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ABSTRACT

Background: Obesity confers a significant threat on the cardio-metabolic health of individuals. Obesity
is measured in terms of general obesity and central obesity. People generally have acquaintance with
the term ‘Body Mass Index’ or BMI and are, therefore, more aware of maintaining their normal BMI.
Nevertheless, they put little emphasis on the concept of ‘central obesity’. This has triggered a health
risk as several studies have found that people with normal BMI can be centrally obese. This
recommends an assessment of central obesity among individuals with normal BMI. As a consequence,
a concept called ‘normal weight central obesity’ (NWCQO) was developed.

Methods: The present study was conducted among 300 adult Rajbanshi males aged between 21-30
years residing under Siliguri sub-division of Darjeeling district, West Bengal, India. Anthropometric
measurements such as height, weight, waist circumference (WC) and hip circumference were taken.
Prevalence of generalised obesity (in terms of BMI), central obesity [in terms of WC, waist-hip ratio
(WHR), waist-height ratio (WHtR) and conicity index (CI)] and NWCO were evaluated.

Results: Based on BMI cut-offs for Asian population, the sample consisted of 1% underweight, 35.6%
normal, 35.34% overweight, 23.6% obese and 4.3% very obese subjects. Prevalence of centrally obese
subjects were 25%, 61%, 65% and 43% based on WC, WHR, WHIR and CI respectively. The studied
sample size exhibited 10.28%, 45.79%, 41.12% and 46.72% of NWCO (where central obesity was
measured in terms of WC, WHR, WHtR and CI respectively).

Conclusion: The present study exhibited moderate prevalence of NWCO. Assessment of central obesity
in addition to BMI must be encouraged in all clinical settings.
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INTRODUCTION

Obesity is one of the most common, yet among the most neglected, public health problems in
both developed and developing countries (WHO, 2000a). It is a major modifiable
cardiovascular risk factor stated by American Heart Association (Eckel and Krauss, 1998).
According to World Health Organization (WHO) fact sheets, worldwide prevalence of obesity
has tripled since 1975. It was found that in 2016 that more than 1.9 billion adults (of 18 years
and older) were overweight and of these over 650 million were obese. Speaking in terms of
percentages, it was revealed that 39% of adults (>18 years) were overweight in 2016, and 13%
were obese. Obesity is generally classified into generalised obesity and central obesity. Both
general obesity and central obesity are associated with increased risk of morbidity and
mortality (Mogre et al. 2014).General obesity is measured in terms of body mass index
(BMI) whereas central obesity (also called abdominal obesity) is measured in terms of waist
circumference (WC), waist-hip ratio (WHR), waist-height ratio (WHtR) and conicity index
(Cn.

How significant is central obesity and normal weight central obesity?

Although BMI is widely used to measure obesity, relying solely on BMI would be misleading
in estimating high-risk populations. This is because BMI often results in misclassification and
underestimation of population who could be centrally obese (Ashwell and Gibson, 2009 and
2014).There is consensus that an anthropometric measure of central obesity is a better predictor
of cardio-metabolic risk, diabetes risk, and all-cause mortality than BMI is, and that combining
the 2 indices might be even better (Bosomworth, 2019).As a consequence, several international
health organizations such as National Institute for Health and Clinical Excellence (NICE, 2006)
and the National Heart, Lung and Blood Institute (NHLBI, 1998) have recommended the
addition of anthropometric indicators of central obesity to BMI in all clinical assessments.
Several studies have also recommended the assessment of central obesity even among
individuals with normal BMI (Ashwell et al., 2016; Thaikruea and Thammasarot, 2016). The
concept of normal weight central obesity (NWCO) or ‘isolated abdominal obesity’ was thus
developed and was defined as central obesity in participants with normal weight (by BMI). The
prevalence and association of NWCO with long-term health outcomes are studied in different

regions of the world, as portrayed in Table 1:
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Table 1. Findings of some studies involving NWCO

Study Country Subjects Findings
Sahakyan et Third National | Adult population aged | NWCO (central obesity defined
al., 2015 Health and 18-90 years by WHR) is associated with
Nutrition greater cardiovascular risk and
Examination mortality than BMI-defined
Survey obesity, particularly in the
(NHANES), absence of central fat distribution.
us
Sharmaet al., - Older adults (aged NWCO (central obesity defined
2016 >65 years) with by high WC and WHR)
coronary artery demonstrated higher mortality
disease risk.
Thaikruea and | Thailand Health care providers | NWCO group was more likely to
Thammasarot, have more cardiovascular disease
2016 risk factors compared to normal
weight group.
Owolabi et al., | South Africa Adults (age >18 One in three adults of normal
2017 years) attending health | weight had central obesity.
care facilities
Shirasawa et Japan Adults aged 40-64 NWCO was associated with

al., 2019

years

cardiovascular disease risk
factors, such as hypertension,
dyslipidemia, and diabetes,
compared with normal weight
without central obesity, regardless

of sex.

Sunetal.,
2019

United States

Post-menopausal

women (age 50-79

years)

NWCO in women was associated
with excess risk of mortality,
similar to that of women with
BMI-defined obesity with central
obesity.
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The findings of several studies (Table 1) conclude the importance of awareness of the
prevalence, assessment and prevention of NWCO. The phenomenon could be higher among
Asian Indians as they have a greater predisposition of central obesity and accumulation of
visceral fat (Joshi, 2003). To the best knowledge of the authors, there is a dearth of studies on
the prevalence of NWCO in India. However, several studies were found to claim that
prevalence of central obesity to be much higher compared to general obesity. According to
ICMR-INDIAB study 2015, prevalence rate of central obesity (ranging from 16.9%—36.3%)
was found to be higher than that of general obesity (ranging from 11.8% -31.3%) (Pradeepa et
al., 2015). In a study in West Bengal, 22.4% and 30.4% were found to overweight and obese
based on WHO BMI cut-offs. However, the study exhibited 46.5% and 78.6% of centrally
obese subjects based on WC and WHR respectively (Karmakar et al., 2019). Bhardwaj et al.,
(2011) reported overall prevalence of generalised obesity to be 50.1% and that of central
obesity (by WC) to be 68.9%. In another study, the age standardized prevalence of generalized
obesity was 45.9% while that of abdominal obesity was 46.6% (Deepa et al., 2009).The higher
prevalence of central obesity compared to generalised obesity definitely indicates that
individuals with normal BMI may be centrally obese. This calls for a mandatory assessment of

central obesity in addition to BMI in all clinical settings.
Why are young adult males chosen as subjects for the present study?

Significant lifestyle changes take place in majority of young adult males such as leaving home,
going to university/college, starting work, developing relationships, possibly cohabiting or
marrying and parenting (Butler et al., 2004; Burke et al., 2002 and 2004). Such transition in
life style leads to energy imbalance which eventually causes weight gain (Poobalan and Aucott,
2016). Improved living conditions gifted us the opportunity to have access to all sorts of
facilities which, in turn, resulting to sedentary lifestyles such as riding two-wheelers instead of
walking or cycling, often sitting or lying down while engaged in an activity like reading,
socializing, watching television, playing video games, or using a mobile phone/computer for
much of the day (Unnikrishnan et al., 2012). Additionally, young males who work or study
outside prefer to binge on high energy density foods such as pizza, burger, etc. Such foods are
preferred as they are of low cost and readily available. However, these foods are likely to
contain added sugars and excess vegetable fats which contribute to the occurrence of obesity
among young males. All the above factors show that how the young adult males are prone to
obesity. This has urged the authors to choose this specific group of population. Keeping all the

issues in mind, the present study aimed to report the prevalence of central obesity in a sample
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of apparently healthy Rajbanshi adult males and to highlight the importance of NWCO

awareness.
MATERIALS AND METHODS
Source of data

The present study was conducted among 300 adult Rajbanshi males aged between 21-30 years
residing under Siliguri sub-division of Darjeeling district, West Bengal, India. The nature of
the Rajbanshi population could be found in several studies (Sen et al., 2015; Sinha et al., 2018).
The minimum number of sample size required for reliable estimate and assessment of
nutritional status was calculated utilizing the standard sample size estimation procedure of
Lwanga and Lemeshow (1991). In this method, the anticipated population proportion of 50%,
absolute precision of 5% and confidence interval of 90% were considered. The minimum
sample size for this study was estimated to be 271 individuals. The final sample size was much
higher than this estimated size. The study was in accordance with the ethical guidelines for
human experimental research as laid down in the Helsinki Declaration (Touitou et al. 2004).

Permission was taken from the Institutional Research Board of the University.
Types of data recorded

The anthropometric measurements were recorded following the standard techniques of Singh
and Bhasin (1989).Height of the subjects was measured with the aid of anthropometer rod
(GPM type, Galaxy Informatics, New Delhi) to the nearest 0.1 cm. Their body weight was
recorded (with minimal clothing) using a portable weighing machine (Libra®, Edryl-India,
Tiswadi, Goa) to the nearest 0.5 kg. WC was taken horizontally to within 0.1 cm, using non-
stretchable plastic tape measured at midpoint between the costal margin and iliac crest in the
mid-axillary line, with the subject standing and at the end of a gentle expiration. HC was

measured at the level of greater trochanters, with the legs close together.
BMI, WHR, WHtR and CI were calculated using the following formulae:
BMI=weight/height?, weight in kg and height in metres
WHR= WC/HC, both WC and HC in cm
WHtR= WC/height, both WC and height in cm

Cl= WC/{0.109*(weight/height)}, WC and height in metres, weight in kg.
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Here, 0.109 is a constant which results from the conversion of units of volume and mass into

units of length (Pintanga and Lessa, 2005).

A most commonly used indicator of precision or rather accuracy index (Perini et al., 2005)
called Technical Error of Measurement (TEM) was utilized. For the calculation of inter-
observer TEM, height, weight, WC and HC were recorded from 50 subjects, other than those
selected for the study. The measurements were taken thrice on each individual by the first and
second authors (SR and SR). The TEM was calculated by the formula:

TEM=V(YD%2N), where D=difference between the measurements and N= number of

individuals measured (Goto and Mascie-Taylor, 2007).

The coefficient of reliability (R) which estimates the proportion of variance in a measured
population (that is free from measurement error) was subsequently measured by the following

equation:
R= {1-(TEM)? SD?}, SD=standard deviation of the measurements

Very high values of R (> 0.975) were obtained for the intra-observer TEM analysis. All the
values of R were appreciably higher than the accepted cut-off value of 0.95 as suggested by
Ulijaszek and Kerr (1999). Hence, the anthropometric measurements recorded were
considered to be reliable and reproducible and the TEM values were not incorporated for
further statistical consideration. Finally, the data obtained in the present study was
statistically analyzed using statistical constants and relevant statistical tests. The statistical
analyses were performed utilizing the software named Statistical Package for Social Science
(IBM SPSS, version 23.0, SPSS Inc., Chicago, IL) and a p value <0.05 and <0.001 were
considered as statistically significant. Descriptive statistics was utilized to yield overall mean
of the anthropometric variables recorded.

The population-specific proposed BMI cut-offs for Asian populations (WHO, 2000b) was
used to determine the frequency of general obesity (Table 2). To determine the frequency of

central obesity, following standard cut-offs were used (Table 3).
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Table 2. BMI cut-off levels for Asian population

BMI categories

Cut-offs levels

Underweight <18.5 kg/m?
Normal 18.5-22.99 kg/m?

Overweight 23.00-24.99 kg/m?
Obese >25.00-29.99 kg/m?

Very obese >30.00 kg/m?

Table 3. Standard cut-offs of anthropometric indicators indicating central obesity (for

males)
Variables Cut-offs (for males) Reference
wcC >90 cm WHO, 2008
WHR >0.95 WHO, 1989
WHtR >0.5 Hsieh and Muto, 2004
Cl >1.25 Flora et al., 2009
RESULTS

The descriptive statistics of the recorded and calculated variables are depicted in Table 4. The

overall mean age was found to be 25.55+2.87 years. The overall mean height, weight, WC,
HC, BMI, WHR, WHtR and CI were found to be 166.66+3.77 cm, 66.49+7.62 kg, 85.59+5.97
cm, 95.10+5.78 cm, 23.94+2.66 kg/m?, 0.90+0.03, 0.513+0.036 and 1.246+0.080 respectively.

Table 4. Overall meanzSD of the recorded variables in Rajbanshi adult males

Variables Overall mean
Age (in years) 25.55+2.87
Height (in cm) 166.66x3.77
Weight (in kg) 66.49+7.62

BMI (kg/m?) 23.94+2.66
WC (in cm) 85.59+5.97
HC (in cm) 95.1045.78

WHR .90£.03
WHtR .513+.036
Cl 1.246+.080
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Table 5 depicts trends of baseline characteristics of the subjects with aging. For a better

apprehension of the collected data, the subjects have been classified into two age-groups: age-

group I consisted of 149 individuals of age <25 and age-group Il consisted of 151 individuals

of age >25. Age group |1 bears higher mean values of all the variables compared to age group

Il. The one-way analysis of variance (ANOVA) showed statistical significant differences in

age-group wise mean age (F-value=787.728), weight (F-value=29.242), WC (F-value=
65.097), HC (F-value=26.682), BMI (F-value=30.998), WHR (F-value=41.235), WHtR (F-
value= 65.074) and CI (F-value= 13.322) (p<0.001).

Table 5. Age-group wise descriptive statistics (mean + SD) of all the recorded variables

. Age groups
Variables 21 to <25 years >25 to 30 years F-value
Age (in years) 22.52+1.11 27.51+1.71 787.428**
Height (in cm) 166.64+3.77 166.67+3.78 .005
Weight (in kg) 63.66+5.91 68.32+8.04 29.242**
WC (in cm) 82.45+4.97 87.63+5.69 65.097**
HC (in cm) 93.04+5.08 96.43+5.83 26.682**
BMI (in kg/m?) 22.93+2.02 24.60+2.82 30.998**
WHR 0.88+0.034 0.908+0.205 41.235**
WHItR 0.49+0.028 0.53+0.034 65.074**
Cl 1.22+.066 1.26+0.086 13.322**

**p-value<0.001

Based on the BMI cut-offs, 3 (1%) were underweight, 107 (35.6%) were normal, 106 (35.34%)

were overweight, 71 (23.6%) were obese and 13 (4.3%) were very obese (Figure 1).

13
(4%)

(1%)

B Underweight
B Normal

[ Overweight
Bl Obese

M Very Obese

Figure 1. Pie-chart displaying the frequencies of underweight, normal, overweight, obese

and very obese subjects

Based on standard cut-offs (Table 2), the frequency of centrally obese individuals were
displayed in Figure 2. 75 (25%), 183 (61%), 195 (65%) and 129 (43%) of the subjects were
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found to be centrally obese based on WC, WHR, WHtR and ClI respectively. Table 6 yielded
a cross-tabulation showing the distribution of subjects along the gradients of different BMI

categories. For easy apprehension, a chart (Figure 3) was drawn.

250

195 (65%)

200 183-{61%)

150

129 (43%)

100

75 (25%)

50

wcC WHR WHtR cl

Figure 2. Prevalence of central obesity using different anthropometric indicators

There were 3 (1%) underweight subjects. Out of 107 subjects with normal BMI, 11 had WC>90
cm whereas remaining 96 had normal WC<90 cm. Based on WHR, 49 out of 107 were centrally
obese. Additionally, 44 out of 107 and 50 out of 107 subjects with normal BMI were found to
be centrally obese based on WHtR and CI respectively. These subjects fall into the category of
NWCO.

Table 6. Frequency distribution of subjects in relation to their nutritional status based on

BMI and different anthropometric indicators of central obesity

Underweight | Normal | Overweight | Obese (:f)ee?é Total
WC <90 cm 3 96 82 37 7 225
>90 cm 0 ‘
WHR _
>0 90 1 ‘ 183
“_
T e 0 12 195
cl
>1. 25 2 129
Total 3 I s 7 E
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14 12 12 60 49 50
b (92.31%) (92.31%) (45.79%) 44 (46.72%)
50 (A1.12%)
10 40
8 6
(46.15%) 30
6 .
20
4 A (10. 28%
2 i 10 '
0
0 T T T T 1 0 '
WC WHR WHtR Cl WHtR
Very obese and centrally obese Normal weight centrally obese
13 3

(4%) (1%)

H Underweight
 Normal

i Overweight

M Obese
i Very Obese
Obese and centrally obese Overweight and centraIIy obese
70 65 80
(66 98%
60 50 70
50 (70.42%) 60
(46 22%
50
40 +47-
40
30 -
30 A
20 - 20 -
10 -~ 10 -
0 T T T T O T
wC WHR WHtR cl WHtR

Figure 3. Chart explaining the frequency distribution of subjects in relation to their
nutritional status based on BMI and different anthropometric indicators of central

obesity
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Moving on to the next category of BMI i.e., overweight, it can be observed that out of 106
overweight subjects, frequency of WC-based, WHR-based, WHtR-based and ClI-based
centrally obese subjects were 24, 71, 74 and 49 respectively. On the flip side of the coin,
remaining subjects (though overweight) had normal WC (n=82), WHR (n=35), WHtR (n=32)
and CI (n=57). Similar observations could be found in the next two categories of BMI. Out of
71 obese subjects, 34 were WC-based, 50 were WHR-based, 65 were WHtR-based and 28 were
Cl-based centrally obese. Similarly, out of 13 very obese subjects, 6 were WC-based, 12 were
WHR-based, 12 were WHtR-based centrally obese. These subjects fall into the category of
‘combined obesity’ since they have high BMI and are also centrally obese. Remaining subjects
though obese/ very obese had normal WC, WHR, WHtR and CI values. These subjects fall into
the category of ‘isolated general obesity’ since they are centrally non-obese despite being
obese/ very obese (by BMI).

DISCUSSION

It is emphasizing that prevalence of general or central obesity varies in the same population
or other depending on the cut-off levels used in the studies. In the present study, 300 male
subjects (aged 21-30 years) belonging to the Rajbanshi population were chosen. It could be
seen that the mean of anthropometric indicators of general obesity (i.e., BMI) and central
obesity (i.e., WC, WHR, WHtR, CI) increases with increase in age. This finding is consistent
with the findings of Pradeepa et al. (2015). This recommends a crucial inspection in the age-
related weight gain (Williams and Woods, 2006).

People are acquainted with the term ‘general obesity’ or ‘BMI’. However, they are least aware
of the concept of ‘central obesity’ or specifically ‘NWCO’. In the present study, 107 subjects
were found to be with normal BMI (18.5-22.99 kg/m?). However, the question arises ‘do these
normal BMI subjects fall within the normal category of anthropometric indicators of central
obesity?’ In other words, ‘are they centrally non-obese?’ In reply to such query, we get that
out of 107 subjects, 11 (10.28%) were found to be centrally obese based on WC. 49 (45.79%),
44 (41.12) and 50 (46.72%) were found to be centrally obese based on WHR, WHtR and CI
respectively. Such subjects fall into the category of ‘isolated abdominal obesity’ where they
are centrally obese but are of normal BMI. The prevalence of NWCO in our present study,
thus, ranged from 10.28 to 46.72% depending on the criteria used. Irrespective of the defining
criteria and other factors, it could be found that our findings are higher compared to other
studies (Thaikruea and Thammasarot, 2016: 15.4%, Thailand; Owolabi et al., 2017: 26.9 to

44




Human Biology Review (ISSN 2277 4424) 10(1) Roy et al.(2021) pp. 34-49

36.9%, South Africa; Zhang et al., 2016: 13.9%, China). In India, there is a dearth of studies
on NWCO. The higher prevalence of NWCO in such a small (though adequate) sample size is
suggestive of the need to include anthropometric indicators of central obesity in addition to
BMI rather than BMI alone. Public awareness should be generated regarding the concept of
NWCO. Additionally, awareness regarding ‘isolated general obesity’ and ‘combined obesity’
should be generated. The benefits of healthy life style, food habits and physical activity should
be promoted by government agencies, doctors and other health professionals. Unnikrishnan et
al. (2012) proposed few low-cost, indigenous, appropriate and effective public health strategies

such as:

1) via government: development of infrastructures such as pavements and parks;

implementing exercise and nutrition curriculum in schools.

2) via society: encouraging traditional Indian solutions such as yoga, meditation and dance;

promoting awareness; advocacy for change in life style.

3) via non-government organizations (NGOs): promoting awareness by community

endeavours, using media and classrooms to spread awareness

4) via family: limiting portion size, restricting television watching, involving in joint family

activities such as walks, picnics and sports.
CONCLUSION

The present study observed high prevalence of central obesity and moderate to high prevalence
of NWCO among a small (though adequate) sample size of adult Rajbanshi males. Current
public health guidelines for obesity prevention and control is focused on promoting a normal
BMI, however, rarely addressing central obesity which is common in the general population.
Public awareness must be generated regarding the occurrence of central obesity and NWCO.
Assessment of central obesity in addition to BMI must be encouraged in all clinical settings.
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