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Introduction
Obesity and osteoporosis are two global health problems
with pronounced morbidity and mortality. While body
weight appears to mitigate the development of osteoporo-
sis, whether excess body fat promotes or protects against
osteoporosis remains a conundrum. The effect of ethnicity
on these associations has also been understudied. We
hypothesize that (1) fat mass (FM) and lean mass (LM) are
independently associated with bone mineral density
(BMD) and that (2) ethnic differences exist in the associa-
tion of FM and LM with BMD among Chinese, Malay and
Indian subjects.

Methods
We evaluated 150 overweight male subjects aged ≥21
years with body mass index ≥25 from 3 ethnic groups
(Chinese =73; Malays =41; Indians =36). BMD in five
regions (lumbar spine, femoral neck, total hip, ultra-distal
radius and one-third radius), FM and LM were measured
by dual-energy X-ray absorptiometry (DEXA) using a
Hologic Discovery Wi densitometer. Whole abdomen sub-
cutaneous and visceral fat volumes were determined by
magnetic resonance imaging (MRI) and a validated seg-
mentation algorithm. Linear regression models were
developed to test the association of FM/LM with BMD,
and univariate ANOVA was used to test for interaction
between ethnicity and FM/LM with BMD.

Results
After adjusting for age and height, LM was positively cor-
related with BMD in all three ethnicities, but in different

skeletal sites: weight-bearing regions (femoral neck, hip)
in Chinese, and non-weight-bearing regions (ultra-distal
and one-third radius) in Malays and Indians. A negative
correlation between FM and BMD was observed consis-
tently in all regions for the Indians, especially at the hip.
Visceral fat was negatively correlated with BMD, being
most pronounced among Chinese and least for Malays.
The interaction models revealed that with each unit of
LM, Malays showed a greater increment in BMD than
Chinese and Indian subjects at the ultra-distal radius.

Conclusions
Our findings suggest that FM and LM affect BMD in
opposite directions, with different physiological reasons
modulating this relationship. Substantial ethnic differences
were observed in the association of FM and LM with
BMD. These results may help explain the variation in hip
and wrist fracture rates by ethnicity, and may warrant eth-
nic-specific clinical recommendations.

Author details
1Agency for Science, Technology and Research, Singapore. 2University of
Cambridge, UK. 3Department of Endocrinology, Singapore General Hospital,
Singapore. 4Department of Obstetrics and Gynaecology, Yong Loo Lin
School of Medicine, National University of Singapore, Singapore.
5Department of Medicine, Yong Loo Lin School of Medicine, National
University of Singapore, Singapore. 6Singapore Institute for Clinical Sciences,
Agency for Science, Technology and Research, Singapore. 7Department of
Paediatrics, Yong Loo Lin School of Medicine, National University of
Singapore, Singapore. 8Singapore Bioimaging Consortium, Agency for
Science, Technology and Research, Singapore. 9Department of Computer
Engineering, Nanyang Technological University, Singapore. 10Department of
Endocrinology, Tan Tock Seng Hospital, Singapore.

1Agency for Science, Technology and Research, Singapore
Full list of author information is available at the end of the article

Teo et al. BMC Proceedings 2012, 6(Suppl 4):P43
http://www.biomedcentral.com/1753-6561/6/S4/P43

© 2012 Teo et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/205053293?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/2.0


Published: 9 July 2012

doi:10.1186/1753-6561-6-S4-P43
Cite this article as: Teo et al.: Ethnic differences in the association of fat
and lean mass with bone mineral density in the Singapore population.
BMC Proceedings 2012 6(Suppl 4):P43.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Teo et al. BMC Proceedings 2012, 6(Suppl 4):P43
http://www.biomedcentral.com/1753-6561/6/S4/P43

Page 2 of 2


	Introduction
	Methods
	Results
	Conclusions
	Author details

