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INTRODUCTION 

Overweight and obesity are major public health problems 
of the current world.

1,2 
In 2014, in the world, 39% of 

adults aged 18 years and above were overweight and 13% 
were obese.

3 
Obesity is also an emerging health problem 

in countries like India. The rising prevalence overweight 
and obesity in India is directly correlated with the rising 
prevalence of obesity-related co-morbidities; hyper-
tension, the metabolic syndrome, dyslipidemia, type 2 

diabetes mellitus, and cardiovascular disease.
4,5

  

Obesity is preventable. The cost of management of 
obesity and associated comorbidities are rising day by 

day.
6
 So, more emphasis is required on prevention, 

mostly in young individuals who does not come in 
contact with health facility often. Therefore, easy 
assessment of overweight or obesity is the need of the 
hour from public health perspective. 

Asian Indians have a unique tendency to accumulate 
excess body fat around the abdomen. They have higher 
percentage body fat, increased subcutaneous and intra-
abdominal fat at lower or similar BMI levels as compared 
to white caucasians.

7-9
 Measuring body adiposity by 

magnetic resonance imaging and computed tomography 
is highly reliable and valid but are costly, time 
consuming, requiring special skill and not feasible in 
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large community based studies.
10

 Hence, waist 
circumference (WC) and body mass index (BMI) are 
commonly being used as surrogate measures for 
abdominal obesity and generalised obesity 

respectively.
10,11

  

WC and BMI are closely correlated in measuring excess 

body fat deposition.
12

 Measuring WC takes less time than 

measuring height and weight. The procedure can be 

learnt easily and a measuring tape costs minimal 

(compared to weighing scale and stadiometer required for 

BMI measurements). Besides, WC can be self-monitored 

and it doesn’t need any calculation, unlike BMI.
12,13

 

Therefore, WC measurement can be used care by field 

workers as preferred single screening tool for detection of 

overweight or obese subjects for weight management in 

primary health. 

According to WHO, BMI 25-29.99 kg/m
2 

and BMI≥30 

kg/m
2 

has been classified as
 

overweight and obese 

respectively.
14

 Keeping in mind the clustering of 

cardiovascular risk factors and type 2 diabetes mellitus at 

lower levels of obesity among Asian Indian population 

than in non-Asian Indian populations, several medical 

experts suggested that, the diagnosis of obesity should be 

made at a lower level of weight for height among Asian 

Indians.
15

 They came to consensus that, the classification 

should be normal BMI: 18.0-22.9 kg/m
2
, overweight: 

23.0-24.9 kg/m
2
, obesity: >25 kg/m

2
.
15 

The use of optimal 

WC cut-off points for screening should be population 

specific, as suggested by most of the researchers.
16

 The 

currently recommended optimal cut off for WC in India 

is 90 cm for men and 80 cm for women.
15

  

With this background a community based study was 

conducted in rural area of West Bengal, to assess the 

sensitivity and specificity of the currently recommended 

WC cut-off values for identification of overweight and 

obesity based on BMI as the reference standard and 

further to determine optimal WC cut-off points for the 

rural population. 

METHODS 

A community based study of cross-sectional design was 

conducted in the month of September-October, 2016 in 

the service area of Rural Health Unit and Training Centre 

(RHUTC), Singur which is the rural field practice area 

under All India Institute of Hygiene & Public Heath 

(AIIH&PH), Kolkata. Ethical permission was taken from 

the institutional ethics committee. During this period, the 

researcher was posted twice weekly in the Diara Sub-

centre and after the OPD hours, in the evening two hours 

per day was dedicated for data collection. During the 

study period, it was possible to collect data from 338 

subjects.  

The inclusion criteria were age above 18 years and those 

who have given informed written consent to participate in 

the study. Subjects were excluded if they had increased 

abdominal girth for causes other than abdominal 

adiposity (e.g. pregnancy, ascites, and other debilitating 

illness), physical disability, or mental illness. Those who 

could not stand upright were excluded from the study. 

Non stretchable measuring tape, analog weighing scale 

and stadiometer were the study tools. The data were 

collected by interview and anthropometric measurements. 

Height, weight and waist circumference of each 

participant was measured. WC was measured at the 

midpoint between the inferior margin of the last rib and 

iliac crest using a non-stretchable measuring tape to the 

nearest 0.1 centimetre. The body weight was measured in 

light indoor clothing without shoes to the nearest 0.1 

kilogram with the help of portable analog weighing 

machine. Height was measured without shoes to the 

nearest of 0.5 centimetre using a stadiometer, with the 

participant standing upright on a firm/level surface with 

heels apposed. All measurements were taken twice and 

the average was used for data analysis. Subjects were 

classified as overweight if BMI (computed as weight in 

kilograms divided by the square of the height in meters) 

was ≥25, based on the classification recommended by the 

World Health Organization.
16 

The data was analysed using SPSS software version 16.0. 

Sensitivity and specificity of the presently recommended 

WC cut off were calculated as true positive/ (true 

positive+false negative) and true negative/ (true 

negative+false positive) respectively. Receiver operating 

Characteristic (ROC) curve analysis was used to 

determine the optimal cut-off values of WC for 

identification of overweight or obesity. 

RESULTS 

Mean (SD) age of the participants were 34.2 (12.6) 

ranging from 18 to 72 years. Among the study 

participants 37.3% were men and 62.7% were women. 

 

Figure 1: ROC analysis of waist circumference cut-off 

for identification of obesity (BMI≥25) among men 

[n=126]. 
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We found, presently recommended WC cut-off value of 

90 cm for men had 78.8% sensitivity and 75.6% 

specificity to diagnose overweight individuals and WC 

cut-off value of 80 cm for women had 80.3% sensitivity 

and 44% specificity for the same (Table 1). 

Among men, WC cut-off value 88.5 cm has a better 

diagnostic accuracy to identify overweight with 

sensitivity 86.5%, specificity 67.6% and Area under 

curve (AUC) (0.854; 95% CI 0.79–0.92) (Figure 1). 

Among women, WC cut-off value 80 cm, which is the 

currently recommended value, has a fair accuracy with 

sensitivity 80.3%, specificity 44% and Area under curve 

(AUC) (0.744; 95% CI 0.67–0.81) (Figure 2). 

  

Table 1: Sensitivity and specificity of currently recommended waist circumference cut-off for identification of 

overweight and obesity among men and women. 

Waist circumference (cms) Classification according to BMI 

 BMI ≥25 n (%) BMI <25 n (%) 

Men (n=126) ≥90 41 (78.8)* 18 (24.3) 

 <90 11 (21.2) 56 (75.7)# 

Women (n=212) ≥80 90 (80.4)* 56 (56.0) 

 <80 22 (19.6) 44 (44.0)# 

 BMI ≥23 n (%) BMI <23 n (%) 

Men (n=126) ≥90 55 (67.9)* 4 (8.9) 

 <90 26 (32.1) 41 (91.1)# 

Women (n=212) ≥80 116 (80.6)* 30 (44.1) 

 <80 28 (19.4) 38 (55.9)# 

* Sensitivity, # Specificity. 

Table 2: Predictive value and likelihood ratio of current waist circumference cut offs for identification of 

overweight (BMI≥23) and obesity (BMI≥25) among men and women. 

Waist circumference Classification according to BMI 

 BMI ≥25 BMI ≥23 

Men (≥90 cm) PPV 69.5% 93.2% 

 NPV 83.6% 61.2% 

 LR+ 3.24 6.85 

 LR- 0.28 0.36 

Women (≥80 cm) PPV 61.6% 79.5% 

 NPV 66.7% 57.6% 

 LR+ 1.46 1.83 

 LR- 0.45 0.35 

PPV= Positive predictive value, NPV= Negative predictive value, LR+= Positive likelihood ratio, LR- = Negative likelihood ratio. 

 

 

Figure 2: ROC analysis of waist circumference cut-off 

for identification of obesity (BMI≥25) among women 

[n=212]. 

DISCUSSION 

In several studies all round the world researchers have 

preached for making WC a single screening tool for 

identifying overweight or obesity. A study conducted in 

North Glasgow came to a conclusion that, measurement 

of waist circumference for both men and women could be 

adopted as a simpler valid alternative to BMI for health 

promotion, by alerting those at risk of cardiovascular 

disease, and as a guide to risk avoidance by self-weight 

management.
17 

Kee et al in a study conducted in Malaysia 

recommended WC with appropriate population specific 

cut-off as a single screening tool for identifying 

overweight and obesity and its use by health personnel 

involved in weight control programmes and health 

promotion activities.
18
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In our study we found that, the sensitivity of currently 
recommended WC cut off is 78.8% and 80.4% for 
identifying overweight (BMI≥25 kg/m

2
, according to 

WHO classification) among men and women 
respectively, which is fair for a tool to be considered as a 
good screening tool. But in several studies in India, 
researcher have suggested a more stringent cut–off for 
both BMI and WC, as Indians are more prone to 
cardiovascular risk factors and metabolic syndrome.

15,19
 

In a study by Misra et al, it was found that, though in 
male subjects, a WC cutoff point of 90 cm (sensitivity 
90.1%, specificity 83.6%), and in female subjects, a 
cutoff point of 80cm (sensitivity 92.3%, specificity 
76.8%) was good enough for identifying those with a 
BMI ≥25 kg/m

2
 but it had showed a lower sensitivity 

(49.7% in male and 50.3% in female) in identifying those 
with at least one cardiovascular risk factor.

19
 In the same 

study, it was shown, for identifying those with BMI ≥23 
kg/m

2
, the current WC cut-off had sensitivity 78.8% & 

specificity 93.2% for males and sensitivity 85.2% & 
specificity 84.9% for females.

19 
Midha et al in her study 

in Kanpur, India estimated that, the cut-offs for waist 
circumference for predicting hypertension were ≥83 cm 

for men and ≥78 cm for women.
20

 
 

In India, Government of India initiated a National 
Programme for Prevention and Control of Cancers, 
Diabetes, Cardiovascular Diseases and Stroke (NPCDCS) 
only during 2010-11. Weight management is important 
since overweight and obesity are closely associated to 
cardiovascular risk, diabetes, cancer and mortality. 
Moreover, weight management is less costly than costs of 
treatment for obesity related diseases.

21
 A consensus 

statement generated by a group of medical experts in 
2009 suggested the BMI classification for Asian India 
population as normal BMI: 18.0-22.9 kg/m

2
, overweight: 

23.0-24.9 kg/m
2
, obesity: >25 kg/m

2
.
15

 But, in latest 
National Family Health Survey-4 (2015-16) of India, for 
assessment of overweight or obesity, a key health 
indicator, BMI ≥25kg/m

2
 was used.

22
 If WC measure-

ments are to be used as a single screening tool for 
identification of overweight and obesity in Indian adults; 
a less sensitive WC will leave a large proportion of 
overweight and obese subjects undiagnosed and thus 
unaware of the health risk. Therefore, we suggest a 
higher sensitivity (which also means higher false positive 
rate), while minimizing the false negative rate as much as 
possible in determining the appropriate WC cut-off point 
because there is relatively less harm in recommending 
the false positive group for weight management 
(plagiarism.) In addition, it will make the false positive 
group aware of the risks of further weight gain.  

Our results showed that for men, 86.5 cm WC cut-off has 
a better diagnostic accuracy with sensitivity 86.4%, 
specificity 77.8% and Area under curve (AUC) (0.90; 
95% CI 0.84–0.96) and for women, 78.5 cm WC cut-off 
has a better accuracy with sensitivity 83.3%, specificity 
48.5% and Area under curve (AUC) (0.78; 95% CI 0.72–
0.85); which are lower than the currently recommended 
WC cut off of 90 cm for men and 80 cm for women. We 

used BMI classification for Indian population 
(overweight or obese ≥23 kg/m

2
) as gold standard. In a 

study by Misra et al.
19

 WC cut-offs, 72 cm in women 
(sensitivity: 68.7%, specificity: 71.8%) and 78 cm in men 
(sensitivity: 74.3%, specificity: 68.0%) were observed to 
be optimum for identifying those with presence of at least 
one cardiovascular risk factor. WC cut-offs of ≥90 cm in 
men and ≥80 cm in women identified high odds ratio (4.2 
and 2.2, respectively) for cardiovascular risk factors and 
those with a BMI ≥25 kg/m

2
.
19

 Misra et al have suggested 
two WC cut-off i.e action level 1: 78 cm (men) and 72 
cm (women), those who should avoid gaining further 
weight and action level 2: 90 cm (men) and 80 cm 
(women), those who should seek medical help so that 
obesity-related risk factors could be investigated and 
managed.

15 

Waist circumference is a simple, easily measurable 
anthropometric parameter, which can be assessed in the 
outpatient setting as well as during field surveys. It 
requires only a non-stretchable measuring tape which is 
in expensive and easy-to-carry. During home visit, the 
field level health workers can easily monitor nutritional 
status of the community and make them aware of the risk 
of further gaining weight. Moreover, WC is easy to self-

monitor also. 

There were few limitations in our study. The sample size 
was small. In the present study, we determined the 
sensitivity of WC based on BMI classification as the gold 
standard. Hence, the sensitivity of WC cut-offs are highly 
dependent on the validity of the BMI cut-off points. 
However, we have shown WC cut-off for both WHO 
classification and Asian Indian classification as literature 
reviews have shown that the Asian population should 
have lower BMI cut-off points compared to European 
populations.

15,19,23,24
 Furthermore, Asian Indians are at 

risk of developing obesity related co-morbidities like 
cardiovascular disease, diabetes at lower levels of BMI 
and WC.

15
 The sensitivity of WC may also be influenced 

by the prevalence of overweight in the studied 
population. 

CONCLUSION  

Our study aimed to assess the sensitivity and specificity 
of WC as a screening tool for identifying overweight and 
obese and also to determine appropriate WC cut-offs for 
rural population of India for the same. We conclude that, 
WC can be used as screening tool identifying overweight 
and obesity as it showed more than 80% sensitivity. We 
recommend that, it can be used in National Family Health 
Surveys (NFHS) also. We suggest lower WC cut off 
(86.5 cm for men and 78.5 cm for women) than currently 
recommended WC cut-off for screening of overweight 
though further research on bigger sample size is needed 
to optimize the WC cut-off for identification of those 
with increased risk of overweight and obesity related 
diseases, so weight management can be started earlier. 
This will help in tackling the escalating burden of T2DM 
and cardiovascular disease in India. 



Karmakar A et al. Int J Community Med Public Health. 2017 Nov;4(11):4254-4258 

                                 International Journal of Community Medicine and Public Health | November 2017 | Vol 4 | Issue 11     Page 4258 

ACKNOWLEDGEMENTS 

We would like to thank the Officer in-charge of RHUTC, 

Singur and Medical Officer of Diara Sub-centre for their 

help and cooperation in conducting the study. We would 

also like to thank the health workers of Diara Sub-centre 

for helping us during our field visits. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee, All India Institute of 

Hygiene and Public Health, Kolkata 

REFERENCES 

1. James PT. Obesity: The worldwide epidemic. Clin 

Dermatol. 2004;22:276-80. 

2. World Health Organization. Obesity: Preventing and 

managing the global epidemic. WHO Technical 

report series No.894. Geneva. World Health 

Organization, 2000. 

3. WHO. Fact sheet: Obesity and overweight. 2016. 

Available at http://www.who.int/mediacentre/ 

factsheets/fs311/en/. Accessed on 3 April 2017. 

4. Gupta R, Gupta VP, Sarna M, Bhatnagar S, Thanvi 

J, Sharma V, et al. Prevalence of coronary heart 

disease and risk factors in an urban Indian 

population: Jaipur Heart Watch-2. Indian Heart J. 

2002;54(1):59-66. 

5. Gupta R, Misra A. Type 2 diabetes in india: 

Regional Disparities. Br J Diabetes Vascular Dis. 

2007;7:12-16. 

6. Finkelstein EA, Trogdon JG, Cohen JW, Dietz J. 

Annual medical spending attributable to obesity: 

payer-and service-specific estimates. Health Aff 

(Millwood). 2009;28(5):822–31. 

7. Misra A, Vikram NK. Insulin resistance syndrome 

(metabolic syndrome) and obesity in Asian Indians: 

evidence and implications. Nutrition. 

2004;20(5):482-91. 

8. Raji A, Seely EW, Arky RA, Simonson DC. Body 

fat distribution and insulin resistance in healthy 

Asian Indians and Caucasians. J Clin Endocrinol 

Metab. 2001;86(11):5366-71. 

9. Chandalia M, Abate N, Garg A, Stray-Gundersen J, 

Grundy SM. Relationship between generalized and 

upper body obesity to insulin resistance in Asian 

Indian men. J Clin Endocrinol Metab. 

1999;84(7):2329-35. 

10. Han TS, Sattar N and Lean M. Assessment of 

obesity and its clinical implication. BMJ. 

2006;333:695-8. 

11. Wang J, Thornton JC, Bari S. Comparisons of waist 

circumferences measured at 4 sites. Am J Clin Nutr. 

2003;77:379-84. 

12. Lear SA, Humphries KH, Kohli S, Birminghan L. 

The use of BMI and waist circumference as 

surrogates of body fat differs by ethnicity. Obesity. 

2007;15:2817-24. 

13. Brown P. Waist circumference in primary care. 

Prim Care Diab. 2009;3:259-63. 

14. World Health Organization. Obesity: Preventing and 

Managing the Global Epidemic. Report of a WHO 

Consultation of Obesity. Geneva, 1997. 

15. Misra A, Chowbey P, Makkar BM, Vikram NK, 

Wasir JS, Chadha D et al. Consensus Statement for 

Diagnosis of Obesity, Abdominal Obesity and the 

Metabolic Syndrome for Asian Indians and 

Recommendations for Physical Activity, Medical 

and Surgical Management. J Assoc Physicians 

India. 2009;57:163-70. 

16. Molarius A, Seidell JC, Sans S, Tuomilehto J, 

Kuulasmaa K. Varying sensitivity of waist action 

levels to identify subjects with overweight and 

obesity in 19 populations of the WHO MONICA 

project. J Clin Epidemiol. 1999;52(12):1113-24. 

17. Lean ME, Han TS, Morrison CE. Waist 

circumference as a measure for indicating need for 

weight management. British Med J. 

1995;311(6998):158-61.  

18. Kee CC, Jamaiyah H, Geeta A, Ali ZA, Safiza MN, 

Suzana S. Sensitivity and specificity of waist 

circumference as a single screening tool for 

identification of overweight and obesity among 

Malaysian adults. Med J Malaysia. 2011;66(5):462-

7. 

19. Misra A, Vikram NK, Gupta R, Pandey RM, Wasir 

JS, Gupta VP. Waist circumference cutoff points 

and action levels for Asian Indians for identification 

of abdominal obesity. Int J Obesity. 2006;30:106–

11. 

20. Midha T, Krishna V, Nath B, Kumari R, Rao YK, 

Pandey U, Kaur S. Cut-off of body mass index and 

waist circumference to predict hypertension in 

Indian adults. World J Clin Cases. 2014;2(7):272-8. 

21. Wee CC, Phillips RS, Legedza ATR et al. Health 

care expenditures associated with overweight and 

obesity among US adults: Importance of age and 

race. Am J Public Health. 2005;95:159-65. 

22. Ministry of Health & Family Welfare, Govt. of 

India. National Family Health Survey-4. Available 

at: http://rchiips.org/nfhs/pdf/NFHS4/India.pdf. 

Accessed on 4 August 2017. 

23. Pan WH, Yeh WT. How to define obesity? 

Evidence-based multiple action points for public 

awareness, screening, and treatment: an extension of 

Asian-Pacific recommendations. Asia Pac J Clin 

Nutr. 2008;17(3):370-4. 

24. Low S, Chin MC, Ma S, Heng D, Yap MD. 

Rationale for redefining obesity in Asians. Ann 

Acad Med Singapore. 2009;38:66-74. 

 

 

 

 

 

 

Cite this article as: Karmakar A, Garg S, Dasgupta 

A, Paul B, Maharana SP. Sensitivity and specificity 

of waist circumference as a single screening tool for 

assessment of overweight and obesity. Int J 

Community Med Public Health 2017;4:4254-8. 


