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Background: The purpose of this study was to investigate the association between fat mass, lean
mass, and bone mineral density (BMD) in postmenopausal and perimenopausal Thai women.

Methods: A cross-sectional study was conducted in 1579 healthy Thai women aged 40-90 years.
Total body, lumbar spine, total femur, and femoral neck BMD and body composition were
measured by dual x-ray absorptiometry. To evaluate the associations between fat mass and
lean mass and various measures of BMD, multivariable linear regression models were used to
estimate the regression coefficients for fat mass and lean mass, first in separate equations and
then with both fat mass and lean mass in the same equation.

Results: Among the study population, 1448 subjects (91.7%) were postmenopausal and
131 (8.3%) were perimenopausal. In postmenopausal women, after controlling for age, height,
and duration of menopause, both fat mass and lean mass were positively correlated with BMD
when they were analyzed independently of each other. When included in the same equation, both
fat mass and lean mass continued to show a positive effect, but lean mass had a significantly
greater impact on BMD than fat mass at all regions except for total body. Lean mass but not fat
mass had a positive effect on BMD at all skeletal sites except the lumbar spine, after controlling
for age and height in perimenopausal women.

Conclusion: Lean mass had a significant beneficial effect on BMD in both postmenopausal
and perimenopausal women and can be considered as one of the determinants of bone mass.
The effect of the fat mass was related to menopausal status, but only demonstrated a positive
impact in perimenopausal women.
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Introduction

Osteoporosis and obesity are two public health problems that are growing in prevalence
worldwide, including in Thailand. Interestingly, these two body composition disorders,
once believed to be unrelated to each other, share several features at both the molecular
and clinical levels, and are also correlated with similar environmental factors.! Several
studies have suggested that body weight or body mass index is positively correlated with
bone mineral density (BMD) or bone mineral content.? ¢ These findings indicate that a
higher body mass results in more skeletal loading, which enhances the differentiation
of osteoblasts. Body mass is composed of three compartments, ie, lean mass, fat, and
bone. Therefore, recent publications have focused on the effect of fat mass and lean
mass on BMD rather than total body weight or body mass index. Many publications
have demonstrated the independent effect of fat mass and lean mass on BMD.”'* Other
studies have also indicated that fat mass has a beneficial effect on bone.*!*'>"'* Not only
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fat mass, but also lean mass, which contributes to body
composition, may have an effect on BMD. Several studies have
even concluded that lean mass has a greater effect than fat mass
on BMD.7#11:13.1520-22 Based on current knowledge, it is unclear
whether fat mass or lean mass has the major effect on BMD,
and there is little knowledge about the relationship of body
composition (fat mass and lean mass) and its effect on BMD
in postmenopausal and perimenopausal women. Further, fat
mass and lean mass could have different roles in determining
BMD at different skeletal sites. The present study investigated
the effect of fat mass and lean mass on BMD at several skeletal
sites in postmenopausal and perimenopausal women.

Materials and methods

Subjects

This cross-sectional study was performed in 1584 healthy
postmenopausal and perimenopausal Thai women, who
had BMD measured at the lumbar spine and left hip and
body composition (fat mass and lean mass) recordings
by dual x-ray absorptiometry (Discovery A, Hologic Inc,
Bedford, MA) in the Department of Radiology, Faculty of
Medicine, Chiang Mai University, between January 2008
and December 2010. Postmenopausal is defined as the time
after which a woman has experienced 12 consecutive months
of amenorrhea. Perimenopausal is defined as the time at
which a woman is experiencing symptoms characteristic
of the perimenopause when her menstrual periods start
changing up to 12 consecutive months prior to amenorrhea.
All subjects were screened with a questionnaire and careful
history-taking. Subjects were excluded from the study if they
had conditions that might affect BMD, including malignant
tumors, thyrotoxicosis, parathyroid diseases, oophorectomy,
renal tubular acidosis, hyperprolactinemia, rheumatoid
arthritis, ankylosing spondylitis, hematologic disease, and
malabsorption syndromes. We also excluded women who had
been receiving therapies that interfere with bone metabolism
(eg, glucocorticoids, estrogens, thyroid hormone, fluoride,
bisphosphonates, calcitonin, barbiturates, and antiseizure
medications). Subjects with structural abnormalities, such as a
history of surgery, evidence of degenerative disease, fractures,
and artifacts demonstrated on BMD images or other imaging
modalities at the lumbar spine or hip were also excluded. The
study protocol was approved by the ethics committee of the
Faculty of Medicine, Chiang Mai University.

Anthropometric measurements
Standing height in cm and weight in kg were recorded for all
subjects. Body mass index was calculated as kg/m?.

BMD and body composition

measurements

The BMD was measured at the lumbar spine (L1-L4), femoral
neck, total hip, and total body. Fat mass, lean mass, and
percentage body fat were derived from a whole body scan. All
measurements were performed using the Hologic Discovery
A software version 12.3 by experienced technologists and
finally interpreted by clinical densitometrists certified by
the International Society for Clinical Densitometry. The
densitometer was standardized by a phantom each time
before measurement. Quality control for the absorptiometry
machine was checked daily.

Statistical analysis

Statistical analysis was performed using Stata version 11.0
(StataCorp LP, College Station, Texas). The results of the
statistical analysis were expressed as the mean * standard
deviation. Pearson’s correlation coefficient was used to examine
relationships between variables. Multivariate linear regression
models were used to estimate the regression coefficients for
fat mass and lean mass, first in separate equations and then
with both fat mass and lean mass in the same equation to
evaluate associations between fat mass, lean mass, and various
measures of BMD. In addition, body weight and body mass
index were omitted to avoid entering variables that were highly
interrelated and to separate the effects of fat mass and lean mass.
Age, height, and menopause were controlled for by inclusion
in regression equations. A regression equation [BMD = f
(fat mass, lean mass, age, height)] was used to estimate the
independent effects of fat mass and lean mass relative to each
other in perimenopausal women. For postmenopausal women,
the regression equation [BMD = f (fat mass, lean mass, age,
menopause age, height)] was used. P = 0.05 was considered
to be statistically significant.

Results

Basic characteristics, BMD, and body composition variables for
the subjects are shown in Table 1. Among the study population,
136 subjects (8.6%) were perimenopausal and 1448 (91.4%)
were postmenopausal. The average age was 63.1 years and
49.2 years for postmenopausal and perimenopausal subjects,
respectively. For postmenopausal women, the average age
at menopause was 48.7 years, with an average menopause
duration of 14.3 years. The postmenopausal women were
shorter, had a lower BMD at all regions of interest, and had
a lower mean body mass index than perimenopausal women.
There was no statistically significant difference in fat mass and
lean mass between the two groups of women. Table 2 details
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Table | Baseline characteristics and anthropometric variables of
the perimenopausal and postmenopausal women

Table 2 Correlations between subject characteristics, body
composition and BMD measurements

Characteristics Postmenopausal Perimenopausal P-value
women women
(n =1,448) (n=131)
Age (years) 63.1 £9.5 49.2+44 <0.001
Height (cm) 150.7 £ 6.0 153.6 £5.0 <0.001
Weight (kg) 542+93 543+75 0.844
Body mass index 23.8+38 23.0+28 0.003
(kg/m?)
Age at menopause  48.7 + 4.4 - -
(years)
Menopausal 143 +938 - -
duration (years)
TB BMD (g/cm?) 1.031 £0.106 1.136 £0.100 <0.001
LS BMD (g/cm?) 0.812+0.146 0.940 +0.134 <0.001
TF BMD (g/cm?) 0.727 £0.130 0.833+£0.110 <0.001
FN BMD (g/cm?) 0.612+0.117 0.719 £0.104 <0.001
FM (kg) 204+5.6 19.8+45 0.130
LM (kg) 342 14.6 349+40 0.072
PBF (%) 368 5.1 358+38 0.007

Abbreviations: BMD, bone mineral density; TB, total body; LS, lumbar spine;
TF, total femur; FN, femoral neck; FM, fat mass; LM, lean mass; PBF, percentage
body fat.

the correlations between indices of body composition, subject
characteristics, and BMD measurement. In postmenopausal
women, both fat mass and lean mass were positively correlated
with BMD. In addition, lean mass showed a stronger correlation
than fat mass at all skeletal sites, with the highest and lowest
value at the total femur and total body, respectively (r = 0.548
and 0.182, P < 0.001). A significant positive correlation
was also seen between fat mass and lean mass and BMD in
perimenopausal women. Lean mass also showed a stronger
correlation than fat mass in this group. However, no significant
correlation was found for total body. In both groups of subjects,
fat mass and lean mass were positively correlated with height,
weight, body mass index, and BMD at all sites (P < 0.01). Fat
mass and lean mass were also inversely correlated with age
and duration since menopause (P < 0.001) in postmenopausal
women. In univariate analysis, greater fat mass and lean mass
were associated with higher BMD at the total body, lumbar spine,
total femur, and femoral neck in both groups of women, except
for fat mass and total body BMD in perimenopausal women
(Table 3). Lean mass demonstrated a stronger association
than fat mass at all sites. The results of multivariate linear
regression analysis are shown in Table 4. In postmenopausal
women, after adjusting for age, height, and duration since
menopause, we observed that both fat mass and lean mass had
a significantly positive association with BMD when analyzed
separately from each other (model 1 and model 2). When both
variables were included in the same equation (model 3), both

Parameters FM (kg) LM (kg) PBF (%)
Age (years) —0.12* —0.28* —0.002
(<0.001) (<0.001) (0.952)
0.234%* 0.093 0.23*
(0.007) (0.289) (0.009)
Height (cm) 0.25%* 0.54% 0.0l
(0.001) (<0.001) (0.726)
0.29% 0.89* 0.037
(<0.001) (<0.001) (0.677)
Weight (kg) 0.92% 0.89* 0.63*
(<o0.001) (<0.001) (<0.001)
0.92% 0.54* 0.57%
(<o0.001) (<0.001) (<o0.001)
BMI (kg/m?) 0.88* 0.70% 0.70%*
(<0.001) (<0.001) (<0.001)
0.86* 0.71%* 0.62%
(<0.001) (<0.001) (<0.001)
Age at menopause 0.07* 0.04 0.07*
(years) (0.007) (0.099) (0.009)
Menopause duration —-0.14* —0.29* —-0.03
(years) (<0.001) (<0.001) (0.216)
TB BMD (g/cm?) 0.18* 0.40%* 0.10
(<0.001) (<0.001) (0.705)
0.17 0.34% 0.02
(0.059) (<0.001) (0.861)
LS BMD (g/cm?) 0.38* 0.47% 0.215%
(<0.001) (<0.001) (<0.001)
0.205%* 0.348%* 0.07
0.019) (<0.001) (0.435)
TF BMD (g/cm?) 0.42% 0.55*% 0.22*
(<0.001) (<0.001) (<0.001)
0.27%* 0.51* 0.03
(0.002) (<0.001) (0.754)
FN BMD (g/cm?) 0.40%* 0.53* 0.21%*
(<0.001) (0.001) (<0.001)
0.26* 0.47%* 0.04
(0.003) (<0.001) (0.674)

Notes: Numbers represent Pearson’s correlation coefficients (P-value). The
values of the Ist and the 3rd row represent coefficients of postmenopausal and
perimenopusal groups respectively. *P-value < 0.05 (two-tailed).

Abbreviations: BMD, bone mineral density; TB, total body; LS, lumbar spine;
TF, total femur; FN, femoral neck; FM, fat mass; LM, lean mass; PBF, percentage
body fat.

fat mass and lean mass continued to show significant positive
regression coefficients, but lean mass had a significantly
greater effect than fat mass on BMD at all sites except for
total body (where fat mass had a negative effect on BMD).
In perimenopausal women, after adjusting for age and height,
we only found a significantly positive regression coefficient
for fat mass and total femur BMD ( = 0.00478, P = 0.014),
while a significant positive correlation with lean mass was
found at all sites where BMD was measured. In model 3,

International Journal of Women’s Health 2013:5

submit your manuscript 89

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Namwongprom et al

Dove

Table 3 The independent contribution of each individual variable to BMD at different skeletal sites by univariable linear regression

analyses
Skeletal sites TB BMD LS BMD TF BMD FN BMD
B P-value B P-value B P-value B P-value
Postmenopausal women
Age —0.00510* <0.001 —0.00473* <0.001 —0.00702* <0.001 —0.00628* <0.001
Height 0.00672* <0.001 0.00756* <0.001 0.00878* <0.001 0.00822* <0.001
Menopause duration —0.00479* <0.001 —0.00463* <0.001 —0.00647* <0.001 -0.00586* <0.001
FM 0.00345* <0.001 0.00982* <0.001 0.00965* <0.001 0.00846* <0.001
LM 0.00912* <0.001 0.01486* <0.001 0.01542* <0.001 0.01359* <0.001
Perimenopausal women
Age -0.00142 0.472 —-0.00130 0.626 0.00958 0.661 —0.00045 0.826
Height 0.00550%* 0.001 0.00924* <0.001 0.00713* <0.001 0.00866* <0.001
FM 0.00369 0.059 0.006 14* 0.019 0.00668* 0.002 0.00595* 0.003
LM 0.00849* <0.001 0.01171* <0.001 0.01400* <0.001 0.01233* <0.001

Note: *P-value < 0.05.

Abbreviations: BMD, bone mineral density; TB, total body; LS, lumbar spine; TF, total femur; FN, femoral neck; FM, fat mass; LM, lean mass.

lean mass remained the stronger positive variable for BMD
at all sites except the lumbar spine. Fat mass seemed to have
a negative association with BMD at all sites; however, these
associations were not statistically significant. Neither fat mass
nor lean mass was significantly associated with BMD at the
lumbar spine. In summary, our findings show that, in general,
both fat mass and lean mass were positively associated with
BMD in postmenopausal women, but the effect of lean mass on
BMD was greater than that of fat mass. Only lean mass showed
a positive effect on BMD in perimenopausal women.

Discussion
The respective contribution of the components of body
composition to BMD remains controversial. Some studies

have shown a positive association between lean mass and
BMD7911:13:152022 and others have reported that only fat mass
is associated with BMD.>*!>17 The results of some studies
showed that fat mass and lean mass were both associated
with BMD.!3123-26 Further, an adverse effect of fat mass on
BMD has been reported in some studies.'>*” These inconsis-
tent findings may be attributable to many factors, including
study design, statistical analysis, menopausal status, and the
skeletal sites measured.

In this study, we evaluated the relative importance of body
composition (fat mass and lean mass) to BMD at different
skeletal sites. This cross-sectional study was based on a
large population representative of healthy postmenopausal
and perimenopausal women, and is the first paper, as far

Table 4 Multivariable linear regression analyses of BMD at different skeletal sites against the body composition variables

Skeletal sites TB BMD LS BMD TF BMD FN BMD
B P-value B P-value B P-value B P-value

Postmenopausal women*
Model |: BMD = f (FM)

FM 0.00153 0.001 0.00813 <0.001 0.00747 <0.001 0.00640 <0.001
Model 2: BMD =f (LM)

LM 0.00565 <0.001 0.01299 <0.001 0.01228 <0.001 0.01034 <0.001
Model 3: BMD = f (FM, LM)

FM —0.00219 0.002 0.00343 <0.001 0.00285 <0.001 0.00261 <0.001

LM 0.00772 <0.001 0.00974 <0.001 0.00956 <0.001 0.00787 <0.001
Perimenopausal women**
Model |: BMD = f (FM)

FM 0.00209 0.249 0.00345 0.266 0.00478 0.014 0.00345 0.062
Model 2: BMD =f (LM)

LM 0.00671 0.003 0.00772 0.076 0.01290 <0.001 0.00913 <0.001
Model 3: BMD = f (FM, LM)

FM —0.00197 0.566 -0.00053 0915 —0.00250 0.317 —0.00166 0.512

LM 0.00828 0.047 0.00814 0.216 0.01489 <0.001 0.01045 0.002

Notes: *Models were adjusted for age, height, and menopause duration in postmenopausal women; **models were adjusted for age, height in perimenopausal women.
Abbreviations: BMD, bone mineral density; TB, total body; LS, lumbar spine; TF, total femur; FN, femoral neck; FM, fat mass; LM, lean mass.
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as we know, on body composition measured by dual x-ray
absorptiometry in Thai women. Our results show evidence
of a positive relationship between body composition and
BMD. However, this relationship differed according to
menopausal status. In postmenopausal women, we found
a correlation between lean mass and BMD throughout the
skeleton (0.40 < r < 0.55), which was somewhat greater than
that seen for fat mass (0.18 < r < 0.42). Both fat mass and
lean mass were associated significantly with BMD, and lean
mass had a greater impact than fat mass at all three principal
skeletal sites for a diagnosis of osteoporosis (lumbar spine,
total femur, and femoral neck). This further supports the
hypothesis of muscle-mediated mechanical loads (lean mass)
on BMD? and a lesser complementary effect of fat mass on
bone in postmenopausal women. The greatest effect for both
lean mass and fat mass was found in the trabecular bone at the
lumbar spine, followed by the total femur and femoral neck,
which are a mixture of trabecular and cortical bone. For the
total body (cortical bone) region, lean mass still had a positive
effect on BMD, but fat mass showed a significantly negative
association. The data presented here indicate that lean mass
and fat mass have different effects on cortical and trabecular
BMD. In perimenopausal women, lean mass was the main
determinant of BMD and fat mass had neither a positive nor
anegative impact on BMD, which is consistent with previous
studies.'>* However, a positive effect was only demonstrated
at the total femur, femoral neck, and total body, and not at the
lumbar spine. Based on these results, we assume that the effect
of lean mass was predominantly on cortical bone and had little
effect on trabecular bone in perimenopausal women.

In this study, the association between body composition
and BMD was inconsistent. A positive effect of lean mass
on BMD was demonstrated in both postmenopausal and
perimenopausal women. The results related to fat mass
observed in postmenopausal women were not observed in
perimenopausal women. The inverse relationship between
fat mass in perimenopausal women and bone mass was not
statistically significant in this study. Our observation is not
consistent with previous studies showing that fat mass and
percentage body fat have an adverse effect on bone mass,
mostly in children and young adult females.! Zhao et al
found a positive correlation between fat mass and bone mass
in Chinese and white subjects. However, after adjusting
for the mechanical effect caused by lean mass, fat mass is
negatively correlated with bone mass, suggesting that fat
mass actually has a detrimental effect on bone.*? In summary,
our study suggests that the effect of fat mass was related to
menopausal status (ie, the estrogen source). In perimenopausal

women, ovarian estrogen plays a greater role than aromatized
estrogen.’ In contrast, after menopause, fat tissue can
produce aromatized estrogen, which is the major source of
estrogen.*3¢ Therefore, the beneficial effect of fat mass on
BMD is primarily related to aromatized estrogen.

The strengths of this study are its large size, inclusion
of both postmenopausal and perimenopausal women, and
measurement of BMD at several skeletal sites. Because the
proportions of trabecular and cortical components differ
according to skeletal site, we were able to estimate the
effect of body composition on each type of bone measured.
However, our study also has several limitations. First, we
could not control for relevant lifestyle and dietary factors,
such as eating habits, calcium intake, smoking history, and
physical activity, because these data were not available.
Second, the cross-sectional design of this study precludes
any inferences about causality, and our findings cannot
be generalized to other ethnic groups. Third, our study
yielded inconsistent results between perimenopausal and
postmenopausal groups, which may have resulted from the
small sample size of the perimenopausal group.

In conclusion, our data show that, in Thai women, the
effect of fat mass and lean mass varied according to the
skeletal site measured and menopausal status. Lean mass had
a significant positive effect on BMD in both postmenopausal
and perimenopausal women, and can be considered as one
of the determinants of bone mass. The effect of fat mass
was related to menopausal status and only demonstrated a
beneficial impact in perimenopausal women.
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