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ABSTRACT

Objective

To examine the differences in bone mineral density between normal-weight children and 
children with overweight or obesity.

Methods

A systematic review and meta-analysis of observational studies (published up to June 
22nd 2016) on the differences in bone mineral density between normal weight children 
and overweight and obese children was performed. Results were pooled when possible 
and mean differences were calculated between normal-weight and overweight and 
normal-weight and obese children for bone content and density measures at different 
body sites.

Results

Twenty-seven studies, with a total of 5958 children, were included. There was moderate 
and high quality of evidence that overweight (MD 213 grams; 95%CI 166, 261) and obese 
children (MD 329 grams; 95%CI 229, 430) have a significantly higher whole body bone 
mineral content than normal-weight children. Similar results were found for whole body 
bone mineral density. Sensitivity analysis showed the association was stronger in girls.

Conclusions

Overweight and obese children have a significantly higher bone mineral density com-
pared to normal-weight children.

Since there was only one study included with a longitudinal design, the long term 
impact of childhood overweight and obesity on bone health at adulthood is not clear.
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Introduction

Obesity in both children and adolescents has been increasing dramatically worldwide 
(1). In 1990 it was estimated that 32 million children under the age of 5 were overweight 
or obese, and this number has risen to 41 million children in 2014 (1). Of all continents, 
Europe has the highest prevalence (13%) of children having overweight (1). These num-
bers indicate that childhood obesity is a growing problem, and even more so with the 
knowledge that obese children are more likely to stay obese into adulthood (1).

It has been shown that childhood obesity can, among other diseases, lead to diabetes, 
pulmonary complaints and cardiovascular diseases like hypertension, with symptoms of 
these diseases already apparent during childhood, and carrying on to adulthood (2, 3). 
In addition it has been shown that childhood obesity increases the chance of developing 
musculoskeletal complaints, injuries and fractures as early as in childhood (4, 5).

The mechanism behind the increased injury and fracture risk in obese children is 
not clear and therefore different theories have been proposed. Childhood obesity is as-
sociated with a decline in motor skills, these children may therefore be more prone to 
falling with injuries or fractures as a result (6). Furthermore, attaining a high peak bone 
mass by bone mass accrual during childhood, and maintaining bone mass through life is 
associated with a lower fracture risk later in life (7, 8). It is however unknown whether 
children with obesity have a normal bone mass accrual during childhood.

Furthermore, several studies have investigated the role of overweight and obesity 
on bone mineral content (BMC) and bone mineral density (BMD) in adults(9, 10). These 
studies show a positive relationship between BMI and BMC and BMD. These relation-
ships have been studied less extensively in children, and the mechanism and factors 
influencing bone density in children seems more complex.

Research that has been conducted on children suggests that more adipose tissue in 
obese children is related to greater total bone mineral density by causing a greater me-
chanical load on the bone, however this relation is still under investigation (11, 12, 13). 
On the other hand, the lower physical activity levels in obese children, may contribute to 
a lower BMD in obese children compared to children with a normal weight (8, 14). Be-
cause of this contradictory uncertainty in the literature and the many studies performed 
on the association between BMD and weight status, this review will provide a systematic 
overview and meta-analysis on the differences in BMD between normal-weight children 
and children with overweight and obesity, in order to be able to draw a more uniform 
conclusion on this suggested association.

Differences in bone mineral density 3



Methods

Search methods

We searched the following databases for relevant articles available for all years up to 
June 22nd 2016: Medline (OVID), Embase, Cochrane, Web of Science (WoS), Cinahl ebsco, 
Pubmed publisher and Google scholar. The search string contained the terms obesity, 
BMD and children. The search string (see Appendix 1) was adapted to the different 
databases to facilitate a comprehensive search.

A study had to fulfill the following criteria to be included in this review:

Study design

Cross-sectional and longitudinal studies that investigated the differences in BMD be-
tween normal-weight children and overweight and obese children were included.

Participants

Participants had to be children aged between 2 and 18.

Exposure

The exposure was childhood overweight or obesity, with children of normal weight as 
control group. The definition of the different weight groups, i.e. normal-weight, over-
weight and/or obese, based on BMI, fat percentage or body weight had to be clarified 
in the study and children had to be categorized in these groups by each individual study.

Outcome

The outcome measure had to be BMD in g/cm2, BMAD (bone mineral apparent density) 
in g/cm3, or bone mineral content (BMC) expressed in kg’s or grams, measured by dual x-
ray absorptiometry (DEXA) or volumetric BMD (vBMD) in mg/cm3 or mg/mm3 measured 
by peripheral quantitative computed tomography (pQCT). The outcome measures could 
be measured at any site of the body. All outcome measures had to be reported on a 
continuous scale.

Exclusion criteria

Studies including children with any underlying (chronic/ systemic) disease including 
growth hormone deficiency, diabetes type 2, cystic fibrosis, kidney disease, liver disease 
or transplantation, inflammatory bowel disease and eating disorders were excluded. 
Studies including children with genetic defects were also excluded. Articles written in a 
language other than English or Dutch were excluded.
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Study selection

Four reviewers (JvL, BK, MvM, WP) independently screened the relevant articles identi-
fied by the search strategy on in-and exclusion criteria. After the first screening, based on 
title and abstract, the full texts of the remaining articles were reviewed. Any discrepan-
cies between the reviewers were resolved by discussing the original article and reaching 
consensus.

Risk of bias assessment

Three reviewers (JvL, MvM, BK) performed a risk of bias assessment, using an adjusted 
version of the quality assessment score of Paulis et al. (5) and the Newcaste-Ottowa Scale 
(NOS) (15) (see Appendix 2). The quality assessment list contained 16 criteria to assess 
the risk of bias, of which 14 are applicable to cross-sectional studies and all 16 items 
apply to longitudinal studies (see Appendix 2). The studies were then rated on these 
16 items as ‘positive’, ‘negative’, or ‘unclear’. Disagreements between the authors were 
resolved by a discussion. The final risk of bias was calculated by adding up the items with 
positive scores and dividing them by the total number of items. If more than 50% of the 
items were scored positive, the risk of bias was arbitrarily rated as low.

Data management

Data were extracted by three independent researchers (JvL, MvM, BK) using a standard-
ized data extracting form. Study characteristics extracted were: study design, setting, 
country in which the study was performed, number of participants, mean age of par-
ticipants, gender, weight status assessment, weight status definition, BMC and BMD 
assessment, sites of BMC and BMD assessment and BMC and BMD definition.

The bone mineral density measures (means and standard deviations) at different 
body sites for each weight group were extracted.

If standard deviations were not reported we used the confidence intervals to calculate 
the standard deviation. If the confidence interval was also not reported, an estimation of 
the standard deviation was made based on study data of comparable studies in terms of 
measurements and sample size.

If studies only reported their outcome as graphs, the means and (when shown) 
standard deviations were estimated from these graphs.

Data analysis

Data were pooled of studies which were clinically homogeneous and reported on the 
same outcome measures. Mean differences with 95% confidence intervals (CI) between 
overweight and normal-weight, and obese and normal-weight children were calculated. 
If a study grouped overweight and obese children into one group, this group was used 
as an ‘overweight’ group in the analyses, but additional analyses were performed to 
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investigate potential differences between overweight and obese children when possible. 
Sensitivity analysis were performed to investigate potential differences between over-
weight and normal weight, and obese and normal weight children by gender.

For pooling we used the random effects model. Review manager 5.0 software was 
used to calculate the total mean differences with accompanying 95%CI. Statistical het-
erogeneity was tested with the chi2 and I2 test. For the pooled studies, we used funnel 
plots to analyze potential publication bias. If the funnel plot was symmetrical no publica-
tion bias was considered. If outcome measures were presented on different scales, the 
outcome measure was transformed to the most frequently reported scale. If pooling was 
not possible, data were analyzed descriptively.

Strength of evidence

In order to evaluate the strength of evidence of the pooled results, the Grading of 
Recommendations Assessment, Development and Evaluation (GRADE) approach was 
used (16). The rating of evidence started at high quality, because observational studies 
were the most appropriate design for the current review. The quality of evidence was 
downgraded by one level if there was inconsistency (I2>40%), uncertainty (n < 400), or 
probability of bias (>25% of patients come from a study with a high risk of bias, or the 
funnel plot indicated publication bias). It was upgraded by one level if strong evidence of 
associations was found (MD >2SD). The following levels of evidence were distinguished.
-	 High: further research is unlikely to change the level of evidence. There are no known 

or suspected reporting biases
-	 Moderate: further research is likely to have an important impact on confidence of the 

estimate of effect and may change the estimate
-	 Low: further research is likely to have an important impact on confidence of the 

estimate of effect and is likely to change the estimate
-	 Very low: the estimate of effect is very uncertain

Results

Study selection

From our search we obtained 5028 articles (Figure 1). After screening on title and 
abstract, 282 articles remained for potential inclusion for which full text was assessed. 
Finally, 27 articles were included in this systematic review (12, 17-42).

Study characteristics

Of the 27 included studies, five had a longitudinal design and the other 22 studies had 
a cross-sectional or case-control design. Of four of the five longitudinal studies (31, 38, 
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41, 42) only baseline data were used since our outcome of interest was not reported at 
follow-up. These were therefore considered as cross-sectional.

The study characteristics of the included studies are shown in Table 1. The 27 in-
cluded studies were conducted in 17 different countries across the world. Children were 
recruited in different settings, ranging from a random selection from an open population 
to schools and outpatient clinics. The most frequently reported outcomes were total 
body BMC (g), total body BMD (g/cm2), lumbar spine BMD (g/cm2) and femoral neck 
BMD (g/cm2). Only two studies did not report on any of these outcomes, but only on 
bone densities at different body sites (31, 39). The cross sectional studies included a total 
of 5126 children aged four to 18 years. The longitudinal study included 832 children.

Risk of bias assessment

Table 2 shows the final risk of bias assessment with 26 studies with a cross-sectional or 
case control design and one study with a longitudinal design. The reviewers agreed on 
89.6% of the items of the 27 included studies (403 of 450), and reached consensus on all 
items after discussing them. Of the 27 included studies, 23 had a low risk of bias. Most 
studies (n=20) scored negative on the inclusion of at least 50 cases. Nearly all studies 
(n=26) reported a clear weight status and BMD definition.

Figure 1 – Flowchart of selected papersFigure 1 – Flowchart of selected papers.
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Table 2 – Quality assessment scores of included studies. Scoring options were positive (1), negative (0), unclear 
(2), or not applicable (na).
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Cross-sectional studies

De la Torre 1990 0 2 0 0 0 2 1 0 2 0 0 na na 1 0 0 14

Dimitri 2015 1 2 0 1 1 1 1 1 2 0 1 na na 1 1 1 71

Ducher 2009 1 1 1 1 1 1 1 1 2 0 0 na na 1 1 1 79

El-Dorry 2015 0 2 0 1 1 1 1 1 2 0 1 na na 0 0 0 43

Ellis 2003 1 2 0 1 1 1 1 1 2 0 0 na na 1 1 1 64

Eriksson 2008 1 1 0 1 0 1 1 1 2 0 1 na na 1 1 0 64

Fintini 2011 1 2 0 1 1 1 1 1 2 0 1 na na 1 1 1 71

Fischer 2000 1 1 0 1 0 2 1 1 2 0 0 na na 1 1 1 58

Gracia-Marco 2011 0 1 0 1 0 1 1 1 2 0 0 na na 0 1 1 50

Hanks 2015 1 2 0 1 1 1 1 1 2 0 1 na na 1 1 1 71

Haroun 2005 1 1 0 1 1 1 1 1 2 0 0 na na 1 1 0 64

Hasanoglu 2000 1 1 0 1 0 2 1 1 2 0 0 na na 1 0 0 43

Ivuskans 2014 1 2 1 1 1 1 0 1 2 0 1 na na 1 0 0 57

Jeddi 2015 1 2 0 1 1 1 1 1 2 0 1 na na 1 1 0 64

Klein 1998 1 2 0 1 2 2 1 1 2 0 0 na na 1 1 1 50

Leonard 2015 1 2 1 1 1 1 1 1 2 0 1 na na 1 1 1 79

Manzoni 1996 1 2 1 1 1 1 1 1 2 0 2 na na 1 0 0 57

Rocher 2008 1 2 0 1 1 1 1 1 2 0 1 na na 1 1 1 71

Rocher 2013 1 2 1 1 1 1 1 1 2 0 1 na na 1 1 1 79

Shin 2011 1 2 0 1 0 2 1 1 2 0 1 na na 1 0 0 43

Templeton 2011 1 2 0 1 1 1 1 1 2 1 2 na na 1 1 1 71

Tubíc 2012 1 2 0 1 1 1 1 1 2 0 1 na na 1 1 1 71

Kouda 2012 0 1 0 1 1 0 1 1 2 1 1 na na 1 1 1 71

Lucas 2012 1 1 1 1 1 1 1 1 2 1 1 na na 1 0 0 79

Vaitkeviciute 2014 1 2 0 1 1 1 1 1 1 1 1 na na 1 1 1 86

Wetzsteon 2008 1 2 1 1 1 1 1 1 2 1 1 na na 1 1 1 86

Longitudinal studies

Uusi-Rasi 2012 1 0 0 1 2 2 1 1 2 1 0 1 0 1 1 1 56
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Mean differences

Prospective study
Uusi-Rasi et al. (40) reported prospective data on the differences in BMD between over-
weight and non-overweight children. They concluded that childhood overweight may 
lead to higher trabecular density at the tibia in adult women only with mean difference 
(MD) 17 mg/cm3 (95%CI 3.73, 29.27), and adult men have a somewhat lower cortical 
density at tibia (MD -13 mg/cm3 (95%CI -13.48, -0.52)).

Cross-sectional studies

Total body bone mineral content(g)
A total of 13 studies reported total body BMC (g) per weight group. Of these, six (20, 
21, 24, 28, 29, 38) reported the BMC for normal-weight and overweight children and 
ten (19, 20, 23, 25, 26, 29, 34, 35, 36, 38) for normal-weight and obese children. Figure 
2a shows the pooled results of the differences in BMC between normal-weight and 
overweight children (MD 214 grams (95%CI 166, 261; I2=17%)). Low heterogeneity, low 
uncertainty (n>400) and low probability of bias lead to high quality of evidence showing 
that overweight children have a significantly higher whole body BMC than normal-weight 
children.

Pooled data of nine studies comparing whole body BMC between obese and normal-
weight children showed a significant MD of 329 grams (95%CI 229, 430) (Figure 2b). The 
test for heterogeneity showed an I2 of 63% (p=0.003), therefore the quality of evidence 
for this significant difference in BMC was downgraded by only one level leading to mod-
erate quality.

Templeton et al. (38) reported BMC for both overweight and obese children, but their 
results could not be used in both meta-analyses due to different outcome scales, though 
comparable results were found.

Analysis between overweight and obese children including the results of two studies 
(20, 29), showed a MD of total body BMC of 112 grams ((95%CI -3, 227), I2=0% (P=0.88)) 
leading to high quality of evidence for no significant difference in total body BMC be-
tween obese and overweight children (see appendix 3a).

Whole body bone mineral density (g/cm2)

Six studies (21, 24, 28, 29, 33, 41) reported the BMD for normal-weight and overweight 
children and pooled results showed a significant MD of 0.04 g/cm2 (95%CI 0.02, 0.05), 
I2=70 (Figure 3a). Pooled data of nine studies (17, 19, 22, 23, 29, 30, 35, 36, 41) showed 
a significant difference in BMD between normal-weight and obese children (MD 0.05 g/
cm2 (95%CI 0.02, 0.09)) (Figure 3b). Statistical significant heterogeneity (I2=82) was found 
and therefore moderate quality of evidence was found for a significant mean difference 
in BMD between normal weight children and overweight and obese children.
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Analysis between overweight and obese children including the results of two stud-
ies (29, 41) showed a MD of total body BMD of 0.05 g/cm2 (95%CI 0.03, 0.08), I2=0% 
(P=0.88). However, since there was uncertainty (n<400), the quality of evidence was 
downgraded by one level to moderate quality of evidence for a significantly higher BMD 
in obese children compared to overweight children (see appendix 3b).

Lumbar spine BMD (g/cm2)

Six studies (21, 24, 28, 29, 37, 41) reported on the differences in lumbar spine BMD 
between normal-weight and overweight children and pooled results showed a significant 
MD of 0.04 g/cm2 (95%CI 0.01, 0.06), I2= 75% (Figure 4a). Additionally, pooled data of 
eight studies (22, 23, 27, 29, 35, 36, 37, 41) comparing lumbar spine BMD between 
normal-weight and obese children showed a significant MD of 0.08 g/cm2 (95%CI 0.05, 
0.11) (Figure 4b). Statistically significant heterogeneity (I2 = 73%) was found and there-
fore moderate quality of evidence was found for a significant mean difference in lumbar 
spine BMD between normal-weight children and overweight and obese children.

Figure 2 – (a) Pooled results of the studies that reported whole body BMC(g) for normal weight and overweight 
children. (b) Pooled results of the studies that reported whole body BMC(g) for normal weight and obese chil-
dren. BMC, bone mineral content.
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Figure 3 – (a) Pooled results of the studies that reported whole body BMD (g/cm2) for normal weight and over-
weight children. (b) Pooled results of the studies that reported whole body BMD (g/cm2) for normal weight and 
obese children. BMD, bone mineral density.

Figure 4 – (a) Pooled results of the studies that reported lumbar spine BMD (g/cm2) for normal weight and 
overweight children. (b) Pooled results of the studies that reported lumbar spine BMD (g/cm2) for normal 
weight and obese children. BMD, bone mineral density.
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Femoral neck BMD (g/cm2)

Pooled results of six studies (21, 24, 28, 29, 37, 41) showed an MD of 0.02 g/cm2 (95%CI 
-0.01, 0.06), indicating that there is no significant difference in femoral neck BMD be-
tween overweight and normal-weight children. The MD of femoral neck BMD between 
obese and normal-weight children was 0.07 g/cm2 (95%CI 0.04, 0.09), which was ob-
tained from 5 different studies (23, 29, 36, 37, 41) (Figure 5a and 5b). The heterogeneity 
for these associations was 81% (P<0.001) and 55% (P=0.05) respectively. This led to a 
moderate quality of evidence for the non-significant mean difference in femoral neck 
BMD between normal-weight and overweight children and for the significant mean dif-
ference in femoral neck BMD between normal-weight and obese children.

Other outcome measures

Several outcome measures were reported by only one or two individual studies. Out-
come measures that were reported by two studies were pooled. A summarized overview 
of these results are presented in Table 3a (overweight vs normal-weight) and Table 3b 
(obese vs normal-weight). Overweight children had significantly higher values at all dif-
ferent body sites, except at the distal radius and tibia (CoD) and the lumbar spine and 
femoral neck (BMC). Obese children showed significantly higher values at all body sites, 
except at the distal radius and tibia (CoD and TrD), at the forearm (BMD), and for the total 
bone mineral apparent density.

Figure 5 – (a) Pooled results of the studies that reported femoral neck BMD (g/cm2) for normal weight and 
overweight children. (b) Pooled results of the studies that reported femoral neck BMD (g/cm2) for normal 
weight and obese children.
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Sensitivity analyses

Sensitivity analysis on gender for total body BMC, including 3 studies (20, 24, 29), showed 
that the MD of total body BMC between overweight and normal weight boys was 184 
grams ((95%CI 95, 273), I2=0%, p=0.59). For girls this MD was 172 grams ((95%CI 89, 
256), I2=24%, p=0.27). Both significant MD’s had high quality of evidence (see Appendix 
4a). The MD of total body BMC between obese and normal weight boys was 353 grams 
((95%CI -10, 717), I2=77%, p=0.01) and for girls 473 grams ((95%CI 300, 645), I2=50%, 
p=0.14), based on the same three studies (20, 24, 29). The quality of evidence for these 
MD’s was moderate (see Appendix 4b).

For several other outcome measures, only a maximum of 2 studies reported out-
comes for boys and girls separately. A summarized overview of these pooled results are 
shown in appendix 5.

Discussion

The purpose of this systematic review was to obtain insight in the differences in BMD 
between normal-weight children and overweight and obese children. The current study 
shows that overweight and obese children have a significantly higher whole body BMC 
and BMD than normal-weight children. Measurements of bone density of specific body 
sites showed an overall trend towards, often significantly, higher bone density values in 
overweight and obese children. The quality of the evidence found was of moderate or 
high quality.

For all but two outcome measures there was significant heterogeneity between the 
studies with an I2 of 63% to 81%. The heterogeneity was mainly caused by three studies 
(24, 26, 37). These studies reported outcome measures separately for boys and girls, or 
for taekwondo and control group, which might partly explain the heterogeneity. When 
removing these studies from the analyses the heterogeneity dropped substantially and 
the outcomes remained almost similar. Only for the outcome femoral neck BMD in 
overweight and normal-weight children, the MD became positive and significant when 
removing Shin et al. (37) from the analysis (MD 0.05 g/cm2 (95%CI 0.03, 0.06)). Other 
possible explanations for heterogeneity could be different cut-off systems used to define 
the weight groups or the wide age range in the study populations. Overall, the heteroge-
neity did not seem to impact our results substantially.

Additional analysis between overweight and obese children showed no significant 
difference for total body BMC between these groups, but moderate quality of evidence 
was found for a significant difference in total body BMD between overweight and obese 
children. This indicates that being obese compared to overweight does not have as much 
impact as being obese or overweight compared to being of normal weight.
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Table 3 – (a) Outcome measures overweight vs. non-overweight

Body site with outcome measure Studies included N Mean difference (95%CI)

Radius Metaphysis BMC (g/cm) 1 (12) 427 0.06 (0.04, 0.08)**

Radius Diaphysis BMC (g/cm) 1 (12) 427 0.06 (0.04, 0.08)**

Tibia Metaphysis BMC (g/cm) 1 (12) 427 0.27 (0.19, 0.35)**

Tibia Diaphysis BMC (g/cm) 1 (12) 427 0.28 (0.22, 0.34)**

Distal radius cortical density (g/cm3) 1 (12) 427 5.10 (-5.07, 15.27)

Distal radius trabecular density (g/cm3) 1 (12) 427 15.40 (8.54, 22.26)**

Distal tibia cortical density (g/cm3) 2 (12, 42) 872 -0.44 (-5.01, 4.14)

Distal tibia trabecular density (g/cm3) 1 (12) 427 15.50 (7.77, 23.23)**

Lumbar Spine BMC (g) 1 (24) 330 0.22 (-2.5, 2.94)

Bone mineral content index (kg/m2) 1 (31) 482 0.01 (0.01, 0.01)**

Heel BMC (g) 1 (39) 41 0.04 (0.02, 0.06)**

Heel BMD (g/cm2) 1 (39) 41 0.05 (0.02, 0.08)**

Heel BMAD (g/cm3) 1 (39) 41 13.30 (3.15, 23.45)*

Total hip BMC (g) 1 (24) 330 1.51 (0.04,2.99*

Total hip BMD (g/cm2) 1 (24) 330 0.04 (0.02, 0.07)*

Femoral neck BMC (g) 1 (24) 330 0.25	 (0.06, 0.44)*

*p < 0.05. **p < 0.001. BMAD, bone mineral apparent density; BMC, bone mineral content; BMD, bone mineral 
density; CI, confidence interval.

Table 3 – (b) Outcome measures obese vs. normal weight

Body site with outcome measure Studies included N Mean difference (95%CI)

Distal radius cortical density (g/cm3) 2 (18, 32) 178 -1.67 (-59.24, 55.90)

Distal radius trabecular density (g/cm3) 2 (18, 32) 178 -0.61 (-10.33, 9.12)

Distal tibia cortical density (g/cm3) 2 (18, 32) 181 -16.66 (-51.26, 17.93)

Distal tibia trabecular density (g/cm3) 2 (18, 32) 178 -0.73 (-10.38, 8.93)

Total Bone Mineral Apparent Density (g/cm3) 2 (25, 35) 112 0.04 (-0.07, 0.15)

Lumbar Spine BMC (g) 2 (35, 36) 120 3.63 (1.77, 5.49)**

Lumbar spine BMAD (g/cm3) 1 (35) 43 0.02 (0.01, 0.03)**

Arm BMC (g) 1 (34) 115 34.00 (7.31, 60.69)*

Trunk BMC (g) 1 (34) 115 127.00 (55.35, 198.65)**

Leg BMC (g) 1 (34) 115 248.60 (143.90, 353.30)**

Total hip BMC (g) 1 (36) 77 2.66 (0.32, 5.00)*

Total hip BMD (g/cm2) 1 (36) 77 0.07 (0.02, 0.11)*

Femoral neck BMC (g) 1 (36) 77 0.45 (0.12, 0.78)*

Forearm BMC (g) 1 (36) 77 0.64 (0.24, 1.04)*

Forearm BMD (g/cm2) 1 (36) 77 0.02 (-0.00, 0.04)

*p < 0.05. **p < 0.001. BMAD, bone mineral apparent density; BMC, bone mineral content; BMD, bone mineral 
density; CI, confidence interval.
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We decided to include studies with either longitudinal or cross-sectional designs. Sur-
prisingly our search resulted in only one study investigating the long term consequences 
of obesity on bone mineral density. This study found a higher trabecular density at the 
tibia in adult women and a somewhat lower cortical density at tibia in adult men who 
were obese in childhood.

The studies with a cross-sectional design mostly found a significantly higher bone 
density in overweight and obese children. Given the results of the cross-sectional studies 
and the lack of evidence on the long term consequences of childhood obesity on BMD, 
more prospective research should be done in this field in order to gain more knowledge 
on the long-term consequences of childhood obesity on the quality and strength of the 
bones.

Some of the cross-sectional studies analyzed girls and boys separately. Therefore, 
sensitivity analyses for gender were performed. Although only few studies could be 
included in this analyses, the analyses still showed for most outcome measures more 
often a significant difference between normal weight and overweight or obese in girls 
than boys. These findings, in combination with the outcomes of the single longitudinal 
study, may indicate that overall excess weight in girls leads to a higher bone density than 
it does in boys. One could suggest that this might be due to the difference in hormonal 
development in girls and boys.

The results of the current study imply that overall, overweight and obese children 
develop a higher peak bone mass during childhood than normal weight children. It has 
been suggested that increased mechanical loading, seen in children with excess weight, 
increases bone mineral density (12, 13). Furthermore, physical activity has been shown 
to increase bone mineral density as well (57, 58, 59). However, children with excess 
weight seem to be less physically active (60, 61). It is therefore questionable whether 
the effect of increased mechanical loading in overweight and obese children on BMD is 
as large as the effect of physical activity in normal weight children on BMD, and if the 
increased mechanical loading in obese children will therefore compensate for the lack of 
physical activity for the effect on BMD.

To compare the impact of overweight and obesity on BMD with the impact of physical 
activity on BMD, we compared the results of the current study with studies investigating 
the BMD in athletes and non-athletes (57, 58, 59). The current review showed a total 
body BMD MD range of 0.04-0.05 g/cm2 versus a total body BMD MD of 0.012-0.13 
g/cm2 in studies investigating non-athletes versus athletes (57, 58, 59). The MD at the 
lumbar spine ranged from 0.04-0.08 g/cm2 in the current review and from 0.06-0.076 g/
cm2 in the studies on non-athletes and athletes (57, 59). These results indicate that an 
increased mechanical loading, caused by for instance being overweight or obese, seems 
to have similar impact in the bone density, especially in the lumbar spine, as does being 
physically active.
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In addition to the different theories mentioned above trying to explain a higher bone 
density in overweight and obese children, it has also been suggested that obesity may 
lead to an increase in circulating leptin. The role of leptin in the development of BMD is 
however still speculative. Leptin is known to have a direct effect on bone density, since it 
is a growth factor on chondrocytes of skeletal growth centers (18, 62). This could poten-
tially contribute to increased skeletal mass in obese children (63), and to a higher peak 
bone mass at a younger age compared to non-overweight children (30). However, leptin 
also has an indirect effect on bone formation by influencing other hormones affecting 
the bone density (growth hormone, androgens, cortisol) (64). It has also been suggested 
that leptin alters the microstructure of the bones and that a higher proportion of fat 
mass is negatively associated with bone strength which both could lead to an increase in 
the propensity to fracture (12, 18). Moreover, leptin resistance, a state often met in chil-
dren with obesity, seems to be related to a poorer bone health outcome (64). This may 
explain why obese children encounter more fractures (4, 5), and in particular fractures 
of the forearm (65).

Besides leptin, estrogen is also found to play an important role in bone formation and 
estrogen deficiency leads to increased osteoclast formation (66). One of the main sites 
of metabolism of estrogen is fat tissue. Since bodies of the overweight and obese contain 
increased fat tissue, they consequently have increased levels of estrogen (67), which 
could lead to the growth and positive regulation on bone formation (66).

Strengths and limitations

This is the first systematic review examining the differences in BMD between normal 
weight children and overweight and obese children. The literature was searched system-
atically and extensively, and data extraction and risk of bias assessment were done by 
three independent reviewers. Additionally, meta-analyses were performed to summarize 
the mean differences of interest.

A large percentage of the included studies reported bodyweight and height as pos-
sible confounders. In this review data were not adjusted for confounders, since most 
included studies only presented unadjusted data. Of the studies that did adjust for po-
tential confounders, only in one study the association between obesity and the outcome 
measure changed. Confounders that would be of much interest here are for instance 
muscle mass and physical activity since these, among other factors, are known to play a 
role in the development of bone mineral density (10, 68, 69), and could therefore have 
influenced the outcomes in the studies.

Statistical heterogeneity was found in most pooled analyses and is likely to be ex-
plained by methodologic differences between studies. In order to deal with the hetero-
geneity we made use of a random effects model. We interpreted the outcome measures 
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with care by downgrading the level of evidence by one level when heterogeneity was 
present (I2 >40%) .

Since most studies included in this review were small studies with less than 50 cases 
of overweight or obese participants per study, one must be aware of publication bias. 
The funnel plots for the pooled outcome measures showed some signs of publication 
bias, since there are only a few larger studies showing a significant effect. The smaller 
studies however are symmetrically spread around the point estimate, which points to a 
small risk of publication bias.

It is possible that the classified ‘normal weight’ children will also include a subgroup 
of children with underweight. These underweight children could not be separately ana-
lyzed but may have had impact on our results by lowering the mean BMI of the normal 
weight group.

Implications

The relation between overweight and obese children and their BMD has widely been 
studied. It is now shown that overweight and obese children do have a higher BMC and 
BMD compared to normal-weight children. However, little is known on the development 
of bone mass into adulthood, since we only found one study investigating this longitu-
dinal relation. Future research should therefore focus on the potential long-term effects 
and the development of BMC and BMD in time in both overweight and obese children.

Even though obese children develop a higher bone density during childhood, it is ap-
parent that more injuries and fractures are seen in these children than in normal-weight 
children (4, 5). These fractures may be caused by increased falling because of clumsi-
ness (6). It could be suggested that the higher bone density in obese children may be 
a normal adaptation to the increased weight, which is supported by two studies where 
after adjustment for body weight, no difference between bone density between normal 
weight and obese children was found (35, 36). However, it has been studied that the 
quality of the bone in the obese is not as high as in normal weight children and therefore 
the bones may be insufficient to compensate for the excess body fat and elevated body 
weight applied to the skeleton (35, 42).

Conclusion

Overweight and obese children have a significantly higher bone mineral density com-
pared to normal-weight children. No conclusions can be drawn on the development of 
bone density from childhood into adulthood.

Differences in bone mineral density 25



References

	 1.	 World Health Organization. Report of the Commission on Ending Childhood Obesity. 2016.
	 2.	 Daniels SR. Complications of obesity in children and adolescents. Int J Obes (Lond) 2009;33 Suppl 1: 

S60-65.
	 3.	 Krul M, van der Wouden JC, Schellevis FG, van Suijlekom-Smit LW, Koes BW. Musculoskeletal problems 

in overweight and obese children. Ann Fam Med 2009;7: 352-356.
	 4.	 Adams AL, Kessler JI, Deramerian K, Smith N, Black MH, Porter AH, et al. Associations between child-

hood obesity and upper and lower extremity injuries. Inj Prev 2013;19: 191-197.
	 5.	 Paulis WD, Silva S, Koes BW, van Middelkoop M. Overweight and obesity are associated with musculo-

skeletal complaints as early as childhood: a systematic review. Obes Rev 2014;15: 52-67.
	 6.	 Cheng J, East P, Blanco E, Kang Sim E, Castillo M, Lozoff B, et al. Obesity leads to declines in motor skills 

across childhood. Child Care Health Dev 2016;42: 343-350.
	 7.	 Heaney RP, Abrams S, Dawson-Hughes B, Looker A, Marcus R, Matkovic V, et al. Peak bone mass. 

Osteoporos Int 2000;11: 985-1009.
	 8.	 McKay H, Smith E. Winning the battle against childhood physical inactivity: the key to bone strength? J 

Bone Miner Res 2008;23: 980-985.
	 9.	 Nava-Gonzalez EJ, Cerda-Flores RM, Garcia-Hernandez PA, Jasso-de la Pena GA, Bastarrachea RA, 

Gallegos-Cabriales EC. [Bone mineral density and its association with body composition and metabolic 
biomarkers of insulin-glucose axis, bone and adipose tissue in women]Densidad mineral osea y su 
asociacion con la composicion corporal y biomarcadores metabolicos del eje insulino-glucosa, hueso y 
tejido adiposo en mujeres. Gac Med Mex 2015;151: 731-740.

	 10.	 Doyle F, Brown J, Lachance C. RELATION BETWEEN BONE MASS AND MUSCLE WEIGHT. The Lancet 
1970;295: 391-393.

	 11.	 Kemp JP, Sayers A, Smith GD, Tobias JH, Evans DM. Using Mendelian randomization to investigate a 
possible causal relationship between adiposity and increased bone mineral density at different skeletal 
sites in children. 2016.

	 12.	 Ducher G, Bass SL, Naughton GA, Eser P, Telford RD, Daly RM. Overweight children have a greater 
proportion of fat mass relative to muscle mass in the upper limbs than in the lower limbs: Implications 
for bone strength at the distal forearm. Am J Clin Nutr 2009;90: 1104-1111.

	 13.	 Leonard MB, Shults J, Wilson BA, Tershakovec AM, Zemel BS. Obesity during childhood and adolescence 
augments bone mass and bone dimensions. Am J Clin Nutr 2004;80: 514-523.

	 14.	 Frost HM. Obesity, and bone strength and “mass”: a tutorial based on insights from a new paradigm. 
Bone 1997;21: 211-214.

	 15.	 Wells GA, Shea B, O’Connell D, et al. The Newcaste-Ottowa Scale (NOS) for assessing the quality of 
nonrandomised studies in meta-analysis: Ottowa Hospital Research Insititute; 2011 [May 25th, 2016]. 
Available from:http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

	 16.	 Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality of evidence and 
strength of recommendations. Bmj 2004;328: 1490.

	 17.	 De la Torre W, Pasquel M, Guevara J, Garcia A, De Leiva A. Bone mineral analysis in obese children (I). 
ACTA PAEDIATR SCAND 1990;79: 362-363.

	 18.	 Dimitri P, Jacques RM, Paggiosi M, King D, Walsh J, Taylor ZA, et al. Leptin may play a role in bone 
microstructural alterations in obese children. J Clin Endocrinol Metab 2015;100: 594-602.

	 19.	 El-Dorry G, Ashry H, Ibrahim T, Elias T, Alzaree F. Bone density, osteocalcin and deoxypyridinoline for 
early detection of osteoporosis in obese children. Maced J Med Sci 2015;3: 413-419.

26 Erasmus Medical Center Rotterdam



	 20.	 Ellis KJ, Shypailo RJ, Wong WW, Abrams SA. Bone mineral mass in overweight and obese childre: Dimin-
ished or enhanced? Acta Diabetol 2003;40: S274-S277.

	 21.	 Eriksson S, Mellström D, Strandvik B. Volumetric bone mineral density is an important tool when 
interpreting bone mineralization in healthy children. Acta Paediatr Int J Paediatr 2009;98: 374-379.

	 22.	 Fintini D, Brufani C, Grossi A, Ubertini G, Fiori R, Pecorelli L, et al. Gender differences in bone mineral 
density in obese children during pubertal development. J Endocrinol Invest 2011;34: e86-91.

	 23.	 Fischer S, Milinarsky A, Giadrosich V, Dib G, Arriagada M, Arinoviche R. X-ray absorptiometry of bone 
obese and eutrophic children from Valparaiso, Chile. J Rheumatol 2000;27: 1294-1296.

	 24.	 Gracia-Marco L, Ortega FB, Jimenez-Pavon D, Rodriguez G, Castillo MJ, Vicente-Rodriguez G, et al. Adi-
posity and bone health in Spanish adolescents. The HELENA study. Osteoporos Int 2012;23: 937-947.

	 25.	 Hanks LJ, Casazza K, Ashraf AP, Wallace S, Gutiérrez OM. Fibroblast growth factor-21, body composition, 
and insulin resistance in pre-pubertal and early pubertal males and females. Clin Endocrinol 2015;82: 
550-556.

	 26.	 Haroun D, Wells JCK, Williams JE, Fuller NJ, Fewtrell MS, Lawson MS. Composition of the fat-free mass 
in obese and nonobese children: Matched case-control analyses. Int J Obes 2005;29: 29-36.

	 27.	 Hasanoǧlu A, Bideci A, Cinaz P, Tümer L, Ünal S. Bone mineral density in childhood obesity. J Pediatr 
Endocrinol Metab 2000;13: 307-311.

	 28.	 Ivuškans A, Jürimäe T, Lätt E, Jürimäe J, Purge P, Saar M, et al. Role of physical activity in bone health in 
peripubertal boys. Pediatr Int 2014;56: 763-767.

	 29.	 Jeddi M, Dabbaghmanesh MH, Omrani GR, Ayatollahi SMT, Bagheri Z, Bakhshayeshkaram M. Relative 
importance of lean and fat mass on bone mineral density in Iranian children and adolescents. Int J 
Endocrinol Metab 2015;13.

	 30.	 Klein KO, Larmore KA, De Lancey E, Brown JM, Considine RV, Hassink SG. Effect of obesity on estradiol 
level, and its relationship to leptin, bone maturation, and bone mineral density in children. J Clin Endo-
crinol Metab 1998;83: 3469-3475.

	 31.	 Kouda K, Nakamura H, Fujita Y, Iki M. Relationship between body mass index at age 3 years and body 
composition at age 11 years among Japanese children: The Shizuoka population-based study. J Epide-
miol 2012;22: 411-416.

	 32.	 Leonard MB, Zemel BS, Wrotniak BH, Klieger SB, Shults J, Stallings VA, et al. Tibia and radius bone 
geometry and volumetric density in obese compared to non-obese adolescents. Bone 2015;73: 69-76.

	 33.	 Lucas R, Ramos E, Oliveira A, Monjardino T, Barros H. Low-grade systemic inflammation and suboptimal 
bone mineral density throughout adolescence: A prospective study in girls. Clin Endocrinol 2012;77: 
665-671.

	 34.	 Manzoni P, Brambilla P, Pietrobelli A, Beccaria L, Bianchessi A, Mora S, et al. Influence of body composi-
tion on bone mineral content in children and adolescents. AM J CLIN NUTR 1996;64: 603-607.

	 35.	 Rocher E, Chappard C, Jaffre C, Benhamou CL, Courteix D. Bone mineral density in prepubertal obese 
and control children: Relation to body weight, lean mass, and fat mass. J Bone Miner Metab 2008;26: 
73-78.

	 36.	 Rocher E, El Hage R, Chappard C, Portier H, Rochefort GY, Benhamou CL. Bone mineral density, hip 
bone geometry, and calcaneus trabecular bone texture in obese and normal-weight children. J Clin 
Densitometry 2013;16: 244-249.

	 37.	 Shin YH, Jung HL, Kang HY. Effects of Taekwondo Training on Bone Mineral Density of High School Girls 
in Korea. Biology of Sport 2011;28: 195-198.

	 38.	 Templeton DL, Kelly AS, Steinberger J, Dengel DR. Lower relative bone mineral content in obese adoles-
cents: role of non-weight bearing exercise. Pediatr Exerc Sci 2010;22: 557-568.

Differences in bone mineral density 27



	 39.	 Tubić B, Magnusson P, Swolin-Eide D, Mårild S. Relation between bone mineral density, biological mark-
ers and anthropometric measures in 4-year-old children: A pilot study within the IDEFICS study. Int J 
Obes 2011;35: S119-S124.

	 40.	 Uusi-Rasi K, Laaksonen M, Mikkilä V, Tolonen S, Raitakari OT, Viikari J, et al. Overweight in childhood and 
bone density and size in adulthood. Osteoporosis Int 2012;23: 1453-1461.

	 41.	 Vaitkeviciute D, Lätt E, Mäestu J, Jürimäe T, Saar M, Purge P, et al. Physical activity and bone mineral 
accrual in boys with different body mass parameters during puberty: A longitudinal study. PLoS ONE 
2014;9.

	 42.	 Wetzsteon RJ, Petit MA, Macdonald HM, Hughes JM, Beck TJ, McKay HA. Bone structure and volumetric 
BMD in overweight children: A longitudinal study. J Bone Miner Res 2008;23: 1946-1953.

	 43.	 Cole TJ, Freeman JV, Preece MA. Body mass index reference curves for the UK, 1990. Arch Dis Child 
1995;73: 25-29.

	 44.	 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child overweight and 
obesity worldwide: international survey. Bmj 2000;320: 1240-1243.

	 45.	 Ghalli I SN, Hussein F, Erfan M, El-Ruby M, Mazen I. Egyptian growth curves 2002 for infants, children 
and adolescents. IntSartorio 2008.

	 46.	 Luciano A, Bressan F, Zoppi G. Body mass index reference curves for children aged 3-19 years from 
Verona, Italy. Eur J Clin Nutr 1997;51: 6-10.

	 47.	 Hamill PV, Drizd TA, Johnson CL, Reed RB, Roche AF, Moore WM. Physical growth: National Center for 
Health Statistics percentiles. Am J Clin Nutr 1979;32: 607-629.

	 48.	 Cole TJ, Flegal KM, Nicholls D, Jackson AA. Body mass index cut offs to define thinness in children and 
adolescents: international survey. Bmj 2007;335: 194.

	 49.	 Wang Y, Chen H-J. Use of Percentiles and Z-Scores in Anthropometry. In: Preedy RV (ed). Handbook of 
Anthropometry: Physical Measures of Human Form in Health and Disease. Springer New York: New 
York, NY, 2012, pp 29-48.

	 50.	 Hammer LD, Kraemer HC, Wilson DM, Ritter PL, Dornbusch SM. Standardized percentile curves of 
body-mass index for children and adolescents. Am J Dis Child 1991;145: 259-263.

	 51.	 McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM. Body fat reference curves for children. Int J Obes 
(Lond) 2006;30: 598-602.

	 52.	 Frisch RE, Revelle R. Height and weight at menarche and a hypothesis of menarche. Arch Dis Child 
1971;46: 695-701.

	 53.	 Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, et al. Centers for Disease Control and Preven-
tion 2000 growth charts for the United States: improvements to the 1977 National Center for Health 
Statistics version. Pediatrics 2002;109: 45-60.

	 54.	 Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, et al. 2000 CDC Growth 
Charts for the United States: methods and development. Vital Health Stat 11 2002: 1-190.

	 55.	 Tanner JM, Whitehouse RH. Clinical longitudinal standards for height, weight, height velocity, weight 
velocity, and stages of puberty. Arch Dis Child 1976;51: 170-179.

	 56.	 Karlberg J, Luo ZC, Albertsson-Wikland K. Body mass index reference values (mean and SD) for Swedish 
children. Acta Paediatr 2001;90: 1427-1434.

	 57.	 Torstveit MK, Sundgot-Borgen J. Low bone mineral density is two to three times more prevalent in non-
athletic premenopausal women than in elite athletes: a comprehensive controlled study. Br J Sports 
Med 2005;39: 282-287; discussion 282-287.

	 58.	 Andreoli A, Monteleone M, Van Loan M, Promenzio L, Tarantino U, De Lorenzo A. Effects of different 
sports on bone density and muscle mass in highly trained athletes. Med Sci Sports Exerc 2001;33: 
507-511.

28 Erasmus Medical Center Rotterdam



	 59.	 Courteix D, Lespessailles E, Peres SL, Obert P, Germain P, Benhamou CL. Effect of physical training 
on bone mineral density in prepubertal girls: a comparative study between impact-loading and non-
impact-loading sports. Osteoporos Int 1998;8: 152-158.

	 60.	 Raistenskis J, Sidlauskiene A, Strukcinskiene B, Ugur Baysal S, Buckus R. Physical activity and physical 
fitness in obese, overweight, and normal-weight children. Turk J Med Sci 2016;46: 443-450.

	 61.	 Haerens L, Deforche B, Maes L, Cardon G, De Bourdeaudhuij I. Physical activity and endurance in 
normal weight versus overweight boys and girls. J Sports Med Phys Fitness 2007;47: 344-350.

	 62.	 Shimizu H, Shimomura Y, Hayashi R, Ohtani K, Sato N, Futawatari T, et al. Serum leptin concentration is 
associated with total body fat mass, but not abdominal fat distribution. Int J Obes Relat Metab Disord 
1997;21: 536-541.

	 63.	 Maor G, Rochwerger M, Segev Y, Phillip M. Leptin acts as a growth factor on the chondrocytes of 
skeletal growth centers. J Bone Miner Res 2002;17: 1034-1043.

	 64.	 Upadhyay J, Farr OM, Mantzoros CS. The role of leptin in regulating bone metabolism. Metabolism 
2015;64: 105-113.

	 65.	 Manning Ryan L, Teach SJ, Searcy K, Singer SA, Wood R, Wright JL, et al. The Association Between 
Weight Status and Pediatric Forearm Fractures Resulting From Ground-Level Falls. Pediatr Emerg Care 
2015;31: 835-838.

	 66.	 Vaananen HK, Harkonen PL. Estrogen and bone metabolism. Maturitas 1996;23 Suppl: S65-69.
	 67.	 Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin Endocrinol Metab 2004;89: 2548-

2556.
	 68.	 Aloia JF, Vaswani A, Ma R, Flaster E. To what extent is bone mass determined by fat-free or fat mass? 

Am J Clin Nutr 1995;61: 1110-1114.
	 69.	 Courteix D, Lespessailles E, Loiseau-Peres S, Obert P, Ferry B, Benhamou CL. Lean tissue mass is a better 

predictor of bone mineral content and density than body weight in prepubertal girls. Rev Rhum Engl Ed 
1998;65: 328-336.

Differences in bone mineral density 29



Appendix 1- Search string for embase, medline, cinahl, cochrane, web-of-science, pubmed and google scholar

Embase.com

(‘obesity’/exp OR ‘adipose tissue’/de OR ‘abdominal fat’/de OR ((‘body weight’/de OR 
‘weight gain’/de OR ‘body mass’/de OR ‘body composition’/de OR ‘body fat’/de OR ‘body 
fat distribution’/exp) AND (‘predictive value’/de OR prognosis/de OR ‘regression analy-
sis’/exp OR ‘cohort analysis’/exp OR ‘longitudinal study’/exp OR ‘retrospective study’/exp 
OR ‘prospective study’/exp OR ‘follow up’/de)) OR (obes* OR overweight* OR adipos* 
OR ((body OR abdom*) NEXT/1 fat) OR ((BMI OR ‘body mass’ OR ‘body composition’ 
OR ‘body weight’ OR ‘body fat’ ) NEAR/6 (high* OR excess* OR content* OR predict* 
OR account* OR regression* OR correlat* OR retrospective* OR prospective* OR co-
hort* OR variable* OR assess* OR associat* OR change* OR effect* OR influen*))):ab,ti) 
AND (‘bone density’/exp OR ‘bone densitometry’/exp OR ‘bone mineral’/exp OR ‘bone 
mineralization’/exp OR ‘bone strength’/de OR ((bone NEAR/3 (densit* OR mineral* OR 
demineral* OR strength* OR weak* OR microstructure*)) OR bmd):ab,ti) AND (child/exp 
OR adolescent/exp OR adolescence/exp OR ‘child behavior’/de OR ‘child parent relation’/
de OR pediatrics/exp OR childhood/exp OR ‘child nutrition’/de OR ‘infant nutrition’/exp 
OR ‘child welfare’/de OR ‘child abuse’/de OR ‘child advocacy’/de OR ‘child development’/
de OR ‘child growth’/de OR ‘child health’/de OR ‘child health care’/exp OR ‘child care’/
exp OR ‘childhood disease’/exp OR ‘child death’/de OR ‘child psychiatry’/de OR ‘child 
psychology’/de OR ‘pediatric ward’/de OR ‘pediatric hospital’/de OR (adolescen* OR 
infan* OR newborn* OR (new NEXT/1 born*) OR baby OR babies OR neonat* OR child* 
OR kid OR kids OR toddler* OR teen* OR boy* OR girl* OR minors OR underag* OR 
(under NEXT/1 (age* OR aging)) OR juvenil* OR youth* OR kindergar* OR puber* OR 
pubescen* OR prepubescen* OR prepubert* OR pediatric* OR paediatric* OR school* 
OR preschool* OR highschool*):ab,ti)

Medline ovid

(exp “Overweight”/ OR exp “adipose tissue”/ OR exp “abdominal fat”/ OR ((exp “body 
weight”/ OR “Body Mass Index”/ OR exp “body composition”/ ) AND (“prognosis”/ OR 
exp “regression analysis”/ OR exp “cohort studies”/ )) OR (obes* OR overweight* OR adi-
pos* OR ((body OR abdom*) ADJ fat) OR ((BMI OR “body mass” OR “body composition” 
OR “body weight” OR “body fat” ) ADJ6 (high* OR excess* OR content* OR predict* OR 
account* OR regression* OR correlat* OR retrospective* OR prospective* OR cohort* 
OR variable* OR assess* OR associat* OR change* OR effect* OR influen*))).ab,ti.) AND 
(“Bone Density”/ OR “Calcification, Physiologic”/ OR ((bone ADJ3 (densit* OR mineral* 
OR demineral* OR strength* OR weak* OR microstructure*)) OR bmd).ab,ti.) AND (exp 
child/ OR exp infant/ OR adolescent/ OR exp pediatrics/ OR exp Child Health Services/ 
OR Hospitals, Pediatric/ OR (adolescen* OR infan* OR newborn* OR (new ADJ born*) OR 
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baby OR babies OR neonat* OR child* OR kid OR kids OR toddler* OR teen* OR boy* OR 
girl* OR minors OR underag* OR (under ADJ (age* OR aging)) OR juvenil* OR youth* OR 
kindergar* OR puber* OR pubescen* OR prepubescen* OR prepubert* OR pediatric* OR 
paediatric* OR school* OR preschool* OR highschool*).ab,ti.)

Cinahl ebsco

(MH “Obesity+” OR MH “adipose tissue+” OR MH “abdominal fat+” OR MH “Adipose 
Tissue Distribution+” OR ((MH “body weight+” OR MH “Body Mass Index+” OR MH “body 
composition+” ) AND (MH “prognosis” OR MH “regression+” OR MH “Prospective Stud-
ies+” )) OR (obes* OR overweight* OR adipos* OR ((body OR abdom*) N1 fat) OR ((BMI 
OR “body mass” OR “body composition” OR “body weight” OR “body fat” ) N5 (high* OR 
excess* OR content* OR predict* OR account* OR regression* OR correlat* OR retro-
spective* OR prospective* OR cohort* OR variable* OR assess* OR associat* OR change* 
OR effect* OR influen*)))) AND (MH “Bone Density” OR ((bone N2 (densit* OR mineral* 
OR demineral* OR strength* OR weak* OR microstructure*)) OR bmd)) AND (MH child+ 
OR MH adolescence+ OR MH pediatrics+ OR (adolescen* OR infan* OR newborn* OR 
(new N1 born*) OR baby OR babies OR neonat* OR child* OR kid OR kids OR toddler* 
OR teen* OR boy* OR girl* OR minors OR underag* OR (under N1 (age* OR aging)) 
OR juvenil* OR youth* OR kindergar* OR puber* OR pubescen* OR prepubescen* OR 
prepubert* OR pediatric* OR paediatric* OR school* OR preschool* OR highschool*))

Cochrane

((obes* OR overweight* OR adipos* OR ((body OR abdom*) NEXT/1 fat) OR ((BMI OR 
‘body mass’ OR ‘body composition’ OR ‘body weight’ OR ‘body fat’ ) NEAR/6 (high* OR 
excess* OR content* OR predict* OR account* OR regression* OR correlat* OR retro-
spective* OR prospective* OR cohort* OR variable* OR assess* OR associat* OR change* 
OR effect* OR influen*))):ab,ti) AND (((bone NEAR/3 (densit* OR mineral* OR demin-
eral* OR strength* OR weak* OR microstructure*)) OR bmd):ab,ti) AND ((adolescen* 
OR infan* OR newborn* OR (new NEXT/1 born*) OR baby OR babies OR neonat* OR 
child* OR kid OR kids OR toddler* OR teen* OR boy* OR girl* OR minors OR underag* 
OR (under NEXT/1 (age* OR aging)) OR juvenil* OR youth* OR kindergar* OR puber* OR 
pubescen* OR prepubescen* OR prepubert* OR pediatric* OR paediatric* OR school* 
OR preschool* OR highschool*):ab,ti)

Web-of-science

TS=(((obes* OR overweight* OR adipos* OR ((body OR abdom*) NEAR/1 fat) OR ((BMI 
OR “body mass” OR “body composition” OR “body weight” OR “body fat” ) NEAR/5 
(high* OR excess* OR content* OR predict* OR account* OR regression* OR correlat* 
OR retrospective* OR prospective* OR cohort* OR variable* OR assess* OR associat* 
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OR change* OR effect* OR influen*)))) AND (((bone NEAR/2 (densit* OR mineral* OR 
demineral* OR strength* OR weak* OR microstructure*)) OR bmd)) AND ((adolescen* 
OR infan* OR newborn* OR (new NEAR/1 born*) OR baby OR babies OR neonat* OR 
child* OR kid OR kids OR toddler* OR teen* OR boy* OR girl* OR minors OR underag* 
OR (under NEAR/1 (age* OR aging)) OR juvenil* OR youth* OR kindergar* OR puber* OR 
pubescen* OR prepubescen* OR prepubert* OR pediatric* OR paediatric* OR school* 
OR preschool* OR highschool*)) )

Pubmed publisher

(“Overweight”[mh] OR “adipose tissue”[mh] OR “abdominal fat”[mh] OR ((“body 
weight”[mh] OR “Body Mass Index”[mh] OR “body composition”[mh] ) AND 
(“prognosis”[mh] OR “regression analysis”[mh] OR “cohort studies”[mh] )) OR (obes*[tiab] 
OR overweight*[tiab] OR adipos*[tiab] OR body fat*[tiab] OR abdominal fat*[tiab] OR 
((BMI OR “body mass” OR “body composition” OR “body weight” OR “body fat” ) AND 
(high*[tiab] OR excess*[tiab] OR content*[tiab] OR predict*[tiab] OR account*[tiab] OR 
regression*[tiab] OR correlat*[tiab] OR retrospective*[tiab] OR prospective*[tiab] OR 
cohort*[tiab] OR variable*[tiab] OR assess*[tiab] OR associat*[tiab] OR change*[tiab] 
OR effect*[tiab] OR influen*[tiab])))) AND (“Bone Density”[mh] OR “Calcification, 
Physiologic”[mh] OR ((bone AND (densit*[tiab] OR mineral*[tiab] OR demineral*[tiab] 
OR strength*[tiab] OR weak*[tiab] OR microstructure*[tiab])) OR bmd)) AND (child[mh] 
OR infant[mh] OR adolescent[mh] OR pediatrics[mh] OR Child Health Services[mh] OR 
Hospitals, Pediatric[mh] OR (adolescen*[tiab] OR infan*[tiab] OR newborn*[tiab] OR 
(new born*[tiab]) OR baby OR babies OR neonat*[tiab] OR child*[tiab] OR kid OR kids OR 
toddler*[tiab] OR teen*[tiab] OR boy*[tiab] OR girl*[tiab] OR minors OR underag*[tiab] 
OR under ag*[tiab] OR juvenil*[tiab] OR youth*[tiab] OR kindergar*[tiab] OR puber*[tiab] 
OR pubescen*[tiab] OR prepubescen*[tiab] OR prepubert*[tiab] OR pediatric*[tiab] 
OR paediatric*[tiab] OR school*[tiab] OR preschool*[tiab] OR highschool*[tiab])) AND 
publisher[sb]

Google scholar

obesity|overweight|bmi prediction|predictive|regression|correlation|retrospective|pr
ospective|longitudinal|cohort “bone density|mineral|mineralization|demineralization” 
adolescents|adolescence|infants|infancy|children|childhood
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Appendix 2 - risk-of-bias assessment

Criteria for quality score

Study population

1.	 Study groups (according to weight status) 
are clearly defined

Positive if at least 2 of the following 3 items in all groups were 
reported: age, gender, BMI

2.	 Participants ≥ 70% Positive if the participation of both the overweight and normal 
weight groups was ≥ 70%

3.	 Number of cases ≥ 50 Positives if the total number of cases was ≥ 50

Assessment of weight status

4.	 Weight status definition Positive if cut-off values for weight status definition were 
mentioned

5.	 Assessment of weight status Positive if the method of assessment of weight status was 
described

6.	 Blind for weight status assessment Positive if the weight status was assessed by an independent 
person and not based on self-report

Assessment of BMD

7.	 BMD definition Positive if the outcome was clearly defined

8.	 BMD assessment Positive if the method of assessment of BMD was described

9.	 Blind for weight status Positive if the BMD was assessed while blinded for the weight 
status

Study Design

10.	 Longitudinal design Positive if the study design was longitudinal

11.	 Inclusion and exclusion criteria Positive if inclusion and exclusion criteria were described

12.	 Follow-up period ≥ 1 year Positive if the follow-up period was ≥ 1 year

13.	 Information on study completers versus 
withdrawals

Positive if demographic information was given for completers 
and withdrawals

Analysis and data presentation

14.	 Data presentation Positive if risk estimates were presented or if raw data were 
given that allow the calculation of risk estimates, such as: odds 
or prevalence ratios or relative risks

15.	 Consideration of confounders Positive if the confounders that were considered were 
described

16.	 Control for confounding Positive if the method used to control for confounding was 
described
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Appendix 3a - Total body BMC of overweight and obese children

Appendix 3b - Total body BMD of overweight and obese children

Boys

Girls
Appendix 4a - Outcomes of sensitivity analyses for gender for total body BMC normal weight vs overweight

Boys

Girls
Appendix 4b - Outcomes of sensitivity analyses for gender for total body BMC normal weight vs obese
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Appendix 5 - Outcomes of sensitivity analyses for gender for different outcome measures

Body site with outcome measure Studies included N Mean difference (95%CI)

Total body BMD normal weight vs overweight

Males 2(27, 32) 391 0.02 (-0.01, 0.06)

Females 2(27, 32) 387 0.03 (0.01, 0.05)**

Total body BMD normal weight vs obese

Males 2(25, 32) 277 0.02 (-0.05, 0.09)

Females 2(25, 32) 288 0.10 (0.05, 0.14)**

Lumbar spine BMD normal weight vs overweight

Males 2(27, 32) 391 0.03 (-0.05, 0.11)

Females 2(27, 32) 387 0.07 (0.04, 0.11)**

Lumbar spine BMD normal weight vs obese

Males 2(25, 32) 277 0.01 (-0.07, 0.09)

Females 2(25, 32) 288 0.11 (0.06, 0.16)**

Femoral neck BMD normal weight vs overweight

Males 2(27, 32) 391 0.04 (0.01, 0.07)*

Females 2(27, 32) 387 0.06 (0.03, 0.09)**

*p<0.05, **p<0.001
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