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ABSTRACT: Obesity is a major contributing factor to several non-communicable

diseases (NCDs) constituting a persistent driver of morbidity and mortality. The present
study was carried out to understand the prevalence and distribution of general and abdominal
obesity, and to evaluate its association with socio-economic and behavioural factors in
Palwal district, Haryana, India. A cross-sectional study of 180 participants aged 30 to 80
years, was selected from Palwal, Haryana, India. A comprehensive house-to-house survey
collected socio-economic characteristics, behavioural habits, and anthropometric
measurements (height, weight, waist circumference, and hip circumference). The prevalence
of general obesity in the present study was 53.9%, and abdominal obesity was 71.1%,
92.2%, and 81.1% in WC, WHR, and WHtR, respectively. Sex was an important risk factor
for high BMI and WC, where females showed significantly higher odds compared to males
but confounded by smoking. Females showed a higher risk of high WHR even after

controlling for confounding variables.

INTRODUCTION

Obesity continues to be a major global health
problem, representing a significant risk factor for
numerous non-communicable diseases (NCDs), such
as diabetes mellitus, cardiovascular diseases,
muscul oskel etal disorders, and certain cancers(World
Health Organisation (WHO, 2021). It imposes a
substantial burden on well-being and quality of life.
According to the WHO, obesity is defined as a
chronic, complex disease characterized by excessive
adiposity that can impair health (WHO 2018; WHO,
2023). In most cases, it isamultifactorial condition
influenced by obesogenic environments, psycho-
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social factors, and genetic variants.

Various factors determine an individual’'s
adiposity, including genetic and environmental factors
within obesogenic environments. The increased
consumption of relatively cheap and tasty food
significantly contributes to the high prevalence of
obesity (Temple, 2023). Socio- economic factors, such
as age, sex, education, socioeconomic status, and
annual household income (Venkatrao et al., 2020;
Choukem et al., 2020; Ishida et al., 2020), and
behavioural factors, such as alcohol consumption,
smoking, physical inactivity, and unhealthy diets,
have been found to be associated with obesity
(Keramat et al., 2021; Al-Raddadi, et al., 2019;
Choukemet al., 2020).

The prevalence of obesity has been steadily
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rising since the beginning of the 21st century. As of
2016, the global population of obeseindividuals has
surpassed 1.9 billion, comprising 650 million adults,
340 million adol escents, 39 million children, and 39%
of adults aged 18 years and over were overweight
and 13% were obese. (WHO, 2021; WHO,2022).
Projections suggest that over half of the world's
popul ation (approximately 4 billion individuals) will
grapplewith overweight or obesity, and by 2035, 1in
4 people (nearly 2 hillion) will be affected by obesity
if present trends persist (World Obesity Atlas, 2023).
Glaobally, over 5 million desthsin 2019 wereattributed
toexcessive body weight-rel ated ill-health, with more
than half occurring among individuals under 70
(Murray et al., 2020). The WHO's target to reduce
global obesity to 2010 levels by 2025 is likely to be
unmet by most countries, posing athreat to thetarget
with the increasing prevalence of overweight and
obesityin India (Vermaet al., 2023).

The prevalenceof obesityison therisein India,
with the National Family Health Survey (NFHS) —5
reporting atrend of 22.9% and 24.0% overwei ght and
obesity in males and femal es, respectively, anotable
increase from 18.9% and 20.6% in NFHS-4
(International Institutefor Population Sciences[11PS]
& ICF, 20214). Furthermore, thefindingsof NFHS-5
indicatethat 56.7% of women and 47.7% of men exhibit
abdominal obesity in the country (I1PS& ICF, 20214).
Asof 2016, morethan 70% of global overweight and
obese individuals reside in low-income or middle-
income countries (LMICS) (Schneider et al., 2020),
wheretheissueof under-nutrition isprevalent, posing
thethreat of a double burden of malnutrition (Popkin
et al., 2020). The prevalence of overweight and obesity
in Indiais predicted to double among Indian adults
aged 2069 years between 2010 and 2040, with an
expected threefold increase over the same period
(Luhar et al., 2020). TheGloba Obesity Atlasfor 2023
projects a medium obesity index for India in 2035,
with an annual increase of 5.2% in adult obesity and
9.1%in child obesity from 2020 to 2035. Overweight
conditions are expected to impact the national GDP
by 1.8% in 2035, with India ranking 99 out of 183
countries in global preparedness (World Obesity
Atlas, 2023).

Haryanastate hasapreval ence of genera obesity
at 33.1% infemalesand 28.3% in males (I1PS & ICF,
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2021b), asignificant increasefrom 21% in malesand
20%infemalesin thepreviousNFHS-4 survey. NFHS-
5 also reports abdominal obesity (WHR) prevalence
at 62.6% for femalesand 58.3% for mal es, S gnificantly
higher than general obesity. Among the rural
popul ation, the preval ence of general and abdominal
obesity is30.9% in females, 27.4% in males, 61.7%,
and 57.7%, repectively (I1PS& ICF, 2021b). InIndia,
thereisahigher incidence of obesity in villagesnear
townships, and the increase is correlated with rural
development and economic transition (Aiyar et al.,
2020).

With India experiencing such ahigh incidence of
obesity and the current growth trend is concerning, a
rapid transition toward undesirable shiftsin public
health issuesis underway. Obesity, being amajor risk
factor for various non-communicable diseases (NCDs),
can have severeimpactsand burdenson the economy.
Consequently, obesity has become a critical public
issue that requires study and reflection.

The present study, conducted in 2021 among
adults aged 30 and abovein three villages of Palwal
digrict, Haryana, aimsto determinethe prevalence of
general and abdominal obesity and its association
with socioeconomic and behavioural factors in this
rural population.

MATERIALS& METHODS

Study Design and Participants: The present
study was a popul ation-based, cross-sectional study
conducted on atotal of 180 participants of both sexes
aged 30 to 80 years. The participantswere residents
of threevillages—Jainpur, Janachali, and Mandnaka—
intheHathin tehs| of Palwal digtrict in Haryana, North
India. Themajority of the population in thesevillages
follows Hinduism and is majorly dependent on
agriculture and the rearing of livestock for their
livelihoods. The agricultural fields are mainly
cultivated with wheat, rice, sugarcane and mustard.
Thenational bird of India, the Common Peafowl, and
Nilgai are quite common and can be seen in these
villages. The people are mostly dependent on alacto-
vegetarian diet, and dairy productsfrom cattlereared
at their homesareamain part of their dietary source.
Thecultureand tradition of theregion arereflectedin
thesevillages. Festivalswhichinclude Hali, Dussehra,
Diwali, etc. and religiousfairsheld in thedistrict aso
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play anintegral partintheir social life.

Participants were randomly selected through a
household survey conducted in March 2021, taking
into consideration the population of the villages.
Bedridden individual sand those suffering from major
physical health conditionswere excluded.

Ethical Approvals: The present study received
approval from the Department Ethics Committee,
Department of Anthropology, University of Delhi.
Informed written consent, transcribed in Hindi, was
obtai ned from each participant before data collection.

Data Collection: Socio-economic and
behavioural datawere collected at participants homes
using a pre-tested and modified interview schedule.
Data on age, sex, marital status, educational status,
occupation, and annual income. Behavioural variables
covered dietary habits, smoking (beedi and/or
hookah), alcohol consumpti on, and physical activity.
Anthropometric variables were collected using a
standard protocol, including height and weight
measured with an anthropometer rod and weighing
scale waist circumference (WC) and hip circumference
(HC) measured with anon-expendable stedl tape.

General Obesity: General obesity was assessed
using thebody massindex (BMI), aglobally accepted
index representing overall obesity. While BMI serves
asawidely recognized metric, it lacksthe capacity to
provide informati on regarding body fat distribution,
specifically abdominal obesity, and has other inherent
l[imitations (Tutunchi et al., 2020). The sandard BMI
formula, involving thedivision of weight in kilograms
by the square of height in meters, was employed for
itscal culation.

To categorize individuals, the Modified Asian
Indian criteria for BMI cutoffs were followed, as
proposed by Misra et al. (2009). This classification
included underweight (BMI < 18.5 kg/m2), normal
weight (BMI = 18.5-22.9kg/m2), overweight (BMI =
23.0-24.9kg/m2), and obese (BMI > 25kg/m2). The
Asian criteria for BMI classification have been
recognized for their efficacy in mitigating comorbid
dysmetabolic conditions, such as hypertension
(Vermaetal., 2019).

Abdominal Obesity: Abdominal obesity offersa
mor e preci se estimation of adiposity, addressing the
limitation of BMI initsinability to captureregional fat
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distribution. Numerous epidemiol ogical studieshave
documented a higher BMI associated with reduced
mortality in ol der individuals, patientsin acuteclinical
settings and people dealing with chronic disorders—
a phenomenon recognized as the ‘ obesity paradox’
(Carboneet al., 2019; Orsi et al., 2022). Research has
consistently indicated that abdominal obesity exhibits
a stronger association with cardiometabolic risk
factorscompared to BMI (Ashwell et al., 2012; Jayedi
et al., 2020). BMI, in contrast, fails to adequately
assessthe cardiometabolic risk in adultswith excess
adiposity (Rosset al., 2020).

As aresult, thereis a growing endorsement for
theuseof wai gt circumference (WC) in routineclinical
and research settings (Carbone et al., 2019; Ross et
al., 2020). WC measurementsinvolve determining the
smallest circumference between the lower ribs and
the iliac crest, while hip circumference (HC) is
measured at the buttock to establish the maximum
circumference. Abdominal obesity is defined asWC
>90cmin malesand WC >80cminfemales(Misraet
al., 2005; WHO, 2011). Waist-to-hip ratio (WHR),
calculatedasWCincm/ HCin cm, designatesWHR
> 0.90 for males and WHR > 0.80 for females as
indicative of abdominal obesity (WHO, 2011). Smilarly,
the waist-to-height ratio (WHtR), cal culated as WC
in cm / Ht in cm, designates WHtR > 0.50 as the
threshold for defining abdominal obesity (Ashwell,
Gunn, & Gibson, 2009; Ashwell, & Gibson, 2016).

Physical Activity: Following the Ainsworth et
al. Compendium of Physical Activities (2011), the
intensity of physical activity was classified into
moderate and vigorous level sbased on the MET value
associated with each activity. Participants engaging
inaminimum of 150 minutesof weekly physical activity
were considered active. The duration of physical
activity was determined by multiplying the number of
days and minutes per day devoted to moderate and
vigorous activities by each individual (WHO, 2010;
Bicalhoet al., 2010).

Categorical Variables: Participants have been
systematically categorized acrossvariousparameters.
Age groups have been categorised into three groups,
30-34 years, 45-59 years and 60 years and above.
Regarding education, individual s have been grouped
based on whether they have received no formal
education or have acquired some level of formal
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education. Annual income categories are defined by
the below poverty line (BPL), representing an annual
income less than 1,80,000, and above poverty line
(APL), denoting an annual income equal to or
exceeding 1,80,000, as per thecriteria established by
the Government of Haryana (Haryana Chief Minister’s
Office, 2023). Dietary hahits have been classified into
two groups: lacto-vegetarian and non-vegetarian.
Smoking distinguishes between participants who
smoked (yes) and those who did not smoke (no).
Alcohol consumption is categorized into consuming
alcohoal (yes) and not consuming acohol (no). Lastly,
participants physical activity levelsare differentiated
into those who are actively engaged and those who
areinactive.

Satigtical Analysis: Statistical analysis was
performed using SPSS version 26.0. The prevalence
of obesity and its distribution across socioeconomic
and behavioural factors were summarized using
frequency and percentage. The T-test and Chi-square
test of the anthropometric measures were conducted
to determine any significant differences in the
distribution of continuous variables and the
categorical variablesrespectivey. A one-way ANOVA
test was carried out to compare the means and
standard deviation of socio-economic and
behavioural factors on general obesity (BMI) and
abdominal obesity (WC, WHR, WHR). Binarylogistic
regression was used to calculate the odds ratio and
estimate the association between the confounding
factorsand obesity. Statistical significanceat p < 0.05
(two-sided) was considered for all tests.

Limitations: The present study is a cross-
sectional study limited to three villages of Palwal,
Haryana. Consequently, thefindingsmay not befully
representative of the broader rural population in
northern India. Theuneven representation of variables
such as age groups, sex, and acohol consumption,
combined with therelatively small sample size, poses
limitations on the generalizability of the study
outcomes. Despite these constraints, the study offers
valuabl e insights into the patterns and associations
of obesity with socioeconomic and behavioural
factors among adults aged 30-80 years. Further
research is warranted to comprehensively elucidate
the variations in prevalence and associations with
multipl efactorsinfluencing obesity.
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RESULTS

Table 1 showsthe general characteristics of the
studied population and the distribution of the
participants. Nearly the entire studied population
adhered to a lacto-vegetarian diet, accounting for
99.4% (n=179), with only one participant following a
different dietary pattern. The studied population
exhibited a higher representation of female
participants, comprising 70% (n=126), in contrast to
themale counterpart, which congtituted 30% (n=54).
A higher proportion of participants had no formal
education, amounting to 61.1% (n=110), and the
majority fell under the below poverty line (BPL),
totalling 66.7% (n=120). Natably, a substantial number
of participants were identified as physically active,
congtituting 83.3% (n=150).

TABLE 1
Basic characteristics of the study population

Variables Frequency Percentage (%)
(n = 180)

Villages

Madnaka 86 47.8

Janacholi 38 21.1

Jainpur 56 31.1

Sex

Females 126 70.0

Males 54 30.0

Age Groups

30-44 years 21 11.7

45-59 years 81 45.0

60 and above 78 43.3

Education

No formal education 110 61.1

Formally educated 70 38.9

Annual Income

BPL 120 66.7

APL 60 33.3

Dietary Habits

L acto-Vegetarian 179 99.4

Non-Vegetarian 1 0.4

Smoking

Smokers 90 50.0

Non-smokers 90 50.0

Alcohol Consumption

Drinks 18 33.3

Doesn’t drink 36 66.7

Physical Activity

Active 150 83.3

Inactive 30 16.7

Table 2 shows the various anthropometric
measurements taken for the present study according
to sex distribution. Males were significantly taller
(m=168.03, f=154.60, p<0.01), heavier (Mm=63.92, 1=58.16,
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p<0.05) and had higher WHR (m=0.98, f=0.91, p<0.01)
compared to their female counterparts. Whereas
femal es showed significantly higher BMI (m=22.56,
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f=24.34, p<0.05), and HC (m=92.30, =96.06, p<0.05)
compared to their mal e counterparts. However, WC
and WHtR did not show significant differences.

TABLE 2
T-test of anthropometric measures
Measures Male Female P value
N Mean + SD N Mean + SD
Height 54 168.03 = 7.00 126 154.60 = 5.74 0.00**
Weight 54 63.92 + 12.03 126 58.16 + 12.43 0.01*
BMI 54 22.56 + 3.50 126 2434 £ 5.14 0.02*
wcC 54 90.75 + 10.55 126 96.06 + 10.95 0.06
HC 54 92.30 + 6.30 126 96.06 + 9.29 0.01*
WHR 54 0.98 + 0.07 126 0.91 + 0.07 0.00**
WHtR 54 0.54 + 0.06 126 0.56 + 0.01 0.11

Note: * p<0.05; ** p<0.0

Table 3 presentsthe prevalenceof general obesity
(BM1), and abdominal abesity (WC, WHR, WHtR).
Among the measures, WHR showed the highest
(92.2%) prevalence of obesity in the study popul ation,
with femal es having ahigher preval ence (95.2%) than
males (85.2). Thiswasfollowed by ahigh prevalence

of high WHItR (total 81.1%, f 83.3%, m75.9%), and
high WC (total 71.1%, f 77.0%, m 57.4%). The
prevalence of general obesity (BMI) (total 53.9%, f
58.7%, m42.6%) islowest when comparedtotheother
measures of abdominal obesity.

TABLE 3

Prevalence of general obesity and abdominal obesity
Measures Overall Male Female

n = 180 (%) n = 54 (30%) n = 126 (70%)
BMI
< 22.9 kg/m? 83 (46.1) 31 (57.4) 52 (41.3)
> 23.0 kg/m? 97 (53.9) 23 (42.6) 74 (58.7)
wcC
<80 cm (f)/ <90 cm (m) 52 (28.9) 23 (42.6) 29 (23.0)
>80 cm (f)/ >90cm (m) 128 (71.1) 31 (57.4) 97 (77.0)
WHR
<0.8 (f)/ <0.9 (m) 14 (7.8) 8 (14.8) 6 (4.8)
>0.8 (f)/ >0.9 (m) 166 (92.2) 46 (85.2) 120 (95.2)
WHtR
<0.5 34 (18.9) 13 (24.1) 21 (16.7)
>0.5 146 (81.1) 41 (75.9) 105 (83.3)

Table4 presentstheresults of aone-way ANOVA
conducted to compare the mean BMI WC, WHR, and
WHItR. Among thevariablestaken, age demonstrated
asignificant association with WHR (F = 10.72, p <
0.01), whereWHR increaseswith increasesin the age
group. Sex exhibited a significant association with
BMI (F=5.41, p< 0.05) and WHR (F=37.96, p<0.01),
wherefemal esshowed ahigher meanin BMI compared
tomalesand viceversafor WHR where mal es showed
a higher mean of WHR compared to females.
Furthermore, acohol consumption was found to be
significantly association with WHR (F = 13.45, p <

0.01) where parti cipantswho did not consume a cohol
showed a higher mean compared to participantswho
consumed alcohol. Smoking showed a significant
association with BMI (F=10.28, p<0.01), WHR (F=
10.34,p< 0.01), and WHtR (F =7.87, p< 0.05), smokers
had higher means in BMI and WHtR compared to
non-smokers, participantswho did not smoke showed
higher meansin WHR than thosewho smoked. Lagtly,
physical activity showed asignificant association with
WHR (F =5.01, p < 0.05), where active participants
had a higher mean WHR compared to inactive
participants. However, no significant associations



104 Thiyam Seityajit Singh, Abigail Lalnuneng & Naorem Kiranmala Devi

were observed between education, annual income,

and any of the obesity measures.

TABLE 4
ANOVA test for obesity measures by socioeconomic and behavioural factors

Variables BMI WC WHR WHtR

Mean + SD Mean £ SD Mean + SD Mean + SD
Age
30-44 years 24.94 + 4.81 88.05 + 12.63 0.88 + 0.07 0.56 + 0.08
45-59 years 23.91 + 4.03 87.22 + 10.58 0.92 + 0.07 0.55 + 0.06
60 and above 23.38 + 5.42 89.83 + 10.74 0.96 + 0.08 0.56 + 0.09
F— value 0.917 1.16 10.72** 0.06
Sex
Male 22.56 + 3.50 90.75 + 10.55 0.98 + 0.07 0.54 + 0.01
Female 24.34 + 5.14 87.46 + 10.95 0.91 + 0.07 0.56 + 0.09
F- value 5.41* 3.49 37.96** 2.57
Education
No formal education 24,12 + 5.52 88.36 + 11.47 0.92 + 0.08 0.56 + 0.09
Formally educated 23.30 + 3.24 88.58 + 10.05 0.94 + 0.08 0.54 + 0.05
F- value 1.27 0.02 1.78 1.02
Annual Income
BPL 23.93 + 5.06 88.56 + 11.16 0.93 + 0.08 0.55 + 0.09
APL 2354 + 4.14 88.21 + 10.47 0.94 + 0.07 0.56 + 0.06
F- value 0.27 0.04 0.54 0.46
Alcohol Consumption
Yes 23.92 + 4,91 88.18 + 10.91 0.92 + 0.08 0.56 + 0.08
No 22.75 + 3.08 90.86 + 10.88 0.99 + 0.07 0.54 + 0.05
F- value 0.98 0.98 13.45** 0.44
Smoking
Yes 24.91 + 4.80 89.10 + 10.74 0.91 + 0.07 0.57 + 0.07
No 22.69 + 5.50 87.80 + 11.98 0.95 + 0.08 0.54 + 0.08
F- value 10.28** 0.62 10.34** 7.87*
Physical activity
Active 23.76 + 4.90 88.94 + 11.23 0.94 + 0.08 0.55 + 0.08
Inactive 24.04 + 4.12 85.96 + 8.85 0.90 + 0.08 0.55 + 0.08
F— value 0.09 1.88 5.01* 0.00

Note: * p<0.05; ** p<0.0

Table5 outlines the prevalence and distribution
of general obesity (BMI), and abdominal obesity (WC,
WHR, WHtR) and itsassociation with socioeconomic
and behavioural variables. The prevalence of general
obesity (BMI) decreaseswith an increasein agegroup
(30-44-year-0ld=66.7%, 45-59 -year-0ld=53.1%, 60 and
above-year-old=51.3%), but the 45-59-year-old age
group demonstrated a higher incidence of abdominal
obesity (WC=71.6%, WHR=95.1%, WHtR=82.7%).
However, thereisno significant associ ation between
age and general obesity and abdominal obesity (BMI,
c*=1.61, p>0.05; WC, ¢=0.02, p>0.05; WHR, 2=1.67,
p>0.05; WHtR, ¢=0.27, p>0.05).

Females showed a significantly higher BMI
(m=42.6%, f =58.7%, ¢ = 3.96, p<0.05), high WC
(M=57.4%, T =77.0%, = 7.05, p<0.05), and high WHR
(m=85.2%, f =95.2%, c2 = 5.33, p<0.05) compared to

their mal e counterparts. Femal esal so showed ahigher
inc dence of WHER (m=75.9%, f =83.3%) compared to
males but the association was not statistically
sgnificant (p>0.05).

Participants with formal education showed a
higher preval ence of WHR (y=90.0%, n=62.0%,) and
WHIR (y=82.9%, n=80.0%,), whileparticipantswho
had no formal education showed a higher prevalence
of BMI (y=55.0%, n=53.3%), and (WC y=67.1%, n
=73.6%). However, the relati onship between education
and obesity (general obesity and abdominal obesity)
isnot statistically significant (p>0.05).

With respect toincome, partici pants who belong
to APL showed a higher incidence of both general
obesity (BMI, APL=51.4%, BPL=55.5%) and
abdominal obesity (WC, APL=75.0%, BPL=69.2%;
WHR, APL=95.0%, BPL=90.8%; WHtR, APL=85.0%,
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BPL=79.2%) compared to participants belonging to
BPL. The relationship between obesity (general
obesity and abdominal obesity) and income was not
statistically significant (p>0.05).

As for alcohol consumption, participants who
did not consume al cohol showed ahigher BMI, WC
and WHR (BMI, y=50.0%, n=54.3%; WC, y=55.6%,
n=72.8%; WHR, y=83.3%, n=93.2%) compared to
thosewho drank al cohol. However, al cohol consumers
showed higher WHIR (y=50.0%, n=80.9%) compared
to those who did not consume alcohol. The
relationship between alcohol consumption and
obesity (general obesity and abdominal obesity) was
not statistically significant (p>0.05).

Regarding smoking, participants who did not
smoke showed a significantly higher BMI and WC
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(BMI, y=41.1%, n=66.7%, c*= 11.83, p<0.01; WC,
y=60.0%, n=82.2%, c>= 10.82, p<0.01) compared to
those who smoked. Smoking did not show a
significant association with WHR and WHtR, and
smokers showed higher incidences of WHtR
(y=75.6%, n=86.7%) compared to non-smokers,
meanwhile, the prevalence was the same in WHR
(922).

Physically inactive partici pants exhibited ahigher
BMI (active=52.7%, inactive=60.0%) than those
physically active. While physically active participants
showed a higher WC, WHR, and WHtR (WC,
active=71.4%, inactive=69.2%; WHR, active=93.5%,
inactive=84.6%; WHtR, active=81.2%, inactive=
80.8%) compared to physically inactive parti cipants.
Physical activity was found to be only significantly
associated with WHR (c?=3.97, p<0.05).

TABLE 5
Prevalence and association of general and abdominal obesity with socio-economic and behavioural variables

Variables General obesity Abdominal obesity

BMI 3 23.0 kg/m? WC > 90 cm (m)/>80 WHR > 0.90 (m)/> WHtR 2 0.5

65 (36.1%) cm (f) 0.80 (f) 146 (81.1%)
128 (71.1%) 166 (92.2%)

Age
30-44 years 14(66.7) 15 (71.4) 19 (90.5) 17 (81.0)
45-59 years 43 (53.1) 58 (71.6) 77 (95.1) 67 (82.7)
60 and above 40 (51.3) 55 (70.5) 70 (89.7) 62 (79.5)
- value 1.61 0.02 1.67 0.27
Sex
Male 23 (42.6) 31 (57.4) 46 (85.2) 41 (75.9)
Female 74 (58.7) 97 (77.0) 120 (95.2) 105 (83.3)
2 - value 3.96* 7.05* 5.33* 1.35
Education
No education 61 (55.5) 81 (73.6) 103 (62.0) 88 (80.0)
Formally educated 36 (51.4) 47 (67.1) 63 (90.0) 58 (82.9)
2 - value 0.28 0.88 0.79 0.23
Annual Income
BPL 64 (53.3) 83 (69.2) 57 (90.8) 51 (79.2)
APL 33 (55.0) 45 (75.0) 109 (95.0) 95 (85.0)
2 - value 0.04 0.66 0.97 0.89
Alcohol Consumption
Yes 9 (50.0) 10 (55.6) 15 (83.3) 15 (83.3)
No 88 (54.3) 118 (72.8) 151 (93.2) 131 (80.9)
2 - value 0.12 2.36 2.20 0.064
Smoking
Yes 37 (41.1) 54 (60.0) 83 (92.2) 68 (75.6)
No 60 (66.7) 74 (82.2) 83 (92.2) 78 (86.7)
2 - value 11.83** 10.82** 0.00 3.63
Physical activity
Active 79 (52.7) 107 (71.4) 141 (93.5) 121 (81.2)
Inactive 18 (60.0) 21 (69.2) 25 (84.6) 25 (80.8)
2 - value 0.54 0.02 3.97* 0.12

Note: * p<0.05; ** p<0.0
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Risk Factors of General Obesity (BMI) and
Abdominal Obesity (WC, WHR, WHtR)

Table 6 presents the odds ratio resulting from
logigticregression analyss, where sex and behaviour
are the significant risk factors of high general and
abdominal obesity. To have abetter understanding of
whether general obesity (BMI1) and abdominal obesity
(WC, WHR, WHtR) were independently associated
with sex and behavioural factors, we used the odds
ratio (OR) derived from logistic regression analysis
to test the nature of the relationship by adjusting
correlated variables.

Asfor BMI, femal es showed significantly higher
odds of having a high BMI than their male
counterparts(OR = 1.92, 95% Cl = 1.01-3.66, p<0.05).
However, the effect of sex on high BMI becamenon-
significant after adjusting for smoking (OR = 1.23,
95% Cl = 0.59-2.53, p>0.05). Thisindicatesthat the
effect of sex on high BMI was also influenced by
confounding factorslike smoking.

Smokers showed significantly lower odds of high
BMI compared to thasewho did not smoke even after
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adjusting for sex (OR = 0.38, 95% CI = 0.19-0.74,
p<0.01).

In the case of WC, femal es showed significantly
higher odds of having high WC than males (OR =
2.48,95% Cl = 1.26-4.90, p<0.05). Theeffect of sexon
high WC was not significant when adjusting for
smoking (OR=1.66, 95% Cl =0.78-3.52, p>0.05). This
demonstrates that the effect of sex on high WC was
also influenced by confounding factors, in this case,
smoking.

Regarding smoking, smokers showed
significantly lower odds of high WC compared to non-
smokerseven after adjusting for sex (OR =0.40, 95%
Cl =0.19-0.84, p<0.05).

As for WHR, sex showed a significant
association, with femal esshowing higher odds of high
WHR comparedtotheir male counterparts (OR = 3.47,
95% CI = 1.14-10.57, p<0.05). The association of
females having high odds of WHR remained
significant even after adjusting for physical activity
(OR=5.16, 95% Cl = 1.45-17.78, p<0.05). Thisfinding
emphasized theimportance of sex asan important risk
factor for WHR.

TABLE 6
Odds ratio (OR) derived from logistic regression analysis for the risk factor of obesity

Obesity Measure
BMI > 23.0 kg/m?

Sex (f) 1.92
Smoking (y) 0.35
Sex (f)/ Adjusted for Smoking 1.23
Smoking (y)/ Adjusted for Sex 0.38
WC > 90 cm (m)/ >80 cm (f)

Sex (f) 2.48
Smoking (y) 0.32
Sex (f)/ Adjusted for Smoking 1.66
Smoking (y)/ Adjusted for Sex 0.40
WHR > 0.90 (m)/ > 0.80 (f)

Age (1) 0.99
Sex (f) 3.47
Alcohol consumption (y) 0.36
Smoking (y) 1
Physical Activity (a) 3.13
Sex (f)/ Adjusted for physical activity 5.16
WHtR > 0.5

Smoking (y) 0.48

Note: * p<0.05; ** p<0.01
T = increase, f = females,
y = yes a = active

Odds Ratio (OR)

P-Value 95% ClI
0.05* 1.01-3.66
0.00** 0.19-0.64
0.58 0.59-2.53
0.00** 0.19-0.74
0.01* 1.26-4.90
0.00** 0.16-0.64
0.19 0.78-3.52
0.02* 0.19-0.84
0.59 0.933-1.04
0.03* 1.14-10.57
0.15 0.09-1.45
1 0.34-2.98
0.06 0.97-10.13
0.01* 1.45-17.78
0.06 0.22-1.03
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DISCUSSONS

India, classified as a low- to middle-income
country (LMIC), exhibits a noteworthy rise in the
prevalence and proportion of individuals grappling
with obesity. This surge can be attributed to the swift
trajectory of devel opment and urbani sation, fostering
deleteriousdietary practices and sedentary lifestyles.
Consequently, there is a pronounced upswing in
obesity, exacerbating the burden of non-
communicable diseases (NCDs), prominently
cardiovascular diseases (CVDs). The present study
explores the prevalence and distribution of both
general and abdominal obesity, discerning their
associations with socioeconomic and behavioural
factors.

Anintriguing finding of the present study isthe
substantially higher incidence of abdominal obesity
compared to general obesity (BMI). The prevalence
of abdominal obesity, as indicated by waist
circumference (WC=71.1%, WHR=92.2%, WHtR=
81.1%), was markedly higher than that of general
obesity (BM1=53.9%), aligning with thefindings of
the NFHS 5 report, however, the prevalence in the
present study was much higher. In Haryana, the
reported prevalence of general obesity (BMI) stood
at 30.9% in females and 27.4% in males, with
corresponding rates for abdominal obesity (WC)
recorded as 61.7% and 57.7%, respectively, among
the rural population (11PS & ICF, 2021b). It is
noteworthy that the evaluation of obesity in the
context was based on WHO estimates, and had Indian-
specific cutoffs been applied, our resultswould have
closely mirrored the reported proportions. In astudy
conducted in the Uttarakhand region, Kandpal et al.,
(2016) documented elevated level s of BMI at 56.6%
and abdominal obesity at 33.7%. Meanwhile, in
Bangladesh, Islam et al., (2020) reported prevalence
rates of 28% for general obesity (BMI) and 49% for
abdominal obesity. Notable, among the measuresfor
abdominal obesity, WC gave a closer estimate when
compared to BMI, whileWHR produced an estimate
of abdominal obesity at an extreme proportion.

In the present study, a notable sex differencewas
seen in BMI, with females exhibiting a significantly
higher prevalence of obesity (58.7%) compared to
males (42.6%). This difference was further
corroborated through an odds ratio analysis, which
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indicated significantly higher odds of high BMI
among females compared to their male counterparts
(OR=1.92, 95% ClI = 1.01-3.66, p<0.05). Thisfinding
alignswith a previous study conducted by Venkatrao
et al., (2020), who observed a higher prevalence of
general obesity among women (41.88%) compared to
men (38.67%). Rochaet al. (2023) al so reported that
femal es have approximately three timeshigher odds
of obesity than malesin LMICs.

Additionally, smoking also had a noticeable
influence on BMI. Smokersdisplayed asignificantly
lower prevalence of high BMI (41.1%) compared to
non-smokers(66.7%). Further oddsratio analysisalso
showed that smokers had lower odds of having a
high BMI compared to non-smokers (OR = 0.35, 95%
Cl =0.19-0.64, p<0.01). Thisassociation alignswith
earlier gudies(Gimiret al., 2013; Ginawi et al., 2016),
and recent research by Sun et al. (2019), Marconcin
et al. (2021) and Jacobs (2019) that showed anegative
association between smoking with BMI. However,
some recent research hasalso introduced conflicting
results, suggesting a positive association between
smoking and obesity (Baalbaki et al., 2019, Al Sabbah
et al., 2022). Furthermore, our analysis shows that
smoking acts as a significant confounding factor for
therd ati onshi p between femalesand high BMI. When
participants smoked, the impact of sex on having a
high BMI became non-significant (p>0.05).

While examining waist circumference (WC),
femalesexhibited asignificantly higher prevalence of
high WC (77.2%) compared to males (57.4%). Odds
ratio analysisreaffirmed these differences, revealing
significantly higher odds of high WC among females
than males(OR = 2.48, 95% Cl =1.26-4.90, p<0.05).
Thisalignswith findingsfrom Prasad et al., (2020),
who reported a higher prevalence of high WC among
femal es when compared to male participants. Wong
et al. (2020) also reported that the global prevalence
of high WC was higher among femal es (47.6%) when
compared with males (30.4%).

Similar to BMI, smoking emerged as an important
factor, with smokers demonstrating a significantly
lower prevalence of high WC (60%) compared to non-
smokers(82.2%), and smokers having lower odds of
having high WC compared to non-smokers (OR =
0.32, 95% CI = 0.16-0.64, p<0.01). A recent study by
Askari et al. (2022) showed smokershad lower odds
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of having high WC than non-smokers. However, in
contrast to our findings, Oguomaet al. (2021) found
that smokers had higher odds of having high WC
than non-smokers, indicating a positive association
between smoking and WHR.

Intriguingly, the association of femaleshaving a
high WC was mitigated when theinfluence of smoking
was controlled, rendering it statistically non-
significant (p>0.05). This highlights smoking as a
confounding factor, reflecting thecomplex relationship
between smoking, sex, and WC aswas seen in BMI.

Theprevalenceof high waist-to-hip ratio (WHR)
also showed a pronounced sex difference similar to
BMI and WC, with femal es exhibiting significantly
higher ratesof high WHR (95.2%) compared tomales
(85.2%). Oddsratio analys sfurther emphas zed these
sex differences, revealing significantly higher odds
of high WHR among females than their male
counterparts(OR= 3.47, 95% Cl = 1.14-10.57, p<0.05).
The association of femaleswith higher odds of high
WHR continues to be statistically significant, even
when adjusting for physical activity. This
demonstrated the importance of sex as an important
risk factor for high WHR. Our finding matches Chen
et al. (2021)’s study that showed females (76.90%)
had a higher prevalence of high WHR than males
(69.44%). Similarly, arecent study by Muhammad et
al. (2022) revealed that older females had a higher
proportion of high WHR than their older male
counterparts. Females have higher levels of body
fatness and menopause is positively associated with
the incidence and consequences of obesity which
could account for women being morelikely to be obese
than their mal e counterparts (Heras-Mdinaet al.,2020).

Although waist-to-height ratio (WHtR) is an
important measure of abdominal obesity, no 9 gnificant
associati on was found with any of the soci oeconomic
andlifestylevariables. Sex and smoking areimportant
risk factors for obesity but confounded by smoking.

CONCLUSON

Obesity stands out as a significant risk factor
contributing to theonset of major non-communicable
diseases, amatter of seriousconcern for India’spublic
health sector. Indiaalsowitnessed arapid increasein
the prevalence of abdominal obesity compared to
genera obesity which isreflectedinthe present study.
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The present study underscores the important risk
factors associated with obesity, where sex is a
significant risk factor confounded by smoking.

Giventheglobal disparitiesbased on sex, it might
be imperative to consider sex-specific and tailored
interventionsfor effectively addressing the ongoing
obesity pandemic. While solutions aimed at obesity
prevention, spanning from community-level initiatives
to national paliciesmay besmilar for men and women,
conveying them in a sex-specific manner could
enhancethe effectiveness. Smoking, amodifiablerisk
factor isan important confounder in the present study,
and understanding theroleof confounding variables
can strengthen the effectiveness of intervention
strategies.

Future research should explore the complex
dynamics of obesity with larger sample sizein the
context of socioeconomic, behavioural, and
environmental factors, aswell astherole of genetics
in devel oping effective strategi esthat can contribute
to the overall well-being of the popul ation.
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