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Abstract 

Background:  There is a possibility that excess body fat affects bone mass gain and may compromise skeletal health 
in obese children. The purpose of the study was to identify the relationship between bone mineral density (BMD) and 
body composition in normal weight, overweight and obese children.

Methods:  This was a cross-sectional study of 6- to 11-year-old children who attended the hospital’s outpatient clinic. 
They were apparently healthy and had no history of prematurity, low birth weight, or chronic diseases. Body mass 
index (BMI) was used to identify subjects as normal weight, overweight or obese. BMD and body composition were 
assessed by dual energy X–ray absorptiometry. The BMD values (total and lumbar spine) were compared between 
normal weight, overweight and obese children. Correlation coefficients were calculated, and multivariate models 
were performed.

Results:  Forty-nine children were included: 16 with normal weight, 15 that were overweight and 18 with obesity; 
the mean age was 8.4 ± 1.7 years. All the participants had a normal BMD (> – 2 SD). BMD was higher in obese children 
and had a positive correlation with total and trunk lean mass in the three study groups (p < 0.001). In obese children, 
an inverse correlation of lumbar spine BMD (Z score) with total and trunk fat mass (p < 0.05) was identified. In the 
multivariate models (with the whole group), the total lean mass was the only significant variable that explained BMD 
variability.

Conclusions:  BMD in obese children was higher than that in normal weight children, which is explained by their 
greater lean mass and not by excess body fat. In obese children, a higher fat mass was related to a lower lumbar spine 
BMD. Lean mass had a direct correlation with BMD in the three study groups and was the most important predictor 
of BMD, reflecting the importance of strengthening the muscular system through performing physical activity and 
practicing a healthy lifestyle.
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Introduction
The accumulation of bone minerals begins in intrauterine 
life and continues until the third decade of life, the culmi-
nating moment of development in which maximum bone 
mineralization is achieved [1, 2]. Childhood and adoles-
cence are crucial stages for the development of optimal 
peak bone mass, which is the most effective measure to 
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prevent osteoporosis [3]. Therefore, it is important to 
identify how different modifiable factors, such as body 
mass and body composition, can influence bone mineral 
density (BMD) during this period [4].

The prevalence of obesity in children and adoles-
cents has increased globally in recent years, especially 
in low- and middle-income countries [5]. In Mexico, 
the combined prevalence of overweight and obesity in 
schoolchildren was 35.5% in 2018 [6].

Childhood obesity is associated with many health 
complications and an increased risk of premature onset 
of chronic diseases [5]. However, its effect on the accu-
mulation of bone mass in children is not yet clear [7]. A 
systematic review with meta-analysis showed that over-
weight and obese children had significantly higher BMD 
than normal weight children [7]. However, it has also 
been noted that the bone mass of obese children and 
adolescents is insufficient for their body weight [8, 9] and 
that BMD is lower in adolescents with obesity [10]. Dur-
ing growth, lean mass has been directly related to BMD 
variability [11–14], while the effect of fat mass on BMD 
remains controversial [13].

Some studies have reported that the greater the 
amount of adipose tissue, the greater the total body BMD 
due to the increased mechanical load on the bone [7, 15]. 
However, body fat percentage and abdominal adipose 
tissue have also been shown to have a negative effect on 
BMD in overweight and obese children and adolescents 
[16, 17]. In addition, it has been reported that the exces-
sive accumulation of trunk fat has a negative relationship 
with BMD, particularly when fat values exceed the 85th 
percentile, for which the existence of a threshold above 
which body fat has a negative impact on BMD has been 
suggested [4].

There is a possibility that excess body fat affects bone 
mass gain and may compromise skeletal health in obese 
children [18, 19]. Therefore, it is important to understand 
the effects of body composition on BMD according to 
nutritional status, since the prevalence of overweight and 
obesity has increased dramatically in recent years [5].

Therefore, the objective of the present study was to 
identify the relationship between BMD and body compo-
sition in normal weight, overweight and obese children.

Methods
This cross-sectional study included 56 children aged 
6 to 11 years who attended the outpatient clinic of the 
Division of Pediatrics at the Hospital Civil de Guadala-
jara “Dr. Juan I. Menchaca”, Guadalajara, Mexico, from 
January to December 2018. Apparently healthy children 
were included, and informed consent was obtained 
from all participants and that of their parents/legally 
authorized representative of participants. Not included 

were subjects with a history of prematurity or low birth 
weight, a history of chronic, congenital or genetic dis-
eases, who used steroid drugs for any reason, those 
with BMI/age below – 2 SD, or with physical data indi-
cating that they would have started the pubertal growth 
spurt. These data were obtained in a questionnaire to 
the children and their mothers about physical changes 
that suggest the beginning of the pubertal growth 
spurt: incipient growth of mammary glands or appear-
ance of pubic hair.

To calculate the sample size, the BMD data (g/
cm2) reported by Rocher et  al. [20] in obese children 
and their controls with an α of 0.05 and power of 0.80 
were used. Nonprobabilistic sampling was carried out, 
including all the subjects who met the selection crite-
ria in the indicated period of time. BMD was considered 
a dependent variable with values in g/cm2 and Z score, 
and body composition indicators were considered inde-
pendent variables: fat mass (g); lean mass (g); and body 
fat percentage (%).

Once informed consent was obtained, the personal and 
family history of the study subjects, as well as a history of 
fractures (positive/negative; site and number of fractures) 
and history of clinically significant fracture (positive/neg-
ative), were obtained in a direct interview with the par-
ents. A clinically significant fracture history refers to the 
presence of two or more long bone fractures at the age of 
10 years and/or three or more long bone fractures at any 
age up to 19 years [21].

Weight and height measurements of the participants 
were taken to calculate the BMI/age to identify normal 
weight, overweight or obese subjects according to the 
2007 World Health Organization (WHO) criteria [22]. 
The measurements were made in all cases by nutritionists 
trained in taking anthropometric measurements, and the 
anthropometric indices were calculated with the WHO 
Anthro Plus version 1.0.4 program.

Weight measurement was performed in the morn-
ing with a TANITA brand scale, model BF-682 (Tokyo, 
Japan), with a precision of 100 g. Subjects were weighed 
without shoes and as little clothing as possible, with an 
empty bladder and at least two hours after consuming 
food [23]. Height measurements were performed with 
a SECA brand stadiometer, model 213 (Hamburg, Ger-
many), with a precision of 1  mm. The participant was 
measured barefoot and stood with heels together, legs 
straight and shoulders relaxed. The heels, calves, but-
tocks, scapulae, and back of the head should were to be in 
contact with the vertical surface of the stadiometer. The 
head was positioned in the Frankfort horizontal plane to 
slide the movable part of the stadiometer until it rested 
firmly on the head and pressed the hair, at which time the 
measurement was read [23].
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Subsequently, dual energy X-ray absorptiometry 
(DEXA) was performed to evaluate BMD and body com-
position at the Osteoporosis Clinic of the Hospital Civil 
de Guadalajara "Fray Antonio Alcalde". The measurement 
was carried out with GE Lunar Prodigy Advance, USA 
equipment (operating system: enCORE V16). Data were 
collected on BMD and bone mineral content (BMC) of 
the total body excluding the head (BMDTBLH; BMCTBLH), 
BMD of the L1-4 region of the lumbar spine (BMDL1-4), 
lean mass (g), fat mass (g) and percentage of total body 
and trunk fat. During this study, the participant was 
accompanied by one of his or her parents.

Statistical analysis. Descriptive statistics were per-
formed for quantitative variables (mean and standard 
deviation) and for qualitative variables (frequency and 
percentage). Data distribution was evaluated with the 
Shapiro–Wilk test. ANOVA was used to compare the 
mean values between groups (normal weight, overweight 
and obese) for the quantitative variables and chi square 
for the qualitative variables; the correlation between 
BMD and body composition was identified with Pear-
son’s correlation test. Multiple regression models were 
performed to identify the best model that explains the 
variability of BMD.

Since this study required exposure to X-rays, although 
minimal, the parents or legal representatives of the 
child were informed about it, requesting their signa-
ture for informed consent. This research adhered to 

the guidelines of the Declaration of Helsinki (2013) and 
obtained the consent of the Ethics and Research Com-
mittee of the Hospital Civil de Guadalajara “Dr. Juan I. 
Menchaca” (Register: 0219/18 HCJIM/2018), and the 
informed consent from all participants and that of their 
parents/legally authorized representative.

Results
Fifty-six participants aged 6 to 11  years were included; 
seven were excluded because they presented extreme 
values of the height/age index (n = 4) or BMD (n = 3). Of 
the 49 subjects analyzed, 16 had normal weight (32.7%), 
15 were overweight (30.6%) and 18 were obese (36.7%). 
The distribution by sex was similar in the normal weight 
and overweight groups, while the percentage of boys was 
higher than that of girls in the obesity group, with no sig-
nificant difference. The average age of all the participants 
was 8.4 ± 1.7  years. There was no significant difference 
when comparing age between the three study groups.

Table 1 shows the anthropometric variables of the par-
ticipants. The average value of all the variables was higher 
in obese children, with a significant difference between 
groups, except for the height values (cm).

Six of the participants had a history of fracture; how-
ever, none of them presented a history of clinically signif-
icant fracture. All participants had a normal BMD (> – 2 
SD) of the total body and the L1-4 region of the lumbar 
spine [21] (Table  2). When comparing BMDTBLH and 

Table 1  Anthropometric variables according to body weight category

a ANOVA; b p < 0.05 vs obesity (post hoc analysis with Tukey test)

Normal Weight (n = 16) Overweight (n = 15) Obesity (n = 18) Pa

x (SD) x (SD) x (SD)

Weight (kg) 27.79 (5.1) 36.75 (10.0) 49.33 (11.0)  < 0.001

Height (cm) 130.14 (10.0) 134.98 (13.2) 137.35 (10.6) 0.181

BMI (kg/m2) 16.29 (1.2) 19.72 (1.7) 25.92 (3.6)  < 0.01

Height/age (z score) -0.24b (0.8) 0.47 (0.9) 0.74 (0.9)  < 0.001

BMI/age (z score) 0.03 (0.7) 1.54 (0.3) 3.44 (1.6)  < 0.001

Table 2  Bone mineral content (BMC) and bone mineral density (BMD) of the total body excluding the head (TBLH) and the L1-4 
region of the lumbar spine according to body weight category

* ANOVA p < 0.001; ** Normal Weight vs Overweight p < 0.01; *** Overweight vs Obesity p < 0.05; †Obesity vs Normal Weight p < 0.001; Post hoc analysis with Tukey Test 
(Games-Howell test for Z score of BMDL1-4)

Normal Weight (n = 16) Overweight (n = 15) Obesity (n = 18)
x (SD) x (SD) x (SD)

BMC (g) 708.56 (179.3) 857.59 (256.2) 1006.44 (242.1)

BMDTBLH (g/cm2) 0.62 (0.1) 0.68 (0.1) 0.74 (0.1)

(z score)* -0.67 (0.5)** 0.11 (0.7)*** 0.76 (0.9)†

BMDL1-4 (g/cm2) 0.66 (0.1) 0.72 (0.1) 0.77 (0.1)

(z score)* -0.57 (0.5) 0.01 (1.0) 0.63 (0.9)†
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BMDL1-4 (Z score), significant differences were identified 
between the three groups, with higher values in children 
with obesity. In the first case, the increase was progres-
sive and significant between groups of normal weight, 
overweight and obesity, while in the case of the lumbar 
region, it was higher in the obese participants compared 
to those of normal weight (p < 0.001); however, there were 
no significant differences in the comparison of partici-
pants with normal weight vs overweight, and overweight 
vs obesity (Table 2).

Table  3 shows the values of lean mass and fat mass 
(grams and %) that were significantly different between 
groups, with higher values in children with obesity. The 
mean total and trunk lean masses were higher in the obe-
sity group than in the normal weight group (p < 0.001). 
Fat mass (grams and %) showed progressive and signifi-
cant increases between the normal weight, overweight 
and obese groups.

Table 4 shows the correlation coefficients of BMD and 
BMC with the components of body composition. Both 
BMDTBLH (g/cm2) and BMCTBLH (g) had a positive cor-
relation with total and trunk lean mass in the three study 
groups (p < 0.001). In the same way, they correlated posi-
tively with the total and trunk fat mass in children with 
normal weight and overweight (p < 0.01). The obese par-
ticipants had a different behavior: the BMCTBLH (g) pre-
sented a direct and significant correlation with the total 
and trunk fat mass; however, the BMDTBLH (g/cm2) did 
not correlate with the fat mass variables.

Only in children with normal weight was a direct cor-
relation observed between the BMDTBLH (g/cm2) and the 
percentage of total and trunk fat (r = 0.516 and r = 0.528, 
p < 0.05, respectively). On the other hand, there was no 
significant correlation between BMDTBLH (Z score) and 
body composition in any study group (data not shown in 
the table).

Table 3  Lean and fat mass values according to body weight category

* ANOVA p < 0.01 (Lean mass), p < 0.001 (Fat mass and % Fat);** Normal weight vs Obesity p < 0.01 (Lean and Fat mass), p < 0.001 (% Fat);*** Overweight vs Normal 
weight p < 0.01 (Fat mass), p < 0.001 (% Fat); †Obesity vs overweight p < 0.01 (Fat mass), p < 0.001 (% Fat);(Post hoc analysis: Games-Howell test, Lean and Fat Mass; 
Tukey test, % Fat)

Normal Weight (n = 16) Overweight (n = 15) Obesity (n = 18)
x (SD) x (SD) x (SD)

Lean mass (g)*

  Total 19,341.81 (3008.6)** 22,241.93 (5623.6) 26,080.94 (5232.5)

  Trunk 8874.63 (1240.0)** 10,064.8 (2626.0) 11,729.11 (2502.4)

Fat mass (g)*

  Total 7476.69 (2182.9)** 13,246.47 (4690.6)*** 21,890.28 (6435.4)†

  Trunk 2766.75 (1014.1)** 6090.0 (2531.7)*** 10,608.50 (3831.2)†

% Fat *

  Total 26.42 (3.8)** 35.59 (5.5)*** 43.91 (5.0)†

  Trunk 22.62e (5.3)** 35.99 (7.4)*** 45.75 (6.8)†

Table 4  Correlation of bone mineral content (BMC) and bone mineral density (BMD) with body composition in children according to 
body weight category

a  Total body less head; b L1-4 region of the lumbar spine; ***p < 0.001; **p < 0.01; *p < 0.05

Normal Weight (n = 16) Overweight (n = 15) Obesity (n = 18)

BMCTBLH
a BMDTBLH

a BMD L1-4
b BMCTBLH

a BMDTBLH
a BMD L1-4

b BMCTBLH
a BMDTBLH

a BMD L1-4
b

g g/cm2 g/cm2 z score g g/cm2 g/cm2 z score g g/cm2 g/cm2 z score

Lean mass (g)

  Total 0.937*** 0.858*** 0.560* -0.340 0.959*** 0.888*** 0.581* 0.147 0.957*** 0.822*** 0.178 -0.325

  Trunk 0.916*** 0.842*** 0.602* -0.258 0.950*** 0.867*** 0.566* 0.143 0.912*** 0.747*** 0.090 -0.333

Fat mass (g)

  Total 0.793*** 0.796*** 0.479 -0.287 0.850*** 0.715** 0.470 0.062 0.610** 0.456 -0.122 -0.512*

  Trunk 0.703** 0.748** 0.409 -0.320 0.846*** 0.727** 0.516* 0.120 0.485* 0.333 -0.249 -0.527*

Fat (%)

  Total 0.449 0.516* 0.228 -0.230 0.237 0.140 0.081 -0.092 -0.052 -0.132 -0.328 -0.423

  Trunk 0.444 0.528* 0.193 -0.318 0.348 0.296 0.234 0.022 -0.092 -0.144 -0.377 -0.417
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Regarding the relationship between the lumbar spine 
and body composition, BMDL1-4 (g/cm2) had a posi-
tive correlation with the total and trunk lean mass only 
in normal weight and overweight children (p < 0.05). In 
addition, it was directly related to trunk fat mass only 
in the overweight group (p < 0.05). In obese children, no 
significant correlation was identified between BMDL1-4 
(g/cm2) and body composition. However, it was the only 
group in which a negative correlation of BMD L1-4 (Z 
score) with total and trunk fat mass was identified (r = – 
0.512 and r = – 0.527, p < 0.05).

Three multivariate models were performed with all 
study participants (n = 49) in which BMDTBLH (g/cm2), 
BMDTBLH (Z score) and BMDL1-4 (g/cm2) were included 
as dependent variables; as predictor variables, sex, nutri-
tional status (normal and overweight vs obesity), BMI/
age, height/age, total lean mass (g), and percentage of 
total and trunk fat were included. Total lean mass was the 
only significant variable within the model that explained 
the variability of both BMDTBLH and BMDL1-4 (g/cm2) 
(80.4% and 31.8%, respectively). Table 5 shows the results 
of the BMDTBLH (Z score) model; in this case, 73.4% of 
the BMD variability was explained by BMI/age, the per-
centage of total fat and the height/age index.

Discussion
The study of BMD and the variables that influence it in 
children and adolescents is important because in these 
stages of life, the accumulation of bone minerals must 
be optimized [2, 24]. In this study, all participants had 
a normal BMD (> – 2 SD) [21], reflecting good bone 
health despite differences in the nutritional status of the 
participants.

As expected, we identified significant differences in 
weight and BMI values between groups; and also in 
height, which was higher in children with obesity, as has 
been reported due to a higher growth velocity in the pre-
pubertal stage, difference that decreases during puberty 
and that results in a similar final height between subjects 
with and without obesity [25].

When comparing the BMDTBLH (Z score) between 
the three groups, we found a progressive increase as 

the category of nutritional status changed from normal 
weight to overweight and obesity; also, the BMDL1-4 (Z 
score) was higher in obese children compared to those of 
normal weight. These findings are consistent with what 
was reported in a systematic review with meta-analysis, 
which reported evidence (of moderate quality) that over-
weight and obese children have higher BMD than those 
of normal weight [7].

It has been noted that overweight and obese children 
have higher BMD because their higher body weight 
causes an increase in mechanical load on the bone, 
which stimulates bone shaping [12, 15, 26, 27]. However, 
as obese children generate greater muscle forces during 
physical activity [12, 28], bone strength seems to adapt 
more easily to dynamic muscular forces than to the static 
loads imposed by greater fat mass [29, 30]. According to 
this concept, Wetzsteon et  al. (2008) [31] reported that 
although overweight and obese children had greater bone 
strength than those of healthy weight, it was not adapted 
to excess body fat but to greater muscle area. Gracia-
Marco et  al. (2012) [27] also concluded that overweight 
and obese adolescents had higher bone mass as a result of 
higher lean mass. Therefore, it is possible that obese par-
ticipants in this study had higher BMD (total and lumbar 
spine) because their lean mass was greater compared to 
those of normal weight.

Regarding the relationship between BMD and body 
composition, a direct correlation was observed between 
lean mass and BMDTBLH (g/cm2) in the three study 
groups. The BMD (g/cm2) of the lumbar spine had a 
direct relationship with the lean mass only in normal 
weight and overweight children. Similar to our study, 
several studies have reported a direct effect of lean mass 
on BMD in children and adolescents [11–14, 16, 32, 33].

In contrast to lean mass, the results of the relationship 
between body fat and BMD have been conflicting [13, 16, 
17, 34]. In the present work, BMDTBLH (g/cm2) correlated 
directly with the total and trunk fat mass only in normal 
weight and overweight children, with lower values in the 
latter group. In the same way, the percentage of total and 
trunk fat also correlated directly with the BMDTBLH (g/
cm2) only in children with normal weight. However, in 
obese children, BMDTBLH (g/cm2) was not related to fat 
mass variables. We can speculate that as children accu-
mulate body fat and go from normal weight to over-
weight and later to obese, the influence of fat mass on 
BMD decreases or disappears.

In the group of obese children, an inverse relation-
ship between fat mass and lumbar BMD was identi-
fied: the greater the total and trunk fat mass, the lower 
the BMDL1-4 (Z score) (p < 0.05). Similar results were 
reported by Mosca et  al. (2014) [16], who identified 
an inverse correlation between the percentage of body 

Table 5  Multivariate analysis with BMDTBLH as dependent 
variable; BMI-for-age, percentage of body fat, and height-for-age 
as independent variables

BMD Bone mineral density; TBLH Total body less head; az score

Dependent
variable

Independent
Variables

β R2 p

BMDa BMI/agea 0.710 0.493  < 0.001

% Fat -0.070 0.624  < 0.001

Height/agea 0.339 0.734  < 0.001
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fat and BMD of the lumbar spine in overweight and 
obese adolescents. Similarly, Gallego et al. (2017) [35] 
reported that BMD of the total body and the lumbar 
spine decreased as the percentage of body fat and total 
fat mass increased. Recently, Rokoff et  al. (2019) [4] 
identified that BMDTBLH was directly related to trunk 
fat mass in children when fat values were below the 
85th percentile, while the BMDTBLH decreased – 0.17 
SD for each kg of increment in trunk fat mass in those 
who were above this value. Therefore, there is a possi-
bility of a threshold above which central adipose tissue 
becomes more metabolically active and has a negative 
impact on bone [4].

These findings suggest that in normal weight and 
overweight children, a higher fat mass favors the accu-
mulation of bone minerals; however, in children with 
obesity, it seems to be detrimental for the gain of ade-
quate bone mass in the lumbar spine, compromising 
the future health of the skeleton in cases of persistent 
obesity.

The multivariate models in the total sample found 
that total lean mass was the only variable that explained 
the variability of both BMDTBLH and BMDL1-4 (g/cm2). 
This finding aligns with previous studies that indicate 
that lean mass has a greater contribution to the vari-
ability of BMD than fat mass [12–14]. These findings 
highlight the importance of promoting and maintain-
ing muscle mass through physical activity and a healthy 
lifestyle to optimize bone formation and maintain skel-
etal health [2, 13]. However, the BMD Z score model 
showed that 73.4% of the variability was explained by 
BMI, percentage of body fat and height-for-age index, 
which reflects the contribution of total body mass to 
BMD; in addition, the inclusion of height in the model 
could be explained by its relationship with age and with 
the BMI itself since, as noted, children with obesity 
showed higher height values.

The limitations of our study include the cross-sec-
tional design and the lack of information on physical 
activity habits. Furthermore, the values obtained by 
DEXA are limited to measuring BMD (g/cm2) instead 
of volumetric BMD; the latter is important when the 
skeleton is still growing and bone size could influence 
BMD measurements.

One of the strengths of this work is the inclusion 
of the measurement of total body BMD and the L1-4 
region of the lumbar spine, which are the sites recom-
mended by the International Society for Clinical Den-
sitometry for pediatric patients [21]. In addition, the 
analysis of the relationship between body composition 
and BMD according to nutritional status allowed us to 
identify how it changes as adiposity increases, which is 
reflected in changes in BMI.

In conclusion, the BMD in obese children was higher 
than that in normal weight children, which is explained 
by their greater lean mass and not by excess body fat. 
Fat mass had a direct relationship with BMDTBLH in 
normal and overweight children; however, in the obe-
sity group, a higher fat mass was associated with lower 
lumbar spine BMD. Lean mass had a direct correla-
tion with BMDTBLH in the three study groups and was 
the most important predictor of BMD versus fat mass, 
reflecting the importance of strengthening the muscu-
lar system through physical activity and practicing a 
healthy lifestyle.

Abbreviations
BMC: Bone mineral content; BMD: Bone mineral density; BMI: Body mass index; 
DEXA: Dual energy X-ray absorptiometry; TBLH: Total body excluding the head; 
WHO: World Health Organization.

Acknowledgements
Not applicable.

Authors’ contributions
SLP contributed to the conception, design, analysis, acquisition and inter‑
pretation of data, and drafted the work; ERV contributed to the conception, 
design, analysis, interpretation of data and drafted the work; EMVG contrib‑
uted to the conception, interpretation of data and substantial review of the 
work; MGH contributed to the conception and substantial review of the work; 
LCRR contributed to the conception, acquisition of data and drafted the work; 
FJRG performd the DEXA evaluation, contributed to the interpretation of data, 
and substantial review of the work; MAPR performd the DEXA evaluation and 
contributed to the interpretation of data. The author(s) read and approved the 
final manuscript.

Funding
with support from the Hospital Civil de Guadalajara and Consejo Nacional de 
Ciencia y Tecnología de México.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
in the OSF repository, https://​osf.​io/.

Declarations

Ethics approval and consent to participate
The work was evaluated and approved by the Ethics and Research Committee 
of the Hospital Civil de Guadalajara “Dr. Juan I. Menchaca” (Register: 0219/18 
HCJIM/2018). The study has been performed in accordance with the ethical 
standards as laid down in the 1964 Declaration of Helsinki and its later amend‑
ments or comparable ethical standards. All procedures performed in studies 
involved human participants were in accordance with the ethical standards 
of the institutional and/or national research committee and with the 1964 Hel‑
sinki declaration and its later amendments or comparable ethical standards. 
Informed Consent was obtained from all individual participants included in 
the study and that of their parents/legally authorized representative.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Departamento de Reproducción Humana Crecimiento Y Desarrollo Infantil, 
Instituto de Nutrición Humana, Guadalajara, Jalisco, México. 2 División de 
Pediatría del Hospital Civil de Guadalajara “Dr. Juan I. Menchaca”, Guadalajara, 

https://osf.io/


Page 7 of 8López‑Peralta et al. BMC Pediatrics          (2022) 22:249 	

Jalisco, México. 3 Departamento de Biología Molecular Y Genómica, Centro 
Universitario de Ciencias de La Salud de La Universidad de Guadalajara, 
Guadalajara, Jalisco, México. 4 Clínica de Osteoporosis del Hospital Civil de Gua‑
dalajara “Fray Antonio Alcalde”, Guadalajara, Jalisco, México. 

Received: 9 December 2021   Accepted: 21 April 2022

References
	1.	 Levine MA. Assessing bone health in children and adolescents. Indian J 

Endocrinol Metab. 2012;16(Suppl 2):S205–12. https://​doi.​org/​10.​4103/​
2230-​8210.​104040.

	2.	 Weaver CM, Gordon CM, Janz KF, Kalkwarf HJ, Lappe JM, Lewis R, et al. 
The national osteoporosis foundation´s position statement on peak 
bone mass development and lifestyle factors: a systematic review and 
implementation recommendations. Osteoporos Int. 2016;27:1281–386. 
https://​doi.​org/​10.​1007/​s00198-​015-​3440-3.

	3.	 Behringer M, Gruetzner S, McCourt M, Mester J. Effects of weight-bearing 
activities on bone mineral content and density in children and adoles‑
cents: a meta-analysis. J Bone Miner Res. 2014;29:467–8. https://​doi.​org/​
10.​1002/​jbmr.​2036.

	4.	 Rokoff LB, Rifas-Shiman SL, Switkowski KM, Young JG, Rosen CJ, Oken E, 
et al. Body composition and bone mineral density in childhood. Bone. 
2019;121:9–15. https://​doi.​org/​10.​1016/j.​bone.​2018.​12.​009.

	5.	 World Health Organization. Report of the Commission on ending child‑
hood obesity [Internet]. Geneva: World Health Organization; 2016 Avail‑
able in: http://​apps.​who.​int/​iris/​bitst​ream/​10665/​204176/​1/​97892​41510​
066_​eng.​pdf?​ua=1. Accessed 16 Aug 2021.

	6.	 Shamah-Levy T, Vielma-Orozco E, Heredia-Hernández O, Romero-Mar‑
tínez M, Mojica-Cuevas J, Cuevas-Nasu L, et al (2020) Encuesta Nacional 
de Salud y Nutrición 2018–19: Resultados Nacionales. Cuernavaca, 
México: Instituto Nacional de Salud Pública. Available in: https://​ensan​ut.​
insp.​mx/​encue​stas/​ensan​ut2018/​doctos/​infor​mes/​ensan​ut_​2018_​infor​
me_​final.​pdf Accessed 28 May 2021.

	7.	 van Leeuwen J, Koes BW, Paulis WD, van Middelkoop M. Differences in 
bone mineral density between normalweight children and children with 
overweight and obesity: a systematic review and meta-analysis. Obes 
Rev. 2017;18:526–46. https://​doi.​org/​10.​1111/​obr.​12515.

	8.	 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 Densitom. 
2013;16:244–9. https://​doi.​org/​10.​1016/j.​jocd.​2013.​02.​001.

	9.	 El Hage Z, Theunynck D, Jacob C, Moussa E, Baddoura R, Zunquin G, El Hage 
R. Bone mineral content and density in obese, overweight and normal 
weight adolescent boys. J Med Liban. 2013;61:148–54. https://​doi.​org/​10.​
12816/​00014​43.

	10.	 Ferrer FS, Castell EC, Marco FC, Ruiz MJ, Rico JAC, Roca APN. Influence of 
weight status on bone mineral content measured by DXA in children. 
BMC Pediatr. 2021;21:185. https://​doi.​org/​10.​1186/​s12887-​021-​02665-5.

	11.	 Kim A, Baek S, Park S, Shin J. Bone mineral density of femur and lumbar 
and the relation between fat mass and lean mass of adolescents: based 
on Korea National Health and Nutrition Examination Survey (KNHNES) 
from 2008 to 2011. Int J Environ Res Public Health. 2020;17:4471. 
https://​doi.​org/​10.​3390/​ijerp​h1712​4471.

	12.	 Correa RM, Rueda MB, González JE, Navarro PCF, Schmidt–RioValle J. The 
levels of bone mineralization are influenced by body composition in 
children and adolescents. Nutr Hosp. 2014;30:763–8. doi: https://​doi.​org/​
10.​3305/​nh.​2014.​30.4.​7683

	13.	 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: e25542. https://​doi.​org/​10.​5812/​ijem.​25542​v2.

	14.	 Sioen I, Lust E, De Henauw S, Moreno LA, Jiménez-Pavón D. Associa‑
tions between body composition and bone health in children and 
adolescents: A Systematic Review. Calcif Tissue Int. 2016;99:557–77. 
https://​doi.​org/​10.​1007/​s00223-​016-​0183-x.

	15.	 Kemp JP, Sayers A, Smith GD, Tobias JH, Evans DM. Using Mendelian rand‑
omization to investigate a possible causal relationship between adiposity 

and increased bone mineral density at different skeletal sites in children. 
Int J Epidemiol. 2016;45:1560–72. https://​doi.​org/​10.​1093/​ije/​dyw079.

	16.	 Mosca LN, Goldberg TBL, da Silva VN, da Silva CC, Kurokawa CS, Bisi Rizzo 
AC, Corrente JE. Excess body fat negatively affects bone mass in adoles‑
cents. Nutrition. 2014;30:847–52. https://​doi.​org/​10.​1016/j.​nut.​2013.​12.​003.

	17.	 Junior IF, Cardoso JR, Christofaro DG, Codogno JS, de Moraes AC, 
Fernandes RA. The relationship between visceral fat thickness and bone 
mineral density in sedentary obese children and adolescents. BMC Pedi‑
atr. 2013;13:37. https://​doi.​org/​10.​1186/​1471-​2431-​13-​37.

	18.	 Farr JN, Dimitri P. The impact of fat and obesity on bone microarchi‑
tecture and strength in children. Calcif Tissue Int. 2017;100:500–13. 
https://​doi.​org/​10.​1007/​s00223-​016-​0218-3.

	19.	 Dimitri P. The impact of childhood obesity on skeletal health and devel‑
opment. J Obes Metab Syndr. 2019;28:4–17. https://​doi.​org/​10.​7570/​
jomes.​2019.​28.1.4.

	20.	 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;26:73–8. 
https://​doi.​org/​10.​1007/​s00774-​007-​0786-4.

	21.	 Gordon CM, Leonard MB, Zemel BS. International Society for Clinical 
Densitometry. Pediatric position development conference: execu‑
tive summary and reflections. J Clin Densitom. 2013;2014(17):219–24. 
https://​doi.​org/​10.​1016/j.​jocd.​2014.​01.​007.

	22.	 de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. 
Development of a WHO growth reference for school-aged children and 
adolescents. Bull World Health Organ. 2007;85:660–7. https://​doi.​org/​10.​
2471/​blt.​07.​043497.

	23.	 World Health Organization. Training Course on Child Growth Assessment. 
Geneva: WHO; 2008.

	24.	 Baxter-Jones AD, Faulkner RA, Forwood MR, Mirwald RL, Bailey DA. Bone 
mineral accrual from 8 to 30 years of age: an estimation of peak bone mass. 
J Bone Miner Res. 2011;26:1729–39. https://​doi.​org/​10.​1002/​jbmr.​412.

	25.	 Marcovecchio ML, Chiarelli F. Obesity and growth during childhood and 
puberty. In: Shamir R, Turck D, Phillip M (eds): Nutrition and Growth. World 
Rev Nutr Diet. Basel, Kerger. 2013; 106: pp 135–41.https://​doi.​org/​10.​
1159/​00034​2545

	26.	 El-Dorry G, Ashry H, Ibrahim T, Elias T, Alzaree F. Bone density, osteocal‑
cin and deoxypyridinoline for early detection of osteoporosis in obese 
children. Open Access Maced J Med Sci. 2015;3:413–9. https://​doi.​org/​10.​
3889/​oamjms.​2015.​092.

	27.	 Gracia-Marco L, Ortega FB, Jiménez-Pavón D, Rodríguez G, Castillo MJ, 
Vicente-Rodríguez G, Moreno LA. Adiposity and bone health in Spanish 
adolescents. The HELENA study Osteoporos Int. 2012;23:937–47. https://​
doi.​org/​10.​1007/​s00198-​011-​1649-3.

	28.	 Frost HM. Obesity, and bone strength and “mass”: a tutorial based on 
insights from a new paradigm. Bone. 1997;21:211–4. https://​doi.​org/​10.​
1016/​S8756-​3282(97)​00124-5.

	29.	 Frost HM. Bone’s mechanostat: a 2003 update. Anat Rec A Discov Mol Cell 
Evol Biol. 2003;275:1081–101. https://​doi.​org/​10.​1002/​ar.a.​10119.

	30.	 Vandewalle S, Taes Y, Van Helvoirt M, Debode P, Herregods N, Ernst C, et al. 
Bone size and bone strength are increased in obese male adolescents. J Clin 
Endocrinol Metab. 2013;98:3019–28. https://​doi.​org/​10.​1210/​jc.​2012-​3914.

	31.	 Wetzsteon RJ, Petit MA, Macdonald HM, Hughes JM, Beck TJ, McKay HA. 
Bone structure and volumetric BMD in overweight children: a longitudi‑
nal study. J Bone Miner Res. 2008;23:1946–53. https://​doi.​org/​10.​1359/​
jbmr.​080810.

	32.	 Kâ K, Rousseau MC, Lambert M, O’Loughlin J, Henderson M, Tremblay A, 
Alos N, Nicolau B. Association between lean and fat mass and indicators 
of bone health in prepubertal caucasian children. Horm Res Paediatr. 
2013;80:154–62. https://​doi.​org/​10.​1159/​00035​4043.

	33.	 Soininen S, Sidoroff V, Lindi V, Mahonen A, Kröger L, Kröger H, et al. Body 
fat mass, lean body mass and associated biomarkers as determinants of 
bone mineral density in children 6–8years of age- The physical activity 
and nutrition in children (PANIC) study. Bone. 2018;108:106–14. https://​
doi.​org/​10.​1016/j.​bone.​2018.​01.​003.

	34.	 Maggio AB, Belli DC, Puigdefabregas JW, Rizzoli R, Farpour-Lambert NJ, 
Beghetti M, McLin VA. High bone density in adolescents with obesity is 
related to fat mass and serum leptin concentrations. J Pediatr Gastro‑
enterol Nutr. 2014;58:723–8. https://​doi.​org/​10.​1097/​MPG.​00000​00000​
000297.

https://doi.org/10.4103/2230-8210.104040
https://doi.org/10.4103/2230-8210.104040
https://doi.org/10.1007/s00198-015-3440-3
https://doi.org/10.1002/jbmr.2036
https://doi.org/10.1002/jbmr.2036
https://doi.org/10.1016/j.bone.2018.12.009
http://apps.who.int/iris/bitstream/10665/204176/1/9789241510066_eng.pdf?ua=1
http://apps.who.int/iris/bitstream/10665/204176/1/9789241510066_eng.pdf?ua=1
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_informe_final.pdf
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_informe_final.pdf
https://ensanut.insp.mx/encuestas/ensanut2018/doctos/informes/ensanut_2018_informe_final.pdf
https://doi.org/10.1111/obr.12515
https://doi.org/10.1016/j.jocd.2013.02.001
https://doi.org/10.12816/0001443
https://doi.org/10.12816/0001443
https://doi.org/10.1186/s12887-021-02665-5
https://doi.org/10.3390/ijerph17124471
https://doi.org/10.3305/nh.2014.30.4.7683
https://doi.org/10.3305/nh.2014.30.4.7683
https://doi.org/10.5812/ijem.25542v2
https://doi.org/10.1007/s00223-016-0183-x
https://doi.org/10.1093/ije/dyw079
https://doi.org/10.1016/j.nut.2013.12.003
https://doi.org/10.1186/1471-2431-13-37
https://doi.org/10.1007/s00223-016-0218-3
https://doi.org/10.7570/jomes.2019.28.1.4
https://doi.org/10.7570/jomes.2019.28.1.4
https://doi.org/10.1007/s00774-007-0786-4
https://doi.org/10.1016/j.jocd.2014.01.007
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.2471/blt.07.043497
https://doi.org/10.1002/jbmr.412
https://doi.org/10.1159/000342545
https://doi.org/10.1159/000342545
https://doi.org/10.3889/oamjms.2015.092
https://doi.org/10.3889/oamjms.2015.092
https://doi.org/10.1007/s00198-011-1649-3
https://doi.org/10.1007/s00198-011-1649-3
https://doi.org/10.1016/S8756-3282(97)00124-5
https://doi.org/10.1016/S8756-3282(97)00124-5
https://doi.org/10.1002/ar.a.10119
https://doi.org/10.1210/jc.2012-3914
https://doi.org/10.1359/jbmr.080810
https://doi.org/10.1359/jbmr.080810
https://doi.org/10.1159/000354043
https://doi.org/10.1016/j.bone.2018.01.003
https://doi.org/10.1016/j.bone.2018.01.003
https://doi.org/10.1097/MPG.0000000000000297
https://doi.org/10.1097/MPG.0000000000000297


Page 8 of 8López‑Peralta et al. BMC Pediatrics          (2022) 22:249 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	35.	 Gallego C, Singer BH, Gebremariam A, Lee JM, Singer K. The relationship 
between adiposity and bone density in US children and adolescents. 
PLoS ONE. 2017;12: e0181587. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01815​87.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0181587
https://doi.org/10.1371/journal.pone.0181587

	Bone mineral density and body composition in normal weight, overweight and obese children
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


