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Background: The relationships of total and regional body fat percent with bone mineral density (BMD) in Korean adolescents
were examined using the Fifth Korea National Health and Nutrition Examination Survey (KNHANES V-1), 2010.
Methods: Body fat percent at whole body (WBFP), trunk (TBFP), and extremities (both upper and lower extremities fat mass/body
weight, EBFP), ratio of trunk fat mass to extremities fat mass (TEFR), and BMD at whole body, total femur, and lumbar spine were
measured by dual energy X-ray absorptiometry in a population-based sample of 433 boys and 362 girls, aged 12 to 18 years. The
analyses were conducted using linear regression analysis with complex sampling design.
Results: After adjusting for confounders such as age, height, weight, serum 25-(OH) vitamin D concentration, energy intake,
calcium intake, physical activity, and menarche status for girls, WBFP, TBFP, and EBFP were inversely associated with whole and
regional BMD in both sexes (P < 0.05). TEFR was positively associated with whole and regional BMD in boys after adjusting for
confounders, while it was negatively associated in girls (P < 0.05). However, the associations were non-significant when bone
mass-free lean mass was adjusted instead of bodyweight except for a positive association between TEFR and BMD in boys.
Conclusion: In Korean adolescents, total and regional body fat percent is not independently associated with BMD after adjusting
for bone mass-free lean mass but higher fat in trunk as compared to extremities may be protective for BMD in boys.
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Osteoporosis is a most common metabolic disease of bone
and approximately 40% of postmenstrual women met the
criteria of osteoporosis.1) Osteoporosis is defined as the bone
disease with low bone strength and high risk for fracture by The
National Institutes of Health Consensus Development Panel
on Osteoporosis Prevention, Diagnosis, and Therapy.2) Major
risk factors of osteoporosis is low bone mass in adolescence and
rapid bone loss by aging and menopause. Therefore, maximizing
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bone mass in adolescence is important to prevent osteoporosis.3)

daily energy and calcium intake, and menstrual status for girls

Measurement of bone mineral density (BMD) is a useful methods

from the KNHANES V-1. BMD (g/cm2) and body compositions

to evaluate osteoporosis status.4,5) In previous studies for adults,

were measured using a standardized method by dual energy

body fat mass and lean body mass have been related to BMD. In

X-ray absorptiometry (DEXA; DISCOVERY-W fan-beam

these studies, lean body mass has been positively associated with

densitometer Hologic Inc., Bedford, MA, USA).17) The body

BMD regardless of sex and age, while the association between

composition measurements were used to derived bone mass-

body fat mass and BMD has been inconsistent according to the

free lean mass of whole body that was calculated by lean mass of

6,7)

8-10)

menopausal status and age groups.

whole body minus bone mass, whole body fat percent (WBFP),

On the other hand, studies in adolescents have shown

trunk fat percent (TBFP), extremities fat percent (EBFP) that

inconsistent results about gender difference in the relationships

was calculated by percentage of sum of both upper and lower

11,12)

between body fat mass and BMD.

In addition, studies for

extremities fat mass divided by weight, and ratio of trunk fat mass

obese adolescents reported an inverse association between

to extremities fat mass (TEFR). In the BMD data, we used BMD

abdominal fat and BMD

13,14)

and a recent study about the

relationship between regional BMD and body fat percent

of whole body, lumbar spine bone (LSBMD), and tibiofemoral
regions.

resulted in age and sex-specific relationships in adolescents of

Serum 25-hydroxyl vitamin D concentration was assayed

the Korea National Health and Nutrition Examination Survey

with a radioimmunoassay kit (1470 WIZARD gamma-Counter;

(KNHANES) in 2009. However, that study did not examine the

Perkin Elmer, Turku, Finland). Physical activity was measured by

associations with lean body mass after taken into account of bone

self-reported questionnaires that assessed frequency of moderate

15)

mass-free lean body mass.

Therefore, it is not clear whether

and high intensity physical activity per week and walking

the associations between body fat percent and BMD would be

time per day. We calculated MET-min (metabolic equivalent-

different by regions and independent from lean body mass free

minutes) per week by using a physical activity calculating method

from bone mass.

of International Physical Activity Questionnaire.18) Energy

The present study aimed to evaluate the relationships

and calcium intake was assessed using a single 24-hour recall

between BMD and body fat percent of whole body, trunk, and

method. The menstrual history for girls was assessed using a

extremities in adolescents after adjusting for body weight or bone

questionnaire.16)

mass-free lean mass using the data of KNHANES in 2010.

3. Statistical Analysis
As the analyses were conducted using the complex sample

METHODS

design analyses in each sex. The descriptive analyses were
conducted for study variables. Linear regression analysis was
applied for the relationships between body fat percent and BMD

1. Subjects
The subjects of this survey included 4,115 males and

after adjusting for height, weight, serum 25-OH vitamin D

4,843 females who were over 1 year of age in 3,840 houses and

concentration, energy and calcium intake, and physical activity,

participated in the KNHANES V-1 in 2010. In the subjects who

and menstrual status for girls. In this analysis, the adjustment of

were sampled using a rolling sampling design method based on

body weight was also replaced by bone mass-free lean mass of

the 2008 Market Price of an Apartment and 2009 Population

whole body. All the analyses were conducted using the IBM SPSS

16)

Data of Statistical Yearbooks, 433 males and 362 females at the

ver. 19.0 (IBM Co., Armonk, NY, USA).

ages between 12 to 18 years were included for the analyses.

2. Study Variables

RESULTS

We used data of BMD, body composition, height, weight,
serum 25-hydroxy vitamin D concentration, physical activity,
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Table 1. The characteristics of boys and girls at the ages of 12 to 18 years

Characteristic

Boys

Girls

Mean

SE

Mean

SE

Age (y)

15.17

0.13

15.04

0.13

Weight (kg)

60.71

0.83

53.27

0.72

Height (cm)

169.46

0.57

159.82

0.37

Bone mass-free lean mass of whole body (kg)

44.09

0.52

33.3

0.29

Whole body fat percent

22.19

0.48

32.85

0.42

Trunk fat percent

20.92

0.53

30.09

0.55

Extremities fat percent

11.01

0.26

17.11

0.17

Trunk fat mass (kg)

5.96

0.23

7.67

0.29

Extremities fat mass (kg)

6.84

0.22

9.26

0.2

Ratio of trunk fat mass to extremities fat mass

0.85

0.01

0.8

0.01

2

Whole body BMD (g/cm )

1.04

0.01

1.02

0.01

Total femur BMD (g/cm2)

0.91

0.01

0.86

0.01

Lumbar spine BMD (g/cm2)

0.84

0.01

0.89

0.01

Physical activity (METs · min/wk)

34,063

3,919

43,350

2,713

Energy intake (kcal/d)

2,554

74

1,901

57

Calcium intake (mg/d)

574

24

432

20

Serum 25-OH vitamin D

16.6

0.38

15.4

0.39

Analyzed using complex sampling design.
SE: standard error, BMD: bone mineral density, METs · min: metabolic equivalent-minutes.

The WBFP, TBFP, and EBFP were higher in girls as compared
with boys, while TEFR was higher in boys as compared with girls.
The BMD of whole body and total femur in boys were higher as
compared with girls, while LSBMD was higher in girls.

DISCUSSION
Osteoporosis, a common metabolic bone disease related with
aging and menopause, is an important burden of public health.

Table 2 and Table 3 present the relationships between

Therefore, achievement of optimal bone mass in adolescents

BMD and body fat percent in boys and girls, respectively. When

is critical for prevention of osteoporosis in later life. Bone mass

the relationships were adjusted for body weight and other

reaches its peak at 18 to 25 years of age and genetic and non-

confounding variables, there were inverse relationships between

genetic factors such as nutritional status, hormone, and physical

body fat percent and BMD in both genders. In contrast, the

activity in adolescence influence on the process of bone mass

relationships between TEFR and BMD were positive in boys,

formation.19) Among the nutritional factors, the relationships

while there were inverse relationships in girls. On the other hand,

between body fat mass and BMD among adolescents have been

in the models adjusted for bone mass-free lean mass of whole

inconsistent between studies.11,12,15)

body instead of body weight, the relationships of body fat percent

In the present study, we observed inverse associations

and TEFR with BMD were not more significant in girls, while the

between body fat percent of whole body, trunk, and extremities

relationships between TEFR and BMD were still significant in

and BMD in boys and girls after adjusting for age, weight, height,

boys.

serum 25-hydroxy vitamin D concentration, intake of energy
and calcium, physical activity, and menstrual status for girls.
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Table 2. The relationships between body fat percent and BMD in boys at the ages of 12 to 18 years
Variable
Whole body fat percent

Whole body BMD
(g/cm2)

Category
Age-adjusted

‡

Full-adjusted II

0.001

-0.006

-0.009**

-0.006**

-0.001

-0.001

-0.001

Age-adjusted

0.001

0.002*

0.002

Full-adjusted†

-0.006**

-0.007**

-0.005**

Full-adjusted II‡

-0.001

-0.001

-0.00008

Age-adjusted

-0.002

0.000

0.000

-0.012**

-0.016**

-0.012**

-0.004

-0.003

-0.002

†

Full-adjusted

‡

Full-adjusted II
Ratio of trunk fat mass to extremities fat mass

0.001

**

Full-adjusted I

Extremities fat percent

Lumbar spine BMD
(g/cm2)

0.00005
†

Trunk fat percent

Total femur BMD
(g/cm2)

Age-adjusted
†

Full-adjusted

‡

Full-adjusted II

0.200**

0.264**

0.272**

0.127*

0.104*

0.172**

0.109*

0.085*

0.148**

Values are regression coefficient.
BMD: bone mineral density, METs · min: metabolic equivalent-minutes.
*P < 0.05. **P < 0.01. †Adjusted for age, height, weight, serum 25-OH vitamin D, physical activity (METs · min/wk), energy intake, and calcium intake
using linear regression analysis with complex sampling design. ‡Adjusted for age, height, bone mass-free lean mass of whole body, serum 25-OH
vitamin D, physical activity (METs · min/wk), energy intake, and calcium intake using linear regression analysis with complex sampling design.

Table 3. The relationships between body fat percent and bone mineral density in girls at the ages of 12 to 18 years
Variable
Whole body fat percent

Category
Age-adjusted
†

Full-adjusted I

‡

Full-adjusted II
Trunk fat percent

Extremities fat percent

Total femur BMD
(g/cm2)

0.001

0.003*

-0.009**

-0.009**

-0.007**

-0.002

-0.002

-0.0005

Age-adjusted

0.001

Full-adjusted†
Full-adjusted II‡
Age-adjusted
†

Full-adjusted

‡

Full-adjusted II
Ratio of trunk fat mass to extremities fat mass

Whole body BMD
(g/cm2)

Age-adjusted
Full-adjusted

‡

Full-adjusted II

0.005**

0.003**

0.004**

-0.007**

-0.008**

-0.006**

-0.002

-0.001

-0.0002

0.001

0.003

0.005

-0.012**

-0.012**

-0.011**

-0.004

-0.003

-0.001

0.069

†

Lumbar spine BMD
(g/cm2)

0.151**

0.184**

-0.123*

-0.115

-0.059*

-0.053

-0.050

0.017

Values are regression coefficient.
BMD: bone mineral density, METs · min: metabolic equivalent-minutes.
*P < 0.05. **P < 0.01. †Adjusted for age, menarche status, height, weight, serum 25-OH vitamin D, physical activity (METs · min/wk), energy intake,
and calcium intake using linear regression analysis with complex sampling design. ‡Adjusted for age, menarche status, height, bone mass-free lean
mass of whole body, serum 25-OH vitamin D, physical activity (METs · min/wk), energy intake, and calcium intake using linear regression analysis
with complex sampling design.
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However, the associations were not more significant when bone

height, weight, BMD, and body composition24) although DEXA is

mass-free lean mass of whole body was substituted for body

a standard method of BMD measurement. Second, uncontrolled

weight as a confounder regardless of gender. On the other hand,

residual confounding variables like sexual development and

the associations between TEFR and BMD at whole body and

disease status could influence on the relationships. Third,

regional BMD were gender-specific: for girls, the relationships

the study design is cross-sectional study and then, a causal

were inverse associations in the body weight adjusted models

relationship between body composition and BMD cannot be

but were not significant in the bone mass-free lean mass of whole

assessed. Lastly, these findings could not infer the relationship

body adjusted models; for boys, the associations were positive

between body fat and BMD in other regions. In spite of these

regardless of adjustment for body weight or bone mass-free lean

limitations, our results may be generalized to Korean adolescents

mass of whole body.

since the data represented the adolescent populations in Korea.

Regional body fat mass, especially abdominal body fat

In conclusion, after adjusting for bone mass-free lean mass of

mass, was related with BMD in previous studies. Magnetic

whole body, body fat percent were not independently related to

resonance imaging-measured abdominal visceral fat had an

BMD in adolescents, while ratio of trunk fat mass to extremities

inverse relationship with spinal and whole BMD of obese or

fat mass was positively associated with BMD in boys but not in

non-obese 30 female adolescents.

14)

In the study about 175

girls.

obese adolescents, after adjusting for whole and abdominal
body fat mass, abdominal fat thickness which measured by
ultrasonography and BMD had negative relationships.13) The
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pathophysiology of inverse association between abdominal
fat and BMD has been explained by the unfavorable effects of
adipokine from abdominal fat on bone growth-related factors or
14,20)

insulin resistance associated with visceral fat.
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As compared

with these two studies, we examined the association between
trunk fat that covers chest and pelvic fat as well as abdominal
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