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Obesity has become a global epidemic and has been found to be associated with numerous co-
morbidities. Body mass index (BMI) based classification of obesity is simple but co-morbidities 
do not affect all obese and overweight people. The present study was aimed to find out the 
frequency of metabolic phenotypes in different BMI groups using metabolic syndrome (MetS) 
criteria and cardiometabolic disabilities (CA) criteria and also to find out an appropriate method 
for defining metabolic health among adult population attending out patient department of 
Bangabandhu Sheikh Mujib Medical University (BSMMU). This cross-sectional analytical study 
was carried out in the Department of Biochemistry, Bangabandhu Sheikh Mujib Medical 
University (BSMMU) from March 2016 to February 2017. By non probability sampling, a total 
of 1023 study subjects were selected from apparently healthy adult individuals attending 
outpatient department of BSMMU. The study subjects were grouped into three body mass index 
classes and also further categorized into six groups according to metabolically unhealthy or 
healthy phenotypes by presence or absence of metabolic syndrome (MetS) criteria as well as 
cardiometabolic disabilities (CA) criteria respectively. Then agreement among different 
metabolic phenotypes based on these two criteria were observed. Frequency of different 
metabolic phenotypes i,e metabolically healthy normal weight (MHNW), metabolically obese 
normal weight (MONW), metabolically healthy over weight (MHOW), metabolically obese over 
weight (MOOW), metabolically healthy obese (MHO) and metabolically unhealthy obese (MUO) 
were 12.3%, 6.9%, 21.4%, 27.7%, 7.7%, 23.9% by MetS criteria and  7.7%, 11.5%, 11.6%, 
37.4%, 6.1%, 25.6% by CA criteria respectively. MOOW followed by MUO were found to be 
predominant among all phenotypes. Fare agreement was found between two criteria in case of 
normal weight and overweight groups and good agreement was found in case of obese groups. 
From this study, it may be concluded that, attention should be given to the metabolically obese 
phenotypes in different BMI classes to reduce co-morbidities.
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Introduction

Obesity and overweight has now become one of 
the most common problem related to lifestyle. 
New scientific studies and data from life 
insurance companies have shown that, even 
relatively small increase in body weight without 
having marked obesity, is associated with 
obesity related health risks1.

A systematic analysis (1980-2013) for the 
"Global Burden of Disease Study 2013", 
conducted by an international consortium of 
researchers stated that about 2.1 billion people 
accounting for about one-third of the world's 
population are overweight or obese. The number 
of overweight and obese individuals in the world 
has increased from 857 million (~20%) in 1981 
to 2.1 billion (~30%) in 20131. In Bangladesh, 
17% adults are obese or overweight2.

Overweight and obesity are caused by many 
factors including genetic factors, environmental 
factors, sedentary lifestyles, ageing, 
pregnancies, biological factors (hormonal 
factors), stress and drugs etc3. Health risks, 
such as cardiovascular disease, cancer, diabetes, 
osteoarthritis and chronic kidney disease 
increase when a person's BMI is 23 or more2.

Body Mass Index (BMI), defined as the weight 
in kilograms divided by the square of the height 
in meters (kg/m2) is established by the World 
Health Organization (WHO) in 1997 and 
updated in 2015, is a useful, convenient, cheap, 
and easy to measure tool commonly used by 
doctors to determine normal weight (18.5- 
24.9), overweight (25-29.9) and obesity (  30) in 
adults. But it has some limitations as BMI-based 
classification of obesity cannot measure total 
body fat content directly nor can distinguish fat 
from lean (bone) mass, also cannot measure 
adipocyte dysfunction. It has been observed that 
normal weight individuals (according to BMI) 

may have abnormal metabolic profiles to be at 
increased risk of developing obesity associated 
diseases4. These individuals are called 
metabolically obese normal weight individuals 
(MONW). On the other hand, some obese and 
overweight individuals may have insulin 
sensitivity, normal blood pressure, favorable 
lipid profile, lower proportion of visceral fat, 
less liver fat and a normal glucose metabolism5. 

They are known as "metabolically healthy 
obese"(MHO) and "metabolically healthy 
overweight"(MHOW).

The term metabolic obesity (MO) has been 
floated to solve this issue. MO may be defined 
as individuals with unhealthy metabolic profile 
irrespective of BMI. Some researchers used 
components of metabolic syndrome (MetS) 
(waist circumference, TG, HDL-C, FBS, BP) to 
classify metabolically healthy and metabolically 
unhealthy phenotypes in different BMI group 
(normal weight, overweight, obese)6,7. 
Individual having  3 components abnormal is 
regarded as metabolically unhealthy and 
individual having 0-2 components abnormal 
regarded as metabolically healthy. Wildman et 
al. in 2008 evaluated metabolic health by the 
components of cardiometabolic disabilities (CA). 
Individual having 2 or more abnormal 
components of CA out of 6 components (BP, 
FBS, HOMA-IR, TG, HDL-C, hsCRP) is 
regarded as metabolically unhealthy; whereas, 
presence of less than 2 components of CA 
regarded as metabolically healthy8.

Therefore in each BMI group metabolically 
healthy and unhealthy phenotypes are 
categorized using both MetS criteria and CA 
criteria and thus six metabolic phenotypes are 
identified: MHNW (metabolically healthy 
normal weight), MONW (metabolically obese 
normal weight), MHOW (metabolically healthy 
overweight), MOOW (metabolically obese 
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overweight), MHO (metabolically healthy 
obese), MUO (metabolically unhealthy obese).

It is very important to find out frequency of 
different metabolic phenotypes in our population 
so that due attention can be given to those, who 
need special attention regarding life style 
modification and treatment to reduce morbidity 
and mortality. Again there are different methods 
proposed by different researchers to classify the 
metabolic phenotypes but yet to achieve a 
consensus. So a unified method to categorize 
metabolic phenotypes is needed to search out.

Materials and Methods

This cross-sectional analytical study was 
conducted in the Department of Biochemistry and 
Molecular Biology, Bangabandhu Sheikh Mujib 
Medical University (BSMMU) from March 2016 
to February 2017 after receiving Institutional 
Review Board approval from BSMMU. By non 
probability sampling, a total of 1023 study 
subjects of both sexes, age range between 20 to 
60 years were selected from apparently healthy 
adult individuals attending outpatient department 
of BSMMU. The subjects with BMI less than 
18.5 kg/m2, pregnancy, previous H/O stroke, 
IHD, chronic liver disease, chronic kidney disease 
and malignancy were excluded. Initial evaluation 
by history taking and clinical examination was 
performed and blood pressure, height, weight and 
waist circumference were recorded in a preformed 
data sheet. With all aseptic precautions, fasting 
blood samples were collected from each study 
subject. Fasting plasma glucose was measured 
using hexokinase method (CI 4100 ARCHITECT, 
USA) whereas HDL-C was measured using 
enzymatic color test (Beckman Coulter Inc., 
USA); triglyceride was measured using enzymatic 
glycerol phosphate oxidase method (Beckman 
Coulter Inc., USA) and fasting insulin was 
measured by Chemilminescent Microparticle 

Immunoassay (CI 4100 ARCHITECT, USA) to 
measure HOMA-IR9. The study subjects were 
grouped into three body mass index classes 
(normal weight, overweight and obese according 
to BMI 18.5- 24.9, 25-29.9 and  30 kg/m2 

respectively) and also further categorized into 
metabolically unhealthy or healthy phenotypes by 
presence or absence of metabolic syndrome 
(MetS) crieteria and cardiometabolic disabilities 
(CA) crieteria respectively. According to the 
modified NCEP ATP III (2001) definition10, 

metabolic syndrome (MetS) was considered to be 
present if three or more of the following five 
criteria were met: central obesity i.e. waist 
circumference>102 cm (men) or>88 cm 
(women), blood pressure  130/85 mm Hg or 
taking medication for hypertension, fasting 
triglyceride (TG) level  150 mg/dl, fasting high-
density lipoprotein (HDL-C) cholesterol level<40 
mg/dl (male) or<50 mg/dl (female) or taking 
medication for dyslipidemia and fasting blood 
sugar   5.6 mmol/L or taking medication for DM. 
Again according to cardiometabolic disabilities 
(CA) criteria modified from Wildman's  (2008) 
individual having 2 or more abnormal components 
of following 5 components was regarded as 
metabolically unhealthy; i,e BP (~130/85 mm 
Hg), fasting TG>150 mg/dl, HDL-C<35 mg /dl 
(male), and<40 mg/dl (female), FBS>5.5 
mmol/L, HOMA-IR>2.58.

Thus using these criteriae all the subjects finally 
were categorized into six metabolic phenotypes; 
metabolically healthy normal weight (MHNW), 
metabolically obese normal weight (MONW), 
metabolically healthy overweight (MHOW), 
metabolically obese overweight (MOOW), 
metabolically healthy obese (MHO) and 
metabolically unhealthy obese (MUO). The 
statistical analysis was carried out using the 
software IBM SPSS version 22. Quantitative 
data were expressed as mean and standard 
deviation (mean±SD). The prevalence of 
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different obesity phenotypes were expressed at 
95% confidence interval. Categorization of 
obesity phenotypes by two methods were 
evaluated by agreement test (kappa test). P-value 
<0.05 was regarded as significant.

Result

In this study, frequency of normal weight, 
overweight and obese individuals were 19.3%; 
49.1%, 31.7% respectively (Table-I). Here 
overweight followed by obese group were found 
to be predominant. Frequency of different 
metabolic phenotypes such as MHNW, MONW, 
MHOW, MOOW, MHO, MUO were 12.3%; 
6.9%; 21.4%; 27.7%; 7.7% and 23.9% 
(according to MetS criteria) and 7.7%; 11.5%; 
11.6%; 37.4%; 6.1%; 25.6% (according to CA 
criteria) respectively (Table-II). In both criteria 
MOOW followed by MUO groups were found 
to be predominant. 

Among different metabolic phenotypes, 
characterized by MetS criteria; MONW found 
to be more in male but MHO and MUO found 
to be more in female; whereas, MOOW, 
MHO, MUO were found to be significantly 
more in younger age group than older age 
group (Table- III). 

MONW, MOOW, MUO groups showed 
increasing trend of HOMA-IR values according 
to BMI, but MHOW and MHO groups showed 
comparatively better insulin sensitivity despite of 
being overweight and obese according to BMI 
classification (Table- III).

After doing agreement test, kappa value was 
found 0.53 in normal weight individuals and 
0.47 in overweight individuals indicating fair 
agreement and kappa value was found 0.67 in 
obese individuals indicating good agreement 
between MetS criteria and CA criteria, for 
categorization of subjects into  six different 
metabolic phenotypes (Table- IV).

Table-I: Distribution of study subject according 
to BMI (n=102)

Table-II: Frequency of metabolic phenotypes 
categorized by Metabolic syndrome (MetS) and 
Cardiometabolic Disabilities (CA) among 1023 
individuals  N=1023

 

MHNW, metabolically healthy normal weight, MONW, 
metabolically obese normal weight, MHOW, metabolically 
healthy overweight, MOOW, metabolically obese overweight, 
MHO, metabolically healthy obese, MUO, metabolically 
unhealthy obese
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BMI classes
Normal weight
(18.5-24.9)
Over weight
(25-29.9)

Obese
(    30)

frequency
197

502

324

Percent (%)
19.3

49.1

31.7

Metabolic 

phenotypes

MHNW

MONW

MHOW

MOOW

MHO
MUO

According to MetS   According to CA

Frequency 

126

71

219

283

79

245

Frequency

79

118

119

383

62

262

Percent (%)

12.3

6.9

21.4

27.7

7.7

23.9

Percent (%)

7.7

11.5

11.6

37.4

6.1

25.6
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Table-III: Baseline characteristics of metabolic phenotypes in different BMI classes  characterized 
by MetS criteria  (n=1023)

Continuous variable reported as mean±SD and  median/ IQR (in case of nonprametric data) whereas  categorical 
variables as absolute and relative frequencies. One way ANOVA was carried out to find out the level of significance. 
aChi-square test was done to find out the level of significance. *Significant difference was found by proportion test.  
bKruskall-Wallis test was done to find out the level of significance. 

Parameters

Frequency (percent %)

Number of cases 
(male/female)

Distribution in different 
age groups (20-40 
years/ 41-60 years)

Age (mean±SD)

Weight (mean±SD)

WC  (mean±SD) 
(Waist circumference)

SBP (mean±SD) 
(systolic blood pressure)

DBP (mean±SD) 
(diastolic blood 
pressure)

FBG (mean±SD) 
(Fasting blood glucose)

HDL (mean±SD) (high 
density lipoprotein)

TG (mean±SD)  
(triglyceride)

HOMA-IR 
(median/IQR)

MHNW

126(12.3)

88/38

98/28

33.95±7.2

61.76±7.9

83.90±5.9

115.41±13.8

78.11±9.1

4.73±0.7

41.51±8.2

137.98±68.5

1.5/ 1.1- 2.3

MONW

71(6.9)

46/25*

36/35

38.47±8.9

61.45±7.2

87.69±5.2

127.10±11.7

80.97±7.2

5.56±2

37±8.1

199.51±75.3

2.1/ 1.4-3

MHOW

219(21.4)

141/78*

150/69*

35.44±7.7

71.38±7.9

98.48±5.5

117.45±11.5

80±7.3

4.8±1.2

40.40±8.2

147.63±65.1

1.9/ 1.4-2.7

MOOW

283(27.7)

132/151

154/129*

38.23±8.1

70.91±7.6

94.42±5.5

126.84±12.7

83.42±7.4

5.37±1.8

37.37±7.1

132.12±74.7

2.5/ 1.8-3.9

MHO

79(7.7)

21/58*

56/23*

33.61±7.4

81.10±9.5

101.05±7.6

117.27±10.8

81.88±7.4

4.50±0.6

41.06±8.6

112.38±26.5

2/ 1.5-2.9

MUO

245(23.9)

57/188*

157/88*

36.27±8.1

82.04±11.5

102.74±9.1

125.82±13.5

83.41±8.1

5.3±0.41

39.70±7.8

130.08±72.6

3.3/ 2.4-4.6

p-value

0.00

0.00a

0.00a

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00b



06 Bangladesh  J Med Biochem 2018; 11(1)

Table-IV: Agreement between metabolic 
syndrome (Mets) criteria and cardiometabolic 
disabilities (CA) criteria for categorization of 
obesity phenotypes in different BMI classes

Agreement has done by kappa test. Interpretation of 
kappa (κ) statistic: <0.00 (no agreement), 0.01- 0.2 
(poor agreement), 0.21- 0.40 (slight agreement), 0.41-
0.60  (fair agreement), 0.61-0.80 (good agreement), 
0.81-0.92 (very good agreement), 0.93- 1.0 (excellent 
agreement)

Discussion

This cross-sectional analytical study was aimed 
to find out the frequency of metabolic 
phenotypes  in different BMI groups among 
adult and apparently healthy individuals aged 20 
to 60 years attending OPD of BSMMU. Total 
1023 study subjects were selected from adult 
individuals attending Bangabandhu Sheikh Mujib 
Medical University (BSMMU) out patient 
department (OPD).  

The frequency of overweight (BMI-25-29.9), 
and obese (BMI 30) were found to be 
predominant among 1023 study subjects. The 
frequency of overweight (49%) and obese 
(31.7%) documented in this study was 
comparatively higher than previous studies done 

in Bangladesh. The age standardized frequency 
of overweight and obese at rural population of 
Bangladesh were found to be 17.7% and 26.2% 
in 201311. Reason behind this difference may be 
due to the fact that different researchers used 
different study design and conducted the studies 
at different points of time using different 
anthropometric measurement to categorize 
overweight and obesity. Moreover many of 
these studies focused on particular segment of 
population which do not represent the whole 
population11-13. But the previous studies also 
showed the increasing trend of overweight and 
obesity11,12. Rapid urbanization, affluency, high 
educational level, shifts from manual labor to 
more sedentary occupations and the related 
decline in physical activity were claimed to be 
associated with higher prevalence of overweight-
obesity13.

In this study, we have used metabolic syndrome 
(MetS) criteria and cardiometabolic disabilities 
(CA) criteria to categorize metabolic phenotypes 
in total study population as well as in every BMI 
classes. Frequency of MOOW followed by 
MUO were found to be predominant in our 
study subjects after categorization by both 
criteria. Our study showed frequency of MOOW 
and MUO to be 27.7% and 23.9% according to 
MetS criteria whereas, 37.4% and 25.6% 
according to CA criteria respectively and study 
also showed very low percentage of MONW or 
MHO  which agree with many other studies6-8.

MetS criteria and CA criteria were evaluated for 
categorizing metabolic phenotypes as well as for 
defining metabolic health in every BMI classes. 
Both the criteria's (MetS and CA) were found to 
show fare agreement in case of normal weight 
and overweight groups; good agreement in case 
of obese group for categorizing metabolic 
phenotypes possibly due to overlaps among the 
components of MetS criteria and CA criteria 
used to define metabolic health. Studies where 
very low degrees of agreement were found 
among Mets criteria, HOMA-IR criteria, 
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Overweight (n=502)

Category by Mets

MHOW

MOOW

Category by CA Kappa-
value

0.47

p-
value

0.00

MHOW

104
15

MOOW

115
268

Obese (n=324)

Category by Mets

MHO

MUO

Category by CA Kappa-
value

0.67

p-
value

0.00

MHO

50
12

MUO

29

233

Category by Mets

MHNW

MONW

Category by CA Kappa-
value

0.53

p-
value

0.00

MHNW

78
1

MONW

48
70

Normal weight (n=197)
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combined MetS and HOMA-IR criteria may be 
due to fact that they used different clinical 
profile14,15. MetS criteria, for categorization, is 
more convenient, simple and cost effective than 
CA criteria. So we suggest Mets criteria  to 
define metabolic health as well as to categorize 
metabolic phenotypes.

Our study showed different metabolically obese 
phenotypes (MOOW, MHO, MUO) to be more 
in female than male except for MONW which 
was found to be more in male. It might be due 
to life style differences, physical activity and 
smoking habit. Different researchers used 
different criteria's to define metabolic health 
using different study design with different study 
population and hence showed different pattern of 
gender  difference15,16.

In this study MOOW and MONW found more in 
older age group (41-60 years). But MHO and 
MUO, showed higher tendency (non significant) 
in younger age group (20-40 years) which do 
not agree with many other studies6,8. But Popkin 
et al.(2001), mentioned about the increasing 
prevalence of obese and overweight among the 
adult age group (20-45) that might be due to 
change in dietary habit and less physical activity 
in their study population17. 

Among all the metabolic phenotypes, MHO 
group were presented with better insulin 
sensitivity. This is consistent with previous 
study where MHO group did not show increased 
CVD risk or cancer mortality when compared 
with normal weight insulin sensitive 
individuals5. Again MONW individuals shows 
insulin resistance and early detection of which 
may help prevent the development of type 2 
diabetes and other obesity related 
comorbidities18.

One limitation of our study is that we had 
collected our sample from apparently healthy 
population attending out patient department of 
BSMMU which truly do not represent our whole 
Bangladeshi population. 

A WHO expert consultation group debated about 
interpretation of recommended body-mass index 
(BMI) cut-off points for determining overweight 
and obesity in Asian populations, and 
recommended for a population-specific cut-off 
points for BMI. They reviewed scientific 
evidence that suggests that Asian populations 
have different associations between BMI, 
percentage of body fat, and health risks than do 
European populations. The consultation group 
also agreed that the WHO BMI cut-off points 
should be retained as international 
classifications, because the available data did not 
necessarily indicate one clear BMI cut-off point 
for all Asians, for overweight or obesity19. So to 
avoid this dispute we had used WHO 
classification of BMI for categorization of 
metabolic phenotypes.

In conclusion MOOW followed by MUO groups 
were found predominant among all metabolic 
phenotypes and MHOW and MHO groups are 
showing better insulin sensitivity despite of 
being overweight and obese.

This study concludes that, there is good 
agreement between metabolic syndrome (MetS) 
criteria and cardiometabolic disabilities (CA) 
criteria in case of obese groups and fare 
agreement in case of normal weight and 
overweight for categorization of different 
metabolic phenotypes. Between the two, we 
suggest to use MetS criteria to categorize obesity 
phenotypes because MetS criteria is more 
convenient, simple and cost effective compared 
to CA criteria for defining metabolic health.

References

1. Marie NG, Fleming T, Robinson M. Global, 
regional, national prevalence of overweight 
and obesity inchildren and adults during 1980-
2013: a systematic analysis for global burden 
of disease study 2013. Lancet 2014; 384 
(9945): 766-781. 

Metabolic Phenotyping Using Metabolic Syndrome Criteria



2.  Das S, Chisti M, Huq S, Malek M, Vanderlee 
L, Salam M. Changing Trend of Overweight 
and Obesity and Their Associated Factors in 
an Urban Population of Bangladesh. Food 
Nutr Sci 2013; 04(06): 678-689.

3.  Martinez JA. Body-weight regulation: causes of 
obesity. Proc Nutr Soc 2000; 59(3): 337-345.

4.  Shea JL, King MT, YY, Gulliver W, Sun G. 
Body fat percentage is associated with 
cardiometabolic dysregulation in BMI-defined 
normal weight subjects. Nutr Metab 
Cardiovasc Dis 2012; 22(9): 741-747.

5. Calori G, Lattuada G, Piemonti L, Garancini 
MP, Ragogna F, Villa M, Mannino S, 
Crosignani P, Bosi E, Luzi L, Ruotolo G. 
Prevalence, metabolic features, and prognosis 
of metabolically healthy obese Italian 
individuals: the Cremona Study. Diabetes care 
2011; 34(1): 210-5.

6. Pajunen P, Kotronen A, Korpi-Hyövälti E, 
Keinänen-Kiukaanniemi S, Oksa H, Niskanen 
L, Saaristo T, Saltevo JT, Sundvall J, Vanhala 
M, Uusitupa M. Metabolically healthy and 
unhealthy obesity phenotypes in the general 
population: the FIN-D2D Survey. BMC 
public health 2011; 11(1): 754.

7. Goday A, Calvo E, Vázquez LA, Caveda E, 
Margallo T, Catalina-Romero C, Reviriego J. 
Prevalence and clinical characteristics of 
metabolically healthy obese individuals and other 
obese/non-obese metabolic phenotypes in a 
working population: results from the Icaria study. 
BMC public health 2016 Dec; 16(1): 248.

8. 	Wildman R. The Obese Without Cardiometabolic 
Risk Factor Clustering and the Normal Weight 
With CardiometabolicRisk Factor Clustering. 
Arch Int Med 2008; 168(15): 1617.

9. 	Matthews DR, Hosker JP, Rudenski AS, Naylor 
BA, Treacher DF, Turner RC. Homeostasis 
model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and 
insulin concentrations in man. Diabetologia 
1885; 28(7): 412-419. 

10. Huang PA. Comprehensive definition for metabolic 
syndrome. Dis Mod Mech 2009; 2  (5-6): 231-237.

11.	Siddiquee T, Bhowmik B, Moreira NC, Mujumder 
A, Mahtab H, Khan AA, Hussain A. Prevalence of 
obesity in a rural Asian Indian (Bangladeshi) 
population and its determinants. BMC public 
health 2015; 15(1): 860.

12. Talukder K, Talukder M, Bhadra S. Increasing 
trend of BMI in Bangladeshi mothers of 
children aged less than five years. Dhaka: 8th 
Commonwealth Congress on Diarrhoea and 
Malnutrition (CAPGAN). 2006

13. Balarajan Y, Villamor E. Trends in overweight 
in South Asian women. J Nutr 2009; 139: 
2139-2144.

14. Durward C, Hartman T, Nickols-Richardson 
S. All-cause mortality risk of metabolically 
healthy obese individuals in NHANES III. J 
Ob 2012; 460(21): 1-12.

15. Phillips C, Dillon C, Harrington J, McCarthy 
V, Kearney P, FitzgeraldA,Perry I, Atkin S. 
Defining Metabolically Healthy Obesity: Role 
of Dietary and Lifestyle Factors. PLoS One 
2013; 8(10): 76188

16. Velho S, Paccaud F, Waeber G, Vollenweider 
P, Marques-Vidal P. Metabolically healthy 
obesity: different prevalence using different 
criteria. Eur J Clin Nutr 2010; 64: 1043-
1051. 

17.	Popkin B, Gordon-Larsen P. The nutrition 
transition: worldwide obesity dynamics and 
their determinants. Int J Ob 2004; 28(S3): 
S2-S9.

18. Ruderman N, Chisholm D, Pi-Sunyer X. The 
metabolically obese, normal weight individual 
revisited. Diabetes 1998; 47: 699-713. 

19. WHO expert consultation. Appropriate body-
mass index for Asian populations and its 
implications for policy and intervention 
strategies. Lancet 2004; 363: 157-163.

08 Bangladesh  J Med Biochem 2018; 11(1) S Naher, SS Sejooti, MM Hoqaue et al


