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Abstract: O0bjective: To evaluate the effects of calcium supplementation on bone mineral density in children.
Methods: The PubMed, Embase, and Cochrane library were systematically searched. The retrieve inception date was between October
2001 and October 2019. Two reviewers independently performed the data extraction and assessed methodology quality. Studies were
limited to randomized clinical trials comparing calcium supplement with a placebo for bone mineral density in children. A meta-analysis
was performed to calculate standard mean difference (SMD) and 95% confidence interval (CI).
Results: A total of 6 randomized controlled trials involving 408 participants (calcium supplementation group: 198; placebo group: 210)
were finally included in this study. The meta-analysis revealed that, compared with placebos, calcium supplementation had no effect
on the bone mineral densities [the whole-body: SMD with Cl = 0.43 (-0.05-0.91), P=0.08, /2 = 75%; the 2nd—4th lumbar vertebrae:
SMD with 95% CI = 0.27 (—0.17 t0 0.70), P = 0.07, = 0%)]. Sensitivity analysis revealed that the results of the whole-body bone
mineral density were unstable and that the bone density of the 2nd—4th lumbar spine was robust.
Conclusions: The results of this meta-analysis suggested that calcium supplementation did not improve bone mineral density in
children. However, there continues to be a need for more high-quality studies to verify this fact in the future.
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1. Introduction

Osteoporosis is a systemic osteopathy characterized osteoporosis is a disease of the bone system character-
by low bone mass, destruction of bone microstructure, ized by decreased bone strength and increased risk of
increased bone brittleness, and predisposition to fractures.”  fracture. Bone strength reflects 2 aspects of bone, namely,
In 2011, the US National Institutes of Health proposed that  bone mineral density and bone quality.? Osteoporosis is a
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bone disease that is closely related to age, and the preva-
lence rate increases with age.® According to the latest sur-
vey data, the prevalence of osteoporosis among Chinese
individuals who are >50 years old is 20.7% for women and
14.4% for men. The prevalence of osteoporosis is sig-
nificantly increased in people >60 years old, especially in
women.* Osteoporosis is currently a major public health
problem. Low bone density is a significant risk factor for
osteoporosis. Calcium is the primary mineral that is con-
stituent in bones; consequently, it may be hypothesized
that dietary intake of Calcium contributes to the strength
and hardness of bones. Calcium deposition in bones is
an ongoing process from childhood to adolescence. If
the optimal bone mass is not reached within this period,
the impact on bone health will be irreversible. Therefore,
adolescence is a very important period to prevent osteo-
porosis.>® According to data available on the national sam-
ple survey, the average calcium intake in children before
2-11 years old was less than 300 mg/d, while in that of
11-18-year-old children it was the highest and less than
380 mg/d, and only about 10% of the children reached the
appropriate intake.” Adequate calcium intake in childhood
can not only protect the bone health of children, but also
reduce the risk of osteoporosis and fracture in the future.® If
there is insufficient calcium intake during childhood, it may
not be possible reach maximum peak bone mass in adult-
hood. Normal bone mineral density, bone mineral content,
and bone mass peak value are particularly important for
the growth of girls, and are very important for calcium defi-
ciency during pregnancy and lactation.*"" Some research-
ers'>' have conducted qualitative integration of calcium
supplementation in children, and these results indicate that
calcium supplementation has a favorable effect on bone
outcome in children. The purpose of this study was to sys-
tematically evaluate the effects of calcium supplementa-
tion on bone development in children, and thereby provide
a reference for calcium supplementation in children.

2. Materials and methods

2.1. Retrieval strategy

The review protocol was registered in the PROSPERO
International prospective register of systematic reviews
(CRD42020160858). A computer-based literature search
was conducted in the databases PubMed, Embase, and
Cochrane, using different combinations of the keywords
“Calcium [Mesh],” “Calcium [Mesh],” and “Child [Mesh]’
with Boolean logic symbols (AND, OR), for reports pub-
lished between October 2001 and October 2019 pertain-
ing to randomized controlled trials (RCTs). The detailed
search expressions are shown in Appendix 1.

2.2. Inclusion criteria

Trials were selected for inclusion in the present study
based on the following criteria: (1) trials comprising
healthy children; (2) trials with the following interven-
tion measures: the experimental groups were treated
with calcium supplements (including food) and the
control groups received placebos; (3) trials with the
following outcome indicators: measurements were
conducted using dual energy X-ray absorptiom-
etry (DXA) for at least 1 year including the follow-up
period, with bone mineral density (BMD) and bone
mineral content (BMC) as the main outcome indica-
tors and bone area (BA) as the secondary indicator;
and (4) only RCT reports were included, with reports of
high-quality quasi-trials included in the absence of
suitable RCTs.

2.3. Exclusion criteria

Exclusion criteria were as follows: (1) non-randomized
controlled trials (NRCTs); (2) trials comprising children
who were diagnosed with diseases affecting bone
metabolism or who were taking medications to increase
bone metabolism; and (3) trials with unclear outcome
indicators.

2.4. Data extraction

Based on the inclusion and exclusion criteria outlined
above, the retrieved reports were screened by 2 inde-
pendent reviewers as follows: first, after studying the
titles and abstracts, the reviewers excluded duplicate
reports and those that did not meet the inclusion cri-
teria; second, the full texts of the remaining reports
were studied, and the results were cross-checked;
and finally, the reports for which the 2 reviewers did
not reach a consensus in the first round of screening
were jointly evaluated through discussion, and in the
continuing absence of consensus, the reports were
subjected to further evaluation by a third reviewer.
The following data were extracted from the included
reports: (1) general information: title, author, country,
and date of publication; (2) research characteristics:
general information of study subjects, including sex,
age, and baseline comparability, such as the compa-
rability of follow-up time, number of subjects followed
up, management of lost follow-up data, calcium dos-
age, and treatment time; and (3) outcome indicators:
the measurement method was DXA, the main outcome
indicators were BMD and BMC, and the secondary
indicator was BA.
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2.5. Data synthesis

Statistical analysis was performed using RevMan 5.2
statistical software provided by the Cochrane Collabo-
ration Network. Continuous outcome indicators were
expressed as means + standard deviations, and pooled
effect size was expressed as standardized mean dif-
ference (SMD). Effect variables were reported as 95%
confidence intervals (Cls) and statistical significance
was tested at the level of a = 0.05; effect variables were
subjected to Q test and P for heterogeneity. If 2 < 50 (or
P > 0.10), the data were fitted to a fixed-effects model;
otherwise, the data were fitted to a random-effects
model (i.e., 7 > 50 or P < 0.10). Sensitivity analysis was
performed to evaluate the stability of meta-analysis
results, or alternatively, meta-analysis results were
recalculated using a different effects model and effect
size (i.e., interchange of mean difference (MD) and
SMD). Meta-analysis results are considered stable if
they did not change after the interchange; otherwise,
they were considered unstable, and caution should be
exhibited in the interpretation of the results.

3. Results

3.1. Literature retrieval

A total of 387 reports were retrieved, of which 42 were
from PubMed, 239 from Cochrane, and 107 from
Embase. After the exclusion of 14 duplicate reports, 373
remained for further screening, which led to the exclu-
sion of 241 reports based on their titles and abstracts,
thus leaving 132 reports as the remainder. Of these, 101
were excluded after study of their full texts, leaving 31
reports on RCTs involving calcium. Of these, 15 involved
nonconforming intervention measures, 4 included non-
conforming subjects, 4 reported nonconforming out-
come indicators, 1 did not include a placebo group, and
1 was based on a different type of trial. After exclusion of
these 25 reports, 4 RCTs"*-'8 were finally included in this
study, comprising a total of 408 participants, of which
198 were treated with calcium supplements and 210
were given placebos (Figure 1). The selected research
sources were the UK, Australia, and India. Basic infor-
mation about the literature is shown in Table 1.

Records identified through database
searching (n = 387)

Additional records identified

through other sources (n = 0)

A 4 A 4

Records after duplicates removed (n = 373)

Duplicates excluded (n = 14)

\ 4

Records screened (n = 132)

Records excluded (n = 241)

Full-text articles excluded with reasons (n = 101)

A 4

Full-text articles assessed for

eligibility (n = 31)

Records excluded with reasons (n = 25):
e incorrect interventions (n = 15)

e included incorrect patient population (n = 4)

e incorrect study design (n = 1)
e  no placebo group (n=1)

e  studies included in qualitative synthesis (n = 4)

Studies included in quantitative synthesis (meta-analysis) (n = 4)

Figure 1. Literature screening process.
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3.2. Risk of bias in the included RCTs

The included RCTs were comparable with respect to the
general characteristics at baseline (Table 1). The risk of
bias in the included RCTs was evaluated using a bias
risk assessment tool of the Cochrane Collaboration Net-
work. Of the four included RCTs, only one'® elaborated
on the randomization method, while the other three's-17
described their randomization methods only in a narra-
tive manner with many details missing, and only one'®
described allocation concealment methods. With the
exception of one study,' the researchers and subjects
were blinded in all the other studies; only one' was
blind for outcome evaluators; four were described to
be withdrawn and lost to follow-up data, and intention-
to-treat analysis was performed in the RCT reporting
lost to follow-up data (Figure 2).

3.3. Meta-analysis of the whole-body BMD

Three RCTs'®'6'8 reported on the whole-body BMD. Het-
erogeneity test results showed that there was hetero-
geneity among studies of whole-body BMD (P = 75%,

was homogeneity among studies of the 2nd—4th lum-
bar spine BMD (? = 0%, P = 0.85); the random-effects
model was used to combine effects. The results showed
that calcium supplementation had no effect on the 2nd—
4th lumbar spine BMD (SMD = 0.30, 95% CI = -0.02,
0.61, P=0.07) (Figure 4).

® @ | ® | ® | Incomplete outcome data (attrition bias)
® | @ | ® | @ | selective reporting (reporting bias)

. . . ‘ Blinding of participants and personnel (performance bias)
® | ® | @ | @ |sinding of outcome assessment (detection bias)

. ‘ . . Random sequence generation (selection bias)
® | ® | @ | @ |~rocation concealment (selection bias)

1]
P = 0.02); the random-effect model was used to com- g
bine the effects. The meta-analysis adopted the ran- E
dom effect model. The results of meta-analysis showed e}
that calcium supplementation had no effect on the
PP Anuradha 2012 ?
whole-body BMD (SMD = 0.43, 95% CI = -0.05, 0.91,
P =0.08) (Figure 3). Bonjour 2001 ?
. Cheng 2005
3.4. Meta-analysis of the 2nd—4th lumbar
spine BMD Lambert 2008 ?
Two RCTs'™" reported on the 2nd—4th lumbar verte-
brae BMD. Heterogeneity test results showed that there  Figure 2. Risk bias evaluation diagram.
Sample size Intervention measures Intervention Percentage
Inclusive Population - Ages duration Dose (mg) of lost visits ~ Outcome
RCTs P Control  Intervention  (years) | c 9 (%) indicators
group group (years)
Cheng Healthy . Whole-body
20052 children 4 39 10-12  Calcium Placebo 2 1000 18.7 BMD
Anuradha  Healthy . Multivitamin Whole-body
2012 children 0 69 812 Caloum ot ! 500 18 BMD
Calcium . Whole-body and
pamoet ety 37 36 1112 forfied  Loguarft 1 792 72 2nd-4th lumbar
fruit drinks vertebrae BMD
Bonjour Healthy . 2nd-4th lumbar
20011 children 62 54 7-9.3  Calcium Placebo 3-5 850 241 vertebrae BMD

Note: |, intervention group; C, control group; BMD, bone mineral density.

Table 1. Basic characteristics of included RCTs.
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3.5. Sensitivity analysis

The sensitivity analysis showed that the results of
the whole-body BMD change significantly after the
transition from the random-effects model to the fixed-
effects model and exclusion of articles one by one
(Figures 5 and 6), and the 2nd—4th lumbar vertebrae
BMD did not change significantly after changing the
fixed-effects model to the random-effects model and
exclusion of articles one by one (Figures 7 and 8).

3.6. Publication bias

Because only 4 RCTs were included, no analysis of
publication bias was performed in this study.

-
4. Discussion

Childhood and adolescence are periods of the most
significant bone development. BMD can directly reflect
bone development, and it has a significant impact on
the prevention of osteoporosis and fractures.’®? In this
study, the results of the relevant RCT studies were sum-
marized. Comparison between the ftrial groups (who
were treated with calcium supplements) and control
groups (who were receiving placebos) showed that rou-
tine calcium supplementation had no effect on the whole
body and 2nd—4th lumbar vertebrae BMD. Winzenberg
et al.? also showed that there was no effect of calcium
supplementation on the femoral neck or lumbar spine
BMD.

Std. Mean Difference
[V, Random, 95% Cl

Std. Mean Difference
IV, Random. 95% Cl

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Anuradha 2012 081 005 70 08 005 69 368%
Cheng 2005 104 01 411023 01 39 326%
Lambert 2008 095 002 37 093 002 36 30.6%
Total (95% Cl) 148 144 100.0%

Heterogeneity: Tau? = 0.14; Chi? = 8.02, df = 2 (P = 0.02); I?= 75%
Test for overall effect: 2= 1.75 (P = 0.08)

0.20[-0.13,0.53] i
0.17[:0.27,061] -
0.99 [0.50, 1.48] —
0.43 0.0, 0.91] P>
2 4 0 1 2

Favours [control] Favours [experimental]

Figure 3. Meta-analysis of the effects of calcium supplements and placebo on the whole-body bone mineral density in healthy children.

Experimental Control Std. Mean Difference Std. Mean Difference
i 5% Cl IV, Fi 5% Cl
Bonjour 2001 176 62 39 158 71 42 527% 0.27[-0.17,0.70]
Lambert 2008 081 003 37 08003 36 47.3% 0.33[-0.13,0.79]
Total (95% CI) 76 78 100.0% 0.30 [-0.02, 0.61]
Heterogeneity: Chi2 = 0.04, df = 1 (P = 0.85); I = 0% 2 1 0 1 2

Test for overall effect: Z = 1.83 (P = 0.07)

Figure 4. Meta-analysis of the effects of calcium supplements and p
children.

Favours [experimental] Favours [control]

lacebo on the 2nd-4th lumbar vertebrae bone mineral density in healthy

Standardised Mean

Study Difference SMD 95%-CI
Omitting Anuradha : 0.57 [-0.23; 1.38]
Omitting Cheng —— 0.57 [-0.20; 1.35]
Omitting Lambert T 0.19 [-0.08; 0.45]
Random effects model {m— 0.43 [-0.05; 0.91]

I T T 1

-1 -05 0 05 1

Figure 5. Meta-analysis of the effects of calcium supplement and placebo on the whole-body BMD in healthy children after exclusion of articles

one by one.
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Experimental Control Std. Mean Difference Std. Mean Difference
r Subgr Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Anuradha 2012 081 005 70 08 005 69 489% 0.20[-0.13,0.53] T
Cheng 2005 104 01 411023 01 39 282% 0.17[-0.27,0.61] B
Lambert 2008 095 002 37 093 002 36 22.9% 0.990.50, 1.48] — &
Total (95% ClI) 148 144 100.0% 0.37[0.14, 0.60] L 4
Heterogeneity: Chiz = 8.02, df = 2 (P = 0.02); I = 75% 2 1 : 1 2

Test for overall effect: Z = 3.12 (P = 0.002)

Favours [control] Favours [experimental]

Figure 6. Meta-analysis of the effects of calcium supplements and placebo by fixed-effects model on the whole-body BMD in healthy children.

Standardised Mean

Study Difference SMD 95%-ClI

Omitting Bonjour 0.33 [-0.13; 0.79]

Omitting Lambert . 0.27 [-0.17;0.70]

Fixed effect model | -ol 0.30 [-0.02; 0.61]
-0.5 0 0.5

Figure 7. Meta-analysis of the effects of calcium supplement and placebo on the 2nd-4th lumbar vertebrae BMD in healthy children after

exclusion of articles one by one.

Experimental Control

Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% C IV, Fi % Cl
Bonjour 2001 176 62 39 158 71 42 527% 0.27 [-0.17,0.70]

Lambert 2008 081 003 37 08 003 36 47.3% 0.33[-0.13,0.79]

Total (95% Cl) 76 78 100.0% 0.30 [-0.02, 0.61]

Heterogeneity: Chi = 0.04, df = 1 (P = 0.85); I = 0% 2 1 b 1 2

Test for overall effect: Z = 1.83 (P = 0.07)

Favours [experimental] Favours [control]

Figure 8. Meta-analysis of the effects of calcium supplements and placebo by random-effects model on the 2nd-4th lumbar vertebrae BMD in

healthy children.

The timing and dosage of calcium supplementa-
tion are of great importance. Given that bone growth
is different at different developmental stages, calcium
requirements differ as well. In a study by Ma et al.?!
trial groups were divided into a high-calcium sub-
group, a medium-calcium subgroup, and a low-
calcium subgroup, and increasing calcium intake
was observed to promote increases in bone mass in
adolescents. Although this effect was moderate, an
increase in BMC of the femoral neck might reduce the
risk of osteoporosis and fractures. Calcium supple-
mentation in early adolescence had a more significant
effect than supplementation at later stages. Due to
the small number of studies included in this study, the

174

time and dosing of calcium supplementation were not
analyzed.

Calcium intake contributes to bone formation, and
the role of calcium in bone consolidation is gradually
reduced.???® Since calcium supplementation reduces
bone remodeling, rather than increasing it, some studies
have observed short-term benefits. If calcium for bone
reconstruction effect is greater than the effect on bone
modeling, in such a way that the duration of calcium for
the bone growth differences becomes very small, it is
said that as the calcium time growth takes place, bone
mineral density/bone mineral content will decline; how-
ever, this statement has not been confirmed, since there
is a need for more RCTs to verify it.
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The sensitivity analysis of the whole-body bone den-
sity indicates that this conclusion is not adequately stable
and that the results need to be treated with caution. This
may be due to the small amount of literature included,
and more high-quality studies must be included in the
future to further verify this result.

Limitations of this study include the following
aspects: first, due to the limitation of the quantity and
quality of the included studies, the conclusions of this
study still need to be verified by more high-quality RCTs.
Second, there no study could be retrieved on calcium
dosage and children’s age; for this reason, it was impos-
sible to obtain data which presents information on the
correlation prevailing between the optimal pediatric dos-
age of calcium and age of children.
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