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Abstract 

Within the last 4 decades, Asia has witnessed major transformation in its population demographics 

which gave rise to changes in food availability, food habits and lifestyle. A significant consequence of 

these changes has been the continuing rise in overweight and obesity across Asia. In parallel, there 

has been a significant rise in Asians in the incidence of the major chronic diseases, particularly in 

cardiometabolic disorders such as metabolic syndrome, type 2 diabetes, hypertension and other 

cardiovascular diseases. Given that the majority of the evidence, to date, investigating the 

associations between adiposity and cardiometabolic disorder risk have been obtained from studies 

undertaken either in European or North American Caucasians, in this chapter we have reviewed 

differences in body fat content and distribution between East Asians, South Asians and Caucasians. 

The evidence is consistent that the content and distribution of body fat is markedly different 

between different ethnic groups. We found that Asians have a greater predisposition towards 

abdominal adiposity at higher BMI than in Caucasians. Moreover, at any given level of adiposity, 

Asians have a much greater predisposition to risk of cardiometabolic disorders than Caucasians. We 

therefore strongly endorse the need for different adiposity cut-offs in Asians as compared to the 

Caucasians. We have also reviewed the predictive abilities of the various body composition/adiposity 

measures in determining risk of cardiometabolic disorders in Asians.  

  



1. Background and context 

 

In order to understand the associations between adiposity measures and risk of cardiometabolic 

disorders in Asians, it is important to first recognize the extent of the problem. Worldwide, in 2014, 

there were around 1.9 billion people who are overweight and another 600 million people who are 

obese, using the standard WHO criteria (World Health Organisation, 2015), which is approximately 

equivalent to 39% overweight and 13% obese. The prevalence of overweight and obesity have been 

rising across the Asian Pacific region since the 1980s (Asia Pacific Cohort Studies Collaboration, 

2007). In particular, within South and East Asia, where the present trajectory in the population 

incidence of cardiometabolic and related disorders are much higher than the rest of the world, this is 

a major global concern.  For example, between 1994 and 2008 the prevalence of diabetes and 

impaired glucose tolerance (IGT) have risen 3-fold and 5-fold respectively within South and East Asia 

and there is no sign of this trajectory levelling out anytime soon (Shen, Goyal, & Sperling, 2011). In 

South and East Asia, the attributable risk of death from non-communicable chronic diseases is nearly 

60% (Dans et al., 2011), and the same authors highlighted that the prevalence of overweight and 

obesity is equally high throughout this region, both in the poorer nations such as Cambodia, Laos 

and Myanmar and in wealthier nations such as Brunei and Singapore. In Singapore, the incidence of 

overweight and obesity is estimated to be 44.3% and 32.5% in men and women over the age of 20 

years, respectively (Dans et al., 2011). The increase in overweight and obesity will inevitably give rise 

to a considerable impact on the mortality and morbidity within the South East Asian nations (Lim et 

al., 2013). If unimpeded, this has the potential to cause dire consequences to the health, well-being, 

productivity and the economies of these nations. Furthermore, according to some predictions, not 

controlling the prevalence of obesity and overweight could even lead to a fall in life expectancy in 

the future in some countries (Mathers, 2015), including a direct warning from the Surgeon General 

of US, who postulated that some of the gains made in the areas of CVD and other chronic diseases 

due to the advances in medical sciences could be wiped out as a result of excessive weight gain 

within the population (Olshansky et al., 2005).  

 

The cluster of chronic diseases associated with cardiometabolic dysfunction include insulin 

resistance, metabolic syndrome, type 2 diabetes, hypertension, dyslipidaemia, coronary artery 

disease etc., all of which have a multi-factorial aetiology. These diseases, and/or the risks associated 

with them are often modifiable via changes in diet and lifestyle. One of the major modifiable risk 

factors is to achieve optimal body composition, mainly by reducing adiposity and maintaining an 

appropriate lean mass to fat mass ratio. A comprehensive study of 58 prospective cohorts across 17 



countries found that increases in various measures of adiposity, including body mass index (BMI), 

waist circumference (WC) and waist-to-hip ratio (WHR) have all been positively associated with 

coronary heart disease (CHD) and stroke incidence as well as risk factors of cardiovascular disease 

(CVD) such as non- high density lipoprotein (HDL) cholesterol, systolic blood pressure (BP), C-reactive 

protein (CRP) , triglycerides etc (Emerging Risk Factors Collaboration, 2011). While the Emerging Risk 

Factors Collaboration data is a comprehensive pooled data across populations (Emerging Risk 

Factors Collaboration, 2011), this study did not provide details on ethnic differences in the 

relationships between adiposity measures and cardiovascular disease risk. However, it is widely 

acknowledged that there is a great variation in body composition between different ethnic groups 

(Lovejoy, Jacques, Klemperer, & Tulley, 1996; Sumner, 2008). The relationships of various adiposity 

measures and their relative importance in determining chronic disease risk also vary greatly 

between ethnicities, as has been discussed in the 2008 WHO Expert Consultation (Nishida, Ko, & 

Kumanyika, 2010). Given the fact that the large body of evidence, to date, relating to the 

associations of diet, lifestyle, body composition and the risk of chronic diseases have mainly been 

obtained from research undertaken within Caucasian populations living in Europe and the North 

America, in this chapter we have reviewed and consolidated the available data on the role of 

ethnicity in influencing associations between adiposity measures and the risk for cardiometabolic 

disorders.  

 

Adiposity in Asians is different from the rest of the world (Ramachandran, Chamukuttan, Shetty, 

Arun, & Susairaj, 2012). These include differences in body fat content and distribution, fat 

partitioning, non-fat mass content as well as variability in the susceptibility to accumulate and 

dissipate body fat in conditions of energy imbalance. The metabolic consequences of the differences 

in body composition, fat distribution and partitioning are likely to have a significant impact on the 

heterogeneity of risk of developing age related chronic diseases between ethnicities. In order to 

understand the influence of Asian ethnicity on the relationships between adiposity and disease risk, 

several individual and collaborative cohort studies, of varying population size, within country and 

between countries have been undertaken or are currently ongoing. The major inter-country 

collaborative studies include the Asia Pacific Cohort Studies Collaboration, APCSC  (Woodward et al., 

2012), the Diabetes Epidemiology: Collaborative Analysis of Diagnostic Criteria in Asia, DECODA 

(Nyamdorj, 2008), the INTERHEART study (Yusuf et al., 2004), the Asia Cohort Consortium (Zheng et 

al., 2011), the International Study of PrecardioMetabolic risk/Intra-Abdominal Adiposity, INSPIRE ME 

IAA (Nazare et al., 2012), Obesity in Asia Collaboration, OAC (Huxley et al., 2005). Moreover, there 

have been several within-country cohorts, in countries such as Canada, USA, New Zealand and the 



UK, with large immigrant Asian populations, where comparisons have been made between Asians 

and their Caucasian counterparts. These studies, which have either been completed or are presently 

still ongoing include the Multicultural Community Health Assessment Trial, (M-CHAT) Canada (Lear, 

Birmingham, Chockalingam, & Humphries, 2006), the Study of Health Assessment and Risk in Ethnic 

Groups (SHARE), Canada (Anand et al., 2000), a multi-racial cohort from New Zealand (Rush, Freitas, 

& Plank, 2009), the Multi-ethnic Study of Atherosclerosis (MESA), USA (Bild et al., 2002) etc. In this 

article, we will therefore summarize data obtained from some of these studies as well as other 

relevant studies where body composition comparisons have been made with Asian populations to 

better understand differences in fat content and distribution between Asians and Caucasians. Since 

there are diverse ethnic groups within Asia, we will sub-divide Asians into two major groups, namely 

‘East Asians’ and ‘South Asians’. The East Asian data will be obtained from Chinese, Japanese, 

Koreans, Indonesians, Malaysians, Vietnamese and Thai populations, whereas, the South Asian data 

will be obtained from Indians, Pakistanis, Bangladeshis and Sri Lankans. In addition to comparing 

body composition between ethnic groups, we have also explored existing data in various ethnic sub-

groups within Asia on optimal body composition/adiposity cut-offs at which the risk of 

cardiometabolic disorders increase substantially. In the final section of this chapter, we will 

summarize the current evidence on the relative importance of each adiposity measure in relation to 

one another in predicting cardiometabolic disorder risk, particularly in Asians.   

  



2. Influence of body composition on mortality and morbidity in Asians 

 

One of the most comprehensive studies to date containing pooled analyses of data from 20 

prospective cohorts, in East Asia (China, Taiwan, Singapore, Japan and Korea) and South Asia (India 

and Bangladesh), found significant increases in CVD mortality (Chen et al., 2013), particularly in East 

Asians from a BMI of 25kg/m2 and above, although this association was not so clear-cut in South 

Asians. The associations were stronger in younger East Asians, below the age of 53 years.  It was 

estimated that every 5 units increase in BMI was associated with 36% increase in CHD mortality. A 

similar estimate was found in another study by Chen et al. who estimated a 27% increase in 

mortality from CVD and stroke with every 5 units increase in BMI above the value of 25kg/m2, in a 

study in 1.4 million men (Chen et al., 2012). In the study listed above by Chen et al. (2013), the 

incidence of diabetes, liver and kidney disorders were also higher with increasing BMI. While 

there was no obvious association between CVD mortality and BMI in South Asians, the authors 

postulated that other measures of obesity such as WC and/or WHR may be more appropriate in 

assessing CVD risk in South Asians. To further support this finding, other country specific studies 

have also shown an increase in mortality with increasing BMI in East Asian Japanese (Shimazu et al., 

2009), whereas there was no such clear-cut association in South Asians (Pednekar, Hakama, Hebert, 

& Gupta, 2008). On the other hand, a large prospective study in Taiwan, showed that obesity 

attributable to all-cause mortality in Chinese actually increased from a BMI of 23kg/m2 upwards and 

that the rate of increase was particularly higher for CVD (Wen et al., 2009). The same authors also 

compared their finding to the NHANES data and established that for any given BMI above 23kg/m2, 

the relative risk of all-cause mortality was significantly higher in Chinese than in Caucasians. A more 

recent comprehensive study comparing Chinese (n= 8322) in China and Caucasians in USA (n=16244) 

found that at any given BMI above 22.5kg/m2 in men and 22.8kg/m2 in women, the risk of mortality 

and morbidity was much higher amongst the Chinese and hence the BMI-mortality U-shaped curve 

shifted to the left for the Chinese compared with Caucasians (He et al., 2015). On the contrary, a 

separate large prospective study in Taiwan found that all-cause mortality only increased after a BMI 

of 26.0kg/m2, where the risk of mortality was higher in the older sub-group (Lin et al., 2011). The 

discrepancy in the findings between various studies on body composition and mortality may be due 

to the demographics of the population under consideration, including differences in diet, lifestyle, 

smoking prevalence, pre-existing conditions as well as access to medical care which were likely to 

have confounded associations. Moreover, most prospective studies measured body composition at 

baseline and investigated their association with mortality after a given follow up period, without 



taking into account actual changes in body composition, longitudinally, over time, which might have 

further contributed to the discrepancies found between studies.  

 

While BMI has been the predominant anthropometric measure used to determine mortality risk in 

majority of the studies in Asians, due to its ease of measurement, only a few studies explored the 

associations of mortality with measures of central adiposity such as WC and WHR. In a study by 

Zhang et al. (2007), conducted with Chinese women in Shanghai found that mortality from all 

causes, CVD and diabetes increased with increasing WHR and this relationship was particularly 

profound in women with a lower BMI than in those with a high BMI. On the contrary, a recent study 

in Japanese men found an inverse relationship between WC and all-cause mortality (Saito et al., 

2012), even in those in the highest quintile of WC distribution had a relatively low mean BMI of 

<27kg/m2. However, in a separate study with Japanese Americans, where the association between 

visceral adiposity (at the cross section of umbilicus) and mortality was explored, the authors found a 

significant positive association between abdominal visceral adiposity and risk of CVD and all-cause 

mortality (McNeely, Shofer, Leonetti, Fujimoto, & Boyko, 2012). Therefore more detailed measures 

of abdominal adiposity in determining mortality risk may be more appopriate than crude measures 

such as WC/WHR. Although variations in the measurement protocol for WC/WHR could have 

contributed to the heterogeneity in the associations found between studies, the overall evidence 

does support the notion that a high degree of abdominal adiposity is indeed associated with an 

increased risk of all-cause mortality and particularly CVD mortality in Asians.  

 

In addition to mortality associations, it is probably more important to explore the associations of 

adiposity measures with various age related cardiometabolic disorders in Asians and to further 

investigate how these associations differ from Caucasians, from whom the majority of the evidence 

thus far has been obtained. This is in light of the fact that Asians have a particular predisposition to 

obesity related cardiometabolic diseases, even at lower total adiposity as will be discussed in a 

greater detail throughout this chapter. The readers are also encouraged to refer to a recent 

comprehensive review by Misra et al. (2011), who compared the differences in associations 

specifically between South Asians and Caucasians for more information. These authors rightly 

highlighted that BMI often underestimated body fat in South Asians and in particular, the higher 

abdominal fat in South Asians compared with Caucasians could be one of the major reasons driving 

the ethnic differences in cardiometabolic disease risk. The difference in fat partitioning is the most 

likely reason for the increase in insulin resistance and decrease in insulin sensitivity in South Asians 

compared with Caucasians, as has been postulated by several researchers (Dickinson, Colagiuri, 



Faramus, Petocz, & Brand-Miller, 2002; Liew, Seah, Yeo, Lee, & Wise, 2003; McKeigue, Shah, & 

Marmot, 1991). Similarly type 2 diabetes and its associated complications seem to occur at a much 

earlier age in South Asians than Caucasians (Ma & Chan, 2013; Tillin et al., 2015). Misra et al. (2011) 

also highlighted differences in dyslipidemia in South Asians including higher triglycerides and lower 

HDL levels and the existence of higher amounts of small dense low density lipoprotein (LDL) than the 

Caucasians. The authors found that even at ‘normal’ BMI, the risk of cardiometabolic diseases are 

much higher in South Asians. They discussed the phenomenon observed by several other authors 

who consistently refer Asians as having a ‘metabolically obese but normal body weight (MONW)’ or 

having a ‘thin-fat phenotype’, where those with a low/normal BMI, but having a high total body fat 

percent (BF%) and/or abdominal BF%  are at a higher risk of hyperinsulinaemia, insulin resistance, 

dyslipidemia and other metabolic abnormalities (Conus, Rabasa-Lhoret, & Peronnet, 2007; Dvorak, 

DeNino, Ades, & Poehlman, 1999; Ruderman, Chisholm, Pi-Sunyer, & Schneider, 1998; Ruderman, 

Schneider, & Berchtold, 1981; Yagnik, Fall, & Coyaji, 2003). Data from a recent study supports this, 

where in a large cross-sectional population of 6123 Caucasian participants, having a “non-obese BMI 

but an obese equivalent BF%” was associated with unfavorable profile of several cardiometabolic 

markers (Gómez-Ambrosi et al., 2012). This phenotype is probably more frequent amongst Asians, in 

whom cardiometabolic disorders occur at normal BMI, as has been shown in a large study (n= 

12217) in Korea (Kim et al., 2014). This study found that nearly 1 in 3 participants considered as 

‘normal weight’, using the Asian specific normal BMI range of between 18.5 to 22.9kg/m2, had high 

BF% equivalent to those in overweight or obese. The cardiometabolic risk factor for this sub-group 

of participant was significantly worse than those with normal weight and normal BF%.  Another 

study in Indian urban slums also found that greater than 75% women (mean age 38.5 ± 14.6 years) 

with normal BMI had at least one risk factor associated with an elevated CVD risk (Vikram et al., 

2003). Further supporting this finding, even in developed Asian countries such as Singapore, nearly 

61% women with a BMI between 22-24kg/m2 made up of Chinese, Indians and Malays had at least 

one CVD risk factor and the relative risk of having at least one such risk factors increased significantly 

both in men and women from a BMI as low as 20kg/m2 and above (Deurenberg-Yap & Deurenberg, 

2003).  

 

Large collaborative cohort studies within Asia have consistently shown an increased risk of various 

cardiometabolic diseases including type 2 diabetes, hypertension, and ischemic heart disease with 

increases in adiposity. As part of the Asian Pacific Cohort Studies collaboration, in a pooled analyses 

of six prospective cohort studies, increasing BMI, WC and WHR have all been significantly associated 

with an increased incidence of ischemic heart disease (Asia Pacific Cohort Studies Collaboration, 



2006a). The relationships were particularly obvious in those with a higher adiposity at a younger age 

(< 65 years), and in general, the associations with WHR and WC were stronger than those with BMI. 

Another large cohort in China also found that the cluster of risk factors for CVD (blood pressure, 

fasting blood glucose, total cholesterol, HDL cholesterol) were all associated with increases in BMI 

>22.5kg/m2 in both men and women and of waist circumference >80 cm (Zhou et al., 2002), despite 

the cohort having a much lower mean BMI than the Caucasian populations.  Once again in this study, 

the slopes of the associations with CVD risk factors were steeper for WC than for BMI. The predictive 

abilities of individual adiposity measure on cardiometabolic disease risk will be discussed in greater 

detail in Section 5 of this chapter. It should also be noted that due to the large ethnic diversity within 

the Asia Pacific region, the population attributable fractions of various diseases to obesity varied 

considerably across nations (Lee, Colagiuri, Ezzati, & Woodward, 2011) and this should be taken into 

account when evaluating absolute risks within population. 

 

In addition to cardiometabolic disorders, measures of abdominal adiposity (WC, WHR) have been 

associated with other chronic diseases, including some cancers such as colon, pancreatic, breast and 

the cancer of the endometrium (Seidell, 2010). Another disease which is an emerging threat in Asian 

countries is the non-alcoholic fatty liver disease (NAFLD), which is directly associated with adiposity. 

NAFLD prevalence is rising rapidly in all Asian countries including China, where the prevalencein the 

general population is around 15% (Fan & Farrell, 2009). The major risk factors being central obesity, 

dyslipidaemia, type 2 diabetes, metabolic syndrome and hypertension. For example, it is reported to 

be as high as 50% in diabetics in Malaysia, where the risk is higher in Malays than in Chinese or 

Indians and higher in those with central obesity than in those without (Chan et al., 2013). Both the 

amount as well as the distribution of fat are associated with increased risk of NAFLD in Asians, with 

central adiposity and in particularly visceral adiposity being significant contributors (Liu, 2012).    

 

In summary, given significant impact of different adiposity measures on morbidity and mortality in 

Asians, the next section of this chapter will explore the extent by which various adiposity measures 

are different between Caucasian and Asian sub-groups (i.e., South Asians and East Asians) and where 

possible, highlight how these differences in adiposity measures are associated with differences in 

cardiometabolic outcomes between the ethnic groups. The focus will mainly be on a healthy adult 

population, i.e., in those without any pre-existing CVD or diabetes. Priorities will be given to studies 

where ethnic comparisons have been made within a single study population. However, some larger 

comparative data sets from collaborative study groups will also be included, as long as comparisons 

have been made within the same study.  The primary aim will be to understand ethnic differences 



and their associations with cardiometabolic end-points, in order to better target future interventions 

so as to improve population health and reduce chronic disease risk. 

 

  

  



3. Body composition in Asians and Caucasians: comparative studies 
 

3.1 Pooled cohort comparisons 

 

Comprehensive information on BMI distribution and change in mean population BMI between 1980 

and 2008 have been detailed in a recent publication (Finucane et al., 2011), which collated 

information from nearly 9.1 million people from 199 countries. This data clearly shows that BMI is 

generally lower in South and East Asian countries than those found in North America and Europe. 

For example, BMI in China is lower than the world average by 0.9kg/m2 and 1.2kg/m2 in men and 

women respectively, whereas in India they are lower by about 2.8kg/m2 in both genders. Despite the 

lower mean BMI in Asian populations, mean fasting blood glucose and diabetes prevalence in South 

Asian countries are one of the highest in the world (Danaei et al., 2011). Moreover, several studies 

have made direct comparisons of body mass indices between Caucasians and Asians. In one of the 

largest collaborative study, namely the ‘Obesity in Asia Collaboration’ containing pooled data from 

18 cohorts and 222 975 participants, the mean BMI for Asian male and female were 23.6kg/m2 and 

23.0kg/m2 respectively, whereas for ‘non-Asians’, mainly consisting of Caucasians, the BMI were 

27.0kg/m2 and 26.0kg/m2 for male and female respectively (Barzi et al., 2010). On the other hand, 

another large collaborative study of 4504 participants from 29 countries, where the authors claimed 

the use of standardized protocol across study centers, the mean BMI for Caucasians were 30.0kg/m2 

and 30.5kg/m2 for male and female respectively, whereas for East Asians, consisting of Chinese, 

Japanese and Koreans, the mean BMI were 25.4kg/m2 and 24.6kg/m2 for male and female 

respectively and for South East Asians consisting of Malaysians and Vietnamese, the mean BMI were 

27.6kg/m2 and 27.4kg/m2 for male and female respectively (Nazare et al., 2012). The mean BMI 

difference in Caucasians between two studies was probably due to the differences in geographical 

locations; whereas the data for the Barzi et al. (2010) study was obtained in Australian cohorts, the 

Nazare et al. (2012) study data was obtained from cohorts in Europe and North Americas. 

Differences in BMI within Asian countries was also highlighted in the Nazare et al. (2012) study, 

which was likely to be due to differences in ethnic sub-groups contained within their ‘East Asian’ 

(e.g., Japanese versus Chinese) or’ South Asian’ (Malays versus Vietnamese) categorizations. While 

between-country pooled cohorts have their advantages for containing large sample sizes, there is 

likely to be limitations with regards to standardizing methodologies and approach between various 

cohorts. Variables other than body composition such as dietary, lifestyle and environmental factors 

are also likely to be different between countries, giving rise to potential confounding in the 

associations. The subsequent sections will therefore focus on the findings from some of the within 

cohort comparisons, in studies that have been mainly done on Asian immigrant populations either in 



Canada, USA, Europe, Singapore and New Zealand.  The data from some of the selected studies are 

summarized in Table 1. We have presented data which had at least one distinct Asian ethnic sub-

groups, belonging to either ‘South Asian’ or ‘East Asian group’, a comparator Caucasian group and 

contained information for males and females separately, given the obvious gender differences in 

body composition measurements. In the subsequent sub-sections we will provide key findings from 

some of these studies. To make it easy for the readers to follow, clusters of studies from the same 

research/study group and geographical location will be presented together, which will also ensure 

continuity and avoid data repetition.    

 

3.2 Studies from Canada  

 

In the Multicultural Community Health Assessment Trial (MCHAT) undertaken by Scott Lear and his 

colleagues in Canada,  a series of findings have been published over a period of 8 years in which the 

authors explored differences in their BMI, WC, WHR, BF%, subcutaneous adipose tissue (SAT) and 

visceral adipose tissue (VAT) contents between Caucasian Europeans, South Asians (from 

Bangladesh, Nepal, Pakistan and Sri Lanka) and Chinese (from China, Hong Kong and Taiwan) ethnic 

groups (Kohli, Sniderman, Tchernof, & Lear, 2010; Lear et al., 2006; Lear, Chockalingam, Kohli, 

Richardson, & Humphries, 2012; Lear et al., 2007; Lear, Kohli, Bondy, Tchernof, & Sniderman, 2009). 

Each ethnic and gender sub-groups consisted of a minimum of 100 participants, amounting to more 

than 600 participants in total. The study did not find any differences between Caucasians and South 

Asians  in BMI and WC (Lear et al., 2009) but the WHR, BF%, total and abdominal fat mass were all 

higher in male South Asians compared with their Caucasian counterparts. In females however, while 

BMI, WC, WHR, total and abdominal fat mass were similar, BF% was still significantly higher in South 

Asians. On the other hand, BMI, WC, total fat mass and abdominal fat mass were all lower in 

Chinese, in both genders, compared with South Asians and Caucasians. BF% was also lower in 

Chinese compared with the other two ethnicities, except for between Chinese males and Caucasian 

males, which were similar. Total lean mass was similar between South Asians and Chinese, although 

both these ethnicities had lower total lean mass than Caucasians. In a separate study, the same 

research group also assessed differences between the various abdominal adipose tissue 

compartments, including total abdominal adipose tissue (TAT), SAT and VAT and found that TAT was 

highest in Indians and lowest in Chinese with Europeans having an intermediate amount (Lear et al., 

2007). However with increasing total fat mass, VAT amounts was significantly greater in Chinese 

compared with Europeans or Indians. For example, for a total body fat mass of 20kg and 40kg, the 

visceral fat mass were 12% and 36% higher, respectively, in Chinese than in Europeans. This 



observation of a greater abdominal visceral fat deposition in Chinese compared to other ethnicities, 

particularly at higher BMI has been shown in another large cohort study (Nazare et al., 2012). In a 

separate study using the MCHAT cohort, the researchers compared in detail the differences between 

South Asians and Caucasians in both superficial subcutaneous abdominal adipose tissue (SSAT) and 

deep subcutaneous abdominal adipose tissue (DSAT) in addition to VAT. They found that at any 

given fat mass, South Asians had higher SAT, VAT and DSAT than Caucasians despite a similar BMI 

and WC (Kohli et al., 2010). In a follow on study, the same group further demonstrated that the 

higher VAT levels in South Asians explained the increased prevalence of CVD risk factors such as 

blood lipids, glucose, diastolic BP in men and blood lipids, HOMA in women as compared to 

Caucasians of the same gender (Lear et al., 2012).  

 

Another large study in Canada undertaken by Anand et al. (2000), as part of the SHARE (Study of 

Health Assessment and Risk in Ethnic groups) cohort, consisted of a multi-ethnic group including 

Caucasians, South Asians and Chinese. In this cohort of approximately 980 participants, Caucasian 

Europeans had the highest BMI followed by South Asians and then Chinese for men, whereas, BMI 

was similar in women between South Asians and Caucasians, and both these groups had significantly 

higher BMI than the Chinese women. WHR in Chinese men was also lower than both South Asians 

and Caucasians, whereas in women, WHR were similar between the Chinese and the Caucasians, 

with both these groups having a lower WHR than in South Asians. A follow-on study by the same 

group showed that in those with a BMI < 30kg/m2, South Asians had greater proportion of 

participants with high WC as compared to Caucasians (Razak et al., 2005). This study also found that 

in subjects with a BMI <30kg/m2, those with a high WC had a more unfavorable cardiometabolic 

profile in their blood, including fasting glucose, haemoglobin A1C (HbA1C) and total cholesterol/HDL 

cholesterol ratio, compared to those with a normal WC. For any given BMI or WC, this study showed 

an increased HbA1C level both in Chinese and in South Asians compared with European Caucasians, 

indicating greater risk for diabetes in Chinese and South Asians at a given adiposity level than in 

Europeans. Similarly, a subsequent study within the SHARE cohort found lower adiponectin levels in 

South Asian and Chinese, whereas higher leptin levels in South Asians for the same degree of 

adiposity, compared with the Caucasian population (Mente et al., 2010). It should be noted however 

that measures of adiposity had stronger correlations with adiponectin in Caucasians and Chinese 

than in South Asians. This supports other findings that the associations of adiposity with leptin and 

adiponectin vary greatly dependent on ethnicity and gender. For example, in a recent study by 

Morimoto et al. (2014), the inverse association between adiposity and adiponectin was found in 

Japanese men but no such association was found in Caucasian men. Finally, a separate independent 



study in Canada found that East Asians (Chinese, Koreans, Japanese) had a significantly lower BMI 

and WC than South Asians (Indians) and Caucasians yet, the WHR were similar between East Asians 

and Caucasians, although the South Asians had a higher WHR than both of the other two groups (He 

et al., 2010). In this study, BF% as measured using skinfold, was again significantly higher in South 

Asians followed by Caucasians and then East Asians. Despite a lower BMI and WC in East Asians, the 

diastolic blood pressure was equivalent to Caucasians. It should be noted though that this study had 

an unequal distribution of age between ethnic groups which may have given rise to some 

confounding in these findings.  

 

3.3 Studies from the USA  

 

A large body of evidence comparing ethnic differences in body composition measures and their 

associations with disease risk has been obtained from the USA. Majority of these studies compared 

Hispanics or African Americans with White Caucasians. In the few studies where Asians were 

included, unfortunately, either all Asian sub-groups were clustered together or no descriptors were 

provided relating to the make-up of the ‘Asian’ population. Some studies had only one Asian sub-

group (i.e., ‘East Asians’ or ‘Chinese’ or ‘Asian Indians’) as a comparator group. To our knowledge, 

only two studies had reported data from both East Asians and South Asians obtained within the 

same study population (Palaniappan, Wong, Shin, Fortmann, & Lauderdale, 2011; Petersen et al., 

2006). For the purpose of this review, we have included all studies where at least one Asian ethnic 

sub-group, belonging to either ‘South Asian’ or ‘East Asian’ as per our earlier catagoizations and a 

comparator Caucasian group were present.  

 

In an extensive study in the USA with 43507 participants, East Asians (Vietnamese, Koreans, 

Japanese, Filipino and Chinese) had a much lower mean BMI than Asian Indians and ‘non-Hispanic 

whites’ i.e., ‘Caucasians’ (Palaniappan et al., 2011). Asian Indians’ BMI was further lower than the 

Caucasians. No other body composition measurements were taken. Despite the lower mean BMI, 

age adjusted prevalence of metabolic syndrome (MetS) and nearly all the risk factors associated with 

MetS were higher at any given BMI for nearly all Asian sub-groups, as compared with the 

corresponding values in the Caucasian population. This study also highlighted important differences 

in various MetS risk factors within Asian ethnic sub-groups. For example, Filipinos have one of the 

highest MetS risk factor amongst East Asians, whereas the Koreans and Chinese had one of the 

lowest risks for MetS. Similar variations in the risk of metabolic syndrome within Asian subgroups 



have also been observed across South Asian countries in the Asia Pacific Cohort Studies 

Collaboration (Asia Pacific Cohort Studies Collaboration, 2006b).  

 

Another study was done in a population in New York City in the 1990s (Wang et al., 1996; Wang et 

al., 1994) with a predominantly East Asian population (>90% Chinese). The researchers found that 

despite lower BMI in East Asians compared to Caucasians, BF%, as calculated using skinfold 

measurement, were higher in Asians for nearly all sites (biceps, abdomen, suprailliac, subscapular) 

other than triceps, chest and thigh skinfolds. The same research group measured BF% with dual-

energy X-ray absorptiometry (DEXA) in a subsequent study and found that it was significantly higher 

in Asian males, although in females, the measurements were similar (Mott et al., 1999). In the same 

cohort however, the trajectory of age related changes in BF% were similar between Asians and 

Caucasians indicating a decline in fat mass and BF% after an age of 60 years. It should be noted 

though that the abdominal (trunkal) fat to total body fat ratio, as determined  using DXA scanning 

was significantly higher in Asians and this ratio increased with age in both groups (Rush et al., 2009; 

Wu et al., 2007). This observation of higher total BF% as well as a higher abdominal (trunkal) fat to 

total fat ratio in Asians than in Caucasians have been found in other studies with a young cohort of 

18-30 years of age, despite Asians having a lower BMI (Stults-Kolehmainen et al., 2013; Stults‐

Kolehmainen, Stanforth, & Bartholomew, 2012). These authors also highlighted that the android to 

gynoid fat ratio was higher in Asian men than in Caucasian men, although the difference was 

somewhat lower in women. This observation was further confirmed while comparing a Chinese 

population in China and a Caucasian population in New York, which found that Chinese men had 

almost a 4% higher BF% and a 12% higher abdominal fat % compared with Caucasian men, whereas, 

Chinese women had around 2% higher BF% and a 12% higher abdominal fat %, despite being 

matched for BMI (He et al., 2013). In tandem with these findings, the authors also found that 

metabolic risk factors (such as fasting glucose, blood pressure, triglycerides etc.) were more 

unfavorable  in Chinese than in Caucasians and most interestingly, when abdominal fat % was 

adjusted for, the ethnic differences disappeared for blood pressure and blood lipids, whereas, the 

ethnic difference was significantly reduced for fasting glucose values. The results from this study was 

further supported by another recent study which observed that despite a lower mean BMI in 

Chinese, they had higher fasting plasma glucose and diabetes prevalence than the Caucasians 

(Veeranna et al., 2013). 

 

In a separate study by Abate, Chandalia, Snell and Grundy (2004), in 79 Asian Indian men and 61 

Caucasian men, as expected, BMI was significantly lower in Asian Indians. Moreover, despite having 



a lower WC and similar BF% in Asian Indians, their truncal to peripheral skin fold thickness ratio was 

higher than in the Caucasians. Truncal skinfold was positively associated with fasting leptin, oral 

glucose tolerance test (OGTT) glucose, non-esterified fatty acids (NEFA) and insulin concentrations, 

despite both ethnic groups having similar plasma glucose response to OGTT. Fasting level of NEFA, 

insulin and homeostasis model assessment- insulin resistance (HOMA-IR) were also higher in Asian 

Indians. In a smaller study, the same research group further tested this finding using euglycaemic-

hyperinsulinaemic clamp and using magnetic resonance imaging (MRI) to measure abdominal fat 

distribution and biopsied subcutaneous adipocytes in a study population of 29 South Asian men and 

18 Caucasian men (Chandalia et al., 2007). Despite both ethnic groups having similar BMI, WC and 

WHR, Asians had significantly higher BF%, total fat mass, SAT mass and a higher abdominal 

adipocyte size compared with Caucasians. Even after adjusting for total body weight and lean body 

mass, the glucose disposal rate was significantly lower in South Asians, thereby indicating insulin 

resistance. This was irrespective of a similar VAT to SAT ratio in the two ethnic groups in this 

population. The authors claimed that the larger adipocyte size in the abdominal region may have 

contributed to an increased insulin resistance Asians. Larger adipocyte size in Asians was also shown 

by other investigators (Anand et al., 2011). Larger adipocyte size is associated with a higher rate of 

triglyceride synthesis and a greater rate of lipolysis within adipocytes and greater transmembrane 

fatty acid flux, which in turn can lead to metabolic dysfunctions including insulin resistance and pro-

inflammatory cytokine release by macrophages (Smith, Al-Amri, Dorairaj, & Sniderman, 2006; 

Sniderman, Bhopal, Prabhakaran, Sarrafzadegan, & Tchernof, 2007). Adipocyte size therefore adds a 

further dimension to the ethnic influence of body composition differences in determining the risk of 

cardiometabolic disorders.  

 

Furthermore, there are significant gender influences in the ethnic differences in associations 

between body adiposity and cardiometabolic risk. For example, the above mentioned study by 

Chandalia et al. (2007), was repeated in women (20 Asian Indians and 31 Caucasians), which found 

that in a population matched for body composition measures, unlike men, Asian women did not 

have an increased insulin resistance (Szuszkiewicz-Garcia, Li, Grundy, Abate, & Chandalia, 2012). It 

should be noted however that both the above studies were undertaken in relatively young men and 

women and should the studies be repeated in an older population, the results could well have been 

different. Nonetheless, sex hormones in premenopausal Asians women may confer some protection 

against the detrimental effects of increased adiposity by preferentially depositing fat in peripheral 

depots rather than within the abdominal regions. On the contrary, in a separate older (20-65 years) 

cohort consisting of 12 Caucasians and 12 Asian Indians of similar gender distribution, where an 



euglycaemic-hyperinsulinaemic clamp to measure insulin resistance and computed tomography (CT) 

scanning to measure intra-abdominal fat, despite similar BMI, WHR , fat free mass and age, Asian 

Indians had significantly higher fasting insulin, glucose, triglycerides, LDL and a lower glucose 

disposal rate during insulin clamp and a larger areas under the curve for glucose and insulin than 

Caucasians (Raji, Seely, Arky, & Simonson, 2001). Interestingly however, Asian Indians had larger 

amounts of fat in all abdominal adipose tissue compartments (subcutaneous, visceral and total) and 

there were significant inverse correlations between all compartments of abdominal adipose tissue 

and glucose disposal rates in both ethnic groups combined. These observations of higher insulin 

resistance in Asians despite similar or lower values of crude adiposity measures (BMI, WC and WHR) 

have been shown in other studies (Khoo et al., 2014; Liew et al., 2003). In line with the above ethnic 

differences particularly in men, an earlier study explored in more detail the associations between 

intramyocellular lipids (IMCL) and hepatic triglyceride (HTG) content, using magnetic resonance 

spectroscopy and insulin resistance in East Asian (n= 20, Chinese and Japanese), South Asian (n= 31, 

Indian) and Caucasian (n= 124) men (Petersen et al., 2006). In that study, despite a similar age, BMI, 

Asian Indian men had a higher level of fasting glucose, insulin, HOMA-IR and lower ISI than 

Caucasian men. Levels of IMCL and HTG were both higher in Asian Indians than in Caucasians. When 

adjusted for ISI, the difference in IMCL and HTG levels between the two ethnic groups reduced 

substantially (statistical significance disappeared only for IMCL), indicating that IMCL and HTG 

content may be responsible for insulin resistance in Asian Indians. However, the significance of IMCL 

in determining insulin sensitivity in South Asians and in Chinese (South Asians) seemed more limited 

in the study by Khoo et al. (2014), although liver fat content was inversely associated with ISI in both 

races. Nevertheless, the overall evidence does indicate that ectopic fat deposition in various organs 

and in particular within the visceral abdominal tissues is likely to have detrimental consequences 

with regards to cardiometabolic functioning in Asians.  

 

In addition to within country ethnic comparisons in the USA, a recent collaborative study, in a 

relatively young cohort aged 20-39 years, was undertaken comparing a large number of Indians in 

India (n=15,733) with Caucasian (n= 1820) data from NHANES III, USA (Bajaj et al., 2014). In this 

study, the BMI, WC and WHR were lower in Asian Indian men compared with their Caucasian 

counterparts. Moreover, even though BMI and WC were lower in the Indian women, the WHR was 

higher than in the Caucasian women. The prevalence of overweight and obesity were much lower in 

the Indians compared with Caucasians using either standard definition or using Asian specific cut-

offs. The authors further demonstrated that ‘waist to weight ratio’ was significantly higher both in 

Asian men and women than their Caucasian counterparts and recommends its use in 



epidemiological studies in Asian Indians. This study also showed that the correlation coefficients 

between various adiposity measures within Indians were much lower than those found in 

Caucasians, suggesting a considerably greater inter-individual variation in body fat partitioning 

within Asian Indians compared with Caucasians. However, it should be noted that the measurement 

methods were not standardized between the two countries, which might have given rise to some 

unreliable results. Nonetheless, this study was able to compare body composition of Indians living in 

their native country with Caucasians living in the USA rather than comparing Caucasians with 

immigrant Asian Indians. The study also indicated that adiposity measures in native Asian Indians 

may actually be lower than immigrant Indians living abroad. 

 

3.4 Studies from the UK 

 

Some of the earliest studies comparing ethnic differences in body composition and the associated 

risk for cardiometabolic disorders were undertaken in the UK by McKeigue and his colleagues 

(McKeigue, Marmot, Cottier, Rahman, & Riemersma, 1988; McKeigue, Pierpoint, Ferrie, & Marmot, 

1992; McKeigue et al., 1991). As with other findings, these researchers showed that despite having a 

lower BMI, South Asians had higher fasting levels of glucose, insulin, triglycerides and lower HDL 

than in Caucasians. They specifically observed that higher WHR in South Asians explained majority of 

the differences in insulin resistance measures observed between the two ethnicities. In a separate 

cohort, it was demonstrated that despite being matched for BMI and total fat mass (as measured 

using DEXA scans), fasting insulin, fasting triglycerides were much higher and insulin sensitivity 

(measured using intravenous glucose tolerance test) was much lower in South Asians than in 

Caucasians (Zoratti et al., 2000). Other more recent findings from the UK also showed that type 2 

diabetes incident rates over a follow-up period of 19 years was significantly higher in South Asians 

compared with Caucasians at any given BMI, WC and WHR at baseline (Tillin et al., 2015). This data 

has been further supported by other prospective follow-up studies in East Asian (Chinese, Koreans) 

populations, where similar associations between increased adiposity, especially abdominal adiposity 

at baseline and metabolic syndrome and diabetes incidence after several years of follow up were 

found (Cheung et al., 2008; Kim, Kim, Bae, Kim, & Park, 2012; Ko et al., 2012).    

 

3.5 Studies from New Zealand 

 

On the other side of the globe, in New Zealand, more recent studies have compared Asian Indians 

with European Caucasians (Rush et al., 2009). Once again, while gender-specific BMI were similar 



between the two ethnicities, abdominal fat mass was significantly higher in Asian Indians than in 

Caucasians. In line with findings from other studies, fat free mass (FFM) and bone mineral content 

(BMC) were also lower in Asian Indians. The authors further showed that for the same BF%, BMI was 

much lower in Asian Indians than Caucasians in both men and women up to the BMI of 35kg/m2. The 

body composition measures used in this study were likely to be more accurate given that DEXA 

scanning was utilized. Although this was a cross sectional study, the authors showed an increase in 

abdominal fat % with an older age in both ethnic groups. However, total BF% did not increase in 

Asian Indians with age, as it did for the Caucasians. This observation has been supported by another 

study as mentioned previously (Wu et al., 2007). Overall, this indicates that differences in BMI-total 

body fat relationships between ethnic groups may be narrowed with an increasing age, while BMI-

abdominal fat relationship difference might actually get larger. While gender may also play a role, 

the influence of gender and age on fat partitioning is beyond the scope of this review and interested 

readers are directed to other articles on this topic for further appraisal (Cartwright, Tchkonia, & 

Kirkland, 2007; Hughes et al., 2004; Stevens, Katz, & Huxley, 2010).  

 

3.6 Studies from Singapore – within Asian comparisons 

 

A large body of evidence relating to the differences in body composition between ethnic sub-groups 

within Asia came from Singapore, where there is a sizeable mix of Chinese, Indians and Malays 

within the small island nation. Some of the earlier work was undertaken by Deurenberg and his 

colleagues (Deurenberg‐Yap, Chew, & Deurenberg, 2002; Deurenberg‐Yap et al., 2001). In a large 

dataset of 2408 participants consisting of men and women, BMI was significantly lower in Chinese 

than in Indians or Malays (Deurenberg‐Yap et al., 2001). Chinese participants also had the lowest WC 

and WHR, with the Malays having intermediate values and the Indians having the largest WC and 

WHR. In a review undertaken by the same authors, they consistently found that the Chinese, Malays 

and Indians all had higher BF% for a given BMI than Caucasians (Deurenberg, Deurenberg‐Yap, & 

Guricci, 2002). Furthermore, Indians tended to have highest BF%, with Malays having intermediate 

values and Chinese having the lowest values (Deurenberg-Yap, Schmidt, van Staveren, & 

Deurenberg, 2000). BF% was also lower for a given BMI in Indonesians as compared with Caucasians. 

For the same age, gender, height and weight, Indonesians in Indonesia had a higher BF% than the 

Caucasians in the Netherlands (Gurrici, Hartriyanti, Hautvast, & Deurenberg, 1998), although it 

should be noted that there were no differences when the same comparison was made between 

Chinese in China and the Caucasians (Deurenberg, Ge, Gaj Hautvast, & Jingzhong, 1997). In another 

study consisting of Japanese men in Japan and in Australia also found higher BF% at a given BMI than 



their Caucasian counterparts in Australia (Kagawa, Kerr, Uchida, & Binns, 2006). Therefore in 

general, BF% is higher for a given BMI in Asians than in Caucasians, although lifestyle variables such 

as rural vs urban, active vs sedentary are likely to influence these relationships.  On a separate note, 

Deurenberg and others have also highlighted that there is a systematic bias while using similar 

constants and equations derived from Caucasian populations to determine body composition 

(Deurenberg, Deurenberg-Yap, & Schouten, 2002; Siervo et al., 2007). For example, due to variations 

in body build, frame size and limb lengths between various ethnicities, calculating body fat in Asians 

using body impedance/resistivity based on prediction equations derived from Caucasian population 

are likely to give inaccurate results. Therefore those experts recommended prior validation of such 

constants and equations in Asians or other non-Caucasian populations in order to accurately assess 

body composition using the widely applied body impedance measurements.  

 

In a more recent study in Singapore with 4136 adults, the Chinese once again had a much lower BMI 

than the Malays or the Indians (Gao, Salim, Lee, Tai, & Van Dam, 2012). Despite the Indians having 

similar BMI to the Malays, WC and WHR were much higher in Indians than both Malays and the 

Chinese, in both genders indicating a predisposition to abdominal adiposity in Indians.  

Consequently, in this study, Indians also had the highest insulin resistance followed by the Malays 

and then the Chinese. The authors further explored the relative influence of various adiposity 

measures on ethnic differences in insulin resistance, as measured using HOMA-IR. They found that 

differences in insulin resistance between ethnicities were associated with increasing general 

adiposity, so much so, that after adjusting for BMI, any differences between ethnic groups had 

disappeared completely. Comparatively, WC had lesser influence on between ethnic differences. 

This finding was somewhat contrary to what was expected, which could be due to HOMA-IR being 

more of a proxy indicator of insulin resistance. Within ethnic sub-groups however, WC had greater 

influence on insulin resistance in Indians than the other body composition measures, whereas, BMI 

had more influence in Chinese and Malays. In support of this finding, data from an earlier large study 

consisting of Chinese, Indians and Malays in Singapore found significant associations between both 

BMI, WC measures and insulin resistance across all three ethnicities (Hughes, Aw, Kuperan, & Choo, 

1997). Once again, this study showed the highest BMI in Malays and the lowest in Chinese, yet the 

Indians had the highest WHR. In line with the higher WHR ratio, Indians also had the highest fasting 

insulin values in men and women, whereas, the Malays had the intermediate values.  In support of 

this, a smaller study in Singapore (10 per group) using euglycaemic hyperinsulinaemic glucose clamp, 

which is a more accurate measure of insulin sensitivity, found that Indians had 50% lower ISI than 

Caucasians and 25% lower ISI than Chinese, despite all three groups having similar BMI, WHR (Liew 



et al., 2003). This study did not have a Malay comparison group. However, the researchers did claim 

that a higher BF% in Indians than the Chinese or the Caucasians might explain their greater risk. One 

of the most recent and extensively undertaken studies to establish the relationships between body 

fat content, body fat partitioning and insulin resistance within Asian ethnic sub-groups were 

undertaken as part of the Singapore Adults Metabolism (SAMS) study (Khoo et al., 2014). Although 

this study only had male participants, they found that BMI was similar between South Asian Indians 

and Malays and lower in Chinese, whereas, WC was lowest in Chinese and highest in South Asians, 

with the Malays having intermediate values. The same authors also investigated abdominal adipose 

tissue compartments (SAT, VAT, liver fat) as well as IMCL. They found that despite having a lower 

BMI and WC, the VAT to SAT ratio was much higher in the Chinese than in the South Asians. 

Consequently, at higher BMI (greater than approximately 26kg/m2), Chinese men had a lower insulin 

sensitivity than in South Asian men, as measured using hyperinsulinemic-euglycemic clamp.  

 

On a separate note, the likely predisposition to overweight and obesity in different ethnic sub-

groups within Asia needs to be considered while assessing absolute risk of cardiometabolic diseases. 

For example, in a prospective study in Singapore, it was observed that Malay men and women and 

Indian women were more likely to gain weight over a follow-up period of 7 years, as compared to 

Chinese men (Ong et al., 2009). This study provided important data relating to social sub-groups 

within Singapore that should be targeted as a priority in addition to the general obesity prevention 

strategies. Therefore, at a population level, targeted approaches, suited for different ethnic sub-

groups within Asia should be implemented. 

 

3.7 Main findings from comparative studies 

 

To summarize, BMI in South Asians living away from their native countries in places such as Canada, 

USA, UK, Australia or New Zealand has either been similar or slightly lower than the corresponding 

Caucasian values whereas, South Asians living in their native countries generally had a much lower 

BMI than South Asians and Caucasians living in the West. On the contrary, people from East Asian 

origin had variable BMI. The Chinese and Koreans generally had a much lower BMI than the 

Japanese but overall, nearly all East Asians had lower mean BMI than the Caucasians. However, BF% 

has been higher in both South and East Asians than in Caucasians, whereas, FFM were consistently 

lower across all Asian sub-groups than in Caucasians. WC and in particular WHR have been relatively 

higher in South Asians than in Caucasians. The results for WC and WHR have been variable amongst 

the Asian sub-groups. This was probably because WC is generally positively associated with stature 



(height) and due to the lower average height in the Asians; WC measures were likely to be relatively 

lower. However, with increases in BMI, the East Asians tended accumulate abdominal adipose tissue 

at a much greater rate than the Caucasians and even at a somewhat higher rate than the Indians. 

This has been substantiated by higher level of ‘ectopic’ abdominal fat deposition in organs such as 

the liver in East Asians, at higher BMI levels, as discussed earlier. 

 

Overall therefore, while the relationships between ethnicity, body composition and cardiometabolic 

disease risk may seem complex, several common themes and trends are obvious. We have 

summarized these common trends and observations as follows:  

1. Asians generally have a lower mean BMI than Caucasians. 

2. South Asians have greater mean BMI than East Asians. 

3. Body fat percentage (BF%) for a given BMI tends to be higher in South Asians than in 

Caucasians.  

4. Asian immigrants have higher Body Mass Index (BMI), waist circumference (WC) than Asians in 

their native countries. 

5. WC and WHR are relatively higher, at a given BMI, in South Asians than in Caucasians or East 

Asians who have similar measurements. 

6. East Asians have a greater predisposition towards abdominal adiposity at higher BMI. 

7. South Asians have higher amounts of subcutaneous abdominal adipose tissue (SAT), visceral 

adipose tissue (VAT), intra-myocellular lipids (IMCL) and liver fat than Caucasians or East Asians, 

which may explain their greater propensity towards cardiometabolic disorders. 

 

  



4. Exploring Asian specific body composition cut-offs 
 

Considering the consistent evidence of a greater risk of cardiometabolic disorders at a given 

adiposity measure in Asians, it is important to determine the appropriate thresholds or ‘cut-offs’ for 

each adiposity measure such as BMI, WC, WHR in various ethnic sub-groups originating across Asia 

at which the risk of disease incidence or progression increases considerably. At a population level, 

this should help with monitoring, targeting interventions, implementing policies and evaluating the 

effectiveness of prevention programs. At an individual level, this should enable better self-

monitoring, health screening and assess effects of interventions. Cut-offs have traditionally been 

based on life-expectancy/mortality data from Caucasian populations (WHO, 2000), even though it is 

widely accepted that morbidity rather than just premature mortality should be given more emphasis 

in determining cut-offs (James, 2005). Given the cost of obesity with regards to the associated 

morbidity, cut-offs should be considered on the basis of either actual risk of diseases or established 

intermediate end points associated with these diseases.     

 

Several authors and expert groups have debated the concept of suitable cut-offs for Asians. The  

“standard cut-offs” for BMI used generally by health care settings worldwide is 25kg/m2 for 

overweight and 30kg/m2 for obesity, as has been postulated by the World Health Organisation  

(WHO, 2000). However, the recommendation at a later consultation was that the cut-off for Asians 

for overweight should be 23kg/m2 for overweight and 25kg/m2 for obesity (WHO/IASO/IOTF, 2000).  

This was particularly in light of the data obtained from several studies which indicated that using 

standard cut-offs in Asians were not appropriate. As for example, a study in Asian Indians has shown 

that even at a BMI <25kg/m2 and normal BF% or WC, more than 75% of a population living in urban 

slums had at least one or more cardiovascular risk factor (Vikram et al., 2003). In an earlier study, 

the same research group reported that for a BMI of 25kg/m2, which correspond to  a total body fat 

of 25% and 30% in male and female Caucasians respectively, the BMI at equivalent total body fat 

percentage in Indians were 21.5kg/m2 and 19.0kg/m2 in male and female respectively (Dudeja et al., 

2001). Another study in China showed that when compared with the WHO criteria, the optimal BMI 

and WC cut-offs were much lower in men and women for determining risk of diabetes, hypertension 

and dyslipidemia (Zeng et al., 2014), the results of which were similar to another study in Taiwan in a 

separate Chinese population (Hsu et al., 2011). The requirement of lower cut-offs for BMI and WC in 

Asians were further confirmed in other studies where direct comparisons were made with Caucasian 

populations, in which the risk of several cardiometabolic disorders, including incidence of diabetes, 

dyslipidemia and hypertension were assessed (Gray et al., 2011; Huxley et al., 2008; Razak et al., 

2007; Tillin et al., 2015). However, despite the large body of existing evidence, due to the variability 



in body composition and fat patterning within Asian ethnic sub-groups, a follow-on WHO expert 

consultation committee recommended  against the use of a single cut-off for each adiposity 

measure across Asia but instead suggested that “countries could make (their own) decisions about 

the definitions of increased risk for their population” (Tan, 2004), and that additional categories of 

≥23kg/m2 and ≥27.5kg/m2 may be used to identify ‘increased risk’ and ‘high risk’ individuals 

respectively.  The committee did acknowledge that Asians were at a higher risk of developing type 2 

diabetes and CVD even at ‘normal’ BMI using the standard cut-off <25kg/m2. Therefore, it is the 

heterogeneity of the cut-offs in different Asian populations, which was the main reason cited against 

the use of Asian specific cut-offs. Other reasons, including the economics of lowering cut-off points 

were considered while reaching the decision against the lowering of the existing cut-offs. The 

experts’ recommendation was to “use simple, valid and reliable measurements having sound general 

and scientific foundations and which are able to accurately predict risk within the specific population 

in question and are able to detect differences between population groups”. The expert group also 

recommended the use of WC in conjunction with BMI to better classify at-risk individuals. WC cut-

offs, as a measure of abdominal obesity has already been postulated for different ethnic population 

by several global organizations as well as regional authorities, as summarized in a recent report by 

Alberti and his colleagues (2009). Considering the evidence, debate and uncertainties, in this section 

we will provide an overview of some of the existing evidence on BMI, WC and WHR cut-offs for the 

major cardiometabolic disorders, as applicable to different ethnic populations originating either 

from East Asia or from South Asia.  

 

The BMI cut-off for Asian populations have been recently been reviewed by Low et al. (2009), who 

indicated that the optimal cut-off for males ranged from 22.1 to 25kg/m2 and for females from 23 to 

27kg/m2, for various CVD or obesity related risk factors. This review mainly included data from 

China, Taiwan, Korea, Japan, Singapore, Thailand, Pakistan and Canada (South Asians or Chinese). 

Thirteen of the eighteen studies reviewed found lower cut-offs in Asians than the international WHO 

standard, mentioned earlier. These authors also recognized the heterogeneity in the study 

populations and in the methodologies used. This, in addition to real biological differences between 

ethnic sub-group within Asia contributed to different cut-offs in different populations. On the other 

hand, Qiao et al. (2010b) reviewed 28 studies across the world, including a substantial number of 

studies from East Asia (n=9) and 2 studies from India, where they explored optimal cut-offs for type 

2 diabetes. These authors listed BMI, WC and WHR cut-offs for Asians and Caucasians and found that 

cut-offs for nearly all adiposity measures were lower in Asian populations than the Caucasians in 

both genders. Once again, these authors pointed to the methodological variations between different 



studies, including different anatomical locations being used for measuring WC. Nonetheless, they 

strongly recommended against the use of an universal cut-off for ALL ethnicities.  

 

Furthermore, Misra et al. (2009) specifically provided an overview of the work undertaken within 

India to define appropriate body composition cut-offs for Indians. They found that BMI cut-offs 

ranged between 19 and 24kg/m2 in men and between 21.5 and 24kg/m2 in women. Based on their 

overall interpretation, the authors defined ‘overweight’ cut-off at 23kg/m2 and ‘obesity’ cut-off to be 

25kg/m2 for Asian Indians. On the other hand, optimal WC cut-offs were 78cm in men and 72cm in 

women to identify at least one CVD risk factor (Misra & Khurana, 2011), whereas, another study 

showed optimal cut-offs of 85cm in men and 80cm in women to determine type 2 diabetes risk 

(Snehalatha, Viswanathan, & Ramachandran, 2003).  

 

In a separate review undertaken by Lear, James, Ko, and Kumanyika (2010), contained 20 studies in 

Asian populations where appropriate WC and WHR cut-offs for a range of cardiometabolic 

outcomes, including type 2 diabetes were investigated. Their main findings were that optimal WC 

cut offs for South Asians and East Asians was 85cm (men) and 80cm (women) and for WHR, the 

optimal cut offs were 0.90 and 0.80 for men and women respectively. These authors also noticed 

that in the various studies with Chinese populations, the optimal cut-offs for men ranged widely 

from 80.5cm to 95.1cm in men, whereas in women, they ranged from 71.5cm to 83.7cm. In the 

Koreans and Japanese, the cut-offs ranged from 85cm to 90cm in men and 78cm to 86cm in women 

respectively. These authors rightly recognized that the relationships between different adiposity 

measures and disease risk outcomes are likely to be variable, depending on the context, and each 

measure will have its own strengths and weaknesses. As with previous reviews, the authors 

acknowledged variability in the measurement methods for waist as well as for hip circumferences, 

which made interpretation across studies rather difficult.  Finally, other large collaborative cohort 

studies consisting of pooled data sets from Asian populations have also been undertaken that 

explored body composition cut-offs. As part of the Obesity in Asia Collaboration, consisting of data 

from 263,000 participants from 21 studies, the cut-offs for diabetes were 24kg/m2 and 25kg/m2 for 

BMI and 0.90 and 0.82 for WHR and 85cm and 80cm for WC in men and women respectively (Huxley 

et al., 2008). For hypertension, the cut-offs were 24kg/m2 and 24kg/m2 for BMI and 0.92 and 0.84 for 

WHR and 85cm and 80cm for WC in men and women respectively. Similarly, the Asia Pacific Cohort 

Studies Collaboration containing data from 329,166 participants and 26 cohorts found that for CHD 

death, the cut-offs for Asians for BMI was 24kg/m2 in both genders, whereas, in non-Asian cohorts 



living in Australia and New Zealand, the optimal cut-offs were 28kg/m2 and 25kg/m2 in men and 

women respectively (Asia Pacific Cohort Studies Collaboration, 2006b). 

 

Majority of the reviews and original research undertaken in Asians to explore cut-offs have relied on 

cross-sectional data and mainly used receiving operating characteristics (ROC) to calculate cut-off 

values that gave the best combination of sensitivity and specificity. A lesser number of studies have 

been prospective longitudinal studies. Both these approaches have their limitations as discussed by 

several authors (Cameron et al., 2010; Perkins & Schisterman, 2006; Razak et al., 2007). 

Nonetheless, these data provided some indications of population specific cut-offs that can be 

considered for use within the public health settings. It should also be noted that cut-offs for various 

adiposity measures are merely ‘indicators’ above which there is a considerable increase in 

mortality/disease risk. However, they do not provide information on the relative importance of each 

of the individual adiposity measure for which comparisons of the relative area under the ROC curves 

or the relative odds ratios per standard deviation increases in the adiposity measures are often used. 

This will be discussed in greater detail in the next section of this chapter.  

 

Most of the studies to date have investigated cut-offs for the major cardiometabolic disorders, 

including the incidence and/or prevalence of metabolic syndrome, type 2 diabetes, hypertension 

and dyslipidemia whereas, fewer studies looked at cut-offs for hyperglycemia and the risk of CVD 

(e.g., CHD or stroke) incidence or mortality. We have summarized data from selected original studies 

in various Asian sub-groups by individual cardio-metabolic disorder in Tables 2 to 6. We have further 

sub-grouped the data within each table by different body composition measures (BMI, WC, WHR 

etc.), for each Asian ethnic sub-groups. From the available data for two of the major disorders 

associated with adiposity in Asians, namely metabolic syndrome and type 2 diabetes,  as shown in 

Tables 2 and 4 respectively, we have plotted the mean BMI and WC cut-offs for each Asian ethnic 

sub-group and indicated the range for cutoffs across all Asians in Figures 1 and 2. Based on the mid-

points for the cut-off range for metabolic syndrome, we suggest BMI cut-offs of 22.5kg/m2 and 

23.0kg/m2 for male and female respectively. Similarly, we suggest WC cut-offs of 81.4cm and 79.0cm 

in male and female respectively. Metabolic syndrome was specifically chosen to determine our 

suggested cut-offs since it is a highly prevalent condition within Asians and represent a condition 

that ultimately have a high risk of progression to both type 2 diabetes and cardiovascular diseases.  

It was clear from the data presented in Tables 2 to 6 that even within the same ethnicity, there was 

heterogeneity in the cut-off values to determine risk for each cardiometabolic disorder. This was 

most likely to be due to variability in population demographics in each study. Furthermore, different 



studies have used different definitions for categorizing individual outcomes (e.g., metabolic 

syndrome) and/or used different anatomical locations for measuring WC, which could have led to 

the heterogeneity. For this reason, it would be important while making ethnic comparisons to use 

single definitions for each outcome measure. The issue of harmonizing and using a single definition 

for example for metabolic syndrome has already been discussed previously (Alberti et al., 2009; 

Patel et al., 2006).   

 

Finally, it can be summarized from the above data as well as those presented by us in Tables 2 to 6  

that Asians have much lower cut-offs for various adiposity measures than Caucasians. Furthermore, 

cut-offs are not only gender dependent but are likely to be age specific within the same ethnicities. 

Although data on South Asians were limited, their optimal cut-offs were generally lower than the 

cut-offs in East Asians. Our observation of the heterogeneity between and within ethnicities 

originating in Asia have been shown in other studies, including within country variations in South 

Korea (Yoon & Oh, 2014) or between native Indians living in India versus those living in the UK 

(Bhansali, Nagaprasad, Agarwal, Dutta, & Bhadada, 2005). As cut-offs varied based on the outcome 

under consideration, defining population cut-offs should use the ‘best case scenario’, although in 

reality, they are often determined by pragmatic decisions based on economics, politics and even on 

culture connotations (Cameron et al., 2010; Yoon & Oh, 2014).    



5. Body composition measures in predicting cardiometabolic outcomes in 
Asians 

 

Individual adiposity measures are likely to have differing relative importance in determining risk of 

various cardiometabolic outcomes. Several comprehensive studies and reviews have been 

undertaken to establish this in Asian and non-Asian populations. In the DECODA study, consisting of 

a large cohort of Asians from seven countries, age-adjusted odds ratio for diabetes or hypertension 

for 1 standard deviation increases in either BMI, WC, WHR or waist to height ratio (WHtR) were 

investigated (Nyamdorj, 2008). The study found that incident diabetes had stronger associations 

with measures of central adiposity such as WC and WHtR, whereas BMI fared better for predicting 

risk of hypertension. The findings were consistent across Chinese, Indians, Japanese and Filipino 

ethnicities. Between sub-groups within Asia, it was noted that each standard deviation increase in 

BMI and WC were associated with higher odds ratios for type 2 diabetes and hypertension amongst 

Chinese than in Indians, which substantiates data presented earlier on the differences between 

these two ethnicities on the associations between adiposity and mortality (Chen et al., 2013) as well 

as the greater risk of insulin resistance at higher adiposity in Chinese than in Indians (Khoo et al., 

2014). 

  

Similarly, as part of the Obesity in Asia Collaboration (OAC), Huxley et al. (2008) demonstrated that 

central adiposity measures such as WC and WHR were better at predicting diabetes risk in Asians in 

both genders than BMI, whereas for hypertension, the predictive ability were similar between BMI 

and WC, although lower for WHR. It should be noted that with regards to dyslipidemia, no single 

adiposity fared better than another and that both Asians and non-Asians within the OAC cohorts had 

similar findings. These results and those from other non-Asian studies have been reviewed 

separately by Huxley, Mendis, Zheleznyakov, Reddy, and Chan (2010). These authors also concurred 

with others that measures of central adiposity is more important in determining risk of diabetes and 

dysglycaemia, whereas, general adiposity may be more important in determining hypertension or 

dyslipidemia risk. Other studies including a meta-analysis by Lee, Huxley, Wildman, and Woodward 

(2008), consisting data predominantly from the Asian countries also supported WC and WHR being 

better measures for predicting CVD risk, more so in men than in women. However, it should be 

noted that majority of the studies reviewed by these and other authors were cross-sectional studies, 

with their inherent limitations, and very few were prospective studies. However, one review, which 

did contain 17 prospective studies found that all adiposity measures (BMI, WC, WHR, WHtR) 

performed equally well in predicting diabetes risk whereas, when the authors reviewed 35 cross-



sectional studies, they found that measures of central adiposity (such as WC and WHR) were 

superior to BMI in predicting diabetes (Qiao & Nyamdorj, 2010a).  

 

More recently, Ashwell and her colleagues have conducted systematic reviews and a meta-analysis 

to explore whether WHtR was a better predictor than either BMI or WC in determining risk of 

cardiometabolic outcomes (Ashwell, Gunn, & Gibson, 2012; Browning, Hsieh, & Ashwell, 2010). In 

the first of their two reviews, the authors demonstrated that all of BMI, WC and WHtR equally 

predicted risk of diabetes and various CVD risk outcomes, although found that in prospective 

studies, WHtR and WC were stronger predictors than the cross-sectional data, findings which were 

contrary to those by Qiao and Nyamdorj (2010b), mentioned above. Using areas under receiver 

operator curves (AUROC) the authors also found that central adiposity measures (WC, WhtR) were 

better at predicting diabetes and insulin resistance, whereas both central adiposity and general 

adiposity (including BMI) measures predicted hypertension and dyslipidemia, as observed in the 

Obesity in Asia Collaboration study (Huxley et al., 2008). While data were not shown separately for 

Asian populations,  Browning et al. (2010) claimed that the use of  WHtR may be better to predict 

cardiometabolic disease risk across ethnic subgroups, including a suggestion that “a WHtR of 0.5 is a 

good boundary value for men and women across many ethnic groups”. In their subsequent meta-

analyses, which included 31 studies, consisting of 305,941 adults, Ashwell et al. (2012) found that 

WHtR was in fact better at predicting risk of diabetes, hypertension and other CVD outcomes than 

WC and that both WC and WHtR were better than BMI at predicting risk. Whether and to what 

extent use of WHtR is applicable in Asian populations remains to be explored. Nonetheless, the data 

overall did indicate that abdominal adiposity measures are better at predicting insulin resistance and 

diabetes than BMI alone. Finally, some recent studies have even indicated that a composite measure 

of BMI in combination with WC are likely to give greater predictive abilities, as has been shown in a 

large study of 46,024 Chinese participants (Hou et al., 2013). These authors found a greater ability 

using combined measures to predict diabetes, hypertension and dyslipidemia risk compared with 

BMI or WC alone.  Similarly, in a separate study consisting of two large cohorts, predominantly made 

up of non-Asian populations in the USA (Physicians’ Health Study and Women’s Health Study), 

greater predictive ability for incident CVD were seen when BMI was combined with WHtR, than 

when either of these were used alone (Gelber et al., 2008). These authors also found that WC and 

WHtR were better at predicting incident CVD than either BMI or WHR. In summary, various adiposity 

measures may have different predictive abilities, dependent on cardiometabolic outcomes under 

consideration and the Asian sub-group in question. Predictive abilities for newer measures such as 



WHtR, adiposity measures in combination or adiposity measures in combination with biomarkers of 

disease risk remains to be determined in Asian ethnic groups.    

 

  



6. Summary, limitations and concluding remarks 

 

Despite nearly every adiposity measure being associated with increased risk of cardiometabolic 

disorders within each Asian sub-group, the data presented in this article had their inherent 

limitations. For example, it is well established that body mass index (BMI) does not distinguish fat 

mass (FM) from fat free mass (FFM). Furthermore, waist circumference (WC) is a very crude measure 

of abdominal adiposity, which does not differentiate between superficial-subcutaneous (SSAT), 

deep-subcutaneous (DSAT) or visceral (abdominal) adipose tissue (VAT) compartments. None of the 

commonly used, adiposity measures provide details on ‘ectopic’ fats imbedded or surrounding major 

organs, which are likely to be the most metabolically active and detrimental amongst the various 

adipose tissue compartments (Sniderman et al., 2007). Thus, simple adiposity measures probably 

only act as ‘proxy markers’ and thereby may have limited utility while assessing metabolic risk in 

Asian individuals and more detailed measures, where possible, as discussed above are warranted. 

Furthermore, most data presented in this article made direct comparisons of Caucasians with Asian 

migrants living in the West, whose diet, lifestyle and other ecological and environmental variables 

are likely to be different from Asians living in their native countries. Therefore, more research is 

needed with Asians living in their native countries using well-designed studies, with a priori 

questions, so that appropriate comparisons can be made between ethnic sub-groups within Asia. 

Moreover, majority of the studies presented used cross-sectional cohorts, which limited 

investigation of longitudinal effects. Prospective designs rather than pooling cross-sectional 

retrospective data will be the preferred option. Where possible, observational trends should be 

verified using randomized controlled trials, particularly controlling for cofactors likely to influence 

adiposity-metabolic risk relationships.   

 

Further outstanding issues remain, including the need for methodologies and definitions (for 

example of metabolic syndrome) to be standardized across populations for meaningful comparisons 

to be made between different ethnicities. Work also needs to be done in Asians to define optimal 

cut-offs for more detailed body composition measures such as total body fat and in particular body 

fat percentage (BF%), abdominal fat percentage, including quantifying cut-offs for the separate 

abdominal fat partitions (e.g., visceral versus subcutaneous, deep subcutaneous versus superficial 

subcutaneous abdominal adipose tissue compartments). Data is particularly lacking on optimal cut-

offs for the South Asians. Furthermore, correlations between detailed body composition measures 

such as abdominal adipose tissue compartments and simple measures such as BMI, WC, waist-to-hip 

ratio (WHR) etc. remain to be established in different ethnic sub-groups living in Asia. Moreover, 



exploratory investigations can be undertaken to determine whether metabolic signatures 

representative of particular body fat patterning using biological samples or fluids (biomarkers) can 

be utilized, for example using lipidomic and/or metabolomic approaches, which may be indicative 

not only of body fat content but also of body fat distribution and/or composition. If successful, these 

can be used in conjunction with the simple anthropometric measures to enhance adiposity 

associated cardiometabolic risk assessments in individuals. More work also need to be done to 

establish differences in non-fat (lean) mass in different Asian sub-groups, in particular, the effect of 

relative levels of FM to FFM ratios. Additionally, how these measurements change in relation to age 

and their consequent effects need further investigation in Asians. The question regarding which 

particular adiposity measure has the best predictive ability to determine risk of various 

cardiometabolic disorders remains unanswered. In general, they seem to be dependent on the risk 

factor under consideration. For example, general adiposity measures have been equally good as 

abdominal adiposity measures in predicting risk of hypertension and dyslipidemia, whereas, the 

abdominal adiposity measures have been better at predicting risk of insulin resistance and diabetes 

in Asians.  

 

In summary, this review has highlighted 7 significant points as listed below: 

 

1. The cut off points derived from Caucasian population are not applicable to Asians. 

2. Asians have different adipose content, partitioning and even adipocyte morphology compared 

to Caucasians. 

3. Asians have a particular predisposition to increased abdominal adiposity, particularly at higher 

BMI.  

4. South Asians have higher subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) at 

any given BMI than the Caucasians and East Asians. 

5. At any given simple adiposity measure (such as BMI, WC, WHR), Asians have a greater 

predisposition to cardiometabolic disease risk than in Caucasians.   

6. Given the diversity of Asian ethnic sub-groups and the heterogeneity in the associations 

between adiposity and cardiometabolic risk, this review has initiated the need to develop ethnic 

specific cut-offs for the major Asian ethnic sub-groups.  

7. Greater efforts are required in Asian populations to promote optimal body composition to 

maintain cardiometabolic health.  
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Table 1: Body compositiona, g comparisons between Caucasians, East Asians and South Asians, within same study 

Study 

(author, year) 
Country 

Cohort Age 

(range  

/ mean ± SD) 

Numbers in 

each ethnic 

group: M / F 

Body Composition 

Measurement (unit) 

Males Females 

East Asians South Asians Caucasians East Asians South Asians Caucasians 

McKeigue, 

Shah, and 

Marmot (1991) 

UK 
40-64 

NS 

SA: 1421 / 291 

C: 1515 / 246 

BMI (kg/m2) -- 25.7 ± NS 25.9 ± NS -- 27.0 ± NS 25.2 ± NS 

WHR -- 0.98 ± NS 0.94 ± NS -- 0.85 ± NS 0.76 ± NS 

Wang et al. 

(1994) 
USA 

18-94 

51.3 ± 18.3 

EA: 110 / 132 

C: 187 / 258 

BMI (kg/m2) 23.4 ± 3.0 -- 25.1 ± 3.0 22.5 ± 3.3 -- 23.9 ± 3.4 

BF% 21.4 ± 6.3 -- 19.3 ± 6.4 31.6 ± 6.5 -- 30.1 ± 8.7 

Wang et al. 

(1996) 
USA 

18-107 

51.6 ± 17.9 

EA: 123/144 

C: 214/309 

BMI (kg/m2) 23.3 ± 2.9 -- 25.2 ± 3.3 22.0 ± 3.1 -- 23.3 ± 3.7 

BF% 21.3 ± 6.4 -- 19.6 ± 6.7 31.9 ± 6.6 -- 30.8 ± 8.9 

WHR 0.93 ± 0.05 -- 0.94 ± 0.04 0.83 ± 0.06 -- 0.80 ± 0.05 

Gurrici, 

Hartriyanti, 

Hautvast, and 

Deurenberg 

(1998) 

Indonesia, 

Netherlandsb 

22-55 

37.5 ± 8.0 

EA: 59 / 51 

C: 64 / 42 

BMI (kg/m2) 24.3 ± 3.3 -- 26.2 ± 3.6 22.7 ± 4.7 -- 24.4 ± 4.9 

FM (kg) 18.9 ± 6.3 -- 23.2 ± 9.3 19.6 ± 7.5 -- 23.6 ± 10.8 

FFM (kg) 46.5 ± 33.1 -- 61.8 ± 6.0 33.1 ± 4.1 -- 44.4 ± 3.6 

BF% 28.3 ± 6.2 -- 26.5 ± 7.6 36.0 ± 6.4 -- 33.2 ± 9.2 

Liew, Seah, 

Yeo, Lee, and 

Wise (2003) 

Singapore 
NS 

26.0 ± 4.7 

EA: 10 / 0 

SA: 10 / 0 

C: 10 / 0 

BMI (kg/m2) 21.8 ± 1.1 22.1 ± 1.5 23.3 ± 1.6 -- -- -- 

WC (cm) 74.8  ± 3.9 78.9 ± 6.2 81.9 ± 5.0 -- -- -- 

WHtR 0.44 ± 0.02 0.47 ± 0.03 0.46 ± 0.03 -- -- -- 

WHR 0.85 ± 0.03 0.87 ± 0.05 0.85 ± 0.03 -- -- -- 

BF% 19.5 ± 2.2 26.5 ± 5.2 22.9 ± 1.4 -- -- -- 

Kagawa, Kerr, 

Uchida, and 

Binns (2006) 

Australia 
NS 

22.9 ± 4.0 

EA: 144 / 0 

C: 140 / 0 

BMI (kg/m2) 21.8 ± 2.6 -- 23.5 ± 2.9 -- -- -- 

BF% 16.4 ± 5.0 -- 17.3 ± 5.7 -- -- -- 

SSF (mm) 78.4 ± 32.7 -- 92.3 ± 43.2 -- -- -- 

Kagawa et al. 

(2006) 

Japan, 

Australiac 

NS 

21.5 ± 2.8 

EA: 88 / 0 

C: 140 / 0 

BMI (kg/m2) 21.5 ± 2.8 -- 23.5 ± 2.9 -- -- -- 

BF% 16.6 ± 5.1 -- 17.3 ± 5.7 -- -- -- 

SSF (mm) 80.1 ± 37.5 -- 92.3 ± 43.2 -- -- -- 

Petersen et al. 

(2006) 
USA 

NS 

27.0 ± 7.4 

EA: 20 / 39 

SA: 31 / 18 

C: 124 / 168 

BMI (kg/m2) 22.5 ± 2.1 22.8 ± 2.2 22.5 ± 2.2 20.9 ± 2.1 21.7 ± 2.4 22.0 ± 2.0 

 

 



Continue Table 1 

Study 

(author, year) 
Country 

Cohort Age 

(range  

/ mean ± SD) 

Numbers in 

each ethnic 

group: M / F 

Body Composition 

Measurement (unit) 

 Males   Females  

East Asians South Asians Caucasians East Asians South Asians Caucasians 

Smith, Al-

Amri, 

Sniderman, 

and Cianflone 

(2006) 

Canada 
20-60 

41.10 ± 1.6 

SA: 54 / 28 

C: 32 / 51 

BMI (kg/m2) 
 

BF% 
 

WHR 
 

WC (cm) 

- 
 

- 
 

- 
 

- 

28.3 ± 0.58 
 

21.6 ± 0.65 
 

0.93 ± 0.01 
 

100.4 ± 1.3 

26.6 ± 0.70 
 

17.6 ± 0.89 
 

0.86 ± 0.01 
 

91.1 ± 2.1 

- 
 

- 
 

- 
 

- 

 

28.7 ± 0.86 
 

40.1 ± 1.52 
 

0.88 ± 0.01 
 

94.4 ± 2.3 

25.8 ± 0.72 
 

33.6 ± 1.23 
 

0.77 ± 0.01 
 

83.0 ± 2.2 

Chandalia et 

al. (2007) 
USA 

NS 

27.0 ± 3.0 

SA: 29 / 0 

C: 18 /0 

BMI (kg/m2) -- 24 ± 4 23 ± 3 -- -- -- 

WC (cm) -- 83 ± 15 83 ± 9 -- -- -- 

    WHR -- 0.9 ± 0.04 0.9 ± 0.08 -- -- -- 

    BF% -- 22 ± 4 15 ± 4 -- -- -- 

    FFM (kg) -- 56.1 ± 7.7 71.1 ± 55.1 -- -- -- 

    SAT (kg) -- 3.5 ± 1.9 2.2 ± 1.3 -- -- -- 

    
Mean Abdominal 

Adipocytes Size 
-- 3491 ± 1393 1648 ± 864 -- -- -- 

Razak et al. 

(2005) 
Canada 

35-75 

49.4 ± 9.7 

EA: 154 / 167 

SA: 177 / 151 

C: 153 / 153 

BMI (kg/m2) 25.2 ± 3.4 

89.9 ± 9.4 

0.90 ± 0.05 

26.0 ± 3.6 

94.6 ± 9.1 

0.93 ± 0.05 

28.3 ± 3.9 

100.6 ± 11.3 

0.94 ± 0.06 

22.9 ± 3.4 

76.3 ± 8.0 

0.81 ± 0.06 

26.6 ± 3.8 

86.7 ± 10.4 

0.84 ± 0.07 

26.6 ± 4.9 

84.6 ± 12.1 

0.80 ± 0.06 

WC (cm) 

WHR 

E. Rush et al. 

(2007) 
New Zealand 

18-60 

38.0 ± 10.5 

SA: 0 / 93 

C: 0 / 173 

BMI (kg/m2) -- -- -- -- 26.1 ± 4.7 24.6 ± 4.4 

WC (cm) -- -- -- -- 84.4 ± 9.7 ND 

WHR -- -- -- -- 0.83 ± 0.07 ND 

E. C. Rush, 

Freitas, and 

Plank (2009) 

New Zealand 
17-80 

39.3 ± 13.3 

SA: 117 / 186 

C: 124 / 186 

BMI (kg/m2) -- 26.1 ± 4.1 25.8 ± 3.4 -- 26.3 ± 4.6 24.8 ± 4.5 

FM (%) -- 31.6 ± 7.3 21.6 ± 8.4 -- 42.7 ± 6.8 34.0 ± 9.1 

FFM (%) -- 50.9 ± 8.1 62.9 ± 6.2 -- 36.3 ± 4.0 43.3 ± 4.8 

AbFM (%) -- 10.1 ± 1.4 8.0 ± 1.5 -- 8.7 ± 1.3 6.6 ± 1.8 

Lear, Kohli, 

Bondy, 

Tchernof, and 

Sniderman 

(2009) 

Canada 
NS 

47.7 ± 8.5 

EA: 102 / 120 

SA: 105 / 103 

C: 101 / 101 

BMI (kg/m2) 25.9 ± 3.2 27.9 ± 4.5 27.7 ± 4.7 25.6 ± 3.9 27.7 ± 5.3 28.8 ± 5.9 

WC (cm) 86.6 ± 8.1 93.6 ± 11.8 93.3 ± 11.6 80.4 ± 9.7 83.6 ± 10.7 85.4 ± 12.28 

WHR 0.92 ± 0.06 0.95 ± 0.07 0.94 ± 0.06 0.83 ± 0.06 0.81 ± 0.06 0.81 ± 0.07 

BF% 24.2 ± 4.9 29.6 ± 6.9 24.9 ± 6.4 36.7 ± 6.1 42.8 ± 6.9 39.5 ± 7.7 

AbFM (kg) 5.3 ± 1.9 7.5 ± 3.1 6.3 ± 3.1 6.4 ± 2.4 8.0 ± 3.2 7.9 ± 3.5 

FFM (kg) 53.6 ± 6.7 55.7 ± 7.3 62.2 ± 8.2 37.6 ± 4.9 37.5 ± 5.1 42.4 ± 6.4 



Continue from Table 1 

Study 

(author, year) 
Country 

Cohort Age 

(range  

/ mean ± SD) 

Numbers in 

each ethnic 

group: M / F 

Body Composition 

Measurement (unit) 

 Males   Females  

East Asians South Asians Caucasians East Asians South Asians Caucasians 

M. He et al. 

(2010) 
Canada 

>20 

NS 

EA: 49 / 81 

SA: 43 / 70 

C: 49 / 62 

WC (cm) 84.2 ± 1.2 96.5 ± 1.6 97.0 ± 1.4 75.5 ± 1.4 85.7 ± 1.6 82.5 ± 1.6 

Kohli, 

Sniderman, 

Tchernof, and 

Lear (2010) 

Canada 
30-65 

47.5 ± 9.2 

SA: 104 / 103 

C: 100 / 101 

TAT (cm2) -- 439.71 ± 168.51 365.69 ± 166.24 -- 454.31 ± 162.88 438.40 ± 184.74 

SAT (cm2) -- 283.19 ± NS 221.53 ± NS -- 339.28 ± NS 332.14 ± NS 

SSAT (cm2) -- 92.03 ± NS 76.05 ± NS -- 167.71 ± NS 164.31 ± NS 

DSAT (cm2) -- 187.65 ± NS 145.15 ± NS -- 162.26 ± NS 164.67 ± NS 

VAT (cm2) -- 140.31 ± NS 104.89 ± NS -- 101.84 ± NS 97.98 ± NS 

Anand et al. 

(2011) 

Canada NS 

35.5 ± 1.9 

SA: 32 / 24 

C: 21 / 31 

BMI (kg/m2) -- 27.2 ± 0.7 27.7 ± 0.9 -- 25.7 ± 1.2 29.1 ± 1.0 

WC (cm) -- 96.9 ± 1.9 97.6 ± 2.4 --     87.3 ± 2.7 90.6 ± 2.3 

  WHR -- 0.92 ± 0.01 0.92 ± 0.01 -- 0.84 ± 0.01 0.8 ± 0.01 

Gray et al. 

(2011) 
UK 

25-75 

55.8 ± 9.1 

SA: 665 / 688 

C: 2209 / 2479 

BMI (kg/m2) -- 26.6 ± 4.1 28.2 ± 4.2 -- 28.4 ± 5.4 28.4 ± 5.6 

WC (cm) -- 95.8 ± 10.2 100.0 ± 11.4 -- 89.6 ± 12.3 89.9 ± 13.4 

Szuszkiewicz-

Garcia, Li, 

Grundy, 

Abate, and 

Chandalia 

(2012) 

USA 
NS 

24.5 ± 3.5 

SA: 0 / 20 

C: 0 / 31 

BMI (kg/m2) -- -- -- -- 22 ± 4 23 ± 5 

BF% -- -- -- -- 28 ± 9 24 ± 9 

WC (cm) -- -- -- -- 77 ± 11 77 ± 11 

SAT (g) -- -- -- -- 3204 ± 2063 3202 ± 2460 

Azuma et al. 

(2013) 
USA 

40-49 

45.5 ± 2.8 

EA: 244 / 0 

C: 288 / 0 

BMI (kg/m2) 27.8 ± 4.3 -- 27.8 ± 4.2 -- -- -- 

VAT (cm2) 175 ± 76 -- 172 ± 73 -- -- -- 

SAT (cm2) 225 ± 100 -- 252 ± 112 -- -- -- 

V/S ratio 0.83 ± 0.33 -- 0.74 ± 0.28 -- -- -- 

Azuma et al. 

(2013) 
Japan, USAd 

40-49 

45.1 ± 2.8 

EA: 314 / 0 

C: 288 / 0 

BMI (kg/m2) 23.6 ± 2.9 -- 27.8 ± 4.2 -- -- -- 

VAT (cm2) 133 ± 50 -- 172 ± 73 -- -- -- 

SAT (cm2) 136 ± 58 -- 252 ± 112 -- -- -- 

V/S ratio 1.05 ± 0.33 -- 0.74 ± 0.28 -- -- -- 

 

 



 

Continue from Table 1 

Study 

(author, year) 
Country 

Cohort Age 

(range  

/ mean ± SD) 

Numbers in 

each ethnic 

group: M / F 

Body Composition 

Measurement (unit) 

 Males   Females  

East Asians South Asians Caucasians East Asians South Asians Caucasians 

Bajaj et al. 

(2014) 
India, USAf 

21-38 

NS 

SA: 7577 / 8152 

C: 799 / 1021 

BMI (kg/m2) -- 21.8 ± 3.8 25.7 ± 4.70 -- 22.4 ± 4.45 25.0 ± 6.08 

WC (cm) -- 78.5 ± 10.10 91.7± 12.71 -- 77.6 ± 10.59 83.5 ± 14.86 

WHR -- 0.90 ± 0.07 0.92 ± 0.06 -- 0.87 ± 0.08 0.83 ± 0.08 

Grootveld et al. 

(2014) 
Netherlands 

35-60 

45.0 ± 6.5 

SA: 33 / 49 

C: 66 / 81 

BMI (kg/m2) -- 25.1 ± 3.5 25.1 ± 3.1 -- 25.5 ± 3.6 25.0 ± 3.8 

WC (cm) -- 89.9 ± 11.8 92.2 ± 9.5 -- 89.5 ± 9.5 84.8 ± 11.2 

WHR -- 1.0 ± 0.1 0.9 ± 0.1 -- 0.9 ± 0.1 0.8 ± 0.1 

Morimoto et al. 

(2014) 
Hawaii 

45-75 

69.4 ± 8.5 

SA: 82 / 309 

C: 100 / 207 
BMI (kg/m2) -- 24.9 ± 3.2 26.5 ± 3.6 -- 23.8 ± 3.7 25.2 ± 4.8 

 

Ntuk, Gill, 

Mackay, 

Sattar, and Pell 

(2014) 

UK 
40-69 

NS 

EA: 569 / 965 

SA: 5152 / 4479 

C: 214368 / 

256806 

BMI (kg/m2) g 

 

BF% g 

 

WC (cm) g 

24.9  

(23.0-27.0) 
 

21.1  

(17.8-24.7) 
 

87  

(81-93) 

26.5  

(24.4-29.1) 
 

26.2  

(22.9-29.4) 
 

95  

(89-102) 

27.3 

(24.9-30.1) 
 

25.4 

(21.6-29.1) 
 

96 

(89-104) 

22.9  

(21.0-25.4) 
 

30.1  

(25.9-34.2) 
 

75  

(70-82) 

26.7  

(24.0-30.0) 
 

38.0  

(33.8-42.1) 
 

86  

(78-94) 

26.1  

(23.4-29.6) 
 

36.7  

(32.0-41.3) 
 

83  

(75-92) 

W. He et al. 

(2015) 
China,USAc NS 

47.6 ± NS 

SA: 399 / 617 

C: 76 / 114 

BMI (kg/m2) 
 

BF% 
 

TF% 
 

TLR 

-- 

 

-- 

 

-- 

 

-- 

23.7 ± NS 
 

20.7± NS 
 

13.0 ± NS 
 

2.57 ± NS 

26.3 ± NS 
 

21.7 ± NS 
 

11.5 ± NS 
 

1.63 ± NS 

-- 

 

-- 

 

-- 

 

-- 

23.4 ± NS 
 

31.6 ± NS 
 

17.8 ± NS 
 

1.98 ± NS 

25.4 ± NS 
 

32.4 ± NS 
 

14.7 ± NS 
 

1.08 ± NS 

Abbreviations:  

AbFM; Abdominal Fat Mass; BF, Body Fat; BMI, Body Mass Index; C, Caucasians; DSAT, Deep Subcutaneous Adipose Tissue; EA, East Asian; FFM, Free Fat Mass; FM, Fat Mass; NS, Not Stated; SA, South 

Asian; SAT, Subcutaneous Adipose Tissue; SSAT, Superficial Subcutaneous Adipose Tissue; SSF, Sum of eight skinfold Thickness; TF, Trunk Fat; TAT, Total Abdominal Tissue;  TLR, Trunk to Leg Fat Ratio; 

V/S Ratio, Visceral/Subcutaneous Abdominal Adipose Tissue Ratio; VAT, Visceral Adipose Tissue; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height Ratio.  

Legend: 
aMean± SD or  g Median (interquartile range).  
bData on East Asian was collected in Indonesia; data on Caucasians was collected in Netherlands. 
cData on East Asians was collected in Japan; data on Caucasians was collected in Australia. 
dData on East Asians was collected in Japan; data on Caucasians was collect in USA. 
eData on East Asians was collected in China; data on Caucasians was collected in USA. 
fData on South Asians was collected in India; data on Caucasians was collected in USA. 

 



Table 2: Cut-off values for men and women on metabolic syndrome or multiple (>1) cardiometabolic risk factors 

 

Adiposity 

Measure 

(Unit) 

Ethnicity Country Reference 
No. of 

participants 

Cohort Age 

(range) 

Cut -off 

Male Female 

BF (%) Japanese Japan Nakamura et al. (2011) 844 40-69 23.2 33.9 

BMI (kg/m2) Chinese China Bao et al. (2008) 1140 35-75 24.2 24.7 

BMI (kg/m2) Chinese China Li et al. (2008) 13817 >18 25 25 

BMI (kg/m2) Chinese China Wang et al. (2009) 75788 18-85 24.5 24.2 

BMI (kg/m2) Chinese China Dong et al. (2011) 3006 20-74 25 24.5 

BMI (kg/m2) Chinese China Lin et al. (2011) 772 49.5±16.5 22.9 23.3 

BMI (kg/m2) Chinese China Zeng et al. (2014) 221270 >20 24.2 22.9 

BMI (kg/m2) Chinese Taiwan Hsu et al. (2011) 2359 >40 24.7 24 

BMI (kg/m2) Japanese Japan Shiwaku et al. (2005) 361 30-60 24 23 

BMI (kg/m2) Japanese Japan Satoh et al. (2010) 5796 40-60 24.7 23.4 

BMI (kg/m2) Japanese Japan Nakamura et al. (2011) 844 40-69 22.9 22.6 

BMI (kg/m2) Japanese USA Hayashi et al. (2007) 639 34-76 25.3 23.3 

BMI (kg/m2) Korean Korea Ko et al. (2012) 3153a 40-69 24 24 

BMI (kg/m2) Mongolians Mongolia Shiwaku et al. (2005) 252 30-60 27 27 

BMI (kg/m2) Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 20.7 22 

VAT (cm2) Chinese China Bao et al. (2008) 1140 35-75 80 80 

VAT (cm2) Japanese Japan Miyawaki et al. (2005) 3547 40-59 100 65 

WC (cm) Chinese China Li et al. (2002) 2856a 25-70 85 80 

WC (cm) Chinese China Bao et al. (2008) 1140 35-75 87.5 84.3 

WC (cm) Chinese China Wang et al. (2009) 75788 18-85 86.5 82.1 

WC (cm) Chinese China Dong et al. (2011) 3006 20-74 87.5 83.5 

WC (cm) Chinese China Li et al. (2008) 13817 >18 85 80 

WC (cm) Chinese China Lin et al. (2011) 772 49.5±16.5 91.3 87.1 

WC (cm) Chinese China Zeng et al. (2014) 221270 >20 84.8 75.8 

WC (cm) Chinese Hong Kong Cheung et al. (2008) 1548a,b 25-74 78.4 80.4 

WC (cm) Chinese Hong Kong Cheung et al. (2008) 1548a,c 25-74 78.1 82.9 

WC (cm) Japanese Japan Miyawaki et al. (2005) 3547 40-59 86.0 77.0 

WC (cm) Japanese Japan Shiwaku et al. (2005) 361 30-60 82 73 

WC (cm) Japanese Japan Lee et al. (2007) 2476 30-80 85 82 

WC (cm) Japanese Japan Nishimura et al. (2007) 2113 51.7±15.8  85 81 

WC (cm) Japanese Japan Oka et al. (2008)  2470 38-60 90 82 

WC (cm) Japanese Japan Satoh et al. (2010) 5796 40-60 86 83 

WC (cm) Japanese Japan Shimajiri et al. (2008) 5571 45.5±12.5  85 80 

WC (cm) Japanese Japan Nakamura et al. (2011) 844 40-69 88 82 

WC (cm) Japanese USA Hayashi et al. (2007) 639 34-76 90 84.5 

WC (cm) Korean Korea Ko et al. (2012) 3153a 40-69 80 78 

WC (cm) Mongolians Mongolia Shiwaku et al. (2005) 252 30-60 92 84 

WC (cm) Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 76.5 76.3 

WHR Chinese China Wang et al. (2009) 75788 18-85 0.89 0.83 

WHR Chinese Taiwan Hsu et al. (2011) 2359 >40 0.89 0.81 

WHR Japanese Japan Nakamura et al. (2011) 844 40-69 0.92 0.89 

WHR Korean Korea Ko et al. (2012) 3153a 40-69 0.89 0.85 

WHR Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 0.89 0.85 

 

 



Continued from Table 2 

 

Adiposity 

Measure 

(Unit) 

Ethnicity Country Reference 
No of 

participants 

Cohort 

Age 

(range) 

Cut -off 

Male Female 

WHtR Chinese China Wang et al. (2009) 75788 18-85 0.51 0.52 

WHtR Chinese China Dong et al. (2011) 3006 20-74 0.52 0.52 

WHtR Chinese China Lin et al. (2011) 772 49.5±16.5 0.51 0.53 

WHtR Chinese China Zeng et al. (2014) 221270 >20 0.5 0.48 

WHtR Chinese Taiwan Hsu et al. (2011) 2359 >40 0.52 0.51 

WHtR Japanese Japan Nakamura et al. (2011) 844 40-69 0.52 0.54 

Abbreviations: BF, Body Fat; BMI, Body Mass Index; VAT, Visceral Adipose Tissue; WC, Waist Circumference; WHR, 

Waist to Hip Ratio; WHtR, Waist to Height Ratio. 

Legend: 

aData is obtained from  prospective study. 
bMetabolic syndrome defined  according to NCEP definition   
cMetabolic syndrome defined  according to IDF definition 

 

 

Table 3: Cut-off values for men and women on hyperglycaemia 

 

Adiposity 

Measure 

(Unit) 

Ethnicity Country Reference 
No of 

participants 

Cohort Age 

(range) 

Cut -off 

Male Female 

BMI (kg/m2) Chinese Taiwan Chien et al. (2004) 41568 18-79 25 24 

BMI (kg/m2) Chinese Taiwan Hsu et al. (2011) 2359 >40 24.7 23.8 

BMI (kg/m2) Indian India Mohan et al. (2007) 26001 ≥20 23.2 23.5 

BMI (kg/m2) South Asian UK Gray et al. (2011) 1333 40-75 22.6 21.5 

BMI (kg/m2) Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 21.2 22.7 

WC (cm) Chinese China Yu et al. (2010) 15540 35-74 75 75 

WC (cm) Chinese Taiwan Hsu et al. (2011) 2359 >40 86.5 76.5 

WC (cm) Indian India Mohan et al. (2007) 26001 ≥20 87.8 82.8 

WC (cm) South Asian UK Gray et al. (2011) 1333 40-75 83.8 69.3 

WC (cm) Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 85.8 77.8 

WHR Chinese Taiwan Chien et al. (2004) 41568 18-79 0.82 0.74 

WHR Chinese Taiwan Hsu et al. (2011) 2359 >40 0.89 0.81 

WHR Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 0.91 0.86 

WHtR Chinese Taiwan Hsu et al. (2011) 2359 >40 0.52 0.5 

Abbreviations: BMI, Body Mass Index; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height 

Ratio. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 4: Cut-off values for men and women on diabetes 

 

Adiposity 

Measure 

(Unit) 

Ethnicity Country Reference 
No of 

participants 

Cohort Age 

(range) 

Cut -off 

Male Female 

BMI (kg/m2) Chinese China Wildman et al. (2004) 15239 35-74 23.5 23.5 

BMI (kg/m2) Chinese China Li et al. (2008) 13817 >18 24 25 

BMI (kg/m2) Chinese China Ye et al. (2009) 290a 35-75 25 25 

BMI (kg/m2) Chinese China Jia et al. (2011) 61703a 18-85 26 24 

BMI (kg/m2) Chinese China Dong et al. (2011) 3006 20-74 25 24.5 

BMI (kg/m2) Chinese China Cai et al. (2013) 5720 18-79 25.4 25.4 

BMI (kg/m2) Chinese China Zeng et al. (2014) 221270 >20 24.2 23.3 

BMI (kg/m2) Chinese Malaysia Cheong et al. (2012) 6636 ≥18 24.4 23.9 

BMI (kg/m2) Chinese UK Ntuk et al. (2014) 1534 40-69 26 23.4 

BMI (kg/m2) Indian India Mohan et al. (2007) 26001 ≥20 23.1 23.8 

BMI (kg/m2) Indian India Jafan et al. (2006) 10025 ≥20 23 23 

BMI (kg/m2) Indian Malaysia Cheong et al. (2012) 2717 ≥18 22.3 24.6 

BMI (kg/m2) Korean Korea Park et al. (2009) 5429 ≥20 23.8 23.6 

BMI (kg/m2) Malay Malaysia Cheong et al. (2012) 17859 ≥18 23.7 24.9 

BMI (kg/m2) Pakistani Pakistan Jafan et al. (2006) 8972 ≥15 22.1 22.9 

BMI (kg/m2) South Asian UK Tillin et al. (2015) 842a 40-69 25.2 25.2 

BMI (kg/m2) South Asian UK Ntuk et al. (2014) 9631 40-69 23.4 22.3 

VAT (cm2) Chinese China Jia et al. (2011) 61703a 18-85 90 90 

VAT (cm2) Chinese China Ye et al. (2009) 290a 35-75 90 90 

WC (cm) Chinese China Wildman et al. (2004) 15239a 35-74 80 80 

WC (cm) Chinese China Li et al. (2008) 13817 >18 85 80 

WC (cm) Chinese China Ye et al. (2009) 290a 35-75 88 82 

WC (cm) Chinese China Yu et al. (2010) 15540 35-74 75 75 

WC (cm) Chinese China Dong et al. (2011) 3006 20-74 89.5 82.5 

WC (cm) Chinese China Jia et al. (2011) 61703a 18-85 91 85 

WC (cm) Chinese China Cai et al. (2013) 5720 18-79 88 76 

WC (cm) Chinese China Zeng et al. (2014) 221270 >20 86.3 77.8 

WC (cm) Chinese UK Ntuk et al. (2014) 1534 40-69 88 74 

WC (cm) Indian India Jafan et al. (2006) 10025 ≥20 85 80 

WC (cm) Indian India Mohan et al. (2007) 26001 ≥20 88.2 83.8 

WC (cm) Korean Korea Park et al. (2009) 5429 ≥20 81.6 81.9 

WC (cm) South Asian UK Ntuk et al. (2014) 9631 40-69 84 72 

WC (cm) South Asian UK Tillin et al. (2014) 842a 40-69 90.4 84 

WHR Chinese China Li et al. (2014) 5595 35-88 0.91 0.88 

WHR Indian India Jafan et al. (2006) 10025 ≥20 0.88 0.81 

WHtR Chinese China Dong et al. (2011) 3006 20-74 0.52 0.53 

WHtR Chinese China Jia et al. (2011) 61703a 18-85 0.52 0.53 

WHtR Chinese China Cai et al. (2013) 5720 18-79 0.53 0.48 

WHtR Chinese China Zeng et al. (2014) 221270 >20 0.51 0.49 

WHtR Korean Korea Park et al. (2009) 5429 ≥20 0.51 0.52 

Abbreviations: BMI, Body Mass Index; VAT, Visceral Adipose Tissue;  WC, Waist Circumference; WHR, Waist to Hip 

Ratio; WHtR, Waist to Height Ratio. 
aData is obtained from prospective study. 

 



 

Table 5: Cut-off values for men and women on hypertension 

 

Adiposity 

Measure 

(Unit) 

Ethnicity Country Reference 
No. of 

participants 

Cohort Age 

(range) 

Cut -off 

Male Female 

BMI (kg/m2) Chinese China Wildman et al. (2004) 15239 35-74 23.5 23.5 

BMI (kg/m2) Chinese China Li et al. (2008) 13817 >18 24 24 

BMI (kg/m2) Chinese China Cai et al. (2013) 5720 18-79 25.6 24.4 

BMI (kg/m2) Chinese China Dong et al. (2011) 3006 20-74 25 24.5 

BMI (kg/m2) Chinese China Zeng et al. (2014) 221270 >20 24.3 23.3 

BMI (kg/m2) Chinese Malaysia Cheong et al. (2012) 6636 ≥18 23.6 24 

BMI (kg/m2) Chinese Taiwan Hsu et al. (2011) 2359 >40 24.5 23.8 

BMI (kg/m2) Indian India Mohan et al. (2007) 26001 ≥20 23.2 23.4 

BMI (kg/m2) Indian Malaysia Cheong et al. (2012) 2717 ≥18 24.4 24.6 

BMI (kg/m2) Korean Korea Park et al. (2009) 5429 ≥20 24.6 24.3 

BMI (kg/m2) Malay Malaysia Cheong et al. (2012) 17859 ≥18 23.7 24.6 

BMI (kg/m2) Pakistani Pakistan Jafan et al. (2006) 8972 ≥15 21.2 21.2 

BMI (kg/m2) South Asians UK Gray et al. (2011) 1333 40-75 28.4 29.1 

BMI (kg/m2) Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 20.5 22 

WC (cm) Chinese China Wildman et al. (2004) 15239 35-74 80 80 

WC (cm) Chinese China Li et al. (2008) 13817 >18 85 80 

WC (cm) Chinese China Cai et al. (2013) 5720 18-79 87.2 80 

WC (cm) Chinese China Dong et al. (2011) 3006 20-74 88.5 83.5 

WC (cm) Chinese China Zeng et al. (2014) 221270 >20 85.3 76.8 

WC (cm) Chinese Taiwan Hsu et al. (2011) 2359 >40 85.5 76.5 

WC (cm) Indian India Mohan et al. (2007) 26001 ≥20 88.2 82.8 

WC (cm) Korean Korea Park et al. (2009) 5429 ≥20 85.2 79.9 

WC (cm) South Asians UK Gray et al. (2011) 1333 40-75 99.3 86.6 

WC (cm) Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 76.5 76.8 

WHR Chinese China Li et al. (2014) 5595 35-88 0.92 0.88 

WHR Chinese Taiwan Hsu et al. (2011) 2359 >40 0.89 0.81 

WHR Sri Lankan Sri Lanka Katulanda et al. (2011) 4474 ≥18 0.87 0.85 

WHtR Chinese China Cai et al. (2013) 5720 18-79 0.52 0.50 

WHtR Chinese China Dong et al. (2011) 3006 20-74 0.52 0.53 

WHtR Chinese China Zeng et al. (2014) 221270 >20 0.51 0.49 

WHtR Chinese Taiwan Hsu et al. (2011) 2359 >40 0.52 0.51 

WHtR Korean Korea Park et al. (2009) 5429 ≥20 0.51 0.51 

Abbreviations: BF, Body Fat; BMI, Body Mass Index; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist 

to Height Ratio. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 6: Cut-off values for men and women on dyslipidaemia 

 

Adiposity 

Measure 

(Unit) 

Ethnicity Country Reference 
No. of 

participants 

Cohort Age 

(range) 

Cut -off 

Male Female 

BMI (kg/m2) Chinese China Wildman et al. (2004) 15239 35-74 22.5 22.5 

BMI (kg/m2) Chinese China Li et al. (2008) 13817 >18 24 24 

BMI (kg/m2) Chinese China Dong et al. (2011) 3006 20-74 24.5 25 

BMI (kg/m2) Chinese China Hsu et al. (2011) 2359 >40 24.2 22.8 

BMI (kg/m2) Chinese China Cai et al. (2013) 5720 18-79 23.9 24.4 

BMI (kg/m2) Chinese China Zeng et al. (2014) 221270 >20 24.2 22.4 

BMI (kg/m2) Chinese Malaysia Cheong et al. (2012) 6636 ≥18 23.8 22.5 

BMI (kg/m2) Indian Malaysia Cheong et al. (2012) 2717 ≥18 22.1 23.3 

BMI (kg/m2) Malay Malaysia Cheong et al. (2012) 17859 ≥18 23.2 24 

BMI (kg/m2) South Asian UK Gray et al. (2011) 1333 40-75 26 23.9 

WC (cm) Chinese China Wildman et al. (2004) 15239 35-74 80 75 

WC (cm) Chinese China Li et al. (2008) 13817 >18 85 75 

WC (cm) Chinese China Dong et al. (2011) 3006 20-74 88.5 83.5 

WC (cm) Chinese China Hsu et al. (2011) 2359 >40 84.5 73.5 

WC (cm) Chinese China Cai et al. (2013) 5720 18-79 86 78.1 

WC (cm) Chinese China Zeng et al. (2014) 221270 >20 83.8 73.8 

WC (cm) South Asian UK Gray et al. (2011) 1333 40-75 91.4 74.2 

WHR Chinese China Hsu et al. (2011) 2359 >40 0.88 0.79 

WHR Chinese China Li et al. (2014) 5595 35-88 0.92 0.89 

WHtR Chinese China Dong et al. (2011) 3006 20-74 0.52 0.52 

WHtR Chinese China Hsu et al. (2011) 2359 >40 0.51 0.47 

WHtR Chinese China Cai et al. (2013) 5720 18-79 0.51 0.49 

WHtR Chinese China Zeng et al. (2014) 221270 >20 0.5 0.47 

Abbreviations: BMI, Body Mass Index; WC, Waist Circumference; WHR, Waist to Hip Ratio; WHtR, Waist to Height 

Ratio. 

 

 

 

 

 

 

 



 

Figure 1 Body mass index (Kg/m2) cut–offs values for metabolic syndrome and diabetes for men and women of different Asian ethnic sub-

groups. For metabolic syndrome, Chinese: 7 studies, 318152 participants; Japanese: 4 studes, 7640 participants; Koreans: 1 study, 3153 

participants and South Asians: 1 study, 4474 participants. For diabetes, Chinese: 9 studies, 267222 participants; Malays: 1 study, 17859 

participants; Koreans: 1 study, 5429 participants and South Asians: 6 studies, 17859 participants. Perpendicular lines indicate our proposed 

arbitrary cut-off value for Asians – males = 22.5 kg/m2  and females = 23 kg/m2, based on the mid-point for the metabolic syndrome cut-off 

range for each gender. 
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Figure 2 Waist circumference (cm) cut–offs values for metabolic syndrome and diabetes for men and women of different Asian ethnic sub-

groups. For metabolic synrome, Chinese: 9 studies, 315793 participants; Japanese: 9 studes, 23817 participants; Koreans: 1 study, 3153 

participants and South Asian: 1 study, 4474 participants. For diabetes, Chinese: 9 studies, 260887 participants; Koreans: 1 study, 5429 

participants and South Asians: 4 studies, 45657 participants. Perpendicular lines indicate our proposed arbitrary cut-off value for Asians – males 

= 81.4 cm and females = 79.0 cm, based on the mid-point for the metabolic syndrome cut-off range for each gender. 
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