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Abstract
Overweight/obesity can influence bone mineral accretion, but the conclusions are not consistent. We aimed to examine the
association between bone mineral density (BMD) levels and body mass index (BMI) in 12 to 15years old adolescents.
We performed a cross-sectional study including 8365 adolescents. BMD was evaluated using a quantitative ultrasound device. Z

scores for BMI were evaluated using World Health Organization references. Logistic regression models were performed to evaluate
the association between BMD levels and BMI.
Totally 1866 (22.3%) adolescents had low /reduced BMD, and boys had a higher rate than girls (72.6% vs 27.4%, P< .001). The

rates of thinness, normal weight, overweight, and obesity were 2.8%, 57.1%, 22.3%, and 17.8%, respectively. The multivariable-
adjusted (age, sex, systolic blood pressure, and height Z score) ORs (95% CIs) of low/reduced BMD associated with BMI groups
(thinness, normal [reference], overweight, and obesity) were 0.59 (0.39–0.89), 1.00, 1.61 (1.41–1.84), and 1.98 (1.69–2.30),
respectively (Ptrend< .001). This positive association existed in boys and girls though the differences were not significant between
normal weight and thin girls. The multivariable-adjusted ORs for each 1-unit increase in BMI Z score were 1.36 (1.24–1.49) for girls,
and 1.23 (1.16–1.30) for boys, and 1.26 (1.20–1.32) for all participants.
We observed a positive association between BMI and low/reduced BMD in 12 to 15years old adolescents. More attention should

be paid on overweight and obese adolescents to reduce the risk of low BMD. Further studies are needed to explore the mechanisms
of this association.

Abbreviations: BMC = bone mineral content, BMD = bone mineral density, BMI = body mass index, CIs = confidence intervals,
DXA = dual energy x-ray absorptiometry, ORs = odds ratios, PA = physical activity, QUS = quantitative ultrasonometry, SBP =
systolic blood pressure, SOS = speed of sound.
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1. Introduction

Osteoporosis, which is characterized by compromised bone
strength, is associated with bone fragility and increased risk of
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fractures.[1] In China, approximately 13% adults suffered from
osteoporosis, and the prevalence varied by regions, sex, and bone
sites.[2] Bone mineral density (BMD) is an important determinant
of osteoporosis and low BMD could lead to increased fracture
risk, associated with increased mortality and morbidity with
advancing age.[3] It was suggested that >90% of the adult bone
mass is formed by the end of adolescence, and bone mass increase
after maturation is minimal.[4] Data showed that boys attained
86% of adult bone mineral content (BMC) and BMD by 17years
old, and 95% by 18years old.[5] In women, 40% of peak bone
mass was accumulated during the adolescence, and 92% of total
BMC was attained by age 18 years.[6] In Chinese girls, the peak
bone mineral accretion occurred at menarche, which is consistent
with studies in western girls.[7] Therefore, maximizing bone
mineral mass accretion during adolescent years may contribute to
reducing fracture and osteoporosis risks in later life.[8]

A number of factors have influences on bonemineral accretion,
including weight, height, physical activity (PA), body composi-
tion, dietary intake, vitamin D level, genetic predisposition,
hormones (such as insulin like growth factors 1, leptin), and
exposure to smoking and alcohol intake.[8–10] Furthermore,
genetic polymorphisms, including leptin system and vitamin D
receptor may permit investigation of bone mass acquisition and
the risk of osteoporosis independent from biological level
measurement.[11,12] However, the associations between over-
weight/obesity and bone mass acquirement are controversial, and
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the mechanisms are still lack of fully investigation. Some studies
reported that obese adolescents had relatively high bone mineral
density because of higher mechanical load[10,13]; whereas others
demonstrated lower bone mass and density in obese adolescents
compared with normal weight adolescents as a result of low
vitamin D and PA levels.[14,15] In the past decades, there was a
continuous increase in overweight and obesity rates among
children and adolescents in China. From 1991 to 2015, the
overweight rate increased from 5.0% to 11.7% with little
fluctuation in 2006 to 2010, and the obesity rate increased from
1.7% to 6.8%.[16] Therefore, the relationships between over-
weight/obesity in adolescents and bone health are drawing more
attention.
There are several methods for measuring bone status, including

dual energy x-ray absorptiometry (DXA), quantitative computed
tomography, and quantitative ultrasonometry (QUS). By mea-
suring quantitative parameters, including ultrasound attenuation
and ultrasound velocity (speed of sound, SOS), QUS can be used
to evaluate not only bone mass but also elasticity and bone
structure inmultiple sites, such as calcaneus, phalanges, tibia, and
patella.[17] Comparing to other methods, QUS is a non-evasive,
radiation-free, low cost, transportable, and easy to use technique,
and was suggested to be associated with BMD measured by
DXA[18] therefore it is regarded as a suitable method using in
children and adolescents.[19–21]

The aim of this study was to investigate the association
between overweight/obesity and BMD levels measured by QUS
n=8365
Analysis popula�on 

n=8587
Students at age of 12~15 years old

n=8754
Students from the first grade of middle sch

who gave wri�en consent

Figure 1. Inclusion and exclusion of participants. In total, 8754 students were recr
bone mass density results, 8365 students aged 12 to 15years old were include
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among adolescents aged 12 to 15years old from a sub-urban area
of Tianjin, China.
2. Methods

2.1. Study population

This study is based on data from Youth Health Care Promotion
Program from 2014 to 2016. The Youth Health Care Promotion
Program is a general survey conducted annually among the first
grade students of the 16 junior middle schools in Dongli District, a
sub-urban area of Tianjin, China. This program includes question-
naire survey, health examinations, health education, and interven-
tion. The study was approved by the Ethics Committee for Clinic
Research of Tianjin Women and Children’s Health Center, and
informed written consents were obtained from students and their
parents, and theHealth Bureau ofDolingDistrictwas responsible to
organize the health examinations and developmental assessment.
Combinedwith questionnaire survey, targeted health education and
intervention would be provided.
In total, 8754 students from thefirst grade ofmiddle schools, aged

from 9 to 19years old, finished health examinations and
questionnaire survey. Students at age of 12 to 15years old, which
accounted for 98% of all the students, were selected in this study.
Studentswere excluded if theyhadmissingvaluesofweightorheight
(55 students), or BMDlevels (167 students) (Fig. 1).Thefinal sample
consisted of 8365 students: 4432 boys (53%) and 3933 girls (47%).
,
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• missing value of BMD 
levels (n=167)

uited. After excluding students with incomplete information of weight, height, or
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2.2. Measurements

Adolescents’ weight and height were measured by specially-
trained practitioners. Weight was measured after removing outer
clothing, heavy pocket items, and shoes, and to the nearest 0.01
kg by using a digital scale (TCS-60, Tianjin Weighing Apparatus
Co., China).
Standing height was measured without shoes, with the

participant’s head in the Frankfurt plane, and to the nearest
0.1cm using a stadiometer (SZG-180, Shanghai Zhengdahengqi,
China). Body mass index (BMI) was calculated as weight/height
squared (kg/m2). BMIZ score and heightZ score were derived by
using the 2007 World Health Organization growth reference,
and overweight is defined as >+1SD, obesity >+2SD, thinness:
<–2SD.[22] Blood pressure was determined by single measure-
ment using the standard mercury sphygmomanometer.
The BMDwas measured by a portable quantitative ultrasound

bone device (Sunlight Omnisense 7000), which measures the
speed of ultrasonic waves propagating along the bone. Axially
transmitted SOS is measured to indicate bone strength, such as
mineral density, elasticity, cortical thickness, and microstructure,
and the result is obtained after performing 3 consistent
measurement cycles. BMD Z-scores were obtained by using an
age- and sex-matched SOS value references for Asian children
from the manufacturer. In this study, the SOS of mid-shaft tibia
was measured. The measurement was performed at school in a
separate classroom. Students were wearing loose clothes and
keeping upright sitting position. They were asked to place their
right legs on the test boardwith exposing their right shins, and the
right mid-shafts was measured. Qualitative results were given as
normal, reduced, or low BMD if theZ scores were>–1.0,�–1.0,
>–2.0, and �–2.0, respectively, following the recommendation
by the international society for clinical densitometry.[23,24] All
ultrasound measurement was performed by experienced doctors.

2.3. Statistical analyses

The SPSS statistical software version 21.0 (IBM SPSS, Chicago,
USA) was used to perform statistical analyses. Continuous
Table 1

General characteristics of participants according to BMD levels.

Total Low/reduc

Characteristics (N=8365) Total (N=1866) Low BMD (N=4

Gender (boys, %) 4432 (53) 1355 (72.6) 370 (83.1)
Age, yrs 12.83 (0.774) 12.88 (0.818) 12.93 (0.797
Height, cm 158.89 (7.523) 160.36 (7.79) 161.79 (7.75
Weight, kg 53.12 (13.50) 57.39 (14.30) 61.42 (14.79
BMI, kg/m2 20.88 (4.31) 22.16 (4.53) 23.32 (4.72)
Height-Z 0.54 (1.15) 0.70 (1.20) 0.86 (1.22)
BMI-Z 0.60 (1.36) 1.02 (1.34) 1.33 (1.33)
SBP 107.34 (11.68) 109.72 (77.83) 111.83 (11.90
DBP 67.99 (7.57) 68.97 (7.45) 70.06 (7.31)
BMI groups

∗∗

Thinness (%) 233 (2.8) 27 (11.6) 2 (0.9)
Normal (%) 4779 (57.1) 830 (17.4) 153 (3.2)
Overweight (%) 1867 (22.3) 493 (26.4) 122 (6.5)
Obesity (%) 1486 (17.8) 516 (34.7) 168 (11.3)

Data were shown as mean (SD) or number (percentage).
BMD=bone mineral density, BMI=body mass index, DBP=diastolic blood pressure, SBP= systolic blo
P values< .05 were shown in bold.
∗
P values were calculated between adolescents with low/reduced BMD and adolescents with normal B

∗∗
P value was calculated to compare the distribution of normal, reduced, and low BMD through differe
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variables were expressed as means±SD, and t test was used to
evaluate the differences between groups. Categorical variables
were expressed as numbers and percentages, andChi-squared test
was used to compare the distribution. Logistic regression models
were performed to evaluate the association between low BMD
levels and BMI, and odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated. In logistic regression, low BMD
group and reduced BMD group were combined as low/reduced
BMD group to compare with normal BMD group. The
multivariate logistic regression analyses were adjusted for age,
sex, systolic blood pressure (SBP), and height Z score. BMI was
evaluated in the following 2 ways: as 4 categories (thin, normal,
overweight, and obese), and normal BMI group was used as
reference, and BMI Z score as a continuous variable. The
different categories of BMI were included in the models as
dummy variables, and the significance of the trend over different
categories were tested in the samemodels with the median of each
category as a continuous variable. P value< .05 was considered
statistically significant.
3. Results

The 8365 adolescents in the study were aged 12 to 15years old
(12.83±0.77years), and 4432 (53%) were boys. The rates of
thinness, normal weight, overweight, and obese were 2.8%,
57.1%, 22.3%, and 17.8%, respectively. In total, 6499 (77.7%)
adolescents’ BMD were within normal range, 1421 (17.0%) had
reduced BMD, and 445 (5.3%) had low BMD.
Participant characteristics according toBMDlevels are shown in

Table 1. In total low/reduced BMD group, boys accounted for
72.6% of adolescents, while in normal group, boys accounted for
47.3% (P< .001). Significant differences were also found in age,
height, weight, BMI, height Z score, BMI Z score, SBP, and
diastolic blood pressure in normal and reduced/low BMD groups.
As shown in Table 1, adolescents having low BMD were older,
taller, and had higher BMIZ score and blood pressures (P< .001).
When reduced/low BMD rates were compared across different

BMI groups, there was a positive association between BMI with
ed BMD

45) Reduced BMD (N=1421) Normal BMD (N=6499) P
∗

985 (69.3) 3077 (47.3) <.001
) 12.87 (0.825) 12.82 (0.760) .001
) 159.91 (7.76) 158.47 (7.39) <.001
) 56.12 (13.92) 51.89 (13.0) <.001

21.79 (4.41) 20.51 (4.17) <.001
0.64 (1.20) 0.50 (1.12) <.001
0.92 (1.33) 0.48 (1.34) <.001

) 109.06 (11.74) 106.66 (11.55) <.001
68.63 (7.50) 67.71 (7.58) <.001

<.001
25 (10.7) 206 (88.4)
677 (14.2) 3949 (82.6)
371 (19.9) 1374 (73.6)
348 (23.4) 970 (65.3)

od pressure.

MD.
nt BMI groups.

http://www.md-journal.com


0.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0
45.0 low BMD

Reduced BMD

Boys Girls

Lo
w

/r
ed

uc
ed

 B
M

D 
ra

te
 (%

)

Figure 2. The rates of low/reduced BMD across different BMI and sex groups.
The rates of low/reduced BMD were compared across different BMI groups in
boys and girls. There was a positive association between low/reduced BMD
rates and BMI groups in both boys and girls. BMD=bone mineral density,
BMI=body mass index.
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Figure 3. The rates of low/reduced BMD across different age and sex groups.
The rate of low/reduced BMD significantly increased with age in boys, while in
girls, the rate decreased in girls across age groups of 12 to 14years old. BMD=
bone mineral density, BMI=body mass index.
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the risk reduced/low BMD (Table 1). The rate of reduced/low
BMDwas the lowest in thinness adolescents, followed by normal
and overweight adolescents, and the highest in obese adolescents.
When stratified, this positive association existed in both boys and
girls (Fig. 2).
Low/reduced BMD rates were further calculated in different

age and sex groups (Fig. 3). In linear� linear association tests, the
rate of low/reduced BMD significantly increased with age in boys
(Ptrend< .001). However, the rate decreased with age in girls
across age groups of 12 to 14years old (Ptrend= .018), but not
significant after including 15years old group into analysis
(P= .072). Results indicated that the trend of low/reduced BMD
with age might be different in boys and girls.
Logistics regression models were conducted to investigate the

association between low/reduced BMD and BMI groups. In total
participants, the multivariable-adjusted (age, sex, SBP, and height
Table 2

Odds ratios (ORs) and 95% confidence intervals (CIs) for low/reduce

Univariate analysis

BMI groups OR 95%

Total
Thin 0.61 0.47
Normal (reference) 1.00
Overweight 1.58 1.42
Obese 2.196 1.95
Ptrend <.001

Boys
Thin 0.501 0.34
Normal (reference) 1.00
Overweight 1.41 1.21
Obese 1.80 1.56
Ptrend <.001

Girls
Thin 0.71 0.45
Normal (reference) 1.00
Overweight 1.67 1.42
Obese 1.87 1.51
Ptrend <.001

∗
Adjusted for age, height Z score and SBP, and also for sex in the total analysis.

4

Z score) ORs (95% CIs) of low/reduced BMD associated with
BMI groups (thin, overweight, and obese) were 0.59 (0.39–0.89),
1.61 (1.41–1.84), and 1.98 (1.69–2.30), respectively comparing
with normal BMI group (Ptrend< .001) (Table 2). After stratified
by sex, this positive association existed in boys (Ptrend< .001). In
girls, there was still a positive trend of low BMD associated with
BMI groups (Ptrend< .001), though the difference was not
significant between normal weight and thin girls.
Considering the sex and age differences in low/reduced BMD

rates, the association between BMI Z score and low/reduced
BMD was analyzed in boys and girls as well as different age
groups separately (Table 3).
In boys of age 12 to 15years old, BMI Z score was positively

associated with low/reduced BMD (OR=1.24, 95% CI=1.17–
1.30, P< .001). The association was also found significant in sub-
age groups of 12, 13, and 14years old, but not significant in the
group of 15years old.
d BMD according to different BMI groups.

Multivariate analysis
∗

CI OR 95% CI

–0.83 0.57 0.42–0.77
- 1.00 -
–1.76 1.54 1.38–1.73
–2.47 1.88 1.64–2.15

<.001

–0.74 0.49 0.33–0.73
- 1.00 -
–1.64 1.40 1.20–1.63
–2.09 1.77 1.50–2.10

<.001

–1.12 0.68 0.43–1.09
- 1.00 -
–1.97 1.74 1.47–2.06
–2.32 2.02 1.59–2.57

<.001



Table 3

Association between BMI-Z score and low/reduced BMD in different sex and age groups
∗
.

Total‡ Boys Girls

Age groups N OR (95% CI) P N OR (95% CI) P N OR (95% CI) P

Without adjustment for height-Z
12∼ 3117 1.39 (1.28–1.51) <.001 1572 1.34 (1.21–1.48) <.001 1545 1.50 (1.30–1.73) <.001
13∼ 3756 1.30 (1.21–1.39) <.001 1981 1.31 (1.21–1.43) <.001 1775 1.25 (1.09–1.43) .001
14∼ 1279 1.16 (1.03–1.29) .011 757 1.22 (1.07–1.38) .002 522 0.93 (0.72–1.20) .571
15∼ 213 0.97 (0.72–1.28) .787 122 0.90 (0.65–1.25) .546 91 1.14 (0.64–2.03) .649
12∼15† 8365 1.26 (1.20–1.32) <.001 4432 1.24 (1.17–1.30) <.001 3933 1.30 (1.20–1.42) <.001

With adjustment for height-Z
12∼ 3117 1.38 (1.27–1.50) <.001 1572 1.31 (1.19–1.45) <.001 1545 1.54 (1.33–1.78) <.001
13∼ 3756 1.30 (1.21–1.39) <.001 1981 1.12 (1.01–1.24) <.001 1775 1.30 (1.13–1.49) <.001
14∼ 1279 1.15 (1.03–1.29) .013 757 1.21 (1.07–1.38) .003 522 0.96 (0.74–1.23) .736
15∼ 213 0.96 (0.73–1.28) .803 122 0.90 (0.65–1.25) .539 91 1.13 (0.63–2.02) .684
12–15† 8365 1.26 (1.20–1.32) <.001 4432 1.23 (1.61–1.30) <.001 3933 1.36 (1.24–1.49) <.001

BMD=bone mineral density.
P values< .05 were shown in bold.
∗
SBP was adjusted for all groups.

† Age was adjusted for 12–15 years old adolescents.
‡ Sex was adjusted for total groups.
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In girls, BMI Z score was also positively associated with low/
reduced BMD (OR=1.30, 95% CI=1.20–1.42, P< .001). The
association existed in sub-age groups of 12 and 13years old, but
not found in groups of 14 and 15years old.
In total, BMI Z score was positively associated with low/

reduced BMD (OR=1.26, 95%CI=1.20–1.32, P< .001), with 1
unit increase in BMI Z score increasing the risk of low/reduced
BMD by 26%. The positive associations in sub age groups of 12
and 13 years old were found more significant (P< .001) than 14-
year-old group (P= .013).
4. Discussion

The present study showed that overweight or obese adolescents
had higher risks of having low BMD in both sexes. With the BMI
groups moving from thinness to obesity, the rate of low BMD
would increase significantly. The results also suggested that sex
might also be risk factors influencing low BMD incidence, as
adolescents with low BMD were more likely to found in boys.
The amount of bone mass accrued during the growing years is

a major determinant of the risk of fractures in later life.[9] The
effects of overweight and obesity on bone mass and density are
controversial. Some studies found positive correlations between
bone mass/density and overweight/obesity,[10,13,25] whereas
others showed the opposite conclusions.[26–28] In most of those
studies, bone mineral density was measured at multiple sites by
DXA which may better reflect adolescents’ bone mineral density.
Moreover, fat mass and fat free mass , instead of total body mass,
were assessed to evaluate the relationship between overweight/
obese and BMD. However, these studies have various limitations
respectively, including limited sample size, missing puberty stage,
measurement method, and not involving calcium intake and
physical activities into analysis. Therefore, the conclusion on
overweight/obesity and BMD was not consistent. Data from this
study indicated that the risk of low BMDwould increase with the
elevated BMI, comparing with adolescents with normal BMI, the
risk of low BMD was lower in lean adolescents, while highest in
obese adolescents. The discrepancies between different results
may be explained by bone health measurement methods,
measurement sites, skeleton maturation, and different standards
5

and cutoffs to assess and define the weight groups. The
mechanism of overweight/obese children having greater bone
strength has been explained by the biomechanical load of body
weight in weighting-bear bone[28] that high body mass, especially
increased lean muscle forces, may have contributed to bone
mass,[13] stimulating bone formation by suberiosteal expan-
sion.[29] The positive association between leptin and BMD was
also identified. It has been found that obese girls showed both
higher serum leptin concentration and higher BMD.[10] On the
other hand, overweight/obese children have several risk factors
impairing bone health, including vitamin D deficiency, inade-
quate calcium intake, and sedentary behavior.[10,13] The
association that increased PA level could predict better bone
strength gain[30] may also explain the result of thin students
having lower risk of low BMD in that thin students had a better
PA status than overweight/obese students.[31] There was evidence
suggested that obese children and adolescents were more likely to
be identified with hypovitaminosis D,[32] and low vitamin D
concentration could result in accelerated bone loss.[33] Mean-
while, the mechanisms of adiposity and bone mineralization are
still incomplete. It was indicated that increased secretion of
factors, such as cytokins, adiponectins, and resistin, resulting
from excess adiposity, could mediate positively or negatively
effects on bone status.[34]Moreover, the effects of bodyweight on
bone mineral accrual were influenced by various factors, such as
measurement site, sex, age, anabolic hormone status, puberty
stage,[10,13,26,28] and may change over the life span. Therefore,
further well designed studies that include more variables are
suggested before any conclusion can be drawn.
Our data also suggests that sex was correlated with BMD level.

In this study, male adolescents were more likely to have low BMD
than women. Studies using quantitative ultrasound measure-
ments or DXA to evaluate bone tissue both showed that girls had
greater bone mass/BMD than boys until late adolescence.[26,35,36]

A 7-year longitudinal study showed that, on average, girls were
1.5years earlier than boys in terms of peak BMC accrual, and
coincided in girls with the timing of menarche.[36] Ribeiro et al[37]

showed that girls experienced early pubertal had more bone mass
than boys at same age, indicating that sex hormones, especially
estrogen, may have effects on bone mass accrual.[38,39]

http://www.md-journal.com
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The present study has several limitations. First, this study is
cross-sectional designed, which was not allowed for a causal
analysis between BMD and overweight/obese. Second, one-site
qualitative measurement of BMD was used to evaluate bone
status, which impeded detailed analysis of the linear correlation
between bone health and relevant factors. Third, biological
markers, including biomarkers of bone remodeling and hormon-
al changes during adolescence, were not available, precluding the
investigation of overweight/obesity on bone health from the
respects of internal nutrition status and endocrine level. Besides,
lifestyle information, including PA, dairy intake, eating habits, etc
which may have obvious effects on BMD, was not available in the
study. Moreover, the subjects were all from one sub-urban
district, thus not being able to represent the adolescents from the
whole city. Nevertheless, this is a large-scale investigation of
adolescents from middle-schools. The large sample size enabled
to provide a general understanding of wide existing health
problems among adolescents, which could provide directions for
further research.
In conclusion, this study shows overweight/obese adolescents

were more likely to low BMD, and the risk of having low BMD
was higher in male adolescents. Since adolescence is a critical
period of bone mineral accrual, effective interventions are needed
to increase bone strength. Sex disparity was found in overweight/
obese and BMD problems, and men were at higher risk, which
may suggest sex-specific health promotion programs. Further
well-designed studies, taking into account sex, quantitative bone
mass measurement, multiple measurement sites, body composi-
tion, puberty stages, and biomarkers levels, are needed to fully
investigate the correlation between overweight/obese and bone
mass in adolescents.
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