retention than White girls. Calcium intake and
race, but not serum 25(OH)D, predicted net calcium absorption and retention with Black girls
absorbing calcium more efficiently at low calcium intakes than White girls. The relationship between serum 25(OH)D and serum PTH was negative only in White girls. Calcium intake, race, and
postmenarcheal age explained 21% of the variation in calcium retention, and serum 25(OH)D did
not contribute further to the variance.
Conclusions: These results suggest that serum 25(OH)D does not contribute to the racial differences
in calcium absorption and retention during puberty. (J Clin Endocrinol Metab 93: 3907–3914, 2008)

dequate calcium nutrition plays a major role in the development and maintenance of peak bone mass during childhood and adolescence and the subsequent prevention of osteoporosis (1). Calcium absorption and bone calcium accretion are
affected by dietary calcium and vitamin D status. The former can
be assessed by diet history and the latter by serum concentration
of 25-hydroxyvitamin D [25(OH)D]. Serum 1,25-dihydroxyvitamin D [1,25(OH)2D] on the other hand does not assess vitamin
D status but, to a large extent, the hormonal status of the serum
calcium-regulating system. An inverse relationship between serum 25(OH)D and PTH has been reported in children (2–5),
suggesting that vitamin D status is insufficient in some children

A

The impact of vitamin D status on skeletal calcium accretion in
children on controlled calcium intakes is unknown.
American Black adolescents have higher calcium absorption
and bone accretion than White adolescents (6). American Black
children have higher bone mass than American White children
(7, 8) Despite higher bone mass and calcium utilization, vitamin
D status is typically lower in Black children (9). Serum 25(OH)D
levels of less than 15 ng/ml were reported in 24% of 307 healthy
Bostonian children, with the highest prevalence of vitamin D
deficiency in Black teenagers during winter (4). In a prospective
study of 83 Black and White girls from the State of Georgia, age
4 – 8 yr, the greatest difference in vitamin D status between races
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was at the end of the summer months, reflecting the greater
seasonal fluctuation in White compared with Black girls (10).
We have reported the impact of calcium intake and race on
skeletal calcium accretion in adolescent girls elsewhere (11). Adolescent Black compared with White girls on similar calcium
intakes have higher skeletal calcium retention and bone formation rates determined by calcium kinetics despite similar biochemical markers of bone turnover (6, 11). The gold standard for
measuring bone turnover rates is calcium kinetics (12). However,
the effect of vitamin D status on these relationships is unknown.
Thus, we explored the interrelationships of serum 25(OH)D,
1,25(OH)2D, PTH, and bone turnover on calcium absorption,
skeletal calcium retention, and bone mass in American White
and Black adolescent girls over a wide range of controlled dietary
calcium intakes. Cross-sectional data from adolescent calcium
balance studies using the same protocol were pooled to investigate these relationships using a large sample size.

Subjects and Methods
Subjects
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calcium-rich beverages such as milk and calcium-fortified juice and foods
such as ice cream, subjects rinsed the containers with deionized water,
and the rinse was also consumed. Discretionary salt was not allowed. Any
food not consumed before the end of the day was collected and weighed. A
daily meal composite was frozen for analysis of mineral content. Diet composites and any leftover portions were thawed, homogenized, and freeze
dried (FTS Systems, Inc., Stone Ridge, NY) for later analysis.

Sample collection and analysis
Subjects collected all urine and feces in acid-washed containers that
were pooled as 24-h collections. Diet and fecal samples were prepared
similarly. Diet, fecal, and urine samples were measured for calcium content in triplicate using National Bureau of Standards reference standards
for monitoring quality control as previously described (6, 11, 13–15).

Completeness of collections
Creatinine (Cr) was used both to assess completeness of urine collections based on a constant daily urinary Cr excretion and to adjust for
variation in timing of 24-h collections. Urinary Cr was measured on
unacidified urine using a colorimetric procedure on a Cobas Mira Plus
(Roche Diagnostic Systems, Branchburg, NJ). Daily urine samples that fell
less than 11 mg creatinine/kg body weight were omitted from the analysis.
Polyethylene glycol (PEG) (Dow Chemical Co., Midland, MI) was
used for assessing fecal collection completeness. Each subject ingested 3 g
PEG/d in divided doses of 1 g/meal. PEG was analyzed in triplicate using a
turbidimetric assay (17). Recovery of PEG was used to exclude subjects’ data
if compliance was poor. Subjects included in this analysis represent those
already screened for compliance in the original studies (6, 11, 13–15).

Healthy adolescent girls were recruited from middle schools between
1990 and 2000 as previously described (6, 11, 13–15). Several subjects
participated in two or more study periods yielding a total of 158 observations from 52 Black and 53 White girls. For most subjects, the repeat
studies occurred in the same summer while participating in a study on
calcium intake that was a crossover design. The children had no history
of bone disease and had not taken medications known to affect bone.
General health was determined by medical history questionnaire, physical examination, and blood biochemistry. Subjects were matched for
sexual maturity by using questionnaires administered by a research coordinator to determine postmenarcheal age (PMA) and Tanner stage
(average of breast and pubic) (16) at the time of study. To characterize
sexual maturity of the subjects, PMA included negative values for girls
who had not yet begun menses at the time of the study; exact time of
menarche was determined through follow-up contacts. Race was established by race of parent and grandparents.
Subjects lived at Purdue University in campus housing and participated in 3-wk metabolic studies structured as summer camps. All the
blood samples were drawn during the summer months in Indiana (37– 41
degrees latitude). The children did not use sun screens and spent about
30% of the day in outdoor activities including swimming and softball.
Protocols were consistent over the duration of the studies. The studies
were approved by the Purdue University and Indiana University School
of Medicine and Clarian Institutional Review Boards. Subjects gave written assent, and guardians gave their written consent for participation.

Blood was drawn after an 8-h overnight fast near the end of each
metabolic study. Serum intact PTH was measured by a two-site immunoassay [coefficient of variation (CV) of 9.7% at 17.5 pg/ml] (Nichols
Institute Diagnostics, San Juan Capistrano, CA). Serum 25(OH)D and
1,25(OH)2D were analyzed by RIA (CV of 8.1 and 9.1%, respectively)
(DiaSorin, Stillwater, MN). Serum osteocalcin was analyzed by RIA (CV
of 8.9% at 26.9 ng/ml) (Nichols Institute). Serum bone alkaline phosphatase was measured by ELISA (CV of 4.1%) (Quidel, San Diego, CA).
Urine cross-linked N-telopeptides of type 1 collagen (NTx) was measured by an ELISA (CV of 7.5%) (Osteomark; Ostex International, Inc.,
Seattle WA).

Anthropometrics and bone measurements

Statistical analysis

Total body bone mineral content (BMC) was measured by dualenergy x-ray absorptiometry (GE Lunar, Madison, WI) during the balance period. Short-term precision is 1.68% for total body BMC. Standing height using a wall-mounted stadiometer and weight using an
electronic digital scale were measured on lightly clad subjects without
shoes at the time of the dual-energy x-ray absorptiometry scan.

Dietary intake analysis
Dietary intake was controlled, and subjects ingested only foods prepared by staff. A 4-d cycle menu was developed, and a composite of meals
for each day was saved for analysis. All food and beverages were prepared with deionized water and weighed to the nearest 0.1 g. Calcium
intake was varied above the basal diet through fortified sources to
achieve intakes ranging from 760-2195 mg calcium/d. After consuming

Retention and absorption calculations
Calcium balance or retention was calculated by subtracting calcium
excretion through urine and feces from dietary calcium intake. The first
week of each 3-wk study was regarded as an equilibration period, and the
last 14 d served as the experimental period. Balance was calculated for
as many days within this 14-d period as met the requirement of beginning
and ending with a fecal sample. Net calcium absorption efficiency was
calculated as intake minus fecal excretion divided by intake ⫻ 100.

Hormone and biomarkers of bone metabolism

Statistical analysis was performed using SAS (version 9.1; SAS Institute, Cary, NC). Subject characteristics were compared using t tests.
Two-way ANOVA with Bonferroni corrections was used to determine
effect of race and calcium intake on balance variables. Models were
developed to study the relationships between calcium absorption or retention and race, calcium intake, PMA, serum 25(OH)D, 1,25(OH)2D,
PTH, and biochemical markers of bone turnover including osteocalcin,
bone alkaline phosphatase, and urine NTx/Cr. These variables are those
generally considered to be involved in calcium absorption and retention.
Calcium intake, race, and PMA were the primary determinants examined, but other covariates and their necessary interactions were evaluated
in the context of this model. Because diagnostic plots indicate that relationships with PMA are best modeled with negative values of PMA
recoded to zero, all analysis with PMA were performed with recoded
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TABLE 1. Characteristics of Black and White girls
Mean ⴞ
Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m2)
PMA (months)
Tanner stage (average)
Total body BMC (g)
Lean body mass (kg)
Serum calcium (mg/dl)
Serum 25(OH)D ( ng/ml)
Serum 1,25(OH)D2 (pg/ml)
Serum PTH (pg/ml)
Urine NTx/Cr (nmol BCE/mmol Cr)
Serum osteocalcin (ng/ml)
Serum bone alkaline phosphatase (ng/ml)

SD

(min–max)

Racial difference

Black (n ⴝ 52)

White (n ⴝ 53)

Black ⬍ Whitea

12.1 ⫾ 1.1 (10.0 –14.5)
157.9 ⫾ 7.9 (141.0 –173.4)
54.1 ⫾ 12.2 (32.0 – 84.3)
21.6 ⫾ 3.8 (15.6 –29.3)
10.5 ⫾ 12.8 (⫺0.6 – 44.0)
3.8 ⫾ 0.9 (1–5)
2227 ⫾ 502 (1278 –3479)
37.5 ⫾ 5.41 (25.04 –51.29)
9.3 ⫾ 0.5 (8.6 –10.6)
25.7 ⫾ 7.8 (11.8 –51.4)
45.4 ⫾ 13.4 (11.2–78.6)
28.0 ⫾ 11.9 (9.9 –57.9)
380 ⫾ 224 (71–1118)
38.3 ⫾ 27.1(5.6 –133.3)
69.8 ⫾ 33.6 (21.0 –184.8)

12.8 ⫾ 1.1 (11.0 –15.1)
157.9 ⫾ 6.4 (146.0 –177.0)
54.3 ⫾ 13.4 (37.0 –95.0)
21.3 ⫾ 4.4 (15.4 –36.2)
7.1 ⫾ 12.7 (⫺20.0 –36.0)
3.7 ⫾ 0.8 (2–5)
2051 ⫾ 389 (1427–3172)
35.5 ⫾ 4.49 (26.58 –50.03)
9.5 ⫾ 0.4 (8.6 –10.5)
33.2 ⫾ 10.4 (13.9 –71.8)
36.0 ⫾ 8.1 (14.8 – 49.4)
24.9 ⫾ 9.4 (6.7– 60.3)
465 ⫾ 255 39 –1187
45.7 ⫾ 27.9 (0.0 –147.0)
72.1 ⫾ 40.6 (5.8 –198.5)

Black ⬎ Whiteb
Black ⬍ Whitea
Black ⬎ Whitea

BCE, Bone collagen equivalents; BMI, body mass index.
a

P ⬍ 0.01.

b

P ⬍ 0.05.

values. The effect of year of study on residuals was evaluated to ensure
that there was no influence of year of study on the relationships. Statistical significance was assessed using the bootstrap method (18).

serum 1,25(OH)2D (P ⫽ 0.0003) than White girls. Height,
weight, body mass index, total lean body mass, biochemical
markers of bone turnover, and PTH were not different between
Black and White girls.

Results

Effect of race and calcium intake on calcium balance
variables (Table 2)
Black girls had lower urinary calcium (P ⬍ 0.01) and fecal
calcium (P ⬍ 0.01) and higher net calcium absorption (P ⬍ 0.01)
and calcium retention (P ⬍ 0.01) than White girls. Fecal calcium
excretion, net calcium absorption, and calcium retention were
lower on a low calcium intake (P ⬍ 0.01) than on a high calcium
intake for both races.

Subject characteristics (Table 1)
Black girls were chronologically younger but had similar sexual maturity (PMA, Tanner stage) compared with White girls.
Black girls had higher total body BMC than White girls. Black
girls had lower serum 25(OH)D (P ⬍ 0.0001) (Fig. 1) and higher

Relationship between serum 25(OH)D and calcium
absorption and retention (Figs. 2 and 3)
Neither calcium absorption nor retention were related to serum 25(OH)D (Fig. 2). There was a significant relationship between serum 25(OH)D and PTH, but only in White girls (Fig. 3).
For White girls, an increase of 1 ng/ml serum 25(OH)D was
associated with a decrease of 0.33 pg/ml serum PTH (P ⫽
0.0007). For Blacks, there was no relationship (P ⫽ 0.30).
Relationship between serum 1,25(OH)2D and calcium
absorption and retention (Fig. 4)
Neither calcium absorption nor retention were related to serum 1,25(OH)2D (Fig. 4). Serum 1,25(OH)2D was not related to
serum PTH.
Prediction of calcium balance variables (Table 3)

FIG. 1. Distribution of serum 25(OH)D in 52 Black and 53 White adolescent girls
in summer. For nanomoles per liter, multiply by 2.496. Mean difference due to
race was significant at P ⬍ 0.0001.

Calcium retention
The best model for calcium retention included race, calcium
intake, and urinary NTX/Cr (r2 ⫽ 0.29; P ⬍ 0.01). The addition
of serum 25(OH)D or 1,25(OH) 2D was not significant in the
model.
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TABLE 2. Calcium balance variables in relation to race and calcium intake
Mean ⴞ
Calcium retention (mg/24 h); L ⬍ Ha; Black ⬎ Whitea
L
M
H
Urinary calcium (mg/24 h); Black ⬍ Whitea
L
M
H
Fecal calcium (mg/24 h); L ⬍ M ⬍ H a; Black ⬍ Whitea
L
M
H
Calcium absorption, efficiency (%); Black/L ⬎ all others
L
M
H
Net calcium absorption (mg/24 h); L ⬍ H a; Black ⬎ Whiteb
L
M
H

SD

(min–max)

Black (n ⴝ 52)

White (n ⴝ 53)

455 ⫾ 135 (216 –724)
488 ⫾ 206 (103–913)
666 ⫾ 417 (10 –1583)

256 ⫾ 151 (⫺60 –559)
441 ⫾ 242 (153–1007)
459 ⫾ 267 (56 –1179)

48 ⫾ 39 (1–173)
40 ⫾ 29 (7–100)
76 ⫾ 63 (3–182)

82 ⫾ 54 (26 –181)
90 ⫾ 50 (24 –200)
106 ⫾ 47 (29 –192)

304 ⫾ 121 (63–581)
758 ⫾ 230 (277–1218)
1172 ⫾ 369 (447–1867)

486 ⫾ 168 (154 –719)
817 ⫾ 201 (319 –1053)
1331 ⫾ 281 (703–1949)

62.3 ⫾ 15.0 (30.4 –92.3)
41.4 ⫾ 16.3 (10.1–77.1)
38.6 ⫾ 19.4 (3.3–78.0)

41.0 ⫾ 20.2 (13.0 – 80.7)
39.1 ⫾ 15.7 (19.6 –76.7)
29.9 ⫾ 13.5 (11.2– 63.6)

503 ⫾ 125 (253–758)
527 ⫾ 197 (122–933)
743 ⫾ 395 (64 –1586)

337 ⫾ 163 (108 – 644)
531 ⫾ 223 (256 –1049)
565 ⫾ 258 (210 –1228)

Low calcium intake (L) is 787– 854 mg; medium calcium intake (M) is 1205–1491 mg; high calcium intake (H) is 1795–2195 mg. For Black subjects, n ⫽ 22 for low, 21
for medium, and 9 for high calcium intake; for White subjects, n ⫽ 16 for low, 21 for medium, and 16 for high calcium intake.
a

P ⬍ 0.01.

b

P ⬍ 0.05.

Urine calcium
A model with race, calcium intake, PMA, and urinary
NTx/Cr explained 30% (P ⬍ 0.01) of the variation in urinary
calcium. The addition of serum 25(OH)D or 1,25(OH)2D was
not significant in the model.
Fecal calcium
A model with race and calcium intake explained 69% (P ⬍
0.01) of the variation in fecal calcium. Addition of urinary
NTx/Cr improved the prediction by 2% (P ⬍ 0.01). The addition
of serum 25(OH)D or 1,25(OH)2D was not significant in the
model.
Net calcium absorption
Race and calcium intake explained 19% (P ⬍ 0.01) of the
variation in net calcium absorption. Adding PMA improved the
prediction to 20% (P ⬍ 0.01). The addition of serum 25(OH)D
or 1,25(OH)2D was not significant in the model.
Total body BMC
Total body BMC was not predicted by race. PMA predicted
22% of the variation, and lean mass explained an additional
approximately 50% of the variation in total body BMC. The
addition of serum 25(OH)D or 1,25(OH)2D was not significant
in the model.

Discussion
In this study, we pooled data from multiple metabolic calcium
balance studies using the same protocol on a wide range of cal-

cium intakes, to investigate, in a sample of large size, the role of
vitamin D status on skeletal calcium accretion and absorption in
White and Black adolescent girls. The distribution of serum
25(OH)D was wide with a range of 12–51 ng/ml in Blacks and
14 –72 ng/ml in Whites, even though all the blood samples were
drawn during the summer months in Indiana (37– 41 degrees
latitude). Serum 25(OH)D was lower in Black than White girls
as has been shown in other studies (4, 9, 10, 19) with 82% Blacks
and 47% Whites in the insufficiency range using a level of less
than 30 ng/ml as the cutoff point in adults (20). The distribution
in vitamin D status was similar to that of a study in 93 adolescent
boys and girls from Houston, TX (5), but higher than that found
in 370 adolescents in a year-round study from Boston, MA (4).
Calcium retention was not influenced by vitamin D status in
White or in Black adolescent girls. These are the only published
studies on the effect of vitamin D status on skeletal calcium retention in children measured over a 3-wk calcium balance period. Our studies demonstrate that vitamin D insufficiency had
no adverse effects on calcium retention. Indeed, Blacks who had
lower vitamin D status than Whites had the higher calcium retention. Furthermore, no relationship was found between vitamin D status and BMC measured at the time of balance, which
supports our balance results and a study performed in 93 adolescent boys and girls studied in Texas (5). The main factors
determining BMC in our study were lean body mass and pubertal
maturation. Vitamin D status did not predict BMC. The significant (P ⫽ 0.049) racial difference in BMC observed in Table 1
is not significant in a model that includes PMA shown in Table
3 (P ⫽ 0.065).
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FIG. 3. The relationship of serum 25(OH)D and PTH varied with race (P ⫽
0.007). The relationship was unchanged if the apparent outlier at high serum
25(OH)D with low PTH was omitted from the analysis. F, Black girls; E, White
girls.

FIG. 2. Relationship of serum 25(OH)D and net calcium absorption (A) and net
calcium retention (B) in adolescent girls. Controlling for daily calcium intake,
Blacks had higher net calcium absorption (P ⫽ 0.003) and higher net calcium
retention (P ⫽ 0.003) than White girls. Serum 25(OH)D did not predict net
calcium absorption (P ⫽ 0.66) or net calcium retention (P ⫽ 0.66). F, Black girls;
E, White girls.

Calcium absorption was also not influenced by vitamin D
status in White or in Black adolescent girls. This finding agrees
with the findings in other studies in children that either show no
relationship between calcium absorption and serum 25(OH)D
(5, 21) or indeed a negative relationship (22). In 93 adolescents,
there was no relationship between calcium absorption measured
by stable double isotopes from a 300-mg calcium meal and serum
25(OH)D (5). In 16 healthy adolescents aged 9 –16 yr old recruited in Beijing China during winter, serum 25(OH)D levels
were low and showed a negative relationship with fractional
calcium absorption measured by a double-isotope technique
(22). However, these children also had very low calcium intakes,
which were probably the explanation for the negative relation-

ship. In adults, particularly the elderly, serum 25(OH)D is often
found to be positively related to calcium absorption because both
decrease with age (9, 23). Increasing serum 25(OH)D is associated with increasing absorption (24, 25) although only if there is
a response in serum 1,25(OH)2D (24).
Calcium supplementation reduces PTH, serum 1,25(OH)2D,
and bone turnover in children (26). Our data supported a weak
negative relationship between calcium intake and serum
1,25(OH)2D (r ⫽ 0.15; P ⫽ 0.079; data not shown) but not PTH.
Black girls had higher serum 1,25(OH)2D levels than White girls
and higher net calcium absorption. However, with calcium intake and race in prediction models, serum 1,25(OH)2D did not
contribute to the variation in calcium retention or net calcium
absorption. A positive relationship between serum 1,25(OH)2D
and PTH and calcium fractional absorption in children has also
been reported by Abrams et al. (5).
The inverse relationship between serum 25(OH)D and PTH
reported in elderly adults (27, 28) and children (2–5) was observed only in White, but not Black, girls in our study. In the
study of 307 Boston children aged 11–18 yr (4), there was no
difference in the relationship between serum 25(OH)D and PTH
between White (66% of subjects) and non-White adolescents
(34% of subjects), but only 15% of the latter were Black
(Abrams, S., personal communication). Only 13 of 93 children
in the Houston cohort were Black (5). It is possible that if a wider
range of serum 25(OH)D levels in Blacks were observed in our
cohort, especially at higher levels, an inverse relationship would
have been observed as for White girls. An inflection point in PTH
concentration at approximately 32 ng/ml serum 25(OH)D has
been observed in adults (27, 28) and in children (2). However,
none of the studies in children conducted in the United States (4,
5), including ours, has found an inflection point, possibly because the French cohort included a larger number of vitamin
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FIG. 4. Relationship of serum 1,25(OH)2D and net calcium absorption (A) and
net calcium retention (B) in adolescent girls. Black girls had higher net calcium
absorption (r2 ⫽ 0.20; P ⫽ 0.0005) and net calcium retention (r2 ⫽ 0.21; P ⫽
0.0005) than White girls. Serum 1,25(OH)2D did not predict net calcium
absorption or retention (P ⫽ 0.67). F, Black girls; E, White girls.

D-deficient children (2) than the U.S. studies. Indeed, others argue that in Whites, there is no plateau in the relationship between
vitamin D status and PTH suppression (29). Whether PTH suppression is an advantage in children is uncertain. In a longitudinal
study of 69 children aged 8 –13 yr, bone mass and bone area
accrual were highest in those with high-normal PTH and lownormal vitamin D status (30). In contrast, in our study, serum
PTH was significantly negatively correlated with total body
BMC (r ⫽ ⫺0.24; P ⬍ 0.05) but only in White girls.
Despite significant differences in vitamin D status with
race, there was no impact on measures of calcium utilization
that would positively affect bone. This finding extends the

J Clin Endocrinol Metab, October 2008, 93(10):3907–3914

previous literature because calcium intake was considered in
the models.
The observed racial differences in BMC, calcium absorption
and retention, and the relationship of PTH and vitamin D status
may be explained by genetic effects, environmental differences,
and by genetic-environment interactions. Genetic-environment
interactions are apparent when individuals with different genetic
profiles respond differently to a purely environmental factor
such as diet (31). Genetic contributions from race are a small part
of overall genetic variation. For example, the variation of serum
25(OH)D within race was much greater than the variation between Black and White girls (Fig. 1). Environment was controlled during the study period through controlled diet, physical
activity, and sun exposure; however, these and other environmental factors before the study could not be controlled. Raceenvironmental interactions were found but were a relatively
minor contributor to the variation in calcium retention. Race
plus the one environmental variable, calcium intake, accounted for only 21% of the variation in calcium retention,
leaving more than 75% of the variation unexplained, which
perhaps is largely genetics. Racial differences in response to
PTH have been studied in adults. Adult Black women are more
resistant than White women to bone-resorbing effects of PTH
(32) and the apparent sensitivity of BMD to vitamin D status
(33). In adolescence, there is a tremendous biological drive for
bone accretion which cannot be unraveled in adult studies.
Although our data showed a different racial relationship between vitamin D status and PTH in adolescents, evaluating
response to vitamin D will require an intervention study. Bone
turnover is also lower in Black compared with White adults
(34), but bone formation rates are higher in Black than White
girls during peak growth rates (6). Biochemical markers of
bone turnover are not sufficiently sensitive or specific to indicate these differences determined by calcium kinetic modeling and bone histomorphometry.
Our study has a number of limitations. It was cross-sectional,
whereas longitudinal studies of vitamin D supplementation are
needed to determine the dynamic response in calcium absorption
and retention to increasing vitamin D status. The individual studies were performed over a 10-yr period, although we were able
to show that the data were not affected by the time of study. It
is conceivable that fasting PTH did not reflect integrated 24-h
levels and that total PTH exposure may have been significantly
higher in Black than White girls. Our study also has a number of
strengths. The primary strengths are the relatively large numbers
of Black and White pubertal girls studied; the controlled calcium
intake; the wide range of vitamin D status, calcium intake, absorption and accretion; measurements during the summer season; and a narrow range of sexual maturity.
In summary, we have shown that calcium intake and race, but
not vitamin D status, predicted calcium utilization. Black girls
have higher calcium absorption and retention than White girls,
despite lower vitamin D status. Vitamin D status does not predict
calcium utilization in healthy Black or White adolescent girls at
the time of their peak growth in the skeleton. Although serum
threshold levels have been suggested that define vitamin D deficiency and above that prevent overt rickets (i.e. serum
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TABLE 3. Predictors of calcium retention, urinary calcium, fecal calcium, calcium absorption, and total body BMC in adolescent
girls
Coefficients
Racial
Black-White
difference

r2
Predict calcium retention (mg/d)
0.19b
0.21b
0.21b
0.21b
0.29b
Predict urinary calcium (mg/d)
0.13b
0.18b
0.19b
0.19b
0.30b
Predict fecal calcium (mg/d)
0.69b
0.69b
0.69b
0.69b
0.71b
Predict net Ca absorption (mg/d)
0.19b
0.20b
0.20b
0.20b
0.19b
Predict total body BMC (g)
0.04c
0.33b
0.33b
0.33b
0.84b

Ca intake
(mg/d)

PMA
(months)

153.30b
159.63b
167.08b
154.71b
196.53b

0.24b
0.22 b
0.23b
0.23b
0.18b

NS
NS
NS
NS

⫺32.92b
⫺34.87b
⫺31.89b
⫺34.08b
⫺40.40b

NS
NS
NS
NS
0.028c

1.10c
1.10b
1.08b
0.90c

⫺120.38c
⫺124.76c
⫺135.18c
⫺120.63c
⫺156.13b

0.75b
0.76b
0.75b
0.75b
0.79b

NS
NS
NS
NS

114.15c
118.53c
126.60c
115.86c
118.15c

0.24b
0.23b
0.24b
0.23b
0.23b

NS
NS
NS
NS

NS
NS
NS
NS
NS

22.05b
21.85b
21.65b
7.26b

NS
NS
NS
NS
NS

25(OH)D
(ng/ml)

1,25(OH)2D
(pg/ml)

NTx/Cr
(nmol BCE/nmol Cr)
or lean mass (g)a

Intercept

0.40c

67.74
110.06
73.6
82.44
⫺53.77

NS
NS

NS
NS
⫺0.065b

NS
NS
⫺0.33c

NS
NS
NS

NS
NS
0.07b

72.70
59.62
45.02
64.07
77.91
⫺140.43
⫺169.68
⫺118.62
⫺146.51
⫺24.14
155.31
187.98
148.64
172.71
193.13
2196
1938
2087
1985
⫺616

For example, at menarche, the mean total BMC is 1878 g and increases by 22 g for every additional month PMA. BCE, Bone collagen equivalent; NS, not significant.
a

Lean mass for total body BMC; NTx/Cr for all others.

b

P ⬍ 0.01; n ⫽ 142–158.

c

P ⬍ 0.05; n ⫽ 142–158.

25(OH)D ⬍ 11 ng/ml) (35), to date, there is no evidence related
to calcium absorption or retention to support a cutoff for vitamin
D insufficiency in children and adolescents.
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