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ABSTRACT

Objectives This study was an attempt to investigate

the variation trend of body composition with ageing and
explore the association between regional body composition
and bone mineral density (BMD).

Design Cross-sectional study.

Setting and participants A total of 5749 healthy adults
aged 20-95 years was recruited from 2004 to 2017.
Primary outcome measures Whole-body lean mass
(LIM), fat mass (FM), android FM, gynoid FM, appendicular
lean mass (ALM) and BMD in the lumbar spine, femoral
neck and total hip were obtained by dual-energy X-ray
absorptiometry (DXA). The android/gynoid fat mass ratio
(A/G FMR) based on DXA scan was calculated as an
indicator of adipose distribution. Pearson correlation and
multiple linear regression analyses were used to determine
the associations between body composition, adipose
distribution, and BMD of each skeletal site.

Results Whole-body FM, percentage of whole-body FM,
Android FM and A/G FMR consistently increased with age
in both genders, especially in women, and ALM began to
decrease in the fifth decade for both men and women.

In multivariable linear regression models with age, body
mass index, A/G FMR and ALM as predictor variables, ALM
was associated with the most BMD variance of all skeletal
sites in men (standard 3 ranged from 0.207 to 0.405,
p<0.001), although not the largest but still a positive
predictor of BMD in women (standard {3 ranged from 0.074
t0 0.186, p<0.05). A/G FMR was an inverse predictor of
BMD at all skeletal sites for women (standard f ranged
from —249 to —0.052, p<0.01) but not in men.
Conclusions In this large cohort of Chinese adults,

ALM had a strong positive association with BMD in both
genders. A/G FMR as an indicator of central adipose
accumulation was inversely associated with BMD in
women but not in men.

INTRODUCTION

Body weight is one of the main determinants
of bone mass. It is known to be positively
correlated with bone mineral density (BMD)
and can partly reflect bone health. Body
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Strengths and limitations of this study

» This is the first study to analyse the relationships
of regional body composition (muscle and fat dis-
tribution) with bone mineral density at multiple
sites in different ages and menopausal status in a
large population-based sample of adults in southern
China.

» A limitation of this study is that we did not obtain the
actual hormone and cytokine levels, dietary intake
and physical activity, which may influence bone nu-
trition and metabolism.

» And we only collected cross-sectional data and
cannot directly conclude the causality limited by its
study design.

mass index (BMI) has been widely used in
epidemiological studies and clinical practice
to provide a quick assessment of nutritional
status and showed a positive relationship with
BMD.' Body mass is composed of lean mass
(LM), fat mass (FM) and bone mass. LM is
linked to significant health consequences,
studied mostly in the context of severe muscle
depletion (sarcopenia) that occurs with
ageing and catabolic conditions.”> Moreover,
studies indicate that LM may produce a posi-
tive effect on bone mass in both genders.” FM
has also been shown to be a key predictor of
BMD and may affect bone via both loading
and hormonal mechanisms.! Ageing is asso-
ciated with gradual changes in body compo-
sition, and these changes may be entirely
different between men and women, as well
as premenopausal and postmenopausal
women.” ® To further explore the changes
in body composition with age is one of the
purposes of our study.

Regional body composition changes occur
with age, typically characterised by decreases
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in appendicular LM (ALM) and increases in central FM.
Some studies have reported that ALM and central FM
may affect bone formation independent of the amount
of total body composition, but the results were inconsis-
tent.” Blain et al’ showed that ALM was the most influ-
ential factor contributing to BMD of the femoral neck in
men, and low ALM (sarcopenia) was considered an inde-
pendent risk for low BMD (osteoporosis). In contrast,
Walsh et al'’ showed that ALM was not significantly related
to BMD after adjusting body weight and physical activity
in women.

Android fat represents the visceral (central) adipose
tissue while gynoid fat reflects the subcutaneous (appen-
dicular) adipose tissue.'" As the measurements of central
FM used different methods or indexes, the findings
regarding the relationship of central adipose tissue with
BMD are more controversial. Several studies indicate
that central adipose accumulation is negatively related
to BMD."? " On the contrary, some studies show visceral
fat is positively associated with BMD in postmenopausal
women."* These heterogeneous findings may result from
the rather complex mechanisms underlying the relation-
ship between fat and bone, including mechanical loading
as well as the hormones and cytokines from adipose
tissue, which can indirectly influence bone metabolism
to a certain extent. Moreover, gender, age, menopausal
status and skeletal site differences in the relationship
between BMD with ALM and central FM have not been
well studied.

To our knowledge, only a few other studies have docu-
mented the relationships of ALM and android/gynoid
fat mass ratio (A/G FMR) with BMD at multiple sites in
different ages, menopausal status, and in both genders.
In the current study, we aim to investigate the relation-
ship between BMD and body composition, especially the
effect of regional body composition on BMD. We also
want to examine whether these relationships differ by
gender, age and menopausal status in a large population-
based sample of Chinese adults.

METHODS

Subjects

The present study included healthy Chinese men and
women aged 20-95 years old. The participants were
recruited from the body composition and osteoporosis
study at the First Affiliated Hospital of Jinan University
(Guangzhou, China) from 2004 to 2017. Inclusion criteria
for the study were Chinese individuals who appeared
to be in good health and functionally independent.
Subjects were excluded if they met any of the following
criteria: (A) A history of fracture. (B) Medication known
to affect the musculoskeletal system (antiosteoporotic
drugs, androgens or antiandrogen drugs, corticosteroids,
etc). (C) Chronic disease known to affect bone metab-
olism (hyperthyroidism, hyperparathyroidism, rheuma-
toid arthritis, chronic renal insufficiency, etc). (D) Metal
implants (pacemakers, joint replacement device, etc).

(E) Inability to determine the menstruation state or non-
natural menopause (natural menopause was designated
if there was a complete natural cessation of menses for
more than 12 months). The inclusion and exclusion
criteria flow chart of the study is shown in figure 1. And
the current smoking and drinking situation has also been
recorded. In the end, 1703 men and 4046 women were
included in our study.

Anthropometry, BMD and body composition measurement

A research physician obtained information on medical
history, medication use, smoking and alcohol history in a
personal interview. Height and body weight were obtained
based on standard methods; height was measured without
shoes to the nearest 0.1 cm, weight with only light clothing
to the nearest 0.1kg. BMI was calculated as body weight
divided by height squared (kg/m?). Subjects underwent
dual-energy X-ray absorptiometry (DXA; software V.en-
CORE10.50.086; GE-lunar Prodigy, Wisconsin, USA)
scans to measure the whole body, lumbar spine, femoral
neck and total hip BMD. Total and regional LM and FM
were obtained through whole body scans. Android and
gynoid regions were automatically attained using the
software provided by the manufacturer. The android
region is defined as the portion of the abdomen included
between the line joining the two superior iliac crests,
extending cranially up to 20% of the distance between
this line and the chin. The gynoid region is defined as the
portion of the legs from the femoral greater trochanter,
directed caudally up to twice the height of the android
region. The appendicular region is defined as the areas
including both the left and right arms and legs. Daily
quality assurance scans were performed by scanning the
spine phantom according to the manufacturer’s instruc-
tions; the same trained technologist conducted all DXA
measurements throughout the study. The coefficient of
variation was less than 2% for total LM, FM, total, lumbar
spine, femoral neck and total hip BMD, and less than 3%
for regional (trunk, appendicular, android and gynoid)
LM and FM, and was determined by duplicate scans with
repositioning between each measurement in 30 volunteer
subjects.

Statistical analyses

Subjects were categorised into four groups according to
gender, age and menopausal status (786 men < 50years,
917 men >50years, 1534 premenopausal women and
2512 postmenopausal women). The values of contin-
uous variables were presented as the mean+SD. Unpaired
sample ttests were used to evaluate the mean differences
between different groups, and Pearson’s correlation coef-
ficients (r) were used to determine the linear relation-
ships among various parameters. We performed linear
regressions to assess the association strength between
ALM, A/G FMR and BMD. In the regression models,
BMD (different skeletal sites) measurements were used
as dependent variables, and ALM and A/G FMR were
treated as independent variables; age, BMI and lifestyle
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Enrolment of apparently good healthy
and well-functional Chinese adults

(N=6005)

Exclnded (N=156)
@ history of fracture;
» ® medication or chronic disease known to

l

Subjects for DXA scans
(N=5749)

affect the musculoskeletal system;

@ body metal implants;

@ inability to determine the menstruation state
or non-natwal menopause.

Men
(N=1703)

< 50 years old
(N=786)

= 50 years old
(N=917)

factors (smoking and alcohol history) were also included.
When we performed linear regression analyses, we chose
the enter methods and expressed the results as standard
B coefficients. All tests were two-sided, and p<0.05 was
considered statistically significant. All statistical analyses
were performed using the statistical package for social
sciences (V.19.0) (SPSS, Chicago, Illinois, USA).

Patient and public involvement
There was no patient or public involvement in this study.

RESULTS

Basal characteristics of subjects

Table 1 details the subject characteristics in each group.
Men =50yearshad higher BMI, whole-bodyFM, percentage
of whole-body FM (fat%), trunk FM and appendicular
FM (AFM), but lower weight and lumbar spine BMD than
men <b50years (p<0.001). Postmenopausal women had
higher values for whole-body FM, whole-body LM, trunk
FM, AFM, and A/G FMR, and lower BMD at each site
than premenopausal women (p<0.05).

Changes of BMD and body composition with age

To further explore the distribution characteristics of
body composition and BMD with age, we divided the
subjects into multiple subgroups and set 10 years as one
subgroup. As shown in table 2 and figure 2, whole-body

Body composition and
bone mineral density analyses

premenopausal
(N=1534)

Figure 1 The study inclusion/exclusion criteria flow chart. DXA, dual-energy X-ray absorptiometry.

Women
(N=4046)

postmenopausal
(N=2512)

FM, fat%, android FM and A/G FMR showed a consis-
tent increase in both genders. Overall, the highest values
of whole-body, lumbar spine, femoral neck and total
hip BMD were observed in the second decade and then
decreased slightly with age in men. BMD at each skel-
etal site increased steadily and reached a peak until peri-
menopause in the fourth decade in women, and then
decreased dramatically after menopause. Interestingly,
ALM started to decline after 50 years of age in both men
and women.

Associations of BMD with whole and regional body
composition in different groups

In Pearson’s correlation analyses, significant positive
correlations were found between BMD at all sites with
height, weight, BMI, whole-body LM, whole-body FM,
fat%, android FM, gynoid FM and ALM in all groups
(7=0.218-0.616, p<0.05). A/G FMR showed positive
correlations with whole-body, lumbar spine, femoral
neck and total hip BMDs in men <50years and =50 years
old (r=0.089~0.318, p<0.001). However, A/G FMR was
negatively correlated with whole-body and femoral neck
BMDs in postmenopausal women, though the correlation
strengths were weak (r=-0.075, p<0.001and r=-0.091,
p<0.001, respectively). A/G FMR was insignificantly
correlated with BMD in premenopausal women (shown
in online supplementary tables 1-4).
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Table 1 Baseline characteristics of subjects

Male Female
Age <50years Age >50years Premenopausal Postmenopausal

No. of subjects 786 917 1534 2512
Age (years) 36.8+8.7 65.8+10.0* 37.4+8.7 63.9+9.1*
Weight (kg) 63.9+12.4 63.8+10.8* 52.7+9.1 55.0+8.9
Height (cm) 168.8+5.8 166.7+6.1 158.0+4.9 155.9+5.3*
BMI (kg/m?) 22.4+3.9 22.9+3.3* 21.1+3.3 22.6+3.3
Body composition measures (Kg)
Whole body FM 13.7+£7.6 15.2+6.5* 16.7+6.0 18.9+6.21
Whole body LM 47.6+6.0 46.1+5.9 33.8+4.3 34.2+4.0%
Fat% 20.2+8.3 23.0+7.3" 30.1+6.7 33.6+6.8
Trunk FM 8.2+5.0 9.3+4.4* 8.7+3.6 10.6+3.7¢
Trunk LM 22.4+3.0 22.4+2.9 16.4+2.2 17.1+£2.1
Appendicular FM 5.0+2.6 5.3+2.1* 7.3+2.5 7.5+2.6*
Appendicular LM 21.4+3.2 19.9+3.1 14.4+2.2 14.0+£2.1
A/G FMR 0.57+0.17 0.69+0.19 0.42+0.10 0.56+0.15*
Bone mineral density (g/cm?)
Whole body 1.105+0.109 1.109+0.105 1.085+0.094 0.994+0.106*
Lumbar spine 1.114+0.162 1.099+0.200* 1.124+0.155 0.950+0.186*
Femoral neck 0.921+0.140 0.839+0.140 0.907+0.122 0.760+0.132t

Total hip 0.941+0.150 0.911+0.147 0.942+0.132 0.817+0.144t

Current smoker (%)
Current alcohol user (%)

n=141(17.9%)
n=121 (15.4%)

n=119 (13.0%)
n=117 (12.8%)

n=37 (2.4%)
n=35 (2.3%)

n=70 (2.8%)
n=38 (1.5%)

Values are presented as number, mean+SD or percentage.

Compared with the same gender of the different age group (unpaired-sample t-tests or x2 test).

P value was determined by the unpaired-sample t-tests.
*P <0.001.

1P <0.01.

FP <0.05.

A/G FMR, android/gynoid fat mass ratio; BMI, body mass index; fat%, percentage of whole body fat mass; FM, fat mass; LM, lean mass.

To further explore the independent predictive value
of A/G FMR and ALM for BMD at all sites in every
group, covariates such as age, BMI, smoking and alcohol
consumption associated with BMD were also included in
the multiple linear regression analyses (shown in tables 3
and 4). Overall, the significant variables accounted for
10.7~37.4% of the variability in BMD. Taking into consid-
eration the dynamic change of BMD between the period
of bone modelling (20-29 years) and that of bone remod-
elling (30-50 years), and the subjects aged 20-29 years
were excluded in the regression analyses. The effect sizes
of A/G FMR and ALM on BMD were different according
to the skeletal site and age group. A/G FMR had inverse
associations with whole-body, lumbar spine, femoral neck
and total hip BMDs in both premenopausal (standard
B from -0.249 to -0.155, p<0.001) and postmenopausal
(standard B from -0.135 to —-0.052, p<0.01) women, while
men had no significant relationship between A/G FMR
and each part of BMD after adjustment. ALM was posi-
tively associated with whole-body, lumbar spine, femoral

neck and total hip BMDs in both men and women, and
the correlations were higher in men than in women (stan-
dard B from 0.309 to 0.405 of men <50years vs standard [3
from 0.074 to 0.179 of premenopausal women, p<0.001;
standard B from 0.207 to 0.321 of men >50years vs stan-
dard B from 0.152 to 0.186 of postmenopausal women,
p<0.001).

DISCUSSION

The global epidemic of obesity has become a significant
concern in our daily life as it has a close relationship with
cardiovascular and cerebrovascular diseases and influ-
ences bone health."” As a part of body composition, bone
density was mainly determined by body weight and BMI.
Low BMI had been regarded as a risk factor for osteopo-
rotic hip fracture in both men and women.'® In this study,
we investigated a wide range of healthy Chinese adults
aged 20-95 years to further explore the factors that may
influence bone health. We divided the participants into
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Figure 2 The age-related change in whole-body lean mass (WBLM), appendicular lean mass (ALM), percentage of whole-
body fat mass (fat%), A/G FMR and bone mineral density (BMD) in men and women. A/G FMR, android/gynoid fat mass ratio;
FNBMD, femoral neck bone mineral density; LSBMD, lumbar spine bone mineral density; THBMD, total hip bone mineral
density; WBBMD, whole-body bone mineral density.

different age groups to investigate the changes in body  confirm A/G FMR and ALM were independent predic-
composition and BMD with age in men and women. tors for BMD after adjusting for age, BMI, smoking and
We also performed multivariable regression analyses to  alcohol consumption. The current report provided more
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detailed and impressive results which were different from
previous studies performed in America'® and Australia.'
We found that ALM positively correlated with BMD in
both genders, and low ALM was related to low BMD. A/G
FMR as an indicator of central adipose accumulation was
inversely associated with BMD in women but not in men.
These results, based on a large population of Chinese
adults, were convincing.

In this study, we found that whole-body LM reached
a peak level in the 40-49 years age group, and then
decreased gradually in both genders, whereas whole-body
FM steadily increased from youth to older age in both
genders. After analysing the baseline characteristics, we
found that the decreased whole-body LM in older men
was primarily due to a decrease in ALM. Moreover, the
increased whole-body FM in older men and women mainly
arose from the increase of trunk FM. In the meantime,
we found that A/G FMR increased with age in both men
and women. Men had whole-body, lumbar spine, femoral
neck and total hip BMD peaks earlier than women. BMD
at all sites decreased slightly in older men, but more obvi-
ously in postmenopausal women. These results showed a
healthy bone mass for each age group in both men and
women. The BMD at each region lower than the refer-
ence ranges in the respective age groups should alarm
the physician for appropriate intervention.

In our study, the results showed that both total LM
and total FM are positively associated with BMD in both
genders. The effect sizes of total LM and total FM to
BMD were different according to gender, menopausal
status and age. Total LM is a stronger protective factor
to BMD at all sites in men and premenopausal women.
Total FM is a stronger contributor to BMD at all sites in
postmenopausal women. Several potential theories may
explain the observed findings. The influences of LM on
BMD may attribute to the direct mechanical effects of
muscle, which produces a positive osteogenic response
to bone formation. On one hand, whole-body LM, which
accounted for a large proportion of body weight in both
men and women, would have the effect of a gravitational
loading on the bone. On the other hand, the contrac-
tion strength of lean muscle should also be considered a
specific mechanism of action. A previous study reported
that the augmentation and thickening of bone trabecula
was an adaption to increased mechanical stress. However,
whole-body FM only accounted for a small proportion of
body weight in both men and women, but it still had a
significant and positive correlation with BMD, especially
in postmenopausal women, in whom a higher standard
£ value with BMD in all the skeletal sites was shown
compared with whole-body LM. Several mechanisms
could explain the association between fat tissue and
BMD. The outcomes of fat acting on the bone may be
influenced by weight-bearing and by non-weight-bearing
effects, including the hormonal metabolism of adipocytes.
We speculate that this fatrelated mechanism may help
to interpret this finding, as the postmenopausal women
also had the highest whole-body FM, more than men and

premenopausal women in our study. Several hormones,
including insulin, leptin, adiponectin and adipocytic
oestrogens, were found to be secreted from adipose
tissue, which can influence bone metabolism through
the endocrine pathway. Also, the enzyme aromatase in
adipose tissue can convert androgen to oestrogen and
result in an elevated oestrogen level. These bone protec-
tive hormones lead to a positive influence on bone forma-
tion via stimulating the differentiation of osteoblasts and
preventing osteoclastmediated bone resorption. This
finding further confirmed the results from previous
studies that FM should have a positive relationship with
bone mass.® '’

Though whole-body LM and FM were found to be posi-
tively associated with BMD in both genders, how regional
body compositions and differences in fat distribution
influence bone metabolism aroused our curiosity. To
investigate the effect of ALM and A/G FMR on BMD at
various ages, factors including gender, age, BMI, smoking
and alcohol consumption, which may have close relation-
ships with BMD, were considered in multiple linear regres-
sion analyses. In the current study, we found that ALM
was positively related to BMD at all sites after adjustment
for BMI and age in both genders. ALM is considered one
of the most important indexes of the diagnostic criterion
for sarcopenia.'® ' A study of 679 men aged 40-79 years
suggested low ALM was associated with low BMD (whole
body, femoral neck, total hip and lumbar spine) and
osteoporosis independent of age, height, physical activity
and other lifestyles.?” Blain et al’ also found that ALM was
most strongly associated with femoral neck BMD inde-
pendent of nutritional and hormonal factors, and other
lifestyles in men. There are several mechanisms that may
explain the observed association between ALM and BMD.
The amount of ALM was smaller than trunk LM in this
study, suggesting ALM may affect the bone via contrac-
tion strength instead of gravitational loading, especially
in men younger than 50 years, in whom the strongest
relationships with BMD in all sites were demonstrated,
compared with other groups. Systemic factors that simul-
taneously involve both ALM and bone metabolism may
exist as the decline of ALM was almost parallel with BMD
in both genders. For example, the hormone oestrogen
can strengthen the synthesis of muscle protein and
promote calcium deposition in bone tissue, which leads
to an increased LM and BMD concurrently.”’ However,
a prospective study is needed to explore the potential
mechanism further.

Depot-specific fat has been known to play a different
role in terms of obesity and metabolism. A previous study
indicated that different fat depots might have distinct
relationships with bone mass;** Marques et al reported
AFM had a positive association with femoral neck BMD
in older women.? Inconsistent with that, several studies
stated AFM had no®* or a negative® relationship with
BMD. Freitas et al’® showed that central fat was positively
associated with BMD and regarded as an independent
and protective factor for the presence of osteoporosis or
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osteopenia. Sharma et al’’ reported that a bigger trunk
(central) FM was associated with increased BMD in the
total hip and femoral neck, regardless of HIV status in
women. Fat distribution differences seem to produce a
meaningful but contradictory effect on bone mass based
on previous studies. To further confirm this finding, we
performed Pearson’s correlation to assess the relation-
ship between android FM, gynoid FM and each part of
BMD with a large sample size. The results suggested that
both android FM and gynoid FM positively correlated
with BMD in all men and women, which was partly consis-
tent with previous studies.” ** In contrast, some studies
reported abdominal fat and android fat measured by
CT or DXA had a negative association with BMD after
adjusting for total LM or BMI, suggesting central fat
deposition was not beneficial for bone."” Surprisingly,
we found that A/G FMR showed a diverse correlation
with BMD in men and women. In the multiple regres-
sion analysis, A/G FMR was an inverse predictor of BMD
at all skeletal sites for females (standard B ranged from
249 t0 -0.052, P <0.01) but not in males. Kim et af®* also
reported that A/G FMR was inversely associated with the
trabecular bone score after age adjustment (r=-0.288,
p<0.05), which was similar to our findings. Android fat
mainly represents visceral fat in the epigastric region,
while gynoid fat reflects peripheral (or subcutaneous) fat
in the leg. Higher A/G FMR indicating higher visceral
fat or lower peripheral fat revealed that subjects with
higher A/G FMR had lower BMD in postmenopausal
women, whose ovarian hormones tend to be depleted
and lead to a higher subcutaneous lipoprotein lipase
activity ratio and predominant fat storage in visceral fat
depots.”® Kim et al’® found that visceral fat has a nega-
tive association among postmenopausal Korean women
with lumbar spine BMD after adjustment for weight. Zhu
et al reported that a trunk-to-limb FM ratio (a surrogate
of visceral fat) had a negative association with total body
bone mass in young adults.'” Gilsanz et af’® suggested
that subcutaneous and visceral fat had opposite effects
on femoral bone structure and strength in healthy young
women, and proposed that subcutaneous fat may be
beneficial to the bone, whereas visceral fat may have a
negative association with the bone. These heterogeneous
findings may be related to the use of diverse methods
of measuring body composition and BMD, disparities in
study design, or the different criteria for group division.
Moreover, the inconsistency of findings may be due to
the rather complex mechanisms underlying the relation-
ship between fat and bone. As a result, we subdivided
Chinese people into different age and gender groups
and found that android fat increased with age, espe-
cially in women, whose android fat accounted for a more
substantial proportion of body weight and had a stronger
relationship with BMD in our study. To avoid multicol-
linearity, we included A/G FMR instead of the total
and regional body composition into the same multiple
regression analysis when we explored the associations of

regional fat depots with BMD, which provided a more
reliable result.

Limitations

This study had several limitations. First, we did not obtain a
blood sample from participants; thus, the actual hormone
and cytokine levels were unknown. The potential mech-
anisms acting on bone mass mainly referenced previous
reports based on our data and the statistical results.
Second, we only collected cross-sectional data and cannot
directly conclude the causality limited by its study design.
Third, though we evaluated the relationships of body
composition and fat distribution with BMD by adjusting
age, BMI, smoking and alcohol consumption, other
confounders such as socioeconomic status, dietary intake
and physical activity, which may influence bone nutrition
and metabolism, were not considered as covariates in the
multivariable regression analyses. Fourth, a more substan-
tial amount of visceral FM was found in Asians compared
with the European people for a given amount of body
fat.3! Therefore, ethnic differences should be considered
when interpreting the findings.

CONCLUSIONS

In summary, in this large cohort of Chinese adults, ALM
had a strong positive association with BMD in both
genders suggesting that low ALM is related to low BMD
and may be considered an independent risk factor for
osteoporosis. A/G FMR, an indicator of central adipose
accumulation, was inversely associated with BMD in
women but not in men.
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