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Bone mineral contents and plasma osteocalcin concentrations of
Gambian children 12 and 24 mo after the withdrawal of a calcium
supplement1,2
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Elizabeth ME Poskitt

ABSTRACT
Background: Our randomized, placebo-controlled supplementa-
tion study of 160 rural Gambian children aged 8.3–11.9 y showed
that an increase in calcium intake of 714 mg/d for 12 mo resulted
in a 5% increase in forearm bone mineral acquisition and a 22%
decrease in plasma osteocalcin concentration, a bone formation
marker, but had no effect on height or bone dimensions.
Objective: We investigated whether these results were sustained
after supplement withdrawal.
Design: All participants were followed up 12 (FU1) and 24 (FU2)
mo after supplementation ended. Bone mineral content (BMC),
bone mineral density (BMD), and BMC adjusted for bone width,
body weight, and height (size-adjusted BMC) were measured at
the midshaft and distal radius. Plasma osteocalcin concentration
was measured at FU1.
Results: At follow-up, the calcium group had greater bone mineral
status than did the placebo group at the midshaft radius (mean dif-
ference ± SE), FU1: BMC (4.7 ± 1.6%; P = 0.004), BMD (5.1 ± 1.1%;
P ≤ 0.0001), size-adjusted BMC (5.0 ± 1.1%; P ≤ 0.0001);
FU2: BMC (3.8 ± 1.6%; P = 0.02), BMD (2.7 ± 1.3%; P = 0.04),
size-adjusted BMC (2.5 ± 1.3%; P = 0.06). Similar differentials
were observed at the distal radius but were not significant. No
significant differences in plasma osteocalcin concentrations
(FU1: �0.5 ± 6.5%; P = 0.9) were observed between groups.
Conclusion: Although some of the effects of calcium supple-
mentation were still evident at follow-up, further studies are
required to determine whether short-term increases in calcium
intake have lasting benefits for Gambian children. Am J Clin
Nutr 2002;76:681–6.
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INTRODUCTION

Osteoporosis is a skeletal disease characterized by low bone
mass and deterioration of bone tissue, resulting in an increased
incidence of fragility fractures (1). Bone mass in young adulthood
is a major predictor of later fracture risk (2, 3). Understanding the
factors that influence bone mass accumulation in childhood and
maximize peak bone mass in young adulthood, therefore, is
important for designing preventative strategies to combat osteo-
porosis (4).
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Currently, considerable interest is focused on the importance
of calcium nutrition in childhood and the development of peak
bone mass. Several studies have shown a significant effect of a
calcium supplement or milk on bone mineral acquisition (5–12).
However, to date, only a few studies have made follow-up meas-
urements after the supplement was withdrawn to investigate long-
lasting benefits. Of these, most studies failed to show a sustained
effect of calcium supplementation following supplement with-
drawal (13–15). An exception was a study of prepubertal girls who
consumed foods fortified with a calcium supplement derived from
milk: a sustained effect on bone mineral acquisition after the end
of the supplementation period was documented (9).

In our recent calcium supplementation study of Gambian chil-
dren accustomed to a low calcium intake of �300 mg (7.5 mmol)/d, we
showed that an increase in calcium intake of 714 mg (17.85 mmol)/d
for 12 mo resulted in a greater bone mineral content at the mid-
shaft radius and distal radius by �5% with no effect on height
or bone dimensions (12). This was accompanied by a 22%
decrease in plasma osteocalcin concentration, a bone formation
marker. The present study examined whether the increase in
bone mineral status of the Gambian children associated with the
calcium supplement was sustained 12 and 24 mo after supple-
ment withdrawal.

SUBJECTS AND METHODS

One hundred sixty healthy Gambian children (80 boys and
80 girls) who had previously taken part in a randomized, dou-
ble-blind supplementation study in which they consumed either
a calcium supplement or a matching placebo for 12 mo were
invited to visit the clinic at MRC Keneba for follow-up meas-
urements 12 (FU1) and 24 (FU2) mo after supplementation had
stopped. The children were from the rural village of Keneba,
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West Kiang, and were aged 8.3–11.99 y at the start of the sup-
plementation study (baseline). All 160 children who were meas-
ured at baseline participated in the follow-up studies at FU1
and FU2.

The calcium supplement was 1000 mg (25 mmol) chewable cal-
cium carbonate (Calcichew; Shire Pharmaceuticals Ltd, Andover,
United Kingdom, and Nycomed Pharma AS, Oslo), consumed 5 d/wk
to provide an average calcium intake of 714 mg/d (17.85 mmol/d)
over the year of the study. The placebo tablets, produced by the
same manufacturers, were of similar shape, taste, and texture. A
full description of the study population and the calcium supple-
mentation study was given previously (12). The subjects and
investigators involved in data collection in The Gambia and Cam-
bridge remained blind to the tablet assignments throughout the
supplementation and follow-up periods.

Follow-up measurements were made 12 and 24 mo after sup-
plement withdrawal (x– ± SD: FU1, 367 ± 29 d; FU2, 732 ± 30 d).
There was no significant difference in the timing of these meas-
urements between the calcium and placebo groups (FU1: 364 ± 2
and 369 ± 41 d in the calcium and placebo groups, respectively;
FU2: 731 ± 10 and 733 ± 41 d in the calcium and placebo
groups, respectively). The follow-up measurements for each
individual took place 24 and 36 mo after his or her original
baseline measurements before supplementation (FU1, 752 ± 27 d;
FU2, 1117 ± 29 d). No subject had a history of any medical con-
dition known to affect calcium and bone metabolism or had a
recent fracture. None were consumers of alcohol, antacids, cal-
cium, or other nutritional supplements; none were smokers; and
none of the girls were taking contraceptive pills.

The study was approved by the MRC/Gambian Government
Ethics Committee. The follow-up measurements were an integral
part of the study protocol, and informed consent was obtained
from the children and their parents at enrollment.

Bone mineral status

Measurements of bone mineral content (BMC; g/cm), bone
width (BW; cm), and bone mineral density (BMD; g/cm2) at the
midshaft and distal radius of the left arm were made with the use
of single-photon absorptiometry (Lunar SP2; Lunar Radiation
Corporation, Madison, WI). Full details of the technique used in
this study were described previously (12).

The instrument was stable throughout the 3 y of the supple-
mentation and follow-up studies. Coefficients of variation for
BMC, BW, and BMD of phantoms provided by the manufac-
turer were 1.13%, 0.85%, and 0.74% for the small phantom
(BMC = 0.374 g/cm) and 0.56%, 0.40%, and 0.62% for the large
phantom (BMC = 1.196 g/cm), with no sign of drift. The in vivo pre-
cision of the instrument, estimated from replicate measurements of
children with repositioning, was 1.1% for BMC and 2.5% for BW (16).

Anthropometry and pubertal status

Each subject was weighed to the nearest 0.1 kg while wearing
light clothing and no shoes. Standing height was measured to the
nearest 0.1 cm in subjects not wearing shoes. Sexual maturity was
assessed according to Tanner stages of classification (17). Puber-
tal status of the girls was based on breast and pubic hair develop-
ment and was assessed by a female pediatric physician or the sen-
ior midwife at the MRC Keneba Clinic. Assessment of the sexual
maturity of the boys was based on genital and pubic hair devel-
opment and was conducted at FU1 by the principal investigator
(B Dibba) and at FU2 by a male pediatric physician.

Plasma osteocalcin

Blood was obtained for osteocalcin analysis at FU1 from a
subset of 100 subjects (equally divided between the calcium and
placebo groups) for whom plasma osteocalcin values were avail-
able both at baseline and after 12 mo of supplementation. Each
sample was collected between 0630 and 0700 after the subjects
had fasted overnight. The blood was anticoagulated with lithium
heparin, kept cool, and centrifuged at 1700 � g for 20 min at
4 �C within 45 min. The plasma was separated and stored frozen.
The samples were transported on dry ice to Cambridge. Plasma
intact osteocalcin was quantified with the use of an immunora-
diometric assay (N-TACT Osteocalcin; INCStar Corporation,
Stillwater, MN), which had a between-run precision of 6% during
the study period for a control sample with a concentration of
26 �g/L, measured in duplicate.

Dietary calcium intake

Dietary calcium intake was quantified at FU1 by direct weigh-
ing of all foods consumed for 2 d (12). Computation of nutrient
intakes was carried out with the use of the Gambian Dido and
MW1N4 in-house suite of software programs based on McCance
and Widdowson’s food-composition data, supplemented by infor-
mation on the composition of Gambian foods (18). Drinking water
in Keneba has a low calcium concentration (< 10 mg/L) (18), and
its consumption was not quantified.

Statistical analysis

Descriptive statistics are presented as means ± SDs and differ-
ences ± SEs. Statistical analysis was performed by using simulta-
neous multiple regression analysis, analysis of variance, and analy-
sis of covariance with Scheffe’s post hoc tests (LINEAR MODEL
SOFTWARE, DATADESK 4.1; Data Description Inc, Ithaca, NY).
Baseline value was included as an independent variable in all mod-
els to minimize the effects of regression toward the mean. All con-
tinuous variables, except age, were converted to natural logarithms
to facilitate examination of power relationships between continu-
ous variables and to investigate proportional effects of discrete
variables (19, 20). The regression coefficient for a discrete vari-
able, when the dependent variable is in natural logarithms, once
multiplied by 100, corresponds closely to the percentage effect as
defined by (difference/mean) � 100 (21). In all cases the distri-
bution of the log-transformed variables approximated normality.

The effect of the calcium supplement at FU1 and FU2 was
assessed as the percentage difference between treatment groups at
each time point, after correcting for baseline value and potential
confounding variables. The result is equivalent to the difference
between the treatment groups in percentage change since base-
line, ie, over the full 24- and 36-mo period, respectively, after
adjusting for baseline value. The effect of the supplement on BMC
independent of bone and body size was examined at each time
point by including the mean and difference since baseline for BW,
weight, and height as independent variables in the regression
analyses. Other independent variables examined were age, sex,
pubertal status, calcium intake, and interaction terms as appropri-
ate. In each case a full regression model was constructed, which
included all relevant independent variables, followed by the
removal of nonsignificant variables by backward elimination.
Similar models were constructed to examine the effect of the sup-
plement on height, bone width, and plasma osteocalcin concen-
tration. The approach to the statistical analysis and full details of
the modeling procedure were described previously (12, 19).
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TABLE 1
Characteristics and anthropometric measures of the calcium-supplemented and placebo groups1

Baseline FU1 FU2

Calcium group Placebo group Calcium group Placebo group Calcium group Placebo group

Age (y)2 10.3 ± 1.03 10.3 ± 1.0 12.3 ± 1.0 12.3 ± 1.0 13.3 ± 1.0 13.3 ± 1.0
Weight (kg)2 25.5 ± 4.0 24.9 ± 4.1 30.9 ± 6.3 29.9 ± 5.6 34.6 ± 7.5 33.1 ± 6.7
Height (cm)2 132.5 ± 6.9 131.6 ± 7.6 142.7 ± 7.7 141.6 ± 8.3 147.4 ± 7.8 146.3 ± 8.7
MUAC (cm)2 18.2 ± 1.6 18.0 ± 1.6 20.1 ± 2.1 19.7 ± 1.9 21.3 ± 2.9 20.6 ± 2.2
Triceps skinfold thickness (mm)2 8.0 ± 1.7 7.9 ± 2.1 8.4 ± 2.7 8.3 ± 2.9 8.7 ± 3.4 8.3 ± 2.8
Grip strength (kg)2 11.1 ± 3.0 10.7 ± 2.7 17.1 ± 4.0 16.3 ± 3.1 19.4 ± 5.0 18.2 ± 4.6
Calcium intake (mg/d) 342 ± 129 334 ±153 360 ± 164 343 ± 116 — —
Tanner stage ≥ 3 [n (%)]

Boys4 0 (0) 0 (0) 5 (12.5) 8 (20.0) 9 (22.5) 7 (17.5)
Girls4 3 (7.5) 1 (2.5) 11 (27.5) 9 (22.5) 16 (40.0) 15 (37.5)

1 n = 80/group. Baseline measurements were taken before the 12-mo calcium supplementation study. FU1, follow-up 12 mo after supplement withdrawal;
FU2, follow-up 24 mo after supplement withdrawal; MUAC, midupper arm circumference.

2 Each variable was significantly greater at FU2 than at FU1 and at FU1 than at baseline, P < 0.0001 (two-factor repeated-measures ANOVA with
Scheffe’s post hoc test), except for the difference between FU1 and baseline for MUAC and triceps skinfold thickness (not significant). There were no signi-
ficant main effects of group or significant interactions between group and time for any variable.

3 x– ± SD.
4 n = 40/group. 

Subject characteristics at baseline and the response to calcium
supplementation were not different in boys and girls (12). Simi-
lar findings, of similar magnitude, were observed when analyzing
the follow-up data for each sex separately, and no significant
sex-by-supplement group interactions were obtained in the regres-
sion analyses. Consequently, the follow-up data in this report are
presented with boys and girls together.

RESULTS

The characteristics of the calcium and placebo groups before
supplementation and at FU1 and FU2 are given in Table 1. The
children at follow-up were small for their age and puberty was
delayed (17, 22). The mean ± SD z scores relative to the British
reference were height-for-age z score: FU1, –1.26 ± 0.90;
FU2, –1.47 ± 0.94; weight-for-age z score: FU1, –1.92 ± 0.92;
FU2, –1.85 ± 1.01. There was no significant difference between
the calcium and placebo groups in the pubertal-stage profile of
either the boys or girls. At baseline, 85% boys and 76% of girls
were prepubertal, and by FU2, 68% of the boys and 21% of the
girls remained in Tanner stage 1. The proportions of subjects who
had progressed to Tanner stage ≥ 3 at FU1 and FU2 are given in
Table 1. The numbers of girls who had experienced menarche by
FU1 and FU2 were 3 (4%) and 8 (10%), respectively. Dietary cal-
cium intake at FU1 was not different to that at baseline (Table 1),
and there was no difference between the groups in the intake of
calcium (Table 1) or of energy, protein, fat, or phosphorus (data
not shown).

By FU1 and FU2 both groups of children were significantly
heavier and taller than at baseline and had greater BMC, BW, and
BMD at the midshaft and distal radius (Table 1 and Table 2). The
increases in weight and height and in bone variables at the mid-
shaft radius were greater in girls than in boys and in those who
had entered puberty than in those who had not, but were gener-
ally independent of age (Tables 3–5). The effects of pubertal stage
on midshaft BMC disappeared after size adjustment.

At the midshaft radius, the incremental gains since baseline of
BMC, BMD, and size-adjusted BMC were significantly greater in
the calcium group than in the placebo group (Tables 3 and 4).

Findings of similar magnitude were observed at the distal radius,
but the differences between the groups were not statistically signi-
ficant (Tables 3 and 4). The magnitudes of the differences and, for
the midshaft radius the strengths of the effects, at FU1 were not
different from those observed between the calcium and placebo
groups at the end of the supplementation period, but were lower
and less significant at FU2 (12). The effects of the calcium sup-
plement on bone mineral status were not influenced by adjusting
for age, sex, pubertal status, or dietary calcium intake, and no
interactions were observed. There were no significant effects of
the calcium supplement at either FU1 or FU2 on incremental gain
in body weight, height, or BW at the midshaft or distal radius.

Plasma osteocalcin concentrations were higher at FU1 than at
baseline (P < 0.001, Table 2). This increase was greater in older
children and in girls than in boys but was independent of pubertal
status (Table 5). There was no significant difference in plasma
osteocalcin concentration at FU1 between the calcium and placebo
groups, before or after adjustment for baseline value, age, puber-
tal status, and sex (Table 5).

DISCUSSION

This study showed that the effect of calcium supplementation on
bone mineral status was sustained 12 mo after supplement with-
drawal and that some residual effects were still evident after 24 mo.
At FU1, the magnitude of the effect on bone mineral status at the
midshaft radius, expressed as BMC, BMD, or size-adjusted BMC,
was commensurate with that seen at the end of the supplementation
period. By FU2, the difference between the groups at the midshaft
radius was attenuated but was still statistically significant. The effect
at the distal radius was of a similar magnitude but was not statisti-
cally significant, possibly reflecting the greater imprecision of meas-
urements at this site. Conversely, no difference in plasma osteocal-
cin concentration remained between the calcium and placebo groups
at FU1, in spite of the large difference observed at the end of the
supplementation period. No effect of the calcium supplement on
bone and body size or on pubertal status was noted at any time.

These results suggest a possible long-term effect of calcium
supplementation on BMC in Gambian children, with no effect on
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TABLE 2
Bone measures and plasma osteocalcin concentrations in the calcium-supplemented and placebo groups1

Baseline FU1 FU2

Calcium group Placebo group Calcium group Placebo group Calcium group Placebo group

Midshaft radius2

BMC (g/cm)3 0.452 ± 0.087 0.434 ± 0.085 0.539 ± 0.095 0.502 ± 0.100 0.584 ± 0.103 0.549 ± 0.115
BW (cm) 0.976 ± 0.117 0.960 ± 0.114 1.034 ± 0.114 1.025 ± 0.117 1.090 ± 0.120 1.064 ± 0.122
BMD(g/cm2)3 0.461 ± 0.058 0.451 ± 0.062 0.520 ± 0.053 0.488 ± 0.066 0.534 ± 0.058 0.513 ± 0.073

Distal radius2

BMC (g/cm) 0.419 ± 0.096 0.388 ± 0.103 0.519 ± 0.121 0.478 ± 0.124 0.580 ± 0.211 0.516 ± 0.122
BW (cm) 1.828 ± 0.183 1.777 ± 0.198 2.017 ± 0.207 1.963 ± 0.220 2.077 ± 0.276 2.016 ± 0.205
BMD (g/cm2) 0.227 ± 0.040 0.217 ± 0.044 0.256 ± 0.043 0.242 ± 0.048 0.273 ± 0.070 0.254 ± 0.045

Osteocalcin (�g/L)4 24.3 ± 10.5 23.5 ± 7.9 32.1 ± 14.5 31.8 ± 12.8 — —
1 x– ± SD; n = 80/group. Baseline measurements were taken before the 12-mo calcium supplementation study. FU1, follow-up 12 mo after supplement

withdrawal; FU2, follow-up 24 mo after supplement withdrawal; BMC, bone mineral content; BW, bone width; BMD, bone mineral density.
2 Each variable was significantly greater at FU2 than at FU1 and at FU1 than at baseline, P < 0.001 (two-factor repeated-measures ANOVA with Scheffe’s

post hoc test). There were no significant differences between the groups for any variable at baseline.
3 There was a significant interaction between intervention group and time for midshaft BMC (P = 0.046) and BMD (P = 0.002) but for no other variable,

P ≤ 0.05 (two-factor repeated-measures ANOVA with interaction).
4 n = 50/group.

growth. This differs from the results of 3 studies in which the
effect of supplementation with calcium salts, including calcium
carbonate as used in the Gambian study, was not sustained after
supplement withdrawal (13–15). A continuing effect 1 y after sup-
plementation with foods fortified with calcium phosphate,
extracted from milk, was reported from one study of well-nour-
ished prepubertal girls, but, unlike the Gambian study, this
appeared to be associated with differences in growth velocity (9).

It has been hypothesized that the increase in BMC with no con-
comitant increase in bone size that is observed when children are

supplemented with calcium salts may be the result of a phenom-
enon known as the bone remodeling transient, in which the
increase in calcium supply causes a decrease in osteoclast activa-
tion frequency and a subsequent decrease in the volume of bone
undergoing remodeling at any one time (12, 23, 24). If this were
the case, the increase in bone mineral would be expected to be
temporary and to reach a plateau when the bone turnover rate
attained a new steady state after all resorption cavities excavated
at the previous activation frequency had been remodeled. It
would also be predicted that the differential in bone mineral

TABLE 3
Effect of calcium supplementation and other variables on bone measures at follow-up 12 mo after supplement withdrawal (FU1)1

BMC BW BMD Size-adjusted BMC

% (P)

Midshaft radius
Supplement group 4.7 ± 1.62 (0.004) �0.3 ± 0.8 (0.7) 5.1 ± 1.1 (≤0.0001) 5.0 ± 1.1 (≤0.0001)
Baseline value 0.8 ± 0.04 (≤0.0001) 0.8 ± 0.04 (≤0.0001) 0.7 ± 0.04 (0.001) 0.7 ± 0.04 (≤0.0001)
Sex 3.7 ± 1.6 (0.02) NS 3.5 ± 1.1 (0.002) 3.5 ± 1.1 (0.001)
Pubertal stage 6.7 ± 2.1 (0.002) 3.3 ± 1.1 (0.003) 3.4 ± 1.5 (0.02) NS
Change in BW — — — 1.2 ± 0.1 (≤0.0001)
Mean BW — — — 0.3 ± 0.1 (≤0.0001)
Mean weight — — — 0.1 ± 0.04 (0.006)
Constant �9.3 ± 3.9 (0.02) 5.0 ± 0.7 (≤0.0001) �17.9 ± 3.6 (≤0.0001) �62 ± 16 (0.0001)

Distal radius
Supplement group 4.5 ± 3.0 (0.1) 0.9 ± 1.3 (0.5) 4.2 ± 2.5 (0.09) 2.7 ± 2.4 (0.3)
Baseline value 0.5 ± 0.06 (≤0.0001) 0.6 ± 0.06 (≤0.0001) 0.4 ± 0.07 (≤0.0001) 0.4 ± 0.07 (≤0.0001)
Sex NS NS NS NS
Pubertal stage 8.3 ± 4.1 (0.04) NS 7.2 ± 3.3 (0.03) NS
Change in BW — — — 0.8 ± 0.1 (≤0.0001)
Mean BW — — — 1.1 ± 0.2 (≤0.0001)
Mean weight — — — NS
Constant �26 ± 7 (0.0002) 30 ± 4 (≤0.0001) �79 ± 11 (≤0.0001) —118 ± 16 (≤0.0001)

1 BMC, bone mineral content; BW, bone width; BMD, bone mineral density.
2 Mean coefficients ± SE from simultaneous multiple regression analysis with the value at FU1 as the dependent variable. All continuous variables except

age were in natural logarithms and multiplied by 100. The results for discrete variables correspond to the percentage difference in the dependent variable
between groups (see Subjects and Methods). Full models were set up with supplement group (calcium group = 1, placebo group = 0), baseline value, sex
(F = 1, M = 0), age at baseline, and pubertal status at baseline (Tanner stage ≥2 = 1, Tanner stage 1 = 0) as independent variables. Nonsignificant variables
other than supplement group were removed by backward elimination (P > 0.05) to produce the parsimonious models presented. For size-adjusted BMC,
change and mean of the log-transformed values for BW, weight, and height were also included (see Subjects and Methods). Age, change in weight, change
in height, and mean height were not significant in any model at FU1 and are not shown.
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TABLE 4
Effect of calcium supplementation on bone measures at follow-up 24 mo after supplement withdrawal (FU2)1

BMC BW BMD Size-adjusted BMC

% (P)

Midshaft radius
Supplement group 3.8 ± 1.62 (0.02) 1.2 ± 0.9 (0.2) 2.7 ± 1.3 (0.04) 2.5 ± 1.3 (0.06)
Baseline value 0.8 ± 0.04 (≤0.0001) 0.8 ± 0.04 (≤0.0001) 0.7 ± 0.05 (≤0.0001) 0.7 ± 0.05 (≤0.0001)
Sex 7.6 ± 1.6 (≤0.0001) 2.5 ± 0.9 (0.01) 5.1 ± 1.3 (0.0002) 5.2 ± 1.4 (0.0002)
Pubertal stage 6.6 ± 2.2 (0.003) 3.2 ± 1.3 (0.01) 3.8 ± 1.7 (0.03) NS
Change in BW — — — 0.9 ± 0.1 (≤0.0001)
Mean BW — — — 0.3 ± 0.1 (0.001)
Mean weight — — — 0.1 ± 0.05 (0.03)
Constant �1.2 ± 3.9 (0.8) 7.5 ± 0.9 (≤0.0001) �13 ± 4 (0.002) �52 ± 19 (0.006)

Distal radius
Supplement group 1.5 ± 3.4 (0.7) 0.3 ± 1.5 (0.8) 2.4 ± 2.6 (0.4) 1.8 ± 2.4 (0.5)
Baseline value 0.8 ± 0.07 (≤0.0001) 0.8 ± 0.07 (≤0.0001) 0.7 ± 0.07 (≤0.0001) 0.5 ± 0.07 (≤0.0001)
Sex NS NS NS NS
Pubertal stage NS NS NS NS
Change in BW — — — 1.3 ± 0.1 (≤0.0001)
Mean BW — — — 1.0 ± 0.3 (≤0.0001)
Mean weight — — — NS
Constant 13 ± 7 (0.07) 26 ± 4 (≤0.0001) �29 ± 11 (0.006) �97 ± 17 (≤0.0001)

1 BMC, bone mineral content; BW, bone width; BMD, bone mineral density.
2 Mean coefficients ± SE from simultaneous multiple regression analysis with the value at FU2 as the dependent variable. All continuous variables except

age were in natural logarithms and multiplied by 100. The results for discrete variables correspond to the percentage difference in the dependent variable
between groups (see Subjects and Methods). Full models were set up with supplement group (calcium group = 1, placebo group = 0), baseline value, sex
(F = 1, M = 0), age at baseline, and pubertal status at baseline (Tanner stage ≥2 = 1, Tanner stage 1 = 0) as independent variables. Nonsignificant variables
other than supplement group were removed by backward elimination (P > 0.05) to produce the parsimonious models presented. For size-adjusted BMC,
change and mean of the log-transformed values for BW, weight, and height were also included (see Subjects and Methods). Age, change in weight, change
in height, and mean height were not significant in any model at FU2 and are not shown.

would disappear when the rate of bone turnover returned to its for-
mer level after calcium supplementation was withdrawn.

The findings of the Gambian study do not fit well with this
simple model. Differences in plasma osteocalcin concentration
had disappeared 12 mo after supplement withdrawal, but the
effects on BMC in the forearm had not and were still evident
after 24 mo. One interpretation is that bone remodeling in Gam-
bian children may be slower than in other populations, so that
the reversal of the bone remodeling transient took many more
months to complete than was noted in other studies. This pos-
sibility is supported by the finding that American black children

have lower bone remodeling rates than do white children of the
same age, as shown by plasma osteocalcin concentration and
tartrate-resistant acid phosphatase activity (15). However, data
on this point are not consistent, because no differences were
noted in urinary bone resorption markers between American
black and white children (25). Also the use of bone turnover
markers in children has been shown to be problematic because
they may underestimate true bone turnover (26). However,
should this interpretation prove correct it would imply that
short-term calcium supplementation does not result in a long-
lived alteration in bone mineral status.

TABLE 5
Effect of calcium supplementation on height, weight, and plasma osteocalcin concentrations at follow-up

Height Weight Osteocalcin
FU1 FU2 FU1 FU2 FU1

% (P)

Supplement group 0.1 ± 0.32 (0.8) 0.0 ± 0.3 (0.9) 0.3 ± 0.9 (0.8) 1.7 ± 1.2 (0.1) �0.5 ± 6.5 (0.9)
Baseline value 0.9 ± 0.03 (≤0.0001) 1.0 ± 0.03 (≤0.0001) 1.1 ± 0.03 (≤0.0001) 1.1 ± 0.05 (≤0.0001) 0.4 ± 0.08 (≤0.0001)
Sex 1.1 ± 0.3 (0.0002) 1.7 ± 0.3 (≤0.0001) 4.7 ± 0.9 (≤0.0001) 9.6 ± 1.2 (≤0.0001) 18 ± 7 (0.009)
Pubertal stage 0.9 ± 0.4 (0.02) NS 4.0 ± 1.4 (0.004) NS NS
Age NS NS NS 2.0 ± 0.8 (0.01) 12.7 ± 5.1 (0.01)
Constant 38 ± 14 (0.008) 33 ± 15 (0.03) �4.8 ± 11 (0.7) �22 ± 12 (0.07) 58 ± 53 (0.3)

1 FU1, follow-up 12 mo after supplement withdrawal; FU2, follow-up 24 mo after supplement withdrawal.
2 Mean coefficients ± SE from simultaneous multiple regression analysis with the value at FU1 or FU2 as dependent variable. All continuous variables

except age were in natural logarithms and multiplied by 100. The results for discrete variables correspond to the percentage difference in the dependent vari-
able between groups (see Subjects and Methods). Full models were set up with supplement group (calcium group = 1, placebo group = 0), baseline value,
sex (F = 1, M = 0), age at baseline, and pubertal status at baseline (Tanner stage ≥2 = 1, Tanner stage 1 = 0) as independent variables. Nonsignificant vari-
ables other than supplement group were removed by backward elimination (P > 0.05) to produce the parsimonious models presented.
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Another plausible interpretation is that bone resorption
remained at a lower rate in the calcium than in the placebo group
at follow-up but that the circulating concentration of osteocalcin,
produced by osteoblasts during bone formation, does not ade-
quately reflect osteoclast activation frequency in growing children,
despite its use as a marker of bone turnover in adults. A similar
dissociation of effects of a calcium intervention on bone forma-
tion and bone resorption markers was noted in white children (26).
If this were the case, it would imply that short-term calcium sup-
plementation in children results in a reprogramming of bone
remodeling, producing a long-term effect on bone mineral status.
Further, the lower bone remodeling rate might prove to be bene-
ficial, because lower rates of bone remodeling have been associ-
ated with higher peak bone mass (15), suggesting that the rate of
bone turnover during childhood and early adulthood may be an
important factor underlying future fracture risk. Clearly, a more
detailed profile of calciotropic hormone concentrations and bone
turnover markers is needed to more fully explore the mechanism
underlying these results.

Finally, the results of this study may support the possibility that,
because in children bone formation exceeds bone resorption, cal-
cium supplementation results in a more positive remodeling bal-
ance (23). Although some of the gain in accreted bone might be
expected to be lost on supplement withdrawal because of the
remodeling transient, a more positive remodeling balance would
be predicted to produce permanent gains in bone accretion (23).
That previous studies have not shown residual effects of calcium
supplementation in children may be due to differences in sample
size at follow-up, calcium dosage, compliance rates, or inherent
differences between populations. Further follow-up studies of the
Gambian cohort are required to investigate this further.

In summary, this study showed that the increase in bone min-
eral status that resulted from the consumption by rural Gambian
children of an extra 714 mg Ca/d for 12 mo was sustained 12 and
24 mo after the withdrawal of the calcium supplement. The gain
in bone mineral, if maintained into adulthood, would increase
peak bone mass and might lead to a reduction in the risk of frac-
tures in later life. However, whether the effect is sustained long
enough to maximize the peak bone mass of these children as they
progress through puberty and into early adulthood is not known.
A further follow-up study is under way to determine whether the
short-term increase in calcium intake by Gambian children accus-
tomed to a low calcium intake is sufficient to sustain an increase
in bone mass over many years.

We are indebted to the study participants and their parents, without whom
this study would not have been successful. We also thank the many people who
assisted with this study, particularly Ndey Haddy Bah and Abdoulie Jaiteh in
Keneba and Janet Bennett, Celia Greenberg, Ann Laidlaw, Ann Laskey,
Sheila Levitt, and Alison Paul in Cambridge.

REFERENCES
1. World Health Organization. Assessment of fracture risk and its appli-

cation to screening for postmenopausal osteoporosis. World Health
Organ Tech Rep Ser 1994;843.

2. Cummings SR, Black DM, Nevitt MC, et al. Bone density at various
sites for prediction of hip fractures. Lancet 1993;341:72–5.

3. Eisman JA, Kelly PJ, Morrison NA, et al. Peak bone mass and osteo-
porosis prevention. Osteoporos Int 1993;(suppl):S56–60.

4. Shaw NJ, Bishop NJ. Mineral accretion in growing bones—a frame-
work for the future? Arch Dis Child 1995;72:177–9.

5. Johnston CC, Miller JZ, Slemenda CW, et al. Calcium supplementa-
tion and increases in bone mineral density in children. N Engl J Med
1992;327:82–7.

6. Lloyd T, Andon MB, Rollings N, et al. Calcium supplementation and
bone mineral density in adolescent girls. JAMA 1993;270:841–4.

7. Lee WTK, Leung SSF, Wang S-H, et al. Double-blind, controlled
calcium supplementation and bone mineral accretion in children
accustomed to a low-calcium diet. Am J Clin Nutr 1994;60:
744–50.

8. Lee WTK, Leung SSF, Leung DMY, Tsang HSY, Lau J, Cheng JCY.
A randomized double-blind controlled calcium supplementation trial,
and bone and height acquisition in children. Br J Nutr 1995;74:
125–39.

9. Bonjour J-P, Carrie A-L, Ferrari S, et al. Calcium-enriched foods and
bone mass growth in prepubertal girls: a randomized, double-blind,
placebo-controlled trial. J Clin Invest 1997;99:1287–94.

10. Cadogan J, Eastell R, Jones N, Barker ME. Milk intake and bone min-
eral acquisition in adolescent girls: randomised, controlled interven-
tion trial. BMJ 1997;315:1255–60.

11. Chan GM, Hoffman K, McMurry M. Effects of dairy products on bone
and body composition in pubertal girls. J Pediatr 1995;126:551–6.

12. Dibba B, Prentice A, Ceesay M, Stirling DM, Cole TJ, Poskitt EME.
Effect of calcium supplementation on bone mineral accretion in Gam-
bian children accustomed to a low calcium diet. Am J Clin Nutr 2000;
71:544–9.

13. Lee WTK, Leung SSF, Leung DMY, Cheng JCY. A follow-up study
on the effects of calcium-supplement withdrawal and puberty on bone
acquisition of children. Am J Clin Nutr 1996;64:71–7.

14. Lee WTK, Leung SSF, Leung DMY, et al. Bone mineral acquisition
in low calcium intake children following the withdrawal of calcium
supplement. Acta Paediatr 1997;86:570–6.

15. Slemenda CW, Peacock M, Hui S, Zhou L, Johnston CC. Reduced
rates of skeletal remodeling are associated with increased bone min-
eral density during the development of peak bone mass. J Bone Miner
Res 1997;12:676–82.

16. Goslings WRO, Cole TJ, Prentice A, Bishop NJ. Rate of radial bone
mineral accretion in healthy children. Acta Paediatr 1995;84:383–7.

17. Tanner JM. Growth at adolescence. 2nd ed. Oxford, United Kingdom:
Blackwell Scientific, 1962.

18. Prentice A, Laskey MA, Shaw J, et al. The calcium and phosphorus
intakes of rural Gambian women during pregnancy and lactation.
Br J Nutr 1993;69:885–96.

19. Prentice A, Parsons TJ, Cole TJ. Uncritical use of bone mineral den-
sity in absorptiometry may lead to size-related artifacts in the identi-
fication of bone mineral determinants. Am J Clin Nutr 1994;60:
837–42.

20. Parsons TJ, Prentice A, Smith EA, Cole TJ, Compston JE. Bone min-
eral mass consolidation in young British adults. J Bone Miner Res
1996;11:264–74.

21. Cole TJ. Sympercents: symmetric percentage differences on the 100
log(e) scale simplify the presentation of log transformed data. Stat
Med 2000;19:3109–25.

22. Cole TJ. Growth monitoring with the British 1990 growth reference.
Arch Dis Child 1997;76:47–9.

23. Heaney RP. The bone-remodeling transient: implications for the inter-
pretation of clinical studies of bone mass change. J Bone Miner Res
1994;9:1515–23.

24. Prentice A. Is nutrition important in osteoporosis? Proc Nutr Soc
1997;56:357–67.

25. Pratt JH, Manatunga AK, Peacock M. A comparison of the urinary
excretion of bone resorptive products in white and black children. J
Lab Clin Med 1996;127:67–70.

26. Wastney ME, Martin BR, Peacock M, et al. Changes in calcium kinet-
ics in adolescent girls induced by high calcium intake. J Clin
Endocrinol Metab 2000;85:4470–5.

 by guest on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/

