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ABSTRACT

Abdominal adiposity and impending epidemic of non communicable disease in Indians call for revisiting cut
off values of BMI. Objectives of the study is [a] to assess nutritional status of rural women in India on the basis of
BMI and waist hip ratio (WHR), [b] to examine validity of BMI against WHR. A community based cross sectional
study. 610 rural women of reproductive age (15-49 years) are subjects of this study. After obtaining consent for
participation, each study subject was subjected to weight, height, waist circumference, and hip circumference
recording. Their WHR and BMI were computed using standard formulae. Measures of validity, ROC curve and AUC
were computed for inferential purpose. Extent of CED was 19.67%. Over weight/ obese subjects were 26.56% (Asian
criteria) and 16.07% (Global criteria). Taking WHR as gold standard, maximum number of sensitivity and specificity
was obtained at the cut off 22.3 kg/m2 of BMI. The AUC was 0.73 (0.67-0.79) at 95% Confidence Interval (CI).
Problem of under nutrition and over nutrition exists simultaneously in the rural women of reproductive age group.

The WHO cut off value of BMI (23kg/m2) for detecting over weight/obesity be lowered to 22kg/m2.
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INTRODUCTION

Over weight and obesity has emerged a major
disorder associated with many metabolic diseases in both
developed and developing countries. Globally it is
predicted that by 2020 non-communicable diseases will
contribute to 80% of the global burden of disease causing
7 out of 10 deaths in developing countries. In comparison
to less than 50% of the current figure this will be a
significant change (Boutayeb, 2013). Obesity is an
independent risk factor for cardio vascular disease (CVD)
(Seidell ET.AL., 1996). It always correlates with CVD risk
factors and type 2 diabetes mellitus (Kopelman, 2004). It
has been observed that many Asian Indians fit into the
categories of metabolic obese, normal weight Individuals.
Asian Indian phenotype is characterized by [a] less of
generalized obesity which is measured by Body Mass
Index (BMI) and [b] greater waist circumference (WC)
and Waist to Hip Ratio (WHR) (Joshi, 2013). In
comparison to white populations (Mckeigue et.al., 1991
and Chandalia et.al., 1999) the risk association with cardio
vascular and diabetes occurs at lower levels in Asian
populations. For a given BMI they have higher upper body
adiposity and higher visceral fat when compared with the
western population.

While direct assessment of fat mass may be a
better index of obesity-related to health risk, it is difficult
to measure this accurately in large epidemiological studies
particularly in the field setting. Anthropometry in terms of
weight and height recording has been most commonly
employed method for assessing nutritional status of adult
population. It provides basis for computing BMI. BMI is a
simple measure and most commonly used parameter to
characterize a person as being undernourished, normal or

overweight (pre obese and obese) (WHO, 2000). BMI,
WC, WHR are used to define obesity. However the debate
as to which isthe best to assess this condition is still
unresolved. The medical risks due to obesity have been
shown to be linked more to the abdominal distribution of
fat (Lapidus et.al., 1984 and Lean et.al., 1995). Realizing
the fact that in Indian Maturity Onset Diabetes mellitus of
Youth (MODY) and CVD are occurring at earlier age and
giving due consideration to impending unprecedented rise
in occurring of these diseases in Asian region lower cut off
values for nutritional parameters has been suggested for
Asians (Dudeja et.al., 2001). For Singaporean female
adults, the cut-off points of anthropometric indices as
screening tools for CVD factors were lower than the
criteria suggested by the WHO, but were in agreement
with those reported for Asians. BMI, WHR, WC and WSR
may be used as screening tools for cardiovascular risk
factors. BMI may not correspond to the same body fat in
different populations. There is enough scientific evidence
that the ideal BMI may differ for different populations. In
urban Asian Indian subjects even minor changes in BMI
could tilt metabolic balance towards hyperglycemia
(Yong-Hao and Peck-Hoon, 2005).

Although no single obesity index can be labeled as
predictor of non-communicable diseases (NCD), BMI is
considered is of least importance on scientific scrutiny
whereas WHR is being increasingly recognized as a
measure of obesity and thereby predictor of risk factors for
NCDs. Therefore, there is need and scope for validation of
BMI against WHR as a screening tool for overweight and
obesity. There is genetic predisposition to obesity.
However, major precipitating factor is
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environmental (Yusuf et.al., 2005 and Krangelund, 2005).
With this background this study was contemplated in the
eastern region of Utter Pradesh state, India with the
following objectives: [a] To asses nutritional status of rural
women on the basis of BMI and WHR. [b] To examine
validity of BMI against WHR (Jellife, 1966).

MATERIAL AND METHODS

SETTING

This study was conducted in rural areas of
Varanasi. This district is often called cultural capital of
India. This district lies in the eastern part of Utter Pradesh
state. Total population of district is 3682194 of which
56.57 % is rural. The literacy rate of district is 77.05%
(male 85.12% female 68.20%). The overall sex ratio for
the district is 909 (census 2011).

PERIOD OF STUDY
This study was carried out for a period of one
year (April 2010-March 2011).

STUDY DESIGN
A community based cross sectional design was
adopted for this study.

STUDY SAMPLE

Women of reproductive age group (15-49 years)
were considered for this study. Pregnant and seriously ill
women were excluded. Total sample size was fixed at 600.
However 610 subjects were included in this study.

SAMPLE SIZE

Computation of required sample size of 576 was
based on the assumption that prevalence of chronic energy
deficiency (CED) in the rural reproductive age group
women around 40% and permissible level of error as 10%
of the prevalence rate.

SAMPLING METHODOLOGY
The required sample size was selected by
adopting multi stage sampling. Following steps were
involved in the selection of study subjects.
[a] One commisionary of Utter Pradesh state
(comprising of 7 districts) was selected randomly.
[b] One district (viz. Varanasi) from the selected
commisionary was selected by simple random
sampling.
[c] One block (viz. Chiraigaon) out of 8
Community Development blocks from rural
Varanasi was selected by simple random
sampling.
[d] Five villages out of 84 villages of selected
block were selected by systematic random
sampling.
[e] Every seventh household from the selected
villages were selected by systematic random
sampling.
[f] From each household one study subject was
selected.

APPROVAL OF THE STUDY AND CONSENT OF
PARTICIPANTS

The study had prior approval of the academic
bodies of Banaras Hindu University, Varanasi, India and
prior consent was taken from the study subjects for
participation in this study.

TOOLS OF STUDY

Portable weighing machine was used for weight
recording and its accuracy machine was checked from time
to time against known weights. Steel anthropometer rod
with parallel bars having accuracy of 0.1 cm was used for
height recording. Unstrechable measuring tape was used
for taking waist and hip measurements.

TECHNIQUES OF STUDY

Each study subject was subjected to
anthropometry (weight, height, WC and HC recording)
following standard technique. All study subjects were
weighed with minimum possible clothing and no foot wear
on weighing machine with 0.1 kg precision. Zero error
correction was done before taking the weight of each
individual. The accuracy of the weighing machine was
verified periodically by cross checking with a standard
machine as well as by using standard weights.

The height of the subjects was recorded using
steel anthropometer rod with parallel bars. The accuracy of
the instrument was nearest 0.1 cm, with respondents
standing erect with head, shoulder, buttocks, and heel
vertically aligned against the rod without their foot wears.
All precautions were taken during recording of height
(Jellife, 1966).

The waist circumference was measured at the
midpoint between the lower margin of the last palpable rib
and the top of the iliac crest with the help of unstrechable
measuring tape that provided a constant 100 g tension'’
and Hip circumference was measured around the widest
portion of the buttocks, with the tape parallel to the floor
(WHO, 2008).

QUALITY ASSURANCE OF DATA
Data pertaining to 5% of samples were cross
checked by the other researcher.

ANALYSIS OF DATA

Data thus collected was entered in personal
computer. Statistical Package for Social Sciences (SPSS
16™ version) and Microsoft Excel (2007 version) was used
for analysis. BMI of each subject was computed by weight
in kg/height in m?and this was used for nutritional grading
by following the criteria suggested by WHO for both
Global and Asian population. WHR of each study subject
was computed and the subject was labeled as low or high
risk by taking the cutoff point of 0.85. Taking WHR as
gold standard, measures of validity [viz. sensitivity,
specificity, positive productive value (PPV), and negative
predictive value (NPV)] were computed for different cut
off values of BMI. The ROC curve was plotted using
measures of sensitivity and 1-specificity. The overall
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performance of ROC curve was evaluated by calculating
the area under the curve (AUC) with 95% Confidence
Interval (CI).

RESULTS

Nutritional Status of the study subjects based on
BMI (Asian and Global Classifications) is given in Figure-
1 (A) and (B). By both the classifications, 120 (19.67%)
subjects were categorized as victims of CED and 26.56%
(Asian criteria) and 16.07% (Global criteria) were either
overweight or obese. There was significant association
(table -1) between WHR (cut off value 0.85) and BMI (cut
off value 23). Out of 610, 63 (10.33%) subjects had WHR

>0.85 and were characterized as obese/high risk for non
communicable diseases (NCDs). Of these 30 (47.62%) and
33 (52.38%) were categorized as high (BMI >23kg/m?)
and non obese/low risk (BMI <23 kg/m?) respectively. Out
of 547 subjects with WHR <0.85 (non obese/low risk), 415
(75.87%) and 135 (24.13%) were labeled as non obese/low
and obese/high risk on the basis of BMI. Out of 162
subjects with BMI >23kg/m? 30 (18.52%) and 132
(81.48%) subjects were characterized as obese/high and
non obese/low risk on the basis of WHR. Of 448 subjects
having BMI <23 kg/m?, 33 (7.37%) and 415 (92.63%)
were characterized as obese/high and non obese/low risk
on the basis of WHR.

Table: 1 Waist Hip Ratio (WHR) versus Body Mass Index (BMI) based on Asian Classification.

WHR Total
BMI (Kg/M?) >0.85 (High Risk) <0.85 (Low Risk)
No. % No. % No. %
>23 30 47.62 132 24.13 162 27.05
<23 33 52.38 415 75.87 448 72.95
Total 63 100.00 547 100.00 610 100.00
X?=15.98; df= 1; p= 0.000

Sensitivity = 47.62% Specificity = 75.87%

Figure-1 Distribution of respondents according
to their BMI (Asian Classification)

LLe:1)
mNorma

Obese

There existed significant association (table-2)
between WHR of the same cut off value and BMI (cut off
value 25). Out of 610 the percentage for over
weight/obesity thereby high risk for NCDs was 10.33%
taking cut off of WHR at 0.85 but out of 63 such subjects
25 (39.68%) and 38 (60.32%) were categorized as high
(BMI >25kg/m?) and low risk (BMI <25 kg/m?
respectively. Similarly out of 547 subjects with WHR
<0.85 (low risk), 474 (86.65%) and 73 (13.35%) were
labeled as low and high risk on the basis of BMI. Out of 98
subjects with BMI >25kg/m? 25 (25.51%) and 73
(74.49%) subjects were characterized as high and low risk
on the basis of WHR. Of 508 subjects having BMI <25
kg/m?, 38 (7.42%) and 474 (92.58%) were characterized as
high and low risk on the basis of WHR.

PPV =18.52%

NPV =92.63%

Table: 2 Waist Hip Ratio (WHR) versus Body Mass
Index (BMI) based on Global Classification

WHR
BMI >0.85 (High | <0.85 (Low Total
(Kg/M?) Risk) Risk)
No. % No. % No. %
>25 25 | 3968 | 73 | 13.35 | 98 | 16.07
<25 38 | 60.32 | 474 | 86.65 | 512 | 83.93
Total 63 | 100.00 | 547 | 100.00 | 610 | 100.00
X°=29.06; df= 1; p= 0.000

Sensitivity = 39.68% Specificity = 86.65% PPV

=25.51% NPV = 92.58%

Figure-2 Distribution of respondents according
to their BMI (Global Classification)

= CED
= Normal

Obese

Taking WHR as Gold Standard and its cutoff value as
0.85, measures of validity of BMI at different cut off levels
were computed and are given in table-3. Sensitivity
increased with decreasing cut offs of BMI being least
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(39.68%) at 25 and maximum (77.78%) at 21. Reversed
trend was observed for specificity; its values at cut off of
BMI 25 and 21 were 86.65% and 56.85% respectively.
The table-3 depicts that cut off of 22 for BMI gives
optimum combination of sensitivity (68.25%) and

specificity (68.55%) against the gold standard of WHR for
identifying subjects with over weight and obesity. high and
low risk for non communicable diseases. The results given
in table- 3 points that NPV is high for different cut offs of
BMI. Whereas reverse situation prevailed for PPV.

Table: 3 Validity of BMI at different cut off values against WHR (cut off value 0.85)

BMI Cut Off Sensitivity (%)

Specificity (%)

PPV (%) NPV (%)

25

39.68

86.65

25.51

92.58

24

41.27

83.18

22.03

92.48

23

47.62

75.87

18.52

92.63

22

68.25

68.55

20.00

94.94

21

77.78

56.85

17.19

95.69

ROC Curve

Sensitivity

04 06
1 - Specificity

Figure- 3 BMI versus WHR

The ROC curve analysis allows visual evaluation of the
trade-offs between sensitivity and specificity associated
with different values of the test result (figure-3). Maximum
sum of sensitivity and specificity was obtained at the cut
off of 22.3 kg/m* of BMI. The area under the curve was
0.73 (Cl at 95%: 0.67-0.79).

DISCUSSION

There are several evidences to show that rural
women are in disadvantaged position and due to variety of
reasons they become victim of CED. Contrary to
observations of NFHS 2 (36.5%) (IIPS, 1998-1999) and
NFHS 3 (37.2%) (1IPS, 2005-06) lower prevalence of
CED has been observed in this study. This could be
attributed to developmental status of the study area, status
enjoyed by women, intra familiar food distribution and
socio-cultural context as well as work profile. Other
influencing factors may be peri-urban influence of
Varanasi city, shifting trends towards sedentary life and
activity pattern towards sedentary life and less farm
activity due to decreasing per family land holding and
changing agricultural practices. On the contrary prevalence
of overweight and obesity has shown arising trend in
comparison to findings of NFHS.

There is sufficient scientific evidence to warrant
revision of WHO cut off values for various indices of
overweight and obesity. A study conducted in Singapore
compared cut off values of obesity for different parameters
with the cardio-vascular risk pointed the cut off value for
BMI and WHR as 23.6kg/m? and 0.8 WHR (Yong-Hao,
2005).

There is enough scientific evidence to substantiate
that many Asian Indians fit into metabolically obese

normal weight individuals. Anthropometric indices BMI,
WHR and WC correlate well with diabetes mellitus,
hypertension and metabolic syndrome. However WHR has
similar association with dyslipidemia (Gupta et., 2007).
The risk of diabetes was significant at BMI >23 kg/m? for
urban and Indians of both sexes. An increasing trend with
BMI >22 kg/m? had been indicated in previous study. %
Even several international studies ™ suggested cut off for
BMI as 22 (Daniel et.a, 2007, Akanuma, 1996 and Zhou,
2002).

It is not easy to assess CV risks (viz hypertension
dyslipidemia and type 2 diabetes) in community settings
realizing that strong association prevail between CV risk
factors and obesity. Obesity can be taken as proxy
indicator for CV risks. Several indices (BMI, WHR, WC,
and WSR) are used for obesity (Hsieh et.al., 2003).
However yield of any screening programme depends on
the cut off values used for them WHO has suggested cut
off values for BMI >25 for overweight and >30kg/m? for
obesity and WHR as 0.85 for female for global use. The
debate about the potential of best predictor of
anthropometric parameters in predicting risk for non
communicable diseases is not settled as it but
INTERHEART STUDY had mentioned that WHR is the
best predictor for CVD events. Given optimum
opportunities for development there is no reason that
Indians will have lesser WHR than global standard. With
this back ground cut off for WHR has been taken at 0.85.
Therefore In this study WHR is taken as gold standard and
sensitivity specificity of BMI in identifying people at high
risk has been computed at different cut off levels (Gupta,
2007).

It is obvious from the results of this study that cut
off BMI 22 is best suited for the study subjects rather than
23 suggested by Asian Classification of WHO. This is
based on the consideration of ROC curve and AUC, which
is a measure of the diagnostic power of a test, and
describes the probability that a test will correctly identify
subjects with the disorders. Similar views have been
expressed by several researchers. Even migrant studies
have suggested the cut off value of 22 for BMI for Asian
Indians.?® *® However it should be noted that if a person is
not over weight/ obese by BMI there is more than 90%
probability that the judgment is correct (Dudeja, 2001 and
Singh et.al., 1992).

In the fitness of the things Government of India has
given due emphasis on prevention and management of
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non- communicable disease. Findings of this study have
relevance in this endeavor. In fact emphasizing preventing
measures taking cut off of BMI at 22 is desirable.
However, this does not undermine the importance of
operational ease in calculating WHR at field level. Thus
Problem of under nutrition and over nutrition exist
simultaneously in the rural women of reproductive age
group. The WHO cut off value of BMI (23kg/m?) for
detecting over weight/obesity be lowered to 22kg/m?.

CONCLUSION

Problem of under nutrition and over nutrition
exists simultaneously in the rural women of reproductive
age group. The WHO cut off value of BMI (23kg/m2) for
detecting over weight/obesity be lowered to 22kg/m2.

ACKNOWLEDGEMENT

Authors duly acknowledge the statistical support
extended by Dr. Alok Kumar of the Department of
Community Medicine of IMS, BHU, Varanasi, India.
Authors are also thankful the members of academic bodies
of Banaras Hindu University for approving and permitting
this work as well as the participants of this study without
whose co-operation this study would not have been
possible.

REFERENCES

e Boutayeb Abdesslam, Boutayeb Saber. The burden of
non communicable diseases in developing countries.
International Journal for Equity in health (online).
http://www.equityhealthj.com/content/4/1/2, Retrieved
April 26, 2013.

e Seidell JC, Verschuren WM, van Leer EM, Kromhout
D. Overweight, underweight, and mortality. A
prospective study of 48,287 men and women. Arch
Intern Med 1996; 156: 958-63.

o Kopelman PG. Obesity as a medical problem. Nature
2000; 404: 635-43.

e Joshi R. Metabolic syndrome — Emerging clusters of
the Indian Phenotype. J Assoc Physicians India 2003;
51:445-6.

e Mckeigue PM, Shah B, Marmott MG. Relationship of
Central obesity and insulin resistance with high
diabetes prevalence and cardiovascular risk in South
Asians. Lancet, 1991; 337:382-386.

e 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:
2329-2335.

e Banerji MA, Faridi N, Atluri R, Chaiken RL, Lebovitz
HE. Body composition, visceral fat, leptin and insulin
resistance in Asian Indian Men. J Clin Endocrinol
Metab, 1999; 84: 2329-2335.

Obesity: Preventing and managing the global
epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser 2000; 894:1-253.

Lapidus L, Bengtsson C, Larsson B, Pennert K, Rybo
E, Sjostrom L. Distribution of adipose tissue and risk
of cardiovascular disease and death: A 12-year follow
up of participants in the population study of women in
Gothenberg, Sweden. BMJ 1984; 289:1257-61.

Lean MEJ, Han TS, Morrison CE. Waist
circumference as a measure for indicating need for
weight management. BMJ 1995; 311:158-61.

Dudeja V, Misra A, Pandey RM, Devina G, Kumar G,
Vikram NK. BMI does not accurately predict
overweight in Asian Indians in Northern India. Br J
Nutr 2001; 86:105-12.

Yong-Hao PUA, Peck-Hoon ONG. Anthropometric
indices as screening tools for cardiovascular risk
factors in Singaporean women. Asia Pac J Clin Nutr
2005; 14 (1): 74-79

Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi
MG, Commerford P, et al. Obesity and the risk of
myocardial infarction in 27000 participants from 52
countries: a case-control study. The Lancet 2005; 366:
1589-91.

Krangelund C, Omland T. A farewell to Body Mass
Index? The Lancet 2005; 366:1589-91.

Arye Lev- Ran: Human Obesity: an evolutionary
approach to understanding our bulging waistline.
Diabetes Meta Res Rev, 2001; 17: 347-362.

Jellife DB. The assessment of the nutritional status of
the community. WHO Geneva, 1966:2-233.

STEP wise approach to surveillance (STEPS). World
Health Organization.
http://www.who.int/chp/steps/en/. Retrieved March
14, 2013.

Waist Circumference and Waist-Hip Ratio, Report of
a WHO Expert Consultation. World Health
Organization. 8-11 December 2008.
http://whglibdoc.who.int/publications/2011/97892415
01491 eng.pdf. Retrieved March 14, 2013.

International Institute of Population Sciences.
National Family Health Survey India (NFHS-2),
1998-99.

International Institute of Population Sciences.
National Family Health Survey India (NFHS-3),
2005-06.

Gupta R, Rastogi Priyanka, Sarna M, et al. Body mass
index, waist-size, waist-hip ratio and cardiovascular
risk factors in urban subjects.J Assoc Physicians
India. 2007;55:621-27.

The article can be downloaded from http:/www.ijfans.com/currentissue.html

111



VALIDITY OF BODY MASS INDEX FOR PREDICTING OVER WEIGHT AND
OBESITY IN INDIAN RURAL WOMEN
Zoobi Khanam, Chandra Pati Mishra and Hari Shankar

YIJFNS

7N/ Intermational Journal of Food
And Nutriional Sciences

Ramachandran A, Snehalatha C, Dharmaraj D,
Viswanathan M: Prevalence of glucose intolerance in
Asian Indians: urbanrural difference and significance
of upper body adiposity. Diabetes Care 15:1348-
1355, 1992

Daniel M, Rowley KG, McDermott R, O’Dea K:
Diabetes and Impaired glucose tolerance in Aboriginal
Australians: prevalence and risk. Diabetes Res Clin
Pract, 2002; 57: 23-33.

Akanuma Y: Non-insulin-dependent dia betes mellitus
(NIDDM) in Japan. Diabet Med, 1996; 13:5S11-S12.

Zhou BF, Co-operative Meta Analysis Group of the
Working Group on Obesity in China: Predictive
values of body mass index and waist circumference
for risk factors of certain related diseases in Chinese
adults—study on optimal cutoff points of body mass
index and waist circumference in Chinese adults.
Biomed Environ Science, 2002; 15:83-96.

Hsieh SD, Yoshinaga H, Muto T. Waist-to-height
ratio, a simple and practical index for assessing central
fat distribution and metabolic risk in Japanese men
and women. Int J Obes Relat Metab Disord 2003;
27:610-6.

Singh RB, Balaji S, Niaz MA, Rastogi SS, Moshiri M:
Prevalence of type 2 diabetes mellitus and risk of
hypertension and coronary artery disease in rural and
urban population with low rates of obesity. Int J
Cardiol 66:65-72, 1992

UK Prospective Diabetes Study Group: UK
Prospective Diabetes Study XII: differences between
Asian, Afro-Caribbean and white Caucasian type 2
diabetic patients at diagnosis of diabetes. Diabet Med,
1994; 11. 670-677.

Diabetes Prevention program Research group:
Reduction in the incidence of type 2 diabetes with life
style intervention or metformin. N Engl J Med 2002;
346:393-403.

The article can be downloaded from http:/www.ijfans.com/currentissue.html

112



