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Abstract
Objective To investigate correlations between anthropomet-
rics and body composition with bone parameters of the
whole-body and lumbar spine in non-obese and obese Thai
female adolescents.
Methods This study was performed in 135 female adolescents
aged 15 to 18 y enrolled in secondary schools in southern
Thailand. Subjects were grouped into non-obesity (under-
weight and normal-to-overweight) (BMI < 25) and obesity
(BMI ≥ 25) groups. Anthropometric indices for obesity [body
weight (BW), waist circumference (WC), and body mass in-
dex (BMI)] were recorded. Bone parameters (BMC, BMD,
and Z-scores) of the whole-body and lumbar spine (L1-L4)
and body composition (LBM, BFM,%fat, %lean, and%bone)
were assessed by dual-energy X-ray absorptiometry (DXA).
Correlations between anthropometrics, body composition,
and bone parameters were evaluated and compared between
subject groups.
Results The obesity group had significantly higher means of
whole-body BMD, BMC and Z-score than non-obese group
(p < 0.05). BMI and BWwere positively associated with BFM
and %fat (p < 0.05) for non-obese subjects. Obese subjects
had greater lumbar spine BMC compared to non-obese sub-
jects. BFM was correlated with whole-body BMC in obese
group. BWwas a positive determinant of BMC at both sites in
all subject groups, particularly for obese subjects; BW had
positive associations with all bone parameters at the lumbar
spine.

Conclusions BW can be used as a determinant of all bone
parameters at lumbar spine, and BFM had a positive effect
on whole-body BMC in Thai obese female adolescent
subjects.

Keywords Bodyweight . Bodymass index . Bonemineral
content . Lumbar spine . Adolescent girls

Abbreviations
BFM Body fat mass
BMC Bone mineral content
BMD Bone mineral density
BMI Body mass index
BW Body weight
DXA Dual-energy X-ray absorptiometry
FFM Fat-free mass
LBM Lean body mass
WC Waist circumference
%Bone Bone percentage
%Fat Body fat percentage
%Lean Lean percentage

Introduction

Obesity is often considered to have a protective effect against
osteoporosis while thinness is negatively associated with bone
mass [1]. There has been an increase in the prevalence of
overweight among adolescents. Previous studies have report-
ed that obesity during childhood and adolescence is associated
with increased vertebral density and whole-body bone density
[2]. However, a high incidence of fractures in overweight
children has been reported recently [3]. Obesity is most often
defined by body mass index (BMI), which is calculated by
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dividing body weight (BW) in kilograms by height in meters
squared (kg/m2). BMI has a high correlation with adiposity
and also correlates well with excess weight at the population
level. It is accordingly recommended as a method for diagnos-
ing overweight and obesity [4]. BW is largely made up of two
components: fat mass and lean mass. Total body fat mass
(BFM) is one of the most important indices of obesity, and it
has been previously reported that percentage of total body fat
increased along with BMI in girls aged 9–18 y [5].
Associations between BMI, body fat, and bone parameters
in adolescents remain controversial, whereas BW is known
to be positively correlated with bone mineral density
(BMD). A previous study showed that high BMI is associated
with normal BMD and Z-scores, positively correlated with
body fat percentage (%fat) and waist circumference (WC),
and negatively associated with lean percentage (%lean) [6].
Compared with overweight and obese adolescents, the odds of
low BMD were 4 times greater in normal weight group and
4.6 times greater in females, compared with males [7]. In
overweight girls (BMI ≥ 25), low BMC or BMD at all bone
sites has not been found [7]. In addition, high BMI and hip

circumference have been associated with increased BMD at
femoral neck than lumbar spine [8].

Although several studies have reported that high BMI cor-
related with normal bone density, excessive fat mass may not
protect against osteoporosis or osteoporotic fracture [9]. The
negative results showed that overweight and obese children
and adolescents have decreased bone mass relative to BW,
and the influence of overweight on BMD might be site-
specific [10], and fat mass is not related to bone density in
children aged 4–16 y [11]. Previous studies have posited that
the bones of obese children and adolescents adapt to lean mass
whereas excess body mass in the form of fat is inversely related
to bone parameters [12, 13]. In addition, recent studies found
that both BMI and lean mass or fat-free mass (FFM) are impor-
tant mediators in the BMC/BMD association in late adolescents
(18 y of age) [14], and lean mass has a stronger positive corre-
lation with BMC and BMD than BFM in females [1, 15, 16].

However, the association between obesity including BMI,
BWand fat mass, and bone parameters in adolescents remains
inconsistent. This study aims to investigate correlations be-
tween anthropometric indices indicating obesity and body

Table 1 Descriptive data of anthropometrics, body composition and bone mass at whole body and lumbar spine (L1-L4) of all subjects and subject
groups classified by BMI (kg/m2)

Parameters Total subjects
(n = 135)

Underweight subjects
(BMI < 18.5)
(n = 53)

Normal-to-overweight subjects
(18.5 ≤ BMI < 25)
(n = 52)

Obese subjects
(BMI ≥ 25)
(n = 30)

p value

Anthropometrics

BMI (kg/m2) 21.09 ± 4.42 17.10 ± 0.98 21.13 ± 1.86 28.06 ± 1.79a,b < 0.001

BW (kg) 53.01 ± 11.63 43.51 ± 4.05 52.59 ± 5.62 70.53 ± 7.56a,b < 0.001

WC (cm) 73.40 ± 9.88 65.92 ± 4.81 72.87 ± 5.99 87.53 ± 6.13a,b < 0.001

Body composition

%Lean (%) 63.10 ± 6.83 69.52 ± 3.76 63.40 ± 5.03 55.28 ± 3.31a,b < 0.001

%Fat (%) 32.61 ± 7.11 26.90 ± 3.89 33.13 ± 5.20 41.81 ± 3.37a,b < 0.001

%Bone (%) 3.35 ± 0.37 3.59 ± 0.26 3.35 ± 0.30 2.91 ± 0.24a,b < 0.001

BFM (g/cm2) 3.68 ± 1.26 2.62 ± 0.46 3.72 ± 0.76 5.51 ± 0.60a,b < 0.001

LBM (g /cm2) 6.65 ± 0.61 6.43 ± 0.67 6.73 ± 0.54 6.91 ± 0.52a = 0.001

Bone parameters of whole body

BMD (g/cm2) 0.86 ± 0.10 0.79 ± 0.06 0.87 ± 0.07 0.95 ± 0.10a,b < 0.001

BMC (g) 1376.96 ± 259.67 1181.24 ± 135.16 1393.14 ± 168.90 1694.71 ± 231.76a,b < 0.001

Z-score −0.73 ± 0.63 −1.18 ± 0.44 −0.58 ± 0.53 −0.18 ± 0.52a,b < 0.001

Bone parameters of lumbar spine (L2-L4)

BMD (g/cm2) 0.97 ± 0.12 0.90 ± 0.08 1.00 ± 0.12 1.04 ± 0.13a < 0.001

BMC (g) 47.61 ± 8.57 43.60 ± 5.86 48.05 ± 7.70 53.94 ± 10.12a,b < 0.001

Z-score 0.41 ± 1.09 −0.21 ± 0.72 0.70 ± 1.05 0.10 ± 1.19a < 0.001

Values are mean ± SD

BFM Body fat mass; BMC Bone mineral content; BMD Bone mineral density; BMI Body mass index; BW Body weight; LBM Lean body mass; WC
Waist circumference; %Bone Bone percentage; %Fat Body fat percentage; %Lean Lean percentage
a Significant difference (p < 0.05) compared with underweight subjects using Bonferroni post hoc test
b Significant difference (p < 0.05) compared with normal-to-overweight subjects using Bonferroni post hoc test
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composition variables with bone parameters of the whole-
body and lumbar spine (L1-L4) in Thai female adolescents
by comparing between non-obese and obese groups.
Moreover, results obtained from this study will be used to
further promote bone health and reduced body fat in female
adolescents.

Material and Methods

The participants were 135 healthy female students aged 15 to
18 y from five secondary schools in southern Thailand.
Criteria for exclusion were any chronic or bone diseases, other
conditions such as asthma, allergies, or gastritis, and use of
steroid or anticonvulsant drugs. Data on exercise and milk
intake from six months prior to the survey were collected.
Optimal to high levels of weight bearing exercise and milk
intake were accepted when exercise was performed ≥30min/d
and >3 d/wk [17, 18], and consumption of milk was ≥1 pack
(200 ml)/d [19]. The study protocol was approved by the
Ethics Committee on Human Rights Related to Research

Involving Human Subjects, Walailak University, Thailand
(WU56108). A consent form was obtained from all the sub-
jects or their legal representative before enrollment.

Body weight was measured in light clothing to the nearest
0.1 kg using an electronic calibrated scale (SC-330ST, Tanita
Corporation). Height was measured to the nearest 0.5 cm with
a stationary vertical height board with participants standing
without shoes. BMI was calculated by dividing BW (kg) by
the square of height (m2). The subjects were classified into
two groups: obesity (BMI ≥ 25) and non-obesity (BMI < 25).
Based on BMI, the non-obese group was divided into under-
weight (BMI < 18.5) and normal- to-overweight
(18.5 < BMI < 25) (defined as control group) [20, 21]. Waist
circumference (WC) was measured with a metal measuring
tape to the nearest 0.1 cm at a level midway between the
lowest lateral border of the ribs and the uppermost lateral iliac
crest with subjects in a standing position.

Body composition, including lean body mass (LBM)
(g/cm2), BFM (g/cm2), %fat [(fat mass / total mass) × 100],
%lean [(lean mass / total mass) × 100], and bone percentage
(%bone), and bone parameters, including BMC (g), BMD

Table 2 Correlation between
BMI, BW, WC and BFM and
%Fat of all subjects and subject
groups classified by BMI (kg/m2)

Anthropometrics Total subjects

(n = 135)

Underweight
subjects

(BMI < 18.5)

(n = 53)

Normal-to-overweight
subjects

(18.5 ≤ BMI < 25)

(n = 52)

Obese subjects

(BMI ≥ 25)

(n = 30)

BFM %Fat BFM %Fat BFM %Fat BFM %Fat

BMI (kg/m2) 0.89* 0.83* 0.37* 0.29* 0.74* 0.61* 0.49* 0.25

BW (kg) 0.89* 0.83* 0.51* 0.39* 0.76* 0.61* 0.51* 0.25

WC (cm) 0.81* 0.76* 0.23 0.18 0.68* 0.57* 0.39* 0.16

BFM Body fat mass; BMI Body mass index; BW Body weight; WC Waist circumference; %Fat Body fat
percentage

Significance level at 0.05 *p < 0.05

Table 3 Correlation between
anthropometrics, body
composition, and bone
parameters at whole-body and
lumbar spine (L1-L4) of all fe-
male adolescent subjects
(n = 135)

Parameters Correlation Coefficient

%Bone Whole-body Lumbar spine

BMD BMC Z-score BMD BMC Z-score

BMI (kg/m2) −0.76* 0.66* 0.77* 0.65* 0.50* 0.49* 0.51*

BW (kg) −0.74* 0.69* 0.89* 0.68* 0.52* 0.59* 0.53*

WC (cm) −0.76* 0.56* 0.68* 0.54* 0.37* 0.40* 0.38*

%Lean (%) 0.80* −0.48* −0.65* −0.47* −0.35* −0.31* −0.37*

%Fat (%) −0.81* 0.46* 0.64* 0.44* 0.34* 0.30* 0.36*

BFM (g/cm2) −0.82* 0.55* 0.72* 0.53* 0.41* 0.39* 0.42*

LBM (g/cm2) −0.09 0.49* 0.46* 0.48* 0.38* 0.53* 0.37*

BFM Body fat mass; BMC Bone mineral content; BMD Bone mineral density; BMI Body mass index; BW Body
weight; LBM Lean body mass; WC Waist circumference; %Bone Bone percentage; %Fat Body fat percentage;
%Lean Lean percentage

Significance level at 0.05 *p < 0.05
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(g/cm2), and Z-score at the whole-body and lumbar spine (L2–
L4) were measured by dual-energy X-ray absorptiometry
(DXA) using the pediatric mode of Stratos, a pencil-beam
densitometer (Diagnostic Medical Systems, Perols, France)
[22]. The Z-score is the reported value which is given as a
percentile or a standard deviation score. A Z-score of zero is
equivalent to the mean, and Z-scores of −1 and +1.5 are equiv-
alent to values one standard deviation below and 1.5 standard
deviations above themean, respectively [23]. Scanner stability
was checked throughout the course of the study with plots of
daily spine phantom scans [5].

The results are presented as mean ± standard deviation
(SD). Data analysis was performed using SPSS version
17.0 software (SPSS, Illinois, United States). Differences
in parameters among groups, non-obesity (underweight
and normal-to-overweight) and obesity, were compared
by one-way analysis of variance (ANOVA) followed by
Bonferroni post hoc test to compare the possible differ-
ences between the groups. The correlations between an-
thropometric data and body composition and bone mass
were calculated by Pearson’s correlation coefficient. A p-
value <0.05 was considered statistically significant.

Results

The study sample comprised 135 female adolescent subjects
(mean age 16.10 ± 0.49 y). The subjects were divided into
three groups based on BMI, underweight (BMI < 18.5,
n = 53), normal-to-overweight (18.5 ≤ BMI < 25, n = 52),
and obesity (BMI ≥ 25, n = 30). Percentages of subjects who
performed weight bearing exercise and milk intake were
15.09% and 47.17%; 26.92% and 61.54%, and 20% and
53.33% in groups of underweight, normal-to-overweight,
and obesity, respectively. Table 1 shows that the mean BMI
of underweight, normal-to-overweight, and obese subjects
were 17.10 ± 0.98, 21.13 ± 1.86, and 28.06 ± 1.79, respec-
tively. There were statistically significant differences of an-
thropometrics, body composition and bone parameters be-
tween all the groups and the control group (p < 0.05). The
mean values of %fat, BFM, LBM, BMC and BMD were
highest in obese subjects whereas these values were the lowest
in underweight subjects. At whole-body, the mean Z-score for
the underweight was below −1 (−1.18 ± 0.44), which indicates
low BMD, whereas those for the normal-to-overweight and
obesity were above −1 (normal BMD). At the lumbar spine,
all subject groups had normal lumbar spine BMD (means of
Z-score > −1). In addition, there were significant differences
of mean whole-body and lumbar-spine BMD among three
groups (p < 0.05), and a higher mean BMC was found for
the obese group. Table 2 shows that BMI and BW were pos-
itively associatedwith BFM and%fat (p < 0.05) for all groups,
except for obese subjects. WC was significantly correlated

with both BFM and %fat in the normal-to-overweight group
and BFM in the obese group (p < 0.05).

All anthropometrics (BMI, BW, WC) and body com-
position (%fat, BFM, LBM) of all subjects were positive-
ly correlated with bone parameters (BMD, BMC, Z-score)
at both the whole-body and lumbar spine, but they were
strongly negatively associated with %bone (p < 0.05)
(Table 3). Table 4 shows that, for the underweight group,
LBM was significantly positively correlated with all bone
parameters (p < 0.05) except lumbar spine Z-score. BMI
was significantly positively correlated with whole-body
BMC (p < 0.05), and BW was significantly positively
correlated with BMC of both whole-body and lumbar

Table 4 Correlation between anthropometrics, body composition, and
bone parameters at whole-body and lumbar spine (L1-L4) of under-
weight, normal-to-overweight, and obese subject groups

Anthropometrics Correlation Coefficient

Whole-body Lumbar spine

BMD BMC Z-score BMD BMC Z-score

Underweight (BMI < 18.5) (n = 53)

BMI (kg/m2) 0.11 0.34* 0.17 0.15 0.25 0.22

BW (kg) 0.20 0.73* 0.23 0.14 0.38* 0.19

WC (cm) 0.02 0.05 −0.03 −0.17 −0.10 −0.16
%Lean (%) 0.15 −0.10 0.12 0.01 0.11 −0.03
%Fat (%) −0.19 0.07 −0.17 −0.05 −0.13 −0.01
BFM (g/cm2) −0.11 0.19 −0.09 0.01 −0.05 0.05

LBM (g/cm2) 0.50* 0.44* 0.47* 0.29* 0.48* 0.26

Normal-to-overweight (18.5 ≤ BMI < 25) (n = 52)

BMI (kg/m2) 0.25 0.30* 0.22 0.13 0.08 0.14

BW (kg) 0.37* 0.73* 0.37* 0.24 0.38* 0.28*

WC (cm) 0.21 0.45* 0.24 0.06 0.15 0.10

%Lean (%) 0.00 −0.27 0.05 0.03 0.08 −0.00
%Fat (%) −0.05 0.21 −0.08 −0.03 −0.10 0.00

BFM (g/cm2) 0.09 0.37* 0.06 0.05 0.03 0.09

LBM (g/cm2) 0.40* 0.26 0.45* 0.26 0.41* 0.26

Obese (BMI ≥ 25 kg/m2) (n = 30)

BMI (kg/m2) 0.04 0.24 −0.03 0.12 0.19 0.07

BW (kg) 0.27 0.66* 0.21 0.46* 0.54* 0.42*

WC (cm) −0.06 0.13 −0.12 0.22 0.28 0.18

%Lean (%) 0.01 −0.24 −0.02 0.09 0.07 0.05

%Fat (%) −0.06 0.20 −0.04 −0.12 −0.08 −0.09
BFM (g/cm2) 0.11 0.38* 0.10 0.02 0.10 0.03

LBM (g/cm2) 0.22 0.13 0.17 0.25 0.31 0.20

BFM Body fat mass; BMC Bone mineral content; BMD Bone mineral
density; BMI Body mass index; BW Body weight; LBM Lean body mass;
WC Waist circumference; %Fat Body fat percentage; %Lean Lean
percentage

Significance level at 0.05 * p < 0.05
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spine (p < 0.05). For the normal-to-overweight group,
BW was significantly positively correlated with all bone
parameters (p < 0.05) except lumbar spine BMD. BMI,
WC, and BFM were significantly associated with whole-
body BMC (p < 0.05). LBM was significantly positively
correlated with lumbar spine BMC (p < 0.05). For the
obese group, BW was significantly positively correlated
with all bone parameters at the lumbar spine and whole-
body BMC (p < 0.05), while BFM was correlated with
whole-body BMC (p < 0.05).

Furthermore, when comparing between non-obese and
obese subjects using BMI of 25 kg/m2 as a cut-off point
(Table 5), the data clearly shows that BMI, BW, and LBM
were strongly positively correlated with all bone parameters
for both the whole-body and the lumbar spine in subjects with
BMI < 25 while in subjects with BMI ≥ 25, only BW was
positively correlated with BMC of whole-body, and BMD and
BMC of lumbar spine (p < 0.05). Moreover, for obese sub-
jects, there was a positive correlation between BFM and
whole-body BMC (p < 0.05).

Discussion

This study aimed to determine whether anthropometric indi-
ces indicating obesity and body composition correlated with
bone parameters at the whole-body and lumbar spine (L1-L4)
of 135 Thai female adolescents (mean age 16.10 ± 0.49 y).
Data for underweight (BMI < 18.5), normal-to-overweight
(18.5 ≤ BMI < 25), and obese (BMI ≥ 25) subjects as well
as non-obese (BMI < 25) and obese (BMI ≥ 25) subjects were
compared. The main findings of this study showed that all

anthropometric indices (BMI, BW, and WC) and body com-
position parameters (%fat, BFM, and LBM) were positively
associated with bone parameters in all subject groups. The
obese subjects had high BMD, BMC, and whole-body Z-
score values, and had greater lumbar spine BMC compared
to non-obese subjects.

Evidence revealed that associations between lean and fat mass
and bone density are different between overweight and obesity
group, and low or normal weight group [6, 16, 24], and over-
weight and obesity during childhood and adolescence are asso-
ciated with increased vertebral bone density and whole-body
bone mass [2, 7]. In this study, the key findings indicate that
obese subjects with BMI ≥ 25 had high BMD, BMC, and Z-
score values of the whole-body, and high lumbar spine BMC
compared to non-obese subjects with BMI < 25. Moreover, re-
sults demonstrated that BMI and BW, not WC, were positively
associated with BFM for all groups, particularly for the obese
subjects. These suggest that BMI and BW are possibly better
indices for predicting amount of excess fat than WC in adoles-
cent girls and this supports the previous reports; BMI is highly
correlated with adiposity and %fat increase, along with BMI and
BFM is one of the most important indices of obesity [4, 5].

The relationship between lean mass, fat mass, and bone
mass has been a controversial issue. In this study, it was found
that all parameters of body composition except %lean were
positively correlated with bone parameters for all subjects, but
this result was different when subjects were grouped by BMI.
Particularly in the underweight subjects, LBM had strong pos-
itive correlations with BMD and BMC at the whole-body and
lumbar spine. However, this result does not confirm previous
evidence indicating a close relationship between LBM and
bone development during puberty [25, 26] as this association

Table 5 Correlation between anthropometrics, body composition, and bone parameters at whole-body and lumbar spine (L1-L4) of female adolescent
subjects with non-obesity (BMI < 25) (n = 105) and obesity (BMI ≥ 25) (n = 30)

Anthropometrics Correlation Coefficient

Whole-body Lumbar spine

BMD BMC Z-score BMD BMC Z-score

BMI
< 25

BMI
≥ 25

BMI
< 25

BMI
≥ 25

BMI
< 25

BMI
≥ 25

BMI
< 25

BMI
≥ 25

BMI
< 25

BMI
≥ 25

BMI
< 25

BMI
≥ 25

BMI (kg/m2) 0.56* 0.04 0.64* 0.24 0.55* −0.03 0.45* 0.12 0.33* 0.19 0.47* 0.07

BW (kg) 0.57* 0.27 0.83* 0.66* 0.57* 0.21 0.44* 0.46* 0.46* 0.54* 0.46* 0.42*

WC (cm) 0.40* −0.06 0.49* 0.13 0.38* −0.12 0.22* 0.22 0.19 0.28 0.24* 0.18

%Lean (%) −0.27* 0.01 −0.45* −0.24 −0.26* −0.02 −0.23* 0.09 −0.08 0.07 −0.25* 0.05

%Fat (%) 0.23* −0.06 0.42* 0.20 0.22* −0.04 0.21* −0.12 0.07 −0.08 0.23* −0.09
BFM (g/cm2) 0.36* 0.11 0.55* 0.38* 0.35* 0.10 0.30* 0.02 0.18 0.10 0.33* 0.03

LBM (g/cm2) 0.45* 0.22 0.40* 0.13 0.45* 0.17 0.30* 0.25 0.47* 0.31 0.29* 0.20

BFM Body fat mass; BMC Bone mineral content; BMD Bone mineral density; BMI Body mass index; BW Body weight; LBM Lean body mass; WC
Waist circumference; %Fat Body fat percentage; %Lean Lean percentage

Significance level at 0.05 * p < 0.05
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was not found in subjects with BMI > 18.5. It is possible that
an association between LBM and bone mass was not demon-
strated in high BMI subjects whose bodymass is composed of
more fat mass than lean mass because lean mass is defined as
total BW less fat mass and BMC.

As concluded above, BW was a positive determinant of
BMC in all subject groups, particularly in subjects with
BMI ≥ 25, and had positive associations with all bone param-
eters at the lumbar spine. Moreover, BFMwas correlated with
whole-body BMC of obese subjects. This finding can be ex-
plained by the fact that BW is composed mainly of lean mass
and fat mass, and greater BW or obesity offers increased me-
chanical loading on the bones, stimulating bone formation and
increasing BMD for a site-specific bone adaptation response
at the lumbar spine [27, 28]. Moreover, it is consistent with a
previous report that overweight girls (BMI ≥ 25) had heavier,
larger, and denser bones than control subjects (BMI < 25),
meaning that the bones of overweight girls adapt to increased
BW [7]. A new theory has emerged from the finding that
weight and BMI are positively correlated with BMD, but large
population-based studies have not verified or confirmed a
positive correlation between bone mass and BMI [29]. In ad-
dition, the results also showed a positive correlation between
BMI and whole-body BMC only in subjects with BMI < 25,
on the other hand, in subjects with BMI ≥ 18.5, BFM has been
positively correlated with whole-body BMC. Both positive
and negative relationships between body fat and bone mass
have been found; some studies have found excess weight is
associated with lower bone mass [12, 30] whereas others have
revealed a positive correlation between fat mass (%fat) and
bone accretion [31, 32].

Conclusions

This study revealed that BMI and BW may be better indices
than WC for predicting amount of excess fat. There were
significant positive correlations between BW and BMC at
both sites in all groups of adolescent subjects. Particularly in
obese subjects, BW was positively associated with all bone
parameters at the lumbar spine (L1-L4), and BFM was corre-
lated with whole-body BMC. These findings suggest that BW
can be used as a determinant of bone parameters in Thai fe-
male adolescent subjects.
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