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Abstract

Objectives To clarify the relationship between bone

mineral density (BMD) and body composition in Japanese

women aged 18–40 years with low forearm BMD.

Methods The subjects were Japanese199 women who had

been selected for inclusion in the study based on a low

forearm BMD determined at the Annual Women’s Health

Examination. The subjects’ mean (± standard deviation)

age, body height, body weight, and body mass index (BMI)

were 33.5 (±4.3) years, 158.1 (±5.1) cm, 49.6 (±5.7) kg,

and 19.8 (±2.1), respectively. The BMD of the lumbar

spine, total body, and left arm were measured using dual-

energy X-ray absorptiometry (DXA). Fat mass (FM), bone-

free lean tissue mass (LTM), and body fat percentage

(BF%) were measured simultaneously with DXA.

Results In the structural equation model, the standardized

regression weights for the path from BMI to BMD of all

sites were 0.273–0.434. Conversely, the BF% to BMD of

the total body and left arm were -0.192 and -0.296,

respectively. In multiple regression analysis, the FM index

(FMI) was significantly associated with the BMD of the

lumbar spine as a weight-bearing site. The LTM index

(LTMI) was significantly associated with the BMD of the

total body and left arm as a non-weight-bearing site.

Conclusions Young females with low forearm BMD had

low body weight and BMI. Thinness was shown to be a risk

factor for low BMD, in accordance with results reported

elsewhere. A gain in body weight may have the effect of

increasing BMD, but our results suggest that to increase

BMD, the gain in body weight must include increases in

LTM, and not FM alone.
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Introduction

The World Health Organization has reported that osteo-

porosis is an important public health problem in developed

countries [1]. In terms of the bone life cycle, bone mass

reaches its peak in individuals during their 20s and 30s and

then decreases with age.

Khan reported [2] that common causes of low bone

mineral density (BMD) among premenopausal females

include ovulatory disturbances and low body weight. In

addition, while there are numerous reports of young

females with low bone mass who are either athletes with

menstrual disorders or females with anorexia nervosa [3–

6], there are not many reports on young females in the

general population with low bone mass [7].

It is well known that body weight is associated with

BMD [8–14]. However, body weight is composed of fat
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mass (FM) and fat-free mass, and there is disagreement as to

which has a greater effect on BMD [15–20]. VanItallie et al.

[21] demonstrated that FM and fat-free mass unadjusted by

body height are not suitable for use in the evaluation of

body composition, since the effects of body height on FM or

fat-free mass differ. One recommended method of adjusting

for the effects of body height is to adjust FM and fat-free

mass separately by body height [22, 23].

Fat-free mass is composed of bone mass and bone-free

lean tissue mass (LTM). Fat mass, bone mass [or, more

properly, bone mineral content (BMC)], and LTM can each

be measured with dual-energy X-ray absorptiometry

(DXA). Khosla et al. [15] suggested that the strength of the

relation between BMD and LTM weakens when body

height is corrected, because body height is closely corre-

lated with LTM.

We previously studied the correlation between body

composition and BMD of the forearm in young Japanese

females aged 18 through 40 years who had undergone an

Annual Women’s Health Examination [24]. The results

showed a positive correlation between BMD and body

mass index (BMI) and an inverse correlation between

BMD and body fat percentage (BF%). We therefore con-

cluded that it is necessary to consider body composition

when estimating BMD, especially in young females [24].

We conducted a secondary examination with the aim of

clarifying the physical characteristics of females who had

low forearm BMD in that initial health examination. We

particularly focused on the relationship between body

composition and BMD. The BMC, FM, and LTM were

measured with DXA to evaluate body composition, and the

FM and LTM indices were used because these took the

effects of body height into consideration. The results of this

study are reported here.

Subjects and methods

Subjects

The first study was conducted from April 1994 to March

1999 in Kumamoto City, Japan. During this period a total

of 3460 females aged 18–40 years old participated in an

Annual Women’s Health Examination that included BMD

measurements of the forearm (distal) by DXA (DTX-200;

Osteometer, Toyo Medic, Japan). We collected data on

females who were assessed as having low BMD based on a

BMD cut-off point of 0.41 g/cm2 on the forearm [25] in

this first Annual Women’s Health Examination. A total of

539 females were selected as targets for the second

examination. These individuals were sent a letter recom-

mending that they undergo the second examination. A total

of 267 females underwent the second examination.

However, 11 of these had undergone BMD measurements

two or more times were excluded from the analysis. A

further 51 cases were excluded from the second examina-

tion due to a history of chronic disease or taking

medications known to affect bone metabolism (i.e., gyne-

cologic disease, thyroid treatment, or rheumatic disease).

Six other cases were excluded from the analysis because of

a lack of data. Ultimately, 199 females met the inclusion

criteria for the study.

This study was designed before the Ministry of Health,

Labor and Welfare adopted Ethical Guidelines for Epide-

miological Research was and conducted in conformity with

the Helsinki Declaration. At the beginning of the exami-

nation, the purpose and procedure of the study were

explained to the subjects, that they were free to withdraw at

any time and that they were each to sign a consent form.

The risk of exposure was explained to one pregnant par-

ticipant, and her BMD was not measured.

Measurements

Characteristics such as age, menstrual history, childbirth,

and past history were recorded for each participant. Body

height and body weight were measured with a scale and a

stadiometer, respectively, just before the bone mass mea-

surement , with the subject standing barefoot. The BMI

(kg/m2) was calculated as body weight (kg) divided by

body height squared (m2). The BMD (g/cm2) of the lumbar

spine (L2–4), total body, and left arm were measured by

whole-body scanning with DXA (QDR-2000; Hologic,

Waltham, MA). Body composition, namely FM (kg), LTM

(kg), BMC (g), and BF% (%) was measured simulta-

neously with the measurement of BMD using DXA. The

basic theory of measurement and the methodology for

DXA technology have been described in detail elsewhere

[26]. Total body BMD, FM, LTM, and BMC have been

analyzed using results excluding those for the head mass

[27].

Both FM and LTM were divided by body height squared

(m2) to give the FM index (FMI, kg/m2) and LTM index

(LTMI, kg/m2). This model has been described in detail

elsewhere [21–23].

Statistical analysis

Data are indicated by mean ± standard deviation (SD).

Pearson correlation coefficients were calculated in order to

discuss correlations among the variables as body height,

body weight, BMI, BF%, FM, LTM, total body BMC,

BMD of total body, lumbar spine and left arm, FMI, and

LTMI. In addition, as at the first examination, a hypothe-

sized structural equation model (SEM) was formulated

(Fig. 1), and standardized regression weights for BMI and
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BF% obtained by DXA were calculated against BMD.

Multiple regression analysis was used to test for the asso-

ciations between BMD and body composition taking into

account the FMI and LTMI. Statistical analyses were

performed using SPSS ver.14.0 (SPSS Japan Inc, Tokyo).

The SEM analyses were calculated with AMOS ver.5

(SPSS Japan). The results were considered to be significant

when the P value was less than 0.05.

Results

Physiological characteristics

Table 1 shows the characteristics of the subjects for the

second examination, as well as for the first examination

participants who were not targeted for the second exami-

nation. Body weight, BMI, and BF% were significantly

lower in the second examination subjects. Among the

females targeted for the second examination, there was

no statistically significant difference in characteristics

between those who underwent the second examination and

those who did not (data not shown).

Table 2 shows the characteristics of the subjects of the

second examination. The BMI and the BF% were

19.8 ± 2.1 kg/m2 and 27.7 ± 6.2%, respectively. In this

subject cohort, 87.4% of female respondents had a regular

menstrual cycle during the previous 6 months, and 84.4%

had experienced childbirth. There were no differences in

body height, body weight, BMI, FM, LTM, or BMC

between females with and without a history of childbirth

and abnormal menstrual cycles (data not shown).

The simple correlation coefficients of BMD of the

forearm in the first examination with BMD of the total

body, BMD of the lumbar spine, and BMD of the left arm

were r = 0.278 (P \ 0.01), r = 0.225 (P \ 0.01), and

r = 0.263 (P \ 0.01), respectively.

Body composition and bone mineral density

Table 3 shows the Pearson correlation coefficients among

the variables, including body height, body weight, BMI,

FM, LTM, total body BMC, BMD of total body, lumbar

spine and left arm, FMI, and LTMI of the subjects. The

BMD of the total body showed a significant positive cor-

relation with all variables, with the exception of the FMI,

and the BMD of the lumbar spine had a significant positive

correlation with all variables, with the exception of body

height. The BMD of the left arm exhibited a significant

positive correlation with all variables except for BF% and

FMI. The FM was positively correlated with body weight

and BMI, respectively, but not with body height. In contrast,

LTM was positively correlated with body weight, BMI, and

body height, respectively. The correlation coefficients

between FM and LTM, and between FMI and LTMI, were

0.169 (P \ 0.05), and 0.137 (P = 0.054), respectively.

Evaluations of the influence of BMI and BF% on BMD

are shown in Table 4, based on the SEM shown in Fig. 1.

The standardized regression weights for path from BMI to

BMD of all sites were 0.273–0.434. Conversely, BF% to

BMD of the total body and the left arm were -0.192 and

-0.296, respectively.

Table 5 shows the results of multiple regression analy-

sis. The FMI was significantly associated with the BMD of

the lumbar spine, while the LTMI was significantly asso-

ciated with the BMD of the total body and left arm. The

coefficient of determination was 0.053–0.102. The results

of the analysis of variance showed the regression equation

to be significant.

e2

e1

B F %

B M D

B M I

Fig. 1 Relationship between body mass index (BMI), body fat

percentage (BF%) and bone mineral density (BMD) using the

structural equation model. e1 error 1, e2 error 2

Table 1 Comparison of first examination results between those tar-

geted and not targeted for the second examination

Characteristics

of subjects

Second examination

Not targetsa

(n = 2921)

Targetsb

(n = 539)

Age (year) 33.2 ± 4.1 33.0 ± 4.2

Body height (cm) 157.7 ± 5.0 157.9 ± 5.0

Body weight (kg) 51.5 ± 7.0 48.4 ± 6.0**

BMI (kg/m2) 20.7 ± 2.7 19.4 ± 2.2**

BF%: by BIA (%) 25.0 ± 5.5 23.1 ± 5.3**

** P \ 0.01; unpaired t test

All values are given as the mean ± standard deviation

BMI, Body mass index; BF%, body fat percentage; BIA, bioelectrical

impedance analysis; BMD, bone mineral density
a BMD of the forearm (distal) more than 0.41 g/cm2 at first

examination
b BMD of the forearm (distal) below 0.41 g/cm2 at first examination
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Discussion

The results of this study indicate an association between

BMD and body composition in young females with low

BMD in the general population. We compared the results

of the first examination between two groups of females—

those who were targeted for the second examination and

those who were not. The targets of the second examination

were found to have significantly a lower body weight,

BMI, and BF% than those who were not targeted for the

second examination and to have significantly lower body

weight and BMI than those of similar age groups in the

National Nutrition Survey of Japan [28, 29]. These results

agree with those of previous studies reporting an associa-

tion between body weight and BMD [8–14].

The correlation coefficients between the forearm BMD

measured in the first examination and the total body,

lumbar, and left arm BMD measured in this study were

Table 2 Subject characteristics

(n = 199)

DXA, Dual-energy X-ray

absorptiometry; FM, fat mass;

LTM, bone-free lean tissue

mass; BMC, bone mineral

content

All values are given as the mean

± standard deviation. Head

mass was excluded from FM,

LTM, and total body BMC,

respectively

Subject characteristics Measurement values

Mean ± standard deviation Range

Minimum Maximum

Age (years) 33.5 ± 4.3 19 40

Age at menarche (years) 12.9 ± 1.2 10 18

Body height (cm) 158.1 ± 5.1 143.4 175.0

Body weight (kg) 49.6 ± 5.7 34.7 66.6

BMI (kg/cm2) 19.8 ± 2.1 15.9 27.4

BF%: by DXA (%) 27.7 ± 6.2 12.5 46.7

FM: by DXA (kg) 12.3 ± 4.0 5.0 27.4

LTM: by DXA (kg) 30.0 ± 2.9 20.2 38.3

Total body BMC (g) 1303.9 ± 163.2 937.9 1814.1

BMD of total body (g/cm2) 0.847 ± 0.050 0.734 0.989

BMD of lumbar spine (g/cm2) 0.969 ± 0.100 0.680 1.266

BMD of left arm (g/cm2) 0.621 ± 0.033 0.520 0.716

Table 3 Pearson correlation coefficient among the variables of study subjects in second examination (n = 199)

Variables Body height Body weight BMI BF% FM LTM Total body BMC FMI LTMI

Body height 0.444** -0.119 -0.089 0.108 0.659** 0.613** -0.082 -0.019

Body weight 0.836** 0.577** 0.794** 0.672** 0.684** 0.711** 0.497**

BMI 0.688** 0.807** 0.347** 0.383** 0.835** 0.570**

BF% 0.943** -0.144** 0.205** 0.962** -0.110

FM 0.169* 0.417** 0.980** 0.130

LTM 0.662** 0.046 0.738**

Total body BMC 0.300** 0.335**

FMI 0.137

BMD of total body 0.296** 0.373** 0.232** 0.058 0.186** 0.371** 0.849** 0.128 0.233**

BMD of lumbar spine 0.087 0.272** 0.247** 0.149* 0.213** 0.171* 0.609** 0.195** 0.148*

BMD of left arm 0.227** 0.330** 0.230** 0.002 0.139* 0.388** 0.636** 0.098 0.314**

*P \ 0.05, **P \ 0.01

FMI, Fat mass index; LTMI, bone-free lean tissue mass

Table 4 Standardized

regression weight among BMD,

BMI, and BF% by the structural

equation model

*P \ 0.05; **P \ 0.01

Path BMD of total body BMD of lumbar spine BMD of left arm

BMD / BMI 0.365** 0.273** 0.434**

BMD / BF% -0.192* -0.038 -0.296**

BF% / BMI 0.688** 0.688** 0.688**

Squared multiple correlation 0.073 0.062 0.099
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0.225–0.278. While there are reports of a correlation

coefficient of about 0.6 between forearm and lumbar spine

BMD measured with DXA, the same apparatus as used in

the first examination, there are also reports of a correlation

coefficient of about 0.2 in studies of premenopausal

females [30, 31]. Part of the reason for the low BMD

values in the subjects included in our study was that young

females were also included and we also limited enrollment

to those with low forearm BMD. In addition, the devices

used in the forearm and left arm measurements were dif-

ferent and, therefore, a simple comparison cannot be made.

However, a correlation coefficient of 0.3 was reported in a

study of female university students [31], indicating the

difficulty of assigning a relation to all local measurement

results and interpreting these.

Since the measurement of body weight includes FM,

LTM, and bone mass, there is still some controversy on

which measurement is the most effective in determining

BMD—FM or LTM. Here we evaluated the relationship

between BMD and body composition by BF%, FMI, and

LTMI. The FMI and LTMI were adjusted for differences in

the effect of body height on FM and LTM. VanItallie et al.

[21] demonstrated that body height explained 2% of the

variance in FM and 45% of the variance in fat-free mass.

Our results show that the simple correlation coefficients

of body height with FM and LTM were r = 0.108

(P = 0.131) and r = 0.659 (P \ 0.01), respectively. In

comparison, correlation coefficients of FMI and LTMI with

body height were r = -0.082 and -0.019, respectively.

Among the results of this study, FMI was significantly

correlated with BMD of the spine, and LTMI was signifi-

cantly correlated with the BMD of the total body and left

arm. Davis et al. [16] and Lee et al. [17] reported that FM

was correlated with body weight-bearing sites because

most FM applies a load and affects BMD. These findings

agreed with our results.

On the other hand, Douchi et al. [18] indicated that total

LTM was an important determinant of arm and lumbar

spine BMD. Gordon et al. [19] found LTM to be the most

important predictor of bone mineral in young adult

females. Tudor-Locke [20] indicated that both LTM and

FM contribute to increased compressive forces during

skeletal loading but that LTM alone produces a tensile

force on bone. In our study, LTMI showed a significant

relation with the BMD of the left arm. The LTM we

measured was truly LTM: this refers to nonfat soft tissue

mass, not including bone tissue. A substantial proportion of

LTM is muscle [32]. Thus, while both FM and LTM are

loads that affect BMD, LTM is thought to also have a

mechanical stress effect on bones.

It is also known that the most of the body weight gain

after adulthood is from fat [33]. Ohmura et al. [34] showed

that FM remains stable up to the age of 20–39 years and

then increases up to the age of 50–59 years, as opposed to

the LTM, which remains relatively constant throughout

life. Thus, when the weight of people with low body weight

increases, there is a strong likelihood that FM is a key

factor in that increase. In the results of this study, BF% was

negatively correlated with BMD. Takada et al. [35]

reported that weight increases are ineffective in terms of

BMD unless they include an increase in fat-free mass. In

this context, increasing or maintaining LTM would seem to

be more important. Other reports state that LTM decreases

with age [36], suggesting that conscious effort is required

to maintain LTM.

This study has a number of limitations. The subjects had

low forearm BMD and, consequently, there was a bias

toward a thin group. It is believed that this characteristic

affected the low coefficient of determination of the struc-

ture equation model with BMI and BF%, and of the

regression equation with FMI and LTMI. Moreover, this

study was a cross-sectional one, and a further follow-up

study will be necessary to clarify the relation between body

composition and BMD.

In conclusion, young females with low forearm BMD

had low body weight and low BMI. This result agrees with

those of many previous reports, and we reconfirmed that

thinness was one of the risk factors for low forearm BMD

in young females. Additionally, an investigation of the

relationship between body composition and BMD showed

that BF% was negatively correlated with BMD and that

both FMI and LTMI have a positive effect on skeletal

loading. The LTMI also has a positive effect on non-

skeletal loading. Thus, a gain in body weight may have the

effect of increasing BMD. However, our result suggests

that to increase BMD, the gain in body weight must include

increases in LTM, and not FM alone.

Acknowledgments We thank the participants in this study.

Table 5 Standardized regression coefficient of fat mass index and

bone-free lean mass index in the multiple regression analysis

Variables BMD of total

body

BMD of lumbar

spine

BMD of left

arm

FMI 0.098 0.178* 0.056

LTMI 0.220** 0.123 0.306**

R 0.253 0.230 0.319

R2 0.064 0.053 0.102

*P \ 0.05; **P \ 0.01

R multiple correlation coefficient, R2 coefficient of determination

LTMI, Bone-free lean tissue mass index
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