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Abstract

Summary Low/reduced bone mineral density (BMD) is an important predictor of childhood fracture. In this article, we presented
the prevalence of BMD in Chinese adolescents and, for the first time, demonstrated the gender disparities in the impact of height
on BMD.

Purpose To analyze the gender disparities in the association of low/reduced BMD with height in Chinese adolescents at the stage
of growth spurt.

Methods A total of 8152 adolescents aged 12—14 years old were included based on a cross-sectional study in Tianjin, China.
Height and weight were measured with standard equipment. BMD was measured using the method of quantitative ultrasound.
Adolescents with Z<—2.0 or —2.0 < Z<— 1.0 were defined as “low BMD” or “reduced BMD”.

Results The total low/reduced BMD rate was 22.0% in Chinese adolescents aged 12—14 years old, and boys were more
likely to have low/reduced BMD than girls (30.1% vs. 12.9%, P <0.001). The rate of low/reduced BMD significantly
increased with age in boys (Pyenq =0.019), whereas decreased with age in girls (Pyeng =0.018). We found significant
interaction effect between gender and height standard deviation score (height-Z) in the association with low/reduced BMD
(Pinteraction < 0.001). There was a positive association of height-Z among boys (OR =1.30, 95%CI 1.21-1.39, P<0.001),
meanwhile low/reduced BMD was inversely associated with height-Z among girls (OR =0.85, 95%CI 0.78-0.94,
P <0.001).

Conclusions Our study suggested strong gender disparities in the impact of height on BMD in Chinese adolescents aged
12-14 years old, where the association between low/reduced BMD and height was positive among boys but inverse among
girls. The study provides evidence on the early prevention and the risk factor identification of low/reduced BMD and
childhood fractures.
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decreased afterwards, peaking at 12 years in girls and at
14 years in boys, resulting in a large gender disparity in the
age group of 12—14 years old [3]. The high rate of fracture in
adolescents may be partly attributed to the increase of sports
participation, but the gender difference in the timing of the
peak incidence may reflect biological factors (e.g., BMD) in
growth. However, the gender disparities of BMD during the
special period of growth spurt were to some extent neglected
in previous studies.

Height is an important impact factor of BMD. A number of
previous studies have reported that BMD increased with
height [7, 8]. However, it has been reported that the growth
of bone mineral content lags behind the growth of height [9].
Faulkner et al. also demonstrated that there was a period of
relative skeletal fragility resulting from dissociation between
bone expansion and bone mineralization during the growing
years [10]. Therefore, in the special period of growth spurt, the
impact of height on BMD should be re-evaluated with consid-
eration of gender differences.

In the present study, we investigated the prevalence of low/
reduced BMD among Chinese adolescents aged 12-14 years
old and the gender disparities in its association with height.
The results would shed light on the gender difference in bio-
logical factors in growth and provide evidence on the early
prevention and the risk factor identification of low/reduced
BMD and childhood fractures.

Methods
Subjects

This study is based on data of Youth Health Care Promotion
Program (YHCPP). The YHCPP was a cross-sectional study
with a total of 8754 adolescents participating in the health
examination from 2014 to 2016. The study subjects were re-
cruited from 16 middle schools in Dongli District of Tianjin,
China. The age range of the students was 9—19 years old, with
most of them being 12—14 years old (8370 students, 95.61%
of the 8754). A total of 55 adolescents who lacked height or
weight data and 163 adolescents who did not conduct BMD
detection were further excluded. Therefore, a total of 8152
adolescents aged 12—14 years old were included in the present
study.

The study was approved by the Ethic Committee of
Tianjin Women’s and Children’s Health Center and has
been performed in accordance with the ethical standards
as laid down in the Declaration of Helsinki and its later
amendments or comparable ethical standards. All the
individuals were recruited with their voluntary participa-
tion, and written informed consent was provided by
parents of all the participants.
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Measurements

Anthropometrics of height and weight were measured with
standard equipment. Body mass index (BMI) was calculated
as weight/height squared (kg/m?). The sex- and age-specific
height standard deviation score (height-Z) and BMI standard
deviation score (BMI-Z) were calculated using the growth
reference data of the World Health Organization for children
and adolescents aged 5-19 years (http://www.who.int/
growthref/en/).

The BMD was measured by a portable quantitative ul-
trasound bone device (Sunlight Omnisense 7000), which
measures the speed of ultrasonic waves propagating along
the bone. Axially transmitted speed of sound (SOS) of the
mid-shaft tibia is measured to indicate bone mineral den-
sity. The measurements were converted to Z values by
using a data bank for age- and gender-matched SOS values
in Asian children supplied by the manufacturer. The meth-
od of quantitative ultrasound has been used in numerous
studies for bone mineral density detection previously
[11-13], has been shown to be related to bone mineral
density estimated by dual X-ray absorptiometry (DXA)
[14], and could be used to resemble the changes in BMC
during growth [14]. Children with ultrasound examination
Z values less than or equal to —2.0 were defined as “low
BMD” as recommended by the International Society for
Clinical Densitometry (ISCD) [15], children with Z values
less than or equal to —1.0 and greater than —2.0 were
defined as “reduced BMD” [16], and children with Z
values greater than — 1.0 were defined as “normal
BMD.” All ultrasound measurement was performed by
experienced doctors.

Statistical analyses

Descriptive values were given as mean (standard devia-
tion) or number (percentages). Statistical differences in an-
thropometrics between/among groups of normal BMD and
low/reduced BMD were tested using ¢ tests or analysis of
variance (ANOVA) for continuous variables and Pearson
chi-square tests for categorical variables. Multivariate lo-
gistic regression models were used to analyze the associ-
ation between low/reduced bone mineral density and
height-Z with adjustment for age and BMI-Z, and odds
ratios (ORs) and 95% confidence intervals (CIs) were cal-
culated. Multiplicative models were used by adding inter-
action terms (height-Z x gender) to analyze the interaction
effect of height and gender on low/reduced bone mineral
density. A two-sided P <0.05 was considered as nominally
significant. All statistical analyses were performed using
Statistical Package for the Social Sciences (SPSS) version
18.0 software (SPSS, Chicago, IL, USA).
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Results
General characteristics of the study subjects

A total of 8152 adolescents aged 12—14 years old were includ-
ed in the analyses, and the general characteristics of the study
subjects were shown in Table 1. A total of 4310 adolescents
were boys, accounting for 52.9% of the study subjects. The
average age was 12.8 +0.7 years old, with 3117 (38.2%),
3756 (46.1%), and 1279 (15.7%) of them aged 12, 13, and
14 years old, respectively. The average height, weight, and
BMI of the study subjects were 158.8+7.5 cm, 53.1
13.5 kg, and 20.9 +4.3 kg/m?, respectively.

The overall rate of low/reduced BMD in Chinese adoles-
cents aged 12—14 years old was 22.0% (1793/8152), with low
BMD rate being 5.3% (429/8152) and reduced BMD rate
being 16.7% (1364/8152).

As compared to those with normal BMD, adolescents with
low/reduced BMD had a significantly larger proportion of
boys (72.3% vs. 47.4%, P < 0.001), and in children with low
BMD, the proportion of boys was even larger (83.2%). No
significant gender difference was observed between adoles-
cents with low/reduced BMD and those with normal BMD
(P> 0.05). In terms of anthropometrics indicators, adolescents
with low/reduced BMD had significantly greater numbers of
height (as well as height-Z), weight, and BMI (as well as BMI-
Z) as compared with those with normal BMD (P < 0.001).

Low/reduced BMD rates in different age and gender
groups

Since significant gender proportion difference was found be-
tween low/reduced BMD and normal BMD adolescents, we
further calculate the low/reduced BMD rates in different

Table 1 General characteristics of the study subjects

gender sub-groups. The low/reduced BMD rates in boys and
girls were 30.1% (1296/4310) and 12.9% (497/3842), respec-
tively, with boys significantly exceeding girls (P <0.001).
Similarly, the low BMD rate in boys and girls were 8.3%
(357/4310) and 1.9% (72/3842), respectively, with boys sig-
nificantly exceeding girls (P < 0.001).

Low/reduced BMD rates were further calculated in differ-
ent age and gender sub-groups as illustrated in Fig. 1. Linear-
by-linear association tests showed that the rate of low/reduced
BMD significantly increased with age in boys (Pyeng = 0.019),
whereas decreased with age in girls (Pyeng = 0.018), indicating
that there might be a gender difference in the trend of low/
reduced BMD with age.

Association between height and low/reduced BMD

Considering the gender difference in low/reduced BMD rates
as well as the trend with age, the association between height
and low/reduced BMD was analyzed in boys and girls sepa-
rately, as shown in Table 2.

In boys aged 12—14 years old, height-Z was positively as-
sociated with low/reduced BMD (OR =1.30, 95%CI=1.21-
1.39, P<0.001), with each 1 SD in height-Z increasing the
risk of low/reduced BMD by 30%. A similar association was
found when using different age sub-groups, and boys aged
12 years old had a relatively higher effect coefficient as com-
pared with boys aged 13 or 14 years old. BMI-Z was further
adjusted for and height-Z was still positively associated with
low/reduced BMD in boys (OR =1.18, 95%CI=1.10-1.27,
P<0.001).

However, in girls aged 12—14 years old, height-Z was
inversely associated with low/reduced BMD (OR =0.85,
95%CI=0.78-0.94, P<0.001). Here, height acted as a pro-
tective factor instead of a risk factor for low/reduced BMD,

Characteristics Total (N=8152) Low/reduced BMD

Normal BMD (N =6359) P

Total (N=1793)

Low BMD (N =429)

Reduced BMD (N =1364)

Gender (boys, %) 4310 (52.9) 1296 (72.3) 357 (83.2)
Age (years) 12.8 (0.7) 12.8 (0.7) 12.9 (0.7)
Height (cm) 158.8 (7.5) 160.3 (7.8) 161.8 (7.8)
Weight (kg) 53.1(13.5) 57.5(14.3) 61.5 (14.8)
BMI (kg/m?) 20.9 (4.3) 22.2 (4.5) 23.4 (4.7)
Height-Z 0.0 (1.0) 0.1(1.0) 0.2 (1.0)
BMI-Z 0.0 (1.0) 0.2 (1.0) 0.4 (1.0)

939 (68.8) 3014 (47.4) <0.001
12.8 (0.7) 12.8 (0.7) 0.098

159.8 (7.7) 158.4 (7.4) <0.001
56.2 (14.0) 51.8 (13.0) <0.001
21.8 (4.4) 20.5 (4.2) <0.001
0.0 (1.0) 0.0 (1.0) <0.001
0.1 (1.0) —0.1(0.9) <0.001

Data was shown as mean (SD) or number (percentage)
P values < 0.05 were in italics
BMD bone mineral density

*P values were calculated between children with low/reduced BMD and children with normal BMD

@ Springer



78  Page 4 of 6

Arch Osteoporos (2019) 14:78

S 40.0
< 209 33.6 Reduced BMD
% 00 28.6 . Low BMD
a
Z
= 200
3 14.4
S 12.3
£ 10.7
3 10.0
Q
3

0.0

2 13 14 2 13 14
Boys Girls  Age and gender groups

Fig. 1 Low/reduced BMD rates in different age and gender groups.
BMD, bone mineral density

and each 1 SD in height-Z decreased the risk of low/reduced
BMD by 15%. When using different age sub-groups, although
not all sub-groups obtained significant results, the coefficients
(ORs) were all below 1. After adjustment for BMI-Z, height-Z
was still inversely associated with low/reduced BMD in girls
(OR =0.78, 95%C1=0.70-0.86, P < 0.001).

By further testing the interaction term of height-Z x gender,
we found a significant interaction effect between gender and
height in the association with low/reduced BMD, no matter
analyzed in the overall 12—14 adolescents (P;yeraction < 0.001),
or in different age sub-groups (Piteraction < 0.01), or with ad-
justment for BMI-Z (Pjyeraction < 0.01).

Discussion

In the present study, we analyzed the association between
height and low/reduced BMD among Chinese adolescents
aged 12—14 years old and the influence of gender. To the best
of our knowledge, our study was the first to report the gender

difference in the association of BMD with height around the
age of growth spurt.

A number of previous studies have reported that bone min-
eral density may increase with height [7, 8]. In the current
study, we found in girls aged 12—14 years old that height
was inversely associated with low/reduced BMD, which was
in consistency with that in previous studies.

The result of the positive association between height
and low BMD in boys aged 12—-14 years old was in con-
sistency with the theory that bone mineralization lags be-
hind bone expansion during the growing years, and also
in consistency with the increased fracture incidence dur-
ing the age around 10-14 [2] or 13-14 [3] years old.
During the adolescent growth period, there could be a
draw on the cortical bone to meet the mineral demands
of the expanding skeleton [10], resulting in a temporary
period of relative skeletal weakness and a high risk of
fracture. Our study was the first to report the positive
association between height and low/reduced BMD in boys
during the age of growth spurt and may provide import
epidemiology evidence for the above theory.

The gender difference of the association directions of low/
reduced BMD with height might be attributed to the difference
in the starting time of puberty development and peak height
velocity (PHV). As Whiting et al. [17] reported, the age of
PHYV and the age of peak bone mineral content velocity was
respectively 13.5+ 1.0 years old and 14.0+ 1.0 years old in
boys, while 11.8+0.9 years old and 12.5+0.9 years old in
girls. Our study recruited middle school students and focused
on adolescents aged 12—14 years old. Although the boys and
girls were of the same age, the boys aged 12—14 years old may
be right now experiencing the PHV, but the girls of the same

Table 2 Association between height-Z and low/reduced BMD in different gender and age groups

Age groups Boys Girls Pinteraction
N OR (95% CI) P N OR (95% CI) P

Without adjustment for BMI-Z
12~ 1572 1.38 (1.23-1.55) <0.001 1545 0.93 (0.81-1.07) 0.313 <0.001
13~ 1981 1.25(1.14-1.38) <0.001 1775 0.81 (0.70-0.93) 0.002 <0.001
14~ 757 1.26 (1.08-1.47) 0.004 522 0.78 (0.59-1.04) 0.090 0.004
12-14* 4310 1.30 (1.21-1.39) <0.001 3842 0.85 (0.78-0.94) 0.001 <0.001

With adjustment for BMI-Z
12~ 1572 1.24 (1.10-1.40) 0.001 1545 0.82 (0.70-0.95) 0.008 <0.001
13~ 1981 1.14 (1.03-1.27) 0.011 1775 0.74 (0.64-0.85) <0.001 <0.001
14~ 757 1.17 (1.00-1.37) 0.056 522 0.79 (0.59-1.05) 0.108 0.004
12-14%* 4310 1.18 (1.10-1.27) <0.001 3842 0.78 (0.70-0.86) <0.001 <0.001

P values < 0.05 were in italics
BMD bone mineral density
*Age was adjusted for in the 12—14 years adolescents
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age may already pass the period of PHV and even entering the
period of peak bone velocity. Further studies with a wider age
range (especially girls aged 10-12 years old and boys aged
14-16 years old) may provide more evidence for the influence
of growth spurt and gender difference on BMD.

The current study had several advantages. First, a
relatively large sample size was used. Second, BMI
was used as a covariate to analyze the association be-
tween height and low/reduced BMD. Overweight/obesity
is one of the most important factors that influence BMD
[18]. Since height and BMI may increase simultaneously
in the process of children’s growth and development, the
adjustment of BMI in the analyses of the height-BMD
association was necessary and may avoid potential con-
founding factors.

The method of ultrasound was used to test the BMD of
participants instead of the method of DXA, which was
one of the limitations of the current study. DXA was rec-
ommended for bone mineral density testing and has been
widely used in previous studies [15]. However, it was
argued that the method of DXA may overestimate the
actual bone mineral density in growing bones, because
bone depth and bone size were not accounted for in
DXA scans. Previous studies have suggested that in-
creases in BMD over the growing years can be attributed
to the increasing bone size and not BMD [10, 19, 20].
Meanwhile, quantitative ultrasound has the advantage of
being cheap and free of radiation, which makes it more
suitable for screening in a relatively large population, es-
pecially in children and adolescents. During the last years,
quantitative ultrasound has been used for bone mineral
density testing in different kinds of population like elderly
adults [11], pregnant women [12], and postmenopausal
women [13].

In conclusion, we presented the gender difference in the
association between height and low/reduced BMD among
Chinese adolescents aged 12—14 years old. The results may
shed light on the gender difference in biological factors in
growth, and provide evidence on the early prevention and
the risk factor identification of low/reduced BMD and child-
hood fractures.
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