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Abstract

Summary In this study of postmenopausal women in Malaysia, total adiposity was inversely associated with total BMD,
while regional associations varied. No differences were detected across Malay, Chinese, and Indian ethnicities. Low BMD
contributes substantially to morbidity and mortality, and increasing adiposity levels globally may be contributing to this.
Purpose To investigate associations of total and regional adiposity with bone mineral density (BMD) among a multi-ethnic
cohort of postmenopausal women.

Methods Dual X-ray absorptiometry (DXA) imaging was undertaken for 1990 postmenopausal women without prior chronic
diseases (30% Malay, 53% Chinese, and 17% Indian) from The Malaysian Cohort (TMC). The strength of the associations
between standardized total and regional body fat percentages with total and regional BMD was examined using linear
regression models adjusted for age, height, lean mass, ethnicity, education, and diabetes. Effect modification was assessed
for ethnicity.

Results Women with a higher total body fat percentage were more likely to be Indian or Malay. Mean (SD) BMD for the
whole-body total, lumbar spine, leg, and arm were 1.08 (0.11), 0.96 (0.15), 2.21 (0.22), and 1.36 (0.12) g/cmz, respectively.
Total body and visceral fat percentage were inversely associated with total BMD (—0.02 [95% CI—0.03,—0.01] and — 0.01
[—0.02,—0.006] g/cm?® per 1 SD, respectively). In contrast, subcutaneous and gynoid fat percentages were positively associ-
ated with BMD (0.007 [0.002, 0.01] and 0.01 [0.006, 0.02] g/cm?, respectively). Total body fat percentage showed a weak
positive association with lumbar BMD (0.01 [0.004, 0.02]) and inverse associations with leg (—0.04 [—0.06,—0.03]) and
arm (—0.02 [-0.03,—0.02]) BMD in the highest four quintiles. There was no effect modification by ethnicity (Pjeiero > 0.05).
Conclusion Total adiposity was inversely associated with total BMD, although regional associations varied. There was no
heterogeneity across ethnic groups suggesting adiposity may be a risk factor for low BMD across diverse populations.

Keywords Adiposity - Bone mineral density - Dual X-ray absorptiometry - Postmenopausal women - Ethnicity - Cross-
sectional

Introduction to that of blood pressure or serum cholesterol [2]. From

1990 to 2019, global disability-adjusted life years attribut-

Low bone mineral density (BMD) defines osteoporosis as
a metabolic disease responsible for significant disability
globally [1], and its association with mortality is similar
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able to low BMD were estimated to have nearly doubled
from 8.6 million (95% CI 7.04-10.14) to 16.6 million
(13.50-20.04) with more deaths associated with low BMD
fractures after the age of 40 among women than men [1].
The gender disparity of the health burden attributable to
low BMD is greater at older ages [1] and is projected to
continue to widen. Understanding modifiable risk factors
for low BMD, including among postmenopausal women,
is therefore important, and arguably increasingly so given
the aging population.
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Adiposity levels have been suggested to be one such mod-
ifiable risk factor for low BMD. A systematic review found
that body mass index (BMI) was positively associated with
BMD of the lumbar spine, femoral neck, radius, and hip in
postmenopausal women [3]. However, the use of standard
anthropometric measures such as BMI and waist and hip cir-
cumferences may be over-simplistic and less accurate as an
estimate of adiposity [4]. For instance, these measures pre-
clude understanding of the relevance of regional adiposity,
and the distinct contributions of lean and fat mass on bone
health cannot be distinguished since measures like BMI are
a composite of those three body components. The use of
more specific and accurate adiposity measures from dual
X-ray absorptiometry (DXA) to investigate this association
has produced conflicting results with regard to direction and
strength [2, 5-17]. These differing findings may be due to
investigation of the relationships of adiposity measures with
BMD in small study populations [6—8, 10-12, 15-17] using
different DXA body parameters (i.e., total and/or regional
adiposity as an absolute tissue mass [2, 5-12, 15, 16], per-
centage of total or regional mass [2, 6, 10, 11, 13, 14, 17],
or ratio [2, 7, 10, 11, 14]) that are derived from varied, and
potentially inconsistent, DXA models and software. Further-
more, previous research has typically been conducted in eth-
nically homogenous populations, limiting understanding of
the relevance of adiposity for observed ethnic differences
in clinical outcomes attributable to low BMD such as those
for fragility fractures which are greater than any other type
of fracture [18].

Evidence based on DXA adiposity measures of a large,
multi-ethnic cohort of postmenopausal women is needed
to further explore their association with BMD and poten-
tial ethnic differences in an increasingly at-risk population.
Malaysia offers a novel context for investigating these ethnic
differences given the country’s large subpopulations of indi-
viduals of Malay, Chinese, and Indian ethnicities that have
documented differences in adiposity [19]. Using data from
The Malaysian Cohort (TMC), the primary aim of the cur-
rent study is to examine the associations between total body
fat and fat distribution—assessed through DXA—and total
and site-specific BMD among postmenopausal women. The
study’s secondary aims are to investigate potential ethnic
differences in these associations.

Methods

Study population: The Malaysian Cohort (TMC)
Details of the TMC study design and methods have been
described previously [20]. Briefly, TMC is a prospective

cohort study of 119,555 adults aged 35 to 75 who were
recruited between 2006 and 2020. Recruitment was from
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151 locations (95 rural and 56 urban) across Malaysia
through voluntary participation campaigns, targeted sam-
pling, and cluster sampling (in rural areas) [20]. All partici-
pants provided written informed consent. Sociodemographic
and health information as well as biophysical measurements
and biospecimens were collected at baseline, and all partici-
pants were actively followed up to complete a questionnaire
and undergo biophysical measurements similar to baseline
every 5 years [21]. As of 2021, TMC has a follow-up rate of
42.7% [21]. Ethics approval was provided by the ethics com-
mittee of Universiti Kebangsaan Malaysia (Project Code:
FF-205-2007).

The dual-energy X-ray absorptiometry (DXA)
substudy

In 2020, 11,475 surviving participants residing in Kuala
Lumpur or the surrounding state of Selangor who had
completed at least one follow-up after recruitment and
who reported no active cancer diagnosis were randomly
selected to be invited via telephone to participate in a
DXA substudy (response rate, 54%). DXA scans were
undertaken between September 2020 and May 2023. Par-
ticipants with a medical implant (n =575), height greater
than 180 cm or weight greater than 110 kg (n =40), eth-
nicity recorded as “other” (n=10), or with other rele-
vant contradictions to participation (i.e., claustrophobia)
(n=22) were not included in the DXA substudy. DXA
scans were performed using two Hologic DXA models
(Discovery A and Discovery W). Sociodemographic char-
acteristics and medical histories were collected at the
time of the DXA scan using a shortened version of the
study’s baseline questionnaire. HbAlc (%) was measured
using a blood sample collected at TMC follow-up and the
high-performance liquid chromatography (HPLC) in the
Variant™ I Turbo machine (Bio-Rad Laboratories Inc,
USA).

DXA measurements

Height and weight were measured manually and inputted
into the DXA system prior to the scan. The DXA system
software automatically calculated BMI (weight [kg]/
height [m]z) from these measures. Absolute total, sub-
cutaneous, visceral, and gynoid fat (kg) as well as total
lean mass (kg), a measure of muscle mass, were derived
from whole-body DXA scans. The Hologic system’s soft-
ware automatically located the inner and outer margins
of the abdominal wall on DXA images across the fourth
lumbar vertebra. Using these margins, subcutaneous and
visceral fat were then measured in a 5-cm band above the
iliac crest (pelvic cut line). Visceral fat area was meas-
ured within the system-derived lateral limits of the inner



Archives of Osteoporosis (2024) 19:73

Page3of10 73

margins of the abdominal wall, while subcutaneous fat
area measurements were derived from the assessment of
tissue from the outer margins of the abdominal wall to
the edge of subcutaneous fat outside the abdominal mus-
cle wall (Fig. S1). A multivariable model including the
measured visceral fat area was then used to optimize the
agreement of DXA measures with computed tomography
imaging. Subcutaneous and visceral fat mass were then
derived from this adjusted area based on the thickness
of the original DXA slice (5 cm) and the known den-
sity of fat (0.9 g/cm?). Gynoid fat was measured using
delineations marked by the system software based on
the height of an individual’s android region, calculated
as 20% of the distance from the pelvic horizontal line to
the neckline. The gynoid region was defined as having
an upper boundary 1.5 times the height of the android
region below the pelvic horizontal line, extending to a
lower boundary twice the height of the android region
below the upper boundary, and within the lateral limits
of the arm lines (Fig. S1).

Total body fat was converted to a percentage of whole-
body mass, while regional fat (subcutaneous, visceral, and
gynoid body fat) was converted to a percentage of total
body fat mass to focus on the importance of the location
and distribution of fat in the body (i.e., [subcutaneous body
fat (kg) / total body fat mass (kg)] X 100)." Both total and
regional body fat percentages were categorized into quin-
tiles. Then, to create comparable beta coefficients for con-
tinuous linear regression models, total and regional body
fat percentages were standardized to a mean of 0 and a
standard deviation of 1.

Regional BMDs were computed by the Hologic sys-
tem software using the manufacturer-recommended BMD
region delineations applied to measurements from the
total body DXA scan. Whole-body total and lumbar spine
BMD were automatically generated by the DXA systems,
while manufacturer-generated sections were combined to
create BMD of the leg (left and right leg) and arm (left
and right arm). The DXA systems used defined the lum-
bar region of the spine (L1-L4) as the area between the
system-generated “spine lines,” lines that are parallel to
the vertebral column, but their lengths run between the
T12-L1 joint and upper pelvic lines. Leg regions were
defined as the areas below the left and right pelvic divider
lines and confined within the leg lines running from the
outer hip to the foot on each side of the body. Arm regions
were defined as the areas below the neckline but outside
the right and left chest and leg lines (Fig. S1).

! Regional fat as a percentage of total fat is used in both statisti-
cal analysis and presented in figures for subcutaneous, visceral, and
gynoid fat measures.

Statistical analyses

The prevalence and mean (SD) values of participant character-
istics (for categorical and continuous variables, respectively)
were calculated across fifths of total body, subcutaneous,
visceral, and gynoid fat percentage. Univariable associations
between total body fat percentage and total BMD were con-
ducted using ANOVA. Additional covariates were tested for
their potential as confounders through assessment of their
univariable associations with total body fat percentage and
total BMD using Pearson’s chi-square tests and ANOVA and
included in the adjusted model if p <0.05. Since age at, and
years since, last menses were highly correlated (r=0.77), years
since last menses was not included in the fully adjusted model.
Height (cm), lean mass (kg), ethnicity (Malay, Chinese,
and Indian), education (highest level completed—primary,
secondary, or tertiary), and diabetes (yes or no) were sequen-
tially added to age-adjusted models of each body fat percent-
age measure (total body, subcutaneous, visceral, and gynoid)
and BMD to assess the individual effects of each confounder.
Quintiles of total and regional body fat percentages were plot-
ted against fully adjusted means of total and regional BMD
(lumbar spine, leg, and arm) to assess the shape of the asso-
ciations. If the association was approximately linear, a fully
adjusted linear regression model estimated the strength of the
continuous association between standardized total, subcutane-
ous, visceral, and gynoid body fat percentage with whole-body
total, lumbar spine, leg, and arm BMD [2, 3, 5, 10, 11, 22].
To investigate potential effect modification, the linear
associations between standardized total or regional body fat
percentage and total BMD were assessed among subgroups
of ethnicity (Malay, Indian, and Chinese), and heterogeneity
was assessed through a likelihood ratio test comparing mod-
els with and without an interaction term. Effect modification
in the association of total or regional body fat percentages
and total BMD was assessed for the following: years since the
last menses (<3 years, 3—6 years, > 6 years), BMI category
(underweight/normal, < 23 kg/m?; overweight, 23-27.5 kg/
m?; obese,>27.5 kg/mz), and diabetes status (yes or no). A
false discovery rate (FDR) correction using the Benjamini-
Hochburg method was used to account for multiple testing.
Statistical analyses were performed using STATA 17.0
(StataCorp LLC, College Station, TX, USA) and RStudio
(Integrated Development for R. RStudio, PBC, Boston, MA).

Results
Participant characteristics
Of the 5489 DXA substudy participants, 3153 (57%) were

women. After excluding 872 (28%) premenopausal women,
281 (9%) with relevant medical conditions (chronic hepatitis,
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Table 1 Participant

O L Characteristics Quintile 1  Quintile 2  Quintile 3 Quintile 4 Quintile 5 Total
characteristics by quintiles of
total body fat percentage Total body fat (%) 205(3.1) 34.8(1.0) 37.9(0.8) 409(0.9) 458(2.6) 37.8(5.8)
Sociodemographic factors
Age at DXA scan (years) 60.8 (6.1) 60.7(5.8) 61.2(5.7) 60.6(5.7) 59.6(5.5) 60.6(5.8)
Ethnicity
Malay 60 (15.1) 89(22.4) 140(35.2) 152(38.2) 160 (40.2) 601 (30.2)
Chinese 327 (82.2) 275(69.1) 205(51.5) 157(39.4) 85(21.4) 1049 (52.7)
Indian 11 (2.8) 34 (8.5) 53 (13.3) 89(22.4) 153(38.4) 340(17.1)
Education
Primary 55(13.8) 64 (16.1) 68(17.1) 50(12.6) 52(13.1) 289 (14.5)
Secondary 208 (52.3) 205 (51.5) 202 (50.8) 215(54.0) 233(58.5) 1063 (53.4)
Tertiary 135(33.9) 129(324) 128(32.2) 133(33.4) 113(28.4) 638(32.1)
Medical and reproductive history
Diabetes® 94 (23.6) 102 (25.6) 112(28.1) 151(37.9) 140(35.2) 599 (30.1)
Years since last menses 10.5(7.2) 10.1(6.3) 10.6(6.8) 9.9(6.1) 9.3 (6.3) 10.1 (6.6)
HRT use 11 (2.8) 10 (2.5) 11(2.8) 6 (1.5) 15 (3.8) 53(2.7)
Oral contraceptive use 60 (15.1) 67(16.8) 88(22.1) 78(19.6) 92(23.1) 385(19.3)
Number of pregnancies 3() 32 3(12) 3(2) 4(2) 3(2)
Anthropometric measures
Height (cm) 156 (6) 156 (5) 155 (6) 155 (5) 154 (6) 155 (5)
BMI (kg/m?) 21.1(27) 23.8(2.8) 253@3.1) 273@3.6) 31447 25849
Waist circumference (cm) 72 (8) 79 (8) 83 (9) 86 (9) 93 (10) 83 (11)
DXA measures
Subcutaneous fat (%)® 7500.9) 7309 71009 6909 6.7(0.8) 7.1(0.9)
Visceral fat (%)° 2.1(0.7) 23(0.6) 23(0.6) 23(0.6) 2205 22(0.6)
Gynoid fat (%)° 18.6(2.8) 17.1(2.,5) 16.6(2.0) 16.0(1.9) 159(1.7) 169 (2.4
Lean mass (kg) 345(4.4) 3594.6) 357(5.1) 368(5.6) 382(5.6) 36.2(5.2)

Results shown are mean (SD) or N (%)

BMI body mass index, DXA dual-energy X-ray absorptiometry, HRT hormone replacement therapy

“Diabetes defined as previous diagnosis or HbAlc levels>6.3%

PRegional fat presented as a percentage of total body fat

chronic bronchitis, cancer within the past 5 years, pulmo-
nary tuberculosis, kidney disease, or asthma) and 10 (0.3%)
women with missing data, 1990 postmenopausal women
remained for inclusion in the present analyses (Fig. S2).

The mean (SD) age at the time of DXA imaging was 60.6
(5.8) years (Table 1). Overall, 30% of women reported their
ethnicity as Malay, 53% as Chinese, and 17% as Indian. The
mean (SD) BMD was 1.08 (0.11) g/cm? for the whole-body
total, 0.96 (0.15) g/cm? for the lumbar spine, 2.21 (0.22) g/
cm? for the leg, and 1.36 (0.12) g/cm2 for the arm. The mean
(SD) total body fat percentage was 37.8% (5.8%) and was
7.1% (0.92%) for subcutaneous fat percentage, 2.2% (0.62%)
for visceral fat percentage, and 16.9% (2.4%) for gynoid fat
percentage.

On average, women in the highest fifth of total body fat
percentage tended to be younger, more likely to be Indian or
Malay than Chinese, had a greater number of pregnancies,
and were more likely to have diabetes. Additionally, those
with higher total body fat percentages tended to have higher
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lean mass, BMI, and waist circumference (Table 1). Women
within the highest fifth of subcutaneous and gynoid fat per-
centage were more likely to be Chinese, have a lower BMI,
and were less likely to have diabetes (Tables S1 and S2). The
same trends were seen in women in the highest fifth of visceral
fat percentage except they were more likely to have a higher
BMI (Table S3).

Associations of total and regional body fat
percentage with BMD

There was no evidence of an association between total
body fat and total BMD, given age and height. However,
given lean mass, the association became inverse. With fur-
ther adjustment for ethnicity, education, and diabetes, the
association of total body fat percentage and total BMD
remained inverse (Fig. S3). Each 1 SD higher total and vis-
ceral body fat percentage was associated with —0.02 (95%
CI-0.02,—0.01) g/cm? and —0.01 (- 0.02, —0.006) g/cm?



Archives of Osteoporosis (2024) 19:73

Page50f10 73

Fig. 1 Association of total bone
mineral density with a total, b
subcutaneous, ¢ visceral, and
d gynoid body fat percentage.
Adjusted for age, height, lean
mass, ethnicity, education,
and diabetes. Error bars refer
to 95% confidence intervals.
X-axis scaled to 3.25 standard
deviations. Y-axis scaled to 1
standard deviation
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lower total BMD, respectively (Fig. 1). Meanwhile, weak
positive associations with total BMD were observed for
gynoid (0.01 [0.006, 0.02] g/cm?) and subcutaneous (0.007
[0.002, 0.01] g/cm?) fat percentages.

There was a modest positive association between total
body fat percentage and BMD in the lumbar region, with
each 1 SD higher total body fat percentage associated with
0.01 (95% CI 0.004, 0.02) g/cm? higher BMD (Fig. 2).
Regional fat percentages (subcutaneous, visceral, and
gynoid) were not associated with lumbar BMD.

For total body fat percentages greater than the lowest
quintile (<33.0%), each 1 SD higher body fat percentage
was inversely associated with BMD of the leg (— 0.04 [95%
CI-0.06,—-0.03] g/cmz) and arm (—0.02 [-0.03,—-0.02]
g/cmz) (Fig. 3). A more modest inverse association was
observed between visceral body fat percentage and arm
BMD; each 1 SD higher was associated with 0.006 (95%
CI 0.001, 0.01) g/cm? lower BMD. In contrast, apparent
positive associations with arm BMD were observed for
subcutaneous fat percentage (0.006 [0.001, 0.01] g/cm?)
and gynoid fat percentage (0.008 [0.003, 0.01] g/cm?).
Subcutaneous fat percentage was also positively associ-
ated with leg BMD (0.02 [0.01, 0.03] g/cmz), but there

25
Visceral body fat (%)

3.0 15.0 17.5

Gynoid body fat (%)

20.0

was no evidence of associations of visceral or gynoid fat
percentage with leg BMD.

Effect modification

There was no evidence of heterogeneity in the association
between total body fat percentage and total BMD by ethnic-
ity or diabetes nor trend by years since last menses or BMI
category (Fig. 4). After correction for multiple testing, there
was no significant effect modification for any of the regional
measures of adiposity (FDR=0.003) (Fig. S4-S7).

Discussion

With approximately 2000 women of Malay, Chinese, or
Indian ethnicity in Malaysia, this cross-sectional study of
the associations of DXA-derived measures of total and
regional body fat percentage with total and regional BMD
is the largest multi-ethnic comparison among postmeno-
pausal women to date. We found that higher total body
fat percentage was independently associated with lower
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Ethnicity No. of participants Beta (95% CI) X2 (p-value)

Malay 601 . -0.015 (-0.025, -0.0048)

Chinese 1049 —— -0.019 (-0.025,-0.012)  Hetero:

Indian 340 L -0.016 (-0.029, -0.0028) 0.44 (0.80)
Years since last menses

< 3 years 232 i -0.018 (-0.033, -0.0026)

3-6 years 461 Il -0.022 (-0.033, -0.012) Trend:

> 6 years 1297 + -0.016 (-0.022, -0.0094)  0.44 (0.51)
BMI (kg/m?)

Underweight/normal 618 . -0.022 (-0.032, -0.011)

Overweight 752 I —0.023 (-0.039, -0.0079)  Trend:

Obese 620 B -0.019 (-0.030, -0.0069)  0.14 (0.71)
Diabetes status

No diabetes 1391 + -0.018 (-0.024, -0.012) Hetero:

Diabetes 599 + -0.017 (-0.027, -0.0078) 0.0006 (0.98)
Overall 1990 -0.018 (-0.023, -0.012)

-0.04 -0.03 -0:02 -0:01 0.01

Total BMD (g/cm?)

Association of total body fat percentage with total bone mineral density by ethnicity, years since last menses, BMI, and diabetes status. Box sizes
are weighted by the standard error, and the horizontal line represents the 95% confidence interval

total and regional BMD, with the exception of BMD in
the lumbar spine for which there was a positive associa-
tion. There was an inverse association of visceral body fat
percentage and a positive association of gynoid body fat
percentage with total BMD, but limited evidence of asso-
ciations between the other assessed measures of regional
fat and BMD. Associations of total and regional body fat
percentages with total BMD did not differ across ethnic
groups or by menopausal years, BMI category, or diabetes
status.

The inverse associations of total body fat percentage with
total, arm, and leg BMD are in contrast with findings from
many previous studies. For instance, two cross-sectional
studies of approximately 400 postmenopausal women in
China concluded that total percent fat was positively asso-
ciated with BMD of the whole-body and individual regions
[10, 11]. However, these studies were limited by their low
statistical power and a restrictive sample criterion of only
normal and overweight (but not obese) women [10]. A

study of 1448 postmenopausal Thai women found that after
accounting for lean mass, there was a negative, albeit small,
association of total fat mass with total BMD, and positive
associations with BMD of the lumbar spine and femur [23].
A study of 727 postmenopausal women in Korea similarly
reported inverse associations of total body fat percentage
with hip and arm BMD but, also unlike the current study,
found no significant association with lumbar BMD [2]. This
study also found that total body fat mass (rather than per-
centage) was positively associated with BMD at all three
sites, but this was not adjusted for lean mass [2]. In previous
literature, lean mass has been found to be positively associ-
ated with BMD, and sequential model building in the current
analysis demonstrated that positive associations between
total body fat and BMD became inverse after adjustment for
lean mass [10-12]. Although previous literature has shown
positive associations between adiposity and BMD, they have
either not adjusted for lean mass or have instead used BMI.
Given the established impact of lean mass on the association
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of adiposity with BMD, these findings may reflect the con-
founding influence of lean mass and not the actual impact of
fat mass. This is particularly relevant in studies using BMI,
as it combines lean mass, fat mass, and bone mass into a
single measure meant to represent adiposity.

Research on the association of regional fat and BMD
in postmenopausal women has been limited. Earlier work
focused on the android-to-gynoid ratio as a proxy for the
regional distribution of fat in postmenopausal women [10,
11]. Two small cross-sectional studies in China both found
that the android-to-gynoid fat mass ratio was inversely asso-
ciated with total, leg, and arm BMD, but had no association
with lumbar spine BMD [10, 11]. This is consistent with
the current study’s findings that a higher proportion of body
fat in the visceral region, which is inherently a higher pro-
portion of fat in the android region, is inversely associated
with total, leg, and arm BMD. It is also aligned with the
finding that a higher gynoid fat percentage is associated
positively with total and arm BMD. The android-to-gynoid
ratio could reflect both of these observed relationships but
cannot distinguish whether the association is due to a higher
proportion of android (visceral) fat or a lower proportion of
gynoid fat. Using a ratio of different fat regions can conceal
potential important differences in regional fat’s association
with BMD, differences that were observed in the current
study. Future investigations should consider subcutaneous,
visceral, android, and gynoid fat separately to avoid masking
their independent associations.

More generally, previous research that has investigated
the associations of regional fat with total and/or regional
BMD has used absolute fat mass (kg) in the region and often
has not accounted for the total body fat mass. Consequently,
as total body fat mass increases, so does the amount of fat
stored in these regions; therefore, associations of regional
fat and BMD become biased by overall fat mass. Although
some studies have attempted to account for this by adjusting
for total body weight [8, 13] or BMI [5], associations with
regional fat as a percent of total fat, as in this study, allow
for clearer insights into the effects of fat distribution. This
shifts the focus from general obesity to the more specific
question of how an individual’s fat distribution is associated
with their BMD.

This study was unique in being able to study the relevance
of ethnicity for the association of overall and regional adi-
posity for BMD, particularly given the inclusion of an eth-
nically diverse cohort residing in one country. Ethnicity is
an important factor to consider when studying disease asso-
ciations of adiposity. However, existing literature has been
unable to investigate its relevance for the association of adi-
posity with BMD, since studies have been limited to homog-
enous samples of predominantly Chinese [10, 11], Korean
[2, 13, 15, 17], and European [5, 7, 8, 22, 24] populations.
In the current study, no substantial effect modification by
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ethnicity was observed between total body fat percentage
and total BMD. This could reflect a true absence of dif-
ferences in these associations, but it could also reflect lim-
ited statistical power to detect ethnic differences. Further
strengths of the study include the sample size; this is the
largest study to date to examine the independent relationship
between body composition measured by DXA and BMD
among postmenopausal women. Additionally, since whole-
body total and regional fat measures were examined, the
study provides a holistic understanding of the relevance of
adiposity for BMD, which appears to differ by the region in
which fat is stored.

However, the study has several limitations. Although
prior diseases which may impact body composition were
excluded, due to the cross-sectional nature of this analysis,
reverse causality cannot be ruled out. It is also unclear how
generalizable the findings are to other populations as the
study was restricted to postmenopausal women from Kuala
Lumpur and Selangor. There were also some potential con-
founders that could not be accounted for, such as steroid use,
physical activity, and calcium and vitamin D intake. Also,
despite the statistically significant findings, the changes in
BMD associated with higher levels of body fat were gener-
ally modest compared to the least significant change (the
smallest difference in a BMD measure that may be consid-
ered a real change) for the DXA systems used [25]. Finally,
due to the observational nature of this study, the causality of
the observed associations cannot be determined.

Conclusion

Among postmenopausal women in Malaysia total body fat
percentage was inversely associated with total, leg, and
arm BMD, but positively associated with lumbar BMD,
while associations between regional fat percentages and
BMD differed depending on the locality. An understand-
ing of the relationships of total and regional adiposity with
BMD could help identify at-risk individuals who are cur-
rently overlooked as the only body composition measure
used by clinicians to assess osteoporosis and fracture risk
is BMI [26]. Although reported findings are small, with the
spread of the obesity epidemic, these higher values of adi-
posity that are associated with lower BMD are becoming
more common and could potentially have larger impacts at
the population level. The findings from the current study
need to be confirmed in large, ethnically diverse samples,
utilizing prospective data to examine adiposity’s impact on
incident clinical outcomes such as osteopenia, osteoporosis,
and fractures. By understanding how adiposity impacts bone
formation and loss, health systems can act earlier to prevent
the rising global burden of disability and fractures attribut-
able to low BMD.



Archives of Osteoporosis (2024) 19:73

Page9of10 73

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11657-024-01435-x.

Acknowledgements We thank all UKM Medical Molecular Biol-
ogy Institute (UMBI) and The Malaysian Cohort staff members and
research assistants. The voluntary participation of all the subjects is
greatly appreciated.

Funding The Malaysian Cohort study is supported by a top-down grant
from the Ministry of Education Malaysia, NEWTON-MRC/2020/004
(MyPAIR)-UK-MY Joint Partnership on Non-Communicable Dis-
eases (NCD) and The Malaysian Cohort Project (TMC) [grant num-
ber PDE48]. This work was supported by Health Data Research UK
(HDRUK), which is funded by the UK Medical Research Council, Engi-
neering and Physical Sciences Research Council, Economic and Social
Research Council, Department of Health and Social Care (England),
Chief Scientist Office of the Scottish Government Health and Social
Care Directorates, Health and Social Care Research and Develop-
ment Division (Welsh Government), Public Health Agency (Northern
Ireland), British Heart Foundation, and Wellcome. The Clinical Trial
Service Unit and the Epidemiological Studies Unit at the University of
Oxford (CTSU) receive research grants from industry that are governed
by University of Oxford contracts, which protects the independence of
the CTSU. SL reports receiving grants from the UK Medical Research
Council, the US Centers for Disease Control and Prevention Foundation
(with financial support from Amgen), the World Health Organization,
and HDRUK-Oxford. No other disclosures were reported. This work was
also supported by Health Data Research UK, which is funded by the UK
Medical Research Council, Engineering and Physical Sciences Research
Council, Economic and Social Research Council, Department of Health
and Social Care (England), Chief Scientist Office of the Scottish Gov-
ernment Health and Social Care Directorates, Health and Social Care
Research and Development Division (Welsh Government), Public Health
Agency (Northern Ireland), British Heart Foundation and Wellcome.

Data Availability The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable
request.

Declarations

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
The Malaysian Cohort study was approved by the ethics committee of
Universiti Kebangsaan Malaysia (Project Code: FF-205-2007).

Informed consent Informed consent was obtained from all individual
participants included in the study.

Conflicts of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. ShenY, Huang X, Wu J et al (2022) The global burden of osteopo-
rosis, low bone mass, and its related fracture in 204 countries and
territories, 1990-2019. Front Endocrinol (Lausanne) 13:882241.
https://doi.org/10.3389/fendo.2022.882241

2. Kim W, Chung SG, Kim K, Seo HG, Oh BM, Yi Y, Kim MJ
(2014) The relationship between body fat and bone mineral den-
sity in Korean men and women. J Bone Miner Metab 32:709-717.
https://doi.org/10.1007/s00774-013-0545-7

3. Turcotte AF, O’Connor S, Morin SN, Gibbs JC, Willie BM, Jean
S, Gagnon C (2021) Association between obesity and risk of frac-
ture, bone mineral density and bone quality in adults: a systematic
review and meta-analysis. PLoS One 16:¢0252487. https://doi.org/
10.1371/journal.pone.0252487

4. Vasan SK, Osmond C, Canoy D, Christodoulides C, Neville MJ,
Di Gravio C, Fall CHD, Karpe F (2018) Comparison of regional
fat measurements by dual-energy X-ray absorptiometry and
conventional anthropometry and their association with markers
of diabetes and cardiovascular disease risk. Int J Obes (Lond)
42:850-857. https://doi.org/10.1038/ij0.2017.289

5. Bland VL, Klimentidis YC, Bea JW, Roe DJ, Funk JL, Going
SB (2022) Cross-sectional associations between adipose tissue
depots and areal bone mineral density in the UK Biobank imag-
ing study. Osteoporos Int 33:391-402. https://doi.org/10.1007/
s00198-021-06140-w

6. Hawamdeh ZM, Sheikh-Ali RF, Alsharif A, Otom AH, Ibrahim
Al, Alhadidi FA, Samarah OQ, Dheirat IN, Juweid ME (2014)
The influence of aging on the association between adiposity and
bone mineral density in Jordanian postmenopausal women. J
Clin Densitom 17:143-149. https://doi.org/10.1016/j.jocd.2013.
02.007

7. Kapus O, Gaba A, Lehnert M (2020) Relationships between
bone mineral density, body composition, and isokinetic strength
in postmenopausal women. Bone Rep 12:100255. https://doi.org/
10.1016/j.bonr.2020.100255

8. Saarelainen J, Honkanen R, Kroger H, Tuppurainen M, Jurvelin
JS, Niskanen L (2011) Body fat distribution is associated with
lumbar spine bone density independently of body weight in
postmenopausal women. Maturitas 69:86-90. https://doi.org/10.
1016/j.maturitas.2011.02.009

9. Salamat MR, Salamat AH, Janghorbani M (2016) Association
between obesity and bone mineral density by gender and meno-
pausal status. Endocrinol Metab (Seoul) 31:547-558. https://doi.
org/10.3803/EnM.2016.31.4.547

10. Fanl, Jiang Y, Qiang J, Han B, Zhang Q (2022) Associations of
fat mass and fat distribution with bone mineral density in non-
obese postmenopausal Chinese women over 60 years old. Front
Endocrinol (Lausanne) 13:829867. https://doi.org/10.3389/fendo.
2022.829867

11. Fu X, Ma X, Lu H, He W, Wang Z, Zhu S (2011) Associations
of fat mass and fat distribution with bone mineral density in pre-
and postmenopausal Chinese women. Osteoporos Int 22:113-119.
https://doi.org/10.1007/s00198-010-1210-9

12. Ho-Pham LT, Nguyen ND, Lai TQ, Nguyen TV (2010) Contribu-
tions of lean mass and fat mass to bone mineral density: a study
in postmenopausal women. BMC Musculoskelet Disord 11:59.
https://doi.org/10.1186/1471-2474-11-59

13. Kim KC, Shin DH, Lee SY, Im JA, Lee DC (2010) Relation
between obesity and bone mineral density and vertebral fractures
in Korean postmenopausal women. Yonsei Med J 51:857-863.
https://doi.org/10.3349/ymj.2010.51.6.857

14. Marwaha RK, Garg MK, Tandon N, Mehan N, Sastry A, Bhadra
K (2013) Relationship of body fat and its distribution with bone

@ Springer


https://doi.org/10.1007/s11657-024-01435-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fendo.2022.882241
https://doi.org/10.1007/s00774-013-0545-7
https://doi.org/10.1371/journal.pone.0252487
https://doi.org/10.1371/journal.pone.0252487
https://doi.org/10.1038/ijo.2017.289
https://doi.org/10.1007/s00198-021-06140-w
https://doi.org/10.1007/s00198-021-06140-w
https://doi.org/10.1016/j.jocd.2013.02.007
https://doi.org/10.1016/j.jocd.2013.02.007
https://doi.org/10.1016/j.bonr.2020.100255
https://doi.org/10.1016/j.bonr.2020.100255
https://doi.org/10.1016/j.maturitas.2011.02.009
https://doi.org/10.1016/j.maturitas.2011.02.009
https://doi.org/10.3803/EnM.2016.31.4.547
https://doi.org/10.3803/EnM.2016.31.4.547
https://doi.org/10.3389/fendo.2022.829867
https://doi.org/10.3389/fendo.2022.829867
https://doi.org/10.1007/s00198-010-1210-9
https://doi.org/10.1186/1471-2474-11-59
https://doi.org/10.3349/ymj.2010.51.6.857

73

Page 10 of 10

Archives of Osteoporosis (2024) 19:73

16.

17.

18.

19.

20.

21.

mineral density in Indian population. J Clin Densitom 16:353—
359. https://doi.org/10.1016/j.jocd.2012.08.074

. Park JH, Song YM, Sung J, Lee K, Kim YS, Kim T, Cho SI (2012)

The association between fat and lean mass and bone mineral den-
sity: the Healthy Twin Study. Bone 50:1006—-1011. https://doi.org/
10.1016/j.bone.2012.01.015

Swee WCS, Poh TG, Yean T, Siew C (2007) Relationship between
body composition and bone mineral density in healthy postmeno-
pausal Chinese women in Malaysia. JSKM 5:29-38

Yoo HJ, Park MS, Yang SJ, Kim TN, Lim KI, Kang HJ, Song W,
Baik SH, Choi DS, Choi KM (2012) The differential relationship
between fat mass and bone mineral density by gender and meno-
pausal status. J Bone Miner Metab 30:47-53. https://doi.org/10.
1007/s00774-011-0283-7

Curtis EM, van der Velde R, Moon RJ, van den Bergh JP, Geusens
P, de Vries F, van Staa TP, Cooper C, Harvey NC (2016) Epide-
miology of fractures in the United Kingdom 1988-2012: varia-
tion with age, sex, geography, ethnicity and socioeconomic status.
Bone 87:19-26. https://doi.org/10.1016/j.bone.2016.03.006
Ghee LK (2016) A review of adult obesity research in Malaysia.
Med J Malaysia 71:7

Jamal R, Syed Zakaria SZ, Kamaruddin MA et al (2015) Cohort
profile: The Malaysian Cohort (TMC) project: a prospective study
of non-communicable diseases in a multi-ethnic population. Int J
Epidemiol 44:423-431. https://doi.org/10.1093/ije/dyu089
Abdullah N, Kamaruddin MA, Goh Y-X, Othman R, Dauni A,
Jalal NA, Yusuf NAM, Kamat SA, Basri NH, Jamal R (2021)
Participants attrition in a longitudinal study: the Malaysian Cohort
study experience. Int J Environ Res Public Health 18:7216. https:/
doi.org/10.3390/ijerph18147216

Authors and Affiliations

22

23.

24.

25.

26.

Hilton C, Vasan SK, Neville MJ, Christodoulides C, Karpe F
(2022) The associations between body fat distribution and bone
mineral density in the Oxford Biobank: a cross sectional study.
Expert Rev Endocrinol Metab 17:75-81. https://doi.org/10.1080/
17446651.2022.2008238

Namwongprom S, Rojanasthien S, Mangklabruks A, Soontrapa
S, Wongboontan C, Ongphiphadhanakul B (2013) Effect of fat
mass and lean mass on bone mineral density in postmenopausal
and perimenopausal Thai women. Int J] Womens Health 87-92
https://doi.org/10.2147/IJWH.S41884

Zhu K, Hunter M, James A, Lim EM, Cooke BR, Walsh JP
(2017) Discordance between fat mass index and body mass index
is associated with reduced bone mineral density in women but
not in men: the Busselton Healthy Ageing Study. Osteoporos Int
28:259-268. https://doi.org/10.1007/s00198-016-3710-8
Whittaker LG, McNamara EA, Vath S, Shaw E, Malabanan AO,
Parker RA, Rosen HN (2018) Direct comparison of the precision
of the new hologic horizon model with the old discovery model.
J Clin Densitom 21:524-528. https://doi.org/10.1016/j.jocd.2017.
11.001

Schini M, Johansson H, Harvey N, Lorentzon M, Kanis J, McClo-
skey E (2024) An overview of the use of the fracture risk assess-
ment tool (FRAX) in osteoporosis. J Endocrinol Inves 47:501-511

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Holly Bihun' - Noraidatulakma Abdullah? - Nor Azian Abdul Murad? - Chin Siok Fong? -
Azwa Shawani Kamalul Arifin? - Aisyatul Najihah Khuzaimi? - Fredrik Karpe® - Sarah Lewington'* - Jennifer Carter'*.

Fio

<

na Bragg'*- Rahman Jamal?

Jennifer Carter
jennifer.carter@ndph.ox.ac.uk

Clinical Trial Service Unit and Epidemiological Studies,
Nuffield Department of Population Health, Big Data
Institute, University of Oxford, Richard Doll Building, Old
Road Campus, Oxford OX3 7LF, UK

UKM Medical Molecular Biology Institute (UMBI),
UKM KL Campus, Jalan Yaacob Latiff, Cheras,
56000 Kuala Lumpur, Malaysia

@ Springer

Oxford Centre for Diabetes, Endocrinology
and Metabolism, University of Oxford, Churchill Hospital,
Headington OX3 7LE, UK

Health Data Research UK, University of Oxford
(HDRUK-Oxford), Oxford, UK


https://doi.org/10.1016/j.jocd.2012.08.074
https://doi.org/10.1016/j.bone.2012.01.015
https://doi.org/10.1016/j.bone.2012.01.015
https://doi.org/10.1007/s00774-011-0283-7
https://doi.org/10.1007/s00774-011-0283-7
https://doi.org/10.1016/j.bone.2016.03.006
https://doi.org/10.1093/ije/dyu089
https://doi.org/10.3390/ijerph18147216
https://doi.org/10.3390/ijerph18147216
https://doi.org/10.1080/17446651.2022.2008238
https://doi.org/10.1080/17446651.2022.2008238
https://doi.org/10.2147/IJWH.S41884
https://doi.org/10.1007/s00198-016-3710-8
https://doi.org/10.1016/j.jocd.2017.11.001
https://doi.org/10.1016/j.jocd.2017.11.001

	Body fat distribution and bone mineral density in a multi-ethnic sample of postmenopausal women in The Malaysian Cohort
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population: The Malaysian Cohort (TMC)
	The dual-energy X-ray absorptiometry (DXA) substudy
	DXA measurements
	Statistical analyses

	Results
	Participant characteristics
	Associations of total and regional body fat percentage with BMD
	Effect modification

	Discussion
	Conclusion
	Acknowledgements 
	References


