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ABSTRACT 

 

BACKGROUND: Overweight and obesity are the accumulation of high body adiposity, which can have 

detrimental health effects and contribute to the development of numerous preventable non-

communicable diseases. This study aims to evaluate the effect of socio-economic, demographic and 

lifestyle factors on the prevalence of overweight and obesity among adults belonging to the Rengma-

Naga population of North-east India.  

METHODS: This cross-sectional study was conducted among 826 Rengma-Naga individuals (males: 

422; females: 404) aged 20-49 years from the Karbi Anglong District of Assam, using a two-stage 

stratified random sampling. The socio-economic, demographic and lifestyle variables were recorded 

using structured schedules. Height and weight were recorded and the Body Mass Index (BMI) was 

calculated using standard procedures and equation. The WHO (2000) cut-off points were utilized to 

assess the prevalence of overweight (BMI ≥23.00-24.99 kg/m
2
) and obesity (BMI ≥25.00 kg/m

2
). The data 

were analysed using ANOVA, chi-square analysis and binary logistic regression analysis using SPSS 

(version 17.0).  

RESULTS: The prevalence of overweight and obesity were 32.57% (males: 39.34%; females: 25.50%) 

and 10.77% (males: 9.95%; females: 11.63%), respectively. The binary logistic regression analysis 

showed that age groups (e.g., 40-49 years), education (≥9
th

 standard), part-time occupation and monthly 

income (≥Rs.10000) were significantly associated with overweight and obesity (p<0.05).  

CONCLUSIONS: Age, education occupation and income appear to have higher associations with 

overweight and obesity among adults. Suitable healthcare strategies and intervention programmes are 

needed for combating such prevalence in population.  
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INTRODUCTION  

 

Overweight and obesity are the physical 

conditions that contribute to the prevalence of 

numerous preventable non-communicable diseases 

within populations. During the last few decades, 

the incidence of obesity has been accelerating at 

an alarming rate in both the developed and 

developing countries (1-4). The prevalence of 

obesity is now being considered to be a major 

public health concern in many of the urban regions 

of the world. Even in India, which is typically 

known for its high prevalence of undernutrition, a 

considerable prevalence of overweight and obesity 

now co-exist among the populations (5-8). A 

steady increase in the prevalence of overweight-

obesity has been reported from different Indian 

populations (9-19). Recent studies have also 

suggested that this ‘double-burden’ is becoming
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increasingly apparent in addition to the burden of 

non-communicable diseases affecting developing 

countries such as India (5,8,19-20).  

The Body Mass Index (BMI) is considered to 

be the most widely used derived surrogate, non-

invasive and inexpensive anthropometric measure 

that provides a simple numeric measure of 

overweight and obesity (1,21-22). Several 

researchers have tried to establish the prevalence 

and relationship between overweight-obesity based 

on BMI in epidemiological and clinical 

investigations (6,8,11,12,14,15,24-30).   

The development of overweight and obesity is 

usually attributed to genetic predisposition, and it 

has been suggested that an obesogenic 

environment is considered to be a major promoting 

factor. The World Health Organization (WHO) has 

reported that individuals from both developed and 

developing countries consume more quantities of 

high energy food and exhibit less physical activity. 

These lead to an increase in the prevalence of 

overweight and obese individuals to epidemic 

proportions (31). Several demographic, biological, 

socio-economic and lifestyle factors have been 

shown to exhibit strong effects on excess adiposity 

(8,15,26,28,31). It has been opined that for an 

effective management of the obesity epidemic is 

the need to understand the socio-cultural, 

economic, educational and environmental factors 

involved in the excess adiposity (overweight and 

obesity) (15,31). Several studies have subsequently 

focused on the role of such influencing factors on 

overweight and obesity among adult populations 

(6,8,11,16,19,32). The determination of these 

potential risk factor(s) that appear to have effects 

on excess adiposity may be very constructive to 

design intervention and prevention strategies and 

very challenging task to researchers focusing on 

population investigations. Moreover, it is a rather 

difficult proposition to identify the determinant 

factor(s) of higher adiposity among different 

populations.  

This study is based on the hypothesis that 

advancement of socio-economic status, attainment 

of higher education and lifestyle modifications can 

play a potential role in the increase in adiposity 

pattern among adult individuals. This study further 

tries to evaluate the effects of certain socio-

economic, demographic and lifestyle-related 

factors that have potential associations with the 

prevalence of overweight and obesity. 

MATERIALS AND METHODS 

 

Subjects and area of study: This cross-sectional 

study was carried out among adult individuals 

(aged 20-49 years) belonging to the Rengma-Naga 

population residing in the Karbi-Anglong district 

of Assam, North-east India. This district covers an 

area of 10,434 km
2 

with a total population of 

965,280 individuals. All the individuals were 

residents of the urban and sub-urban areas in 

Diphu Town and the villages of Jongpha, 

Choshenlari and Lolashongnyu. The selection of 

these areas was based on the population strength, 

dominance and homogeneity  and easy road 

accessibility. Ethnically, the “Rengma-Naga” is an 

indigenous population predominantly inhabiting 

the Rengma Hills of Assam, North-east India. 

They belong to one of the Mongoloid stocks and 

are classified under the Tibeto-Burman speaking 

group (33). A two-stage stratified random 

sampling method was utilized to identify the 

subjects. However, no such design effect was 

considered in order to avoid the use of the more 

complex design in the sampling procedures. In the 

first stage, the households of those individuals 

belonging to the Rengma-Naga population were 

identified based on the surnames, physical and 

cultural features and also verified from the official 

records. In the second stage, simple random 

sampling was utilized to select those Rengma-

Naga individuals constituting the age group of 20-

49 years.  

The minimum number of individuals required 

for reliably estimating the prevalence of 

overweight-obesity was calculated following the 

standard sample size estimation method (34). In 

this method, the anticipated population proportion 

of 50%, absolute precision of 5% and confidence 

interval of 95% are taken into consideration. The 

minimum sample size estimated for each sex was 

384 individuals. The estimated minimum sample 

size was, therefore, 768 (384×2). A total of 880 

(males: 450; females: 430) apparently healthy 

adults were initially approached for participation 

and also in order to achieve the minimum sample 

size. Of these 880 individuals, 54 of them (males: 

28; females: 26) declined to participation in the 

study. Therefore, the final study sample consisted 

of 826 individuals (males: 422; females: 404) aged 

20-49 years who voluntarily consented to 

participate in the study. An informed consent was 
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also obtained from each individual prior to 

collection of data. The final sample size was 

observed to be higher than the minimum number 

of individuals required for achieving the objectives 

of the study. The ages of the individuals were 

verified from birth certificates and official 

documents. The individuals were free from any 

physical deformities and were not suffering from 

any disease during data collection. Pregnant, 

postpartum women and lactating mothers were 

also excluded.  

A structured schedule was utilized to obtain 

the relevant socio-economic, demographic and 

lifestyle-related data such as age, sex, education, 

occupation, marital status, monthly income, 

alcohol consumption and tobacco use. The data 

were collected from September 2011 to July 2012. 

All necessary study approvals were taken from the 

local community leaders, village headmen and the 

competent authorities before the commencement 

of the study. The study was conducted in 

accordance with the ethical guidelines for human 

experiments as laid down in the Helsinki 

Declaration (35).   

Anthropometric measurements recorded: The 

anthropometric measurements of weight and 

height were recorded following standard 

procedures (36). Weight was recorded to the 

nearest 0.10 kg with the subject standing 

motionless on a portable weighing scale. Height 

was measured to the nearest 0.10 cm using an 

anthropometer with the subject standing in the 

erect position with the head oriented in the 

Frankfort horizontal plane. The technical error 

measurement (TEM= √(ΣD
2
/2N)) (D=difference 

between the measurements, N=number of 

individuals measured) was utilized to determine 

the accuracy of the measurements recorded (37). 

To calculate TEM, height and weight were 

recorded separately by two of the authors (MSR 

and NM) among 50 Rengma-Naga individuals not 

covered in this study. Appreciable high values 

were obtained (R>0.98) for both intra-observer and 

inter-observer TEM analysis. As these values were 

observed to be within the cut-off values of 0.95 

(37), the measurements recorded by both these 

authors were reliable and reproducible. All the 

measurements in the course of the study were 

subsequently recorded by them. 

Assessment of overweight and obesity: The BMI 

was calculated using the equation:  

BMI (kg/m
2
) = Weight (kg)/ Height

2
 (m

2
).  

The proposed criterion for overweight and 

obesity among the Asian populations and these 

cut-offs of overweight: ≥23.00-24.99kg/m
2
; 

obesity: ≥25.00kg/m
2
 were utilized to assess their 

prevalence (1). For combined overweight-obesity, 

the cut-off was ≥23.00kg/m
2
. Several studies have 

utilized these cut-offs to assess the prevalence of 

overweight and obesity among Indian populations 

(19,38-40).  

Statistical analysis: All the statistical analyses 

were done using the Statistical Package for Social 

Science (SPSS Inc., Chicago,IL, version,17.0). 

One way analysis of variance (ANOVA) was used 

to assess sex-differences in the anthropometric 

variables. The 2×2 Chi-square (χ
2
) analysis was 

utilized to assess sex-age specific differences in 

the prevalence of overweight and obesity. Binary  

logistic regression (BLR) analysis using enter 

method  was fitted to estimate the odds ratios 

(ORs) and 95% confidence intervals (CIs) so as to 

examine an individual being overweight (BMI 

23.00-24.99kg/m
2
) and obese (BMI ≥25.00kg/m

2
) 

and allowing controlling for the  determinant  

variables, separately. This regression model allows 

for controlling the determinant variables by 

comparing with a reference category. The 

dependent variables were created by those 

individuals observed to be overweight and obese in 

regression model, separately. Discrete BLR 

analysis was performed for all of the determinant 

variables that could be associated with the 

prevalence of overweight and obesity. The 

predictor variables of sex, age, marital status, 

education, occupation, tobacco use, alcohol 

consumption and monthly income were entered 

into the regression models as a set of categorical 

variables, and results were obtained by comparing 

them with the reference categories. The p-values 

of <0.05 and <0.01 were considered to be 

statistically significant.   

 

RESULTS 

 

The sex-specific descriptive statistics of the 

anthropometric variables among the Rengma-Naga 

individuals are shown in Table 1. The mean weight 

and height were significantly higher among males 

than females (p<0.01). A slightly greater mean 

BMI was found among males (22.66 ±2.07 kg/m
2
) 

as compared to females (22.30 ±2.43 kg/m
2
) 
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(p<0.05). Using ANOVA, the sex differences in 

height, weight and BMI were observed to be 

statistically significant (p<0.01) (Table 1). 

 

Table 1: Descriptive statistics (mean  standard deviation) of the anthropometric variables among the 

Rengma-Naga individuals 

 

Anthropometric 

Variables 

Male 

(N=422) 

Female 

(N=404) 

F-value p-value 

Height (cm) 162.15 ±8.21 156.08 ±8.30 111.51 0.000 

Weight (kg) 59.53 ±6.84 54.37 ±7.58 105.87 0.000 

BMI (kg/m
2
) 22.66 ±2.07 22.30 ±2.43 5.22 0.023 

 

Prevalence of overweight and obesity: The 

prevalence of overweight and obesity among the 

Rengma-Naga individuals is depicted in Table 2. 

The overall prevalence of overweight (BMI 23.00-

24.99kg/m
2
) and obesity (BMI ≥25.00kg/m

2
) was 

observed to be 32.57% and 10.77%, respectively. 

The sex-specific prevalence of overweight was 

observed to be higher among males (39.34%) than 

among females (25.50%). The prevalence of 

obesity was documented to be higher among 

females than among males (11.63% and 9.95%). A 

significant sex difference was observed in the 

overall prevalence of overweight (χ
2
 = 9.21; d.f. 1, 

p<0.01). However, this difference was statistically 

insignificant in the overall prevalence of obesity 

(χ
2
 = 0.49; d.f. 1, p>0.05) (Table 2). The age-

specific prevalence of overweight and obesity was 

observed to be higher in ages of 40-50 years and 

30-39 years, respectively. Lower prevalence of 

overweight and obesity was observed among 

individuals aged 20-29 years. The age-specific 

differences in the overall prevalence of overweight 

(χ
2
 = 15.44; d.f. 2; p<0.01) and obesity (χ

2
 = 6.18; 

d.f. 2, p<0.05) were statistically significant (Table 

2). 

 

Table 2: Prevalence of overweight and obesity among the Rengma-Naga individuals 

 

Excess Adiposity  Male 

(N=422) 

Female 

(N=404) 

Total 

(N=826)  

Sex difference  

(χ
2
-value) 

Overweight (BMI 23.00-24.99 kg/m
2
) 166 (39.34) 103 (25.50) 269 (32.57) 9.21** 

Obese (BMI≥25.00 kg/m
2
) 42 (9.95) 47 (11.63) 89 (10.77) 0.49 

Combined overweight (BMI≥23.00 kg/m
2
)  208 (49.29) 150 (37.13) 358 (43.34) 4.93* 

Values in parenthesis indicates percentages, *p<0.05; **p<0.01  

 

Binary logistic regression analysis and effect of 

socio-economic, demographic and lifestyle-

related determinants on overweight and 

obesity: The BLR model was fitted to find out the 

odds for the socio-economic, demographic and 

lifestyle related variables for being overweight 

(23.00-24.99kg/m
2
) and obese (≥25.00kg/m

2
) 

(Table 3). The results indicated that most of the 

socio-economic variables except marital status 

(p>0.05) were significantly associated with 

overweight (p<0.05). The results of the BLR 

analysis further showed significant effects to being 

overweight among females, age group of 40-49 

years, education level of ≥9
th 

standard, tobacco use 

and alcohol consumption (p<0.05). A two-fold 

risk was observed in 40-49 years, part-time 

occupation and monthly income of ≥Rs.10000 

categories (p<0.01) with the prevalence of 

overweight. The results also showed that those 

adults belonging to the higher monthly income 
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category (≥Rs.10000) (Odds: 3.44), age-groups of 

30-39 years (Odds: 2.31), education level ≥9
th
 

standard (Odds: 2.39) and part-time occupation 

(Odds: 2.42) exhibited significantly greater odds 

for being obese (p<0.01). The odds were observed 

to be greater for being obese among females, 

married individuals and alcohol consumers and 

lower in tobacco use (p>0.05). 

 

Table 3: Binary logistic regression (BLR) analysis and socioeconomic, demographic and lifestyle 

determinants of overweight and obesity among the Rengma-Naga individuals 

 

Variables Overweight (≥ 23.00-24.99 kg/m
2
) Obesity (≥25.00 kg/m

2)
 

 Wald  Odds  95%CI Wald Odds  95%CI 

Sex  Male ® - 1 - - - - 

Female   17.79 0.52**  0.39-0.71 0.61 1.19  0.77-1.85 

Age 

 

20-29 years ®  - 1 - - 1 - 

30-39 years  3.41 1.46  0.98-2.18 7.37 2.31**  1.26-4.21 

40-49 years   27.26 2.69**  1.85-3.90 5.30 1.76* 0.92-3.06 

Marital  

Status 

Unmarried ®   - 1 - - 1 - 

Married   1.89 1.28  0.90-1.82 0.23 1.14 0.67-1.94 

Education ≤ 8 standard ®    - 1 -  1 - 

≥ 9
th
 standard     9.79 1.61** 1.19-2.16 12.46 2.39**  1.47-3.88 

Occupation  Fulltime ® - 1 - - 1 - 

Part-time  22.73 2.26** 1.61-3.17 13.95 2.42**  1.52-3.85 

Tobacco 

Use 

Never ®   - 1 - - 1 - 

Occasional/Regular 7.29 1.50**  1.12-2.02 0.87 0.80 0.51-1.27 

Alcohol   

Consumption 

Never ®  - 1 - - 1 - 

Occasional/Regular 5.14 1.44* 1.05-1.98 0.20 1.12 0.69-1.80 

Monthly 

Income 

< Rs. 10000 ®  - 1 - - 1 - 

≥ Rs. 10000   29.75 2.28**  1.70-3.07 25.96 3.44**  2.14-5.53 

® Reference category, CI: confidence intervals, *p<0.05, **p<0.01 

 

   

 DISCUSSION 

 

Sexual dimorphism in body adiposity has 

important implications for both clinical and 

epidemiological research and the differences leads 

to develop the risks of obesity and several 

metabolic disorders. The health risks associated 

with increasing BMI are continuous, and the 

interpretation of BMI grading in relation to risk 

may differ with respect to populations (10-14). 

There has been a growing debate on whether the 

need to develop a separate BMI cut-offs for 

different ethnic populations due to the increasing 

evidences pointing towards the differences in 

mortality and morbidity risk associations between 

BMI and body fat percentage distributions (10-

12,38-40). Studies have shown the association of 

socio-economic status with obesity that is mostly 

prevalent in higher socio-economic groups in the 

developed countries (8,15). This was primarily 

attributed due to the fact that these populations 

have become increasingly independent on market 
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economies and their duties and  activity  levels  

have changed  from  those  associated  with  

subsistence based  economy  to  one more 

depended on wage labour and industrial products 

(41). The shift in obesity was observed towards 

the poorer groups and tended to be greater among 

women than among men in developing countries 

(4,6,8,19). The prevalence of obesity is more 

common among the middle-aged individuals 

belonging to higher socio-economic status and 

those living in urban-affluent societies (5-8,19). 

Studies have confirmed that sudden urbanization 

has increased the prevalence of obesity in the 

developing countries, while in the developed 

countries, the prevalence was higher in the rural 

areas (8,10,11,14,15,19). 

Recent trends suggest that the prevalence of 

obesity is an increasing phenomenon. Rapid 

urbanization, socio-economic development, 

modification of occupation and lifestyle have 

influenced its prevalence among various Indian 

populations. A comparative evaluation of 

overweight-obesity as reported from different 

Indian populations showed that the prevalence 

observed in the present study was lower than those 

reported for Bengalee (13) and Punjabi (42). The 

prevalence of overweight-obesity in the present 

study was observed to be higher than those 

reported among adults of North-India 

(overweight-obesity: 16.40%; obesity: 5.10%) 

(18). A recent study reported lower prevalence of 

overweight (25.10%) and obesity (2.00%) among 

Tangkhul Nagas of North-east India (16). A large 

scale Indian survey also reported a lower 

prevalence of overweight and obesity among 

individuals aged 15-49 years (9.8% versus 2.8%) 

(43). A higher prevalence of obesity (19.50%) and 

lower prevalence of overweight (22.00%) was 

reported among Bengalee adults from West 

Bengal (19).    

The present study has observed that obesity  

was slightly higher among the women than men 

(p>0.05). It also reports significantly lower and 

slightly greater odds among women in overweight 

(p<0.01) and obesity (p>0.05), respectively. 

Several studies have conformed that the 

prevalence of obesity was higher among females 

than males (10-16,18,19). The prevalence of 

overweight and obesity were significantly higher 

in middle-age groups than in lower ages (p<0.05). 

An increase in the prevalence describing the age-

related effect on adiposity has been well 

documented (19,44,45). The odds of overweight 

and obesity was significantly higher in 30-39 

years and 40-49 years (p<0.05) (Table 3). The 

amount of muscle-mass begins to decrease and the 

proportion of adiposity continuously increases 

with age increases (45). The increase in the odds 

of overweight and obesity could be thus related to 

age-affected body adiposity (19,26). Therefore, 

individuals belonging to the higher age groups 

have greater adiposity that leads to a higher 

prevalence of overweight-obesity (19,26,45).  

The association of socio-economic variables 

with overweight and obesity was already reported 

(6,8,46). Income was the primary socio-economic 

indicator associated with adiposity in the 

developing countries, while it was an education in 

the developed countries (6,15). Results of the BLR 

analysis showed that individuals belonging to 

higher income group (Rs.≥10000) significantly 

exhibited 3.44 times  and 2.88 times  higher odds 

(p<0.01) to being obese and overweight when 

compared with those belonging to lower income 

group (Rs.<10000), respectively (Table 3). It was 

observed that adults of higher monthly income 

category (Rs.>10000) exhibited two-fold greater 

risks of being overweight and obese among adults 

of West Bengal, India (19). It has been suggested 

that the average levels of the state’s economic 

development were strongly associated with 

obesity among married Indian women (8). Studies 

have also reported that education had an inverse 

risk of adiposity among adults (19,47-50). The 

prevalence of higher adiposity was observed 

greater for those individuals with primary 

education among Malaysian adults (51). The odds 

were observed to be 1.61 times and 2.39 times 

significantly greater among Rengma-Naga 

individuals belonging to education level of ≥9
th
 

standard to being overweight and obese, 

respectively (p<0.01) (Table 3). This finding of 

the present study confirms the significant effect 

with overweight-obesity and education, as 

reported in the aforementioned studies.  

Occupation, physical activity and sedentary 

lifestyle have direct influences in the prevalence 

of overweight and obesity as they tend to increase 

adiposity among adults in question. It has been 

reported that individuals having less physical 

activity and sedentary lifestyle show greater 

overweight-obesity (15,19,52). The present study 
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has shown that individuals engaged in part-time 

occupations showed more than two-fold risks of 

being both overweight and obese (p<0.05). It was 

reported that individuals engaged in business, 

vocational and clerical works, those being more 

literate and those in the higher socio-economic 

category were significantly associated with 

obesity in Nepal (53). The worldwide increase in 

the prevalence of obesity has led to a focus on the 

lifestyle choices that may be contributed to excess 

energy intake, including the widespread belief that 

alcohol consumption was a significant risk for 

development (54). The increase in adiposity with 

alcohol consumption has been advocated in many 

studies (19,25,50). Recent studies have also 

indicated that alcohol consumption exhibited 

increased odds among African American (55) and 

Chinese adults (56). The results of the present 

study have shown that alcohol consumption had 

significantly 1.44 fold greater odds to being 

overweight (p<0.05). It has also been observed 

that smoking and greater adiposity are strong, 

independent health risks but are interrelated. The 

smoking is associated with a lower BMI and 

cessation of smoking is associated with increased 

adiposity, and a substantial increase in waist 

circumference (57). An inverse relationship 

between smoking and adiposity has been 

documented, but effects of smoking on obesity 

remain inconclusive (19,58) but a significantly 

greater risks (1.50 times) for overweight observed 

in tobacco use (p<0.05) (Table 3). 

In conclusion, the prevalence of obesity 

within a population is considered a risk factor for 

non-communicable diseases. Furthermore, 

economic development, nutritional transition, 

improved socio-economic status and an 

increasingly sedentary lifestyle have contributed 

to an increasing prevalence of overweight and 

obesity. There arises a need to address the 

challenges of establishing measures that would 

reduce the future ill-effects of overweight-obesity 

related morbidity. The results of the present study 

suggested that age, education, occupation and 

higher income have significantly greater effects on 

overweight and obesity prevalence. Suitable 

healthcare strategies and intervention programmes 

are needed for combating such prevalence in 

population. Finally, the results are important for 

effective implementation of any public health 

programme and appropriate intervention strategies 

to reduce the prevalence and associated risks of 

overweight-obesity in adults.  
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