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Abstract

:

This study aimed to examine the trends in the prevalence of overweight and obesity and to determine the associated socioeconomic and household environmental factors among women in Nepal. Using nationally representative data from the 1996, 2001, 2006, 2011, and 2016 cross-sectional Nepal Demographic and Health Surveys (NDHSs) (n = 33,507), the prevalence of overweight–obesity (body mass index (BMI) ≥ 25 kg/m2) and obesity (BMI ≥ 30 kg/m2) among women aged 15–49 years were examined. From the latest NDHS 2016, non-pregnant women with recorded anthropometric measurements (n = 6165) were included in the final analyses. Multivariate logistic regression models were used to determine the socioeconomic and household environmental factors associated with BMI ≥ 25 and BMI ≥ 30. Between 1996 and 2016, the prevalence of overweight–obesity increased from 1.8% to 19.7%, while the prevalence of obesity increased from 0.2% to 4.1%. Age, marital status, wealth index, province of residence, type of cooking fuel, and household possessions—refrigerator and bicycle were significantly associated with having overweight–obesity and obesity. Similarly, educational status, religion, type of toilet facility, and household possessions—television and mobile phone were significantly associated with having overweight–obesity. Given the alarming increase in the prevalence of overweight and obesity among Nepalese women, there is an urgent need for interventions addressing these critical socioeconomic and household environmental factors.
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1. Introduction


Obesity is a global public health issue, with the worldwide obesity rates having tripled in the last four decades and continuously escalating in pandemic proportions [1]. The global prevalence of overweight–obesity (body mass index (BMI) ≥ 25 kg/m2) and obesity (BMI ≥ 30 kg/m2) among adults aged 18 years and over were 39% and 13%, respectively in 2016 [2]. Overweight and obesity are major risk factors for several non-communicable diseases (NCDs) including cardiovascular and kidney diseases, type 2 diabetes, some cancers, musculoskeletal disorders, and other chronic diseases [3,4]. High BMI is the fourth leading cause of risk-attributable mortality [5], with a reduced life expectancy of 5–20 years, depending on the severity of the condition and presence of comorbidities [1].



The prevalence of overweight and obesity is reported to be higher among women as compared to men across the globe, in both developed and developing countries [1,4]. This trend can be observed in the global prevalence of overweight–obesity (40% women vs. 39% men) and obesity (15% women vs. 11% men) [2]. Research suggests a sex-specific vulnerability of obesity and its associated complications in women as compared to men [6,7]. One of the evolutionary origins of this vulnerability could be explained by the fact that women are physiologically adapted to store more fat and have greater adipose stores and higher total percentage body fat than men [7]. Women of reproductive age are even more susceptible to having overweight or obesity, which could be attributed to general weight gain in childbearing years, gestational weight gain and retention, and adverse lifestyle risk factors during pregnancy and in the postpartum period [8]. Apart from the increased risk of chronic NCDs in women including multiple gynaecological cancers (e.g., ovarian, cervical, and breast cancer), obesity has wide-ranging effects on their reproductive health [9]. Obesity is associated with increased risk of infertility, polycystic ovarian syndrome, and pregnancy-related complications including miscarriage, stillbirth, caesarean section, and birth defects [9,10]. Moreover, maternal obesity during pregnancy has a long-lasting impact on the offspring such as increased risk of hyperglycaemia, hyperlipidaemia, and obesity [10]. Therefore, identification of the presence of overweight and obesity among women of reproductive age is essential for timely prediction of complications, and such that interventions can be tailored simultaneously.



The prevalence of overweight and obesity is increasing more alarmingly in low- and middle- income countries (LMICs) [11], with 77% of the global NCD-related deaths occurring in LMICs [12]. The NCD Risk Factor Collaboration [13] reported an accelerated increase in BMI in southeast Asian and south Asian countries including Nepal. Both overweight and obesity rates have been increasing even in south Asian countries with historically high levels of undernutrition such as Nepal, Bangladesh, and India [14]. Southeast Asia also recorded the highest increase in NCD deaths, with many deaths occurring prematurely, before the age of 70 years [15]. The ever-rising rates of overweight and obesity and the simultaneous rise in obesity-related NCDs threaten the progress towards achieving the Sustainable Development Goals (SDGs) by 2030, particularly Goal 3, which includes a target of a one-third reduction of premature mortality from NCDs by 2030 [16].



Along with the rapidly increasing population in Nepal, from 15 million in 1981 to nearly 29 million in 2016 [17,18], the prevalence of overweight and obesity are also steadily on the rise. The Nepal Demographic and Health Survey (NDHS) 2016 report [19] highlighted that among men and women aged 15–49 years, women had a higher prevalence of both overweight or obesity (BMI ≥ 25; 22% vs. 17%) and obesity (BMI ≥ 30; 5% vs. 3%). Identifying the underlying causes of overweight and obesity among women in Nepal is therefore pivotal to developing strategies to reduce the prevalence rates as well as the health burden due to the associated NCDs. Using the NDHS 2016 data, a few prior studies [20,21,22,23] have explored the factors associated with overweight and obesity among adults in Nepal. However, only one study [21] focused on women while exploring the association between the frequency of television watching and overweight and obesity, whereas only one study of Nepalese adults [20] used the World Health Organisation (WHO) cut-off of BMI [24]. No studies have explored the trends in its prevalence among women across the NDHS survey years, and most prior studies have explored limited potential sociodemographic factors associated with overweight and obesity.



Overweight and obesity are complex conditions of multifactorial origin, resulting from an interplay between heterogenic factors, which derive from an individual’s eating patterns, physical activity, and energy expenditure determinants [1]. Obesity is intrinsically influenced by a combination of biological, genetic, social, environmental, and behavioural determinants [25]. Both lifestyle and environmental factors act in a synergistic manner fuelling the obesity epidemic in developing countries, which is highly influenced by the progressive socioeconomic development taking place in LMICs [26]. Research suggests that weight and ultimately health are influenced by both individual-specific characteristics and aggregate-level socioeconomic and environmental factors, and the household environment where one resides is more important for health outcomes than individual factors [27]. As overweight and obesity often result from complex interactions, reducing this burden requires multifaceted approaches that combine individual-level interventions with those undertaken at a societal and environmental scale [1]. In the context of Nepalese women, a thorough and comprehensive investigation of a wide range of socioeconomic and household environmental determinants is warranted to identify the factors independently associated with having overweight and obesity. Identifying the key modifiable socioeconomic and household environmental factors, as well as women who are at a high-risk of having overweight and obesity, may help guide the timely development of promising and feasible public health intervention strategies to address the growing overweight and obesity pandemic.



Therefore, the aims of this study were to examine the trends in the prevalence of overweight and obesity and to determine the associated socioeconomic and household environmental factors among women in Nepal.




2. Methods


2.1. Study Design


Using the nationally representative data from the 1996, 2001, 2006, 2011, and 2016 NDHSs [28], and based on the WHO cut-off of BMI [24], the trends in the prevalence of overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30) were examined among non-pregnant Nepalese women of reproductive age (15–49 years). Furthermore, based on the latest NDHS 2016, the socioeconomic and household environmental factors associated with BMI ≥ 25 and BMI ≥ 30 were investigated.




2.2. Data Sources


This study is a secondary analysis of the open-access datasets of the 1996, 2001, 2006, 2011, and 2016 NDHSs [28]. NDHS is a nationally representative population-based cross-sectional survey conducted about every five years as a part of the Demographic and Health Surveys (DHS) Program [29]. Funded by the United States Agency for International Development (USAID) and implemented by the Inner City Fund (ICF) International, the DHS Program has provided technical assistance to conduct DHS in over 90 low- and middle- income countries globally [30]. The NDHSs are conducted by New ERA under the leadership of the Ministry of Health, Nepal [19,31,32,33,34].




2.3. Sampling Design


The NDHSs used a two-stage or three-stage stratified cluster sampling design. All districts of Nepal were covered, which were then stratified into rural and urban areas. In the first stage, wards or sub-wards were selected as the primary sampling units (PSUs) using a probability proportional to size method. In the final stages, households were selected either from the sample PSUs or from a sample enumeration area (EA) which was selected from each PSU. A detailed methodology of each NDHS can be found in the individual NDHS reports [19,31,32,33,34].




2.4. Data Collection


The NDHSs used a woman’s questionnaire to collect information from woman aged 15–49 years. An adapted version of the standard DHS woman’s questionnaire was used so that it reflected the sociodemographic characteristics relevant to Nepal. The household questionnaire was used to collect information on household characteristics, while the biomarker questionnaire was used to record anthropometric measurements. Firstly, trained field staff interviewed the households, followed by individual interviews with the eligible women in that household. Trained female field staff recorded the height and weight measurements at the study participants’ homes using standard DHS procedures [19,31,32,33,34].




2.5. Sample Size


The 1996, 2001, 2006, 2011, and 2016 NDHSs include 8429, 8726, 10,793, 12,674, and 12,862 women, yielding a response rate of 98.2%, 98.2%, 98.4%, 98.1%, and 98.3%, respectively. The 1996 and 2001 NDHSs included ever-married women aged 15–49 years, while the 2006, 2011, and 2016 NDHSs include all women aged 15–49 years. Height and weight were recorded for all interviewed women in the NDHSs, apart from the 1996 NDHS which collected anthropometric measurements only in women with children aged three years or below [19,31,32,33,34]. In this study, women who were pregnant at the time of the survey and those with missing values for height and/or weight measurements were excluded. After applying the exclusion criteria, a total sample of 33,507 women aged 15–49 years were included in this study, which were extracted from the 1996 (n = 3420), 2001 (n = 7959), 2006 (n = 10,116), 2011 (n = 5847), and 2016 (n = 6165) NDHSs.




2.6. Outcome Variables


The outcome variables of this study were overweight–obesity and obesity. BMI was calculated as weight in kilograms divided by the square of height in meters (kg/m2). BMI was then categorised according to the World Health Organisation (WHO) BMI classification [24]: underweight (<18.5 kg/m2), normal weight (18.5 to <25 kg/m2), overweight (25 to <30 kg/m2), and obese (≥30 kg/m2). BMI ≥ 25 was used to determine the prevalence of overweight–obesity, while BMI ≥ 30 was used to determine the prevalence of obesity.




2.7. Explanatory Variables


Based on the review of existing literature and available data contained in the NDHS datasets, the socioeconomic and household environmental characteristics that could have a potential association with overweight and obesity were examined.



2.7.1. Socioeconomic Factors


For individual-level factors, age, educational status, and employment status were included. Age was categorised into three groups, namely 15–24 years, 25–34 years, and 35–49 years. Educational status was classified as no formal education, primary, secondary, and higher education. Employment status was categorised as not currently employed and currently employed. Household-level factors included marital status, number of household members, wealth index, and religion. Marital status was categorised into three groups—never married, married/living with a partner, and widowed/divorced/separated. Number of household members were categorised into two groups (≤5 and >5). Wealth index was categorised into five groups (poorest, poorer, middle, richer, and richest) as per the DHS categorisation. In brief, households were scored on the basis of housing characteristics such as the source of drinking water, toilet facilities, and flooring materials, as well as the number and kinds of consumer goods they own including television, bicycle, and car. Principal component analysis was used to derive these scores. National wealth quintiles were then compiled, the household score was assigned to each household member, each person in the household population was ranked by their score, and the distribution was divided into five equal categories, each comprising 20% of the population [19]. Similarly, religion was categorised as Hindu, Buddhist, Muslim, or other.




2.7.2. Household Environmental Factors


Environmental factors based on the geographical location, such as the place and province of residence, and ecological zone were considered. Place of residence included urban and rural, while province of residence comprised of seven categories, from Province 1 to Province 7. Ecological zone was categorised as mountain, hill, and terai. Other factors included were household facilities (source of drinking water, type of toilet facility, cooking fuel, and access to electricity); housing characteristics (main floor, wall, and roof materials); and household possessions (refrigerator, television, mobile phone, bicycle, and motorised vehicle). Based on the categorisation indicated in the NDHS 2016 report [19], both source of drinking water and type of toilet facility were categorised as unimproved and improved; cooking fuel was classified as solid fuel and clean fuel; and access to electricity was classified as ‘no’ and ‘yes’. The main floor, wall, and roof materials were also categorised as unimproved and improved. The five household possessions—refrigerator, television, mobile phone, bicycle, and motorised vehicle (motorcycle/scooter and car/truck) were categorised as ‘no’ and ‘yes’. Table 1 outlines the development of categories for explanatory variables based on the available categories in the NDHS datasets.





2.8. Statistical Analysis


The Statistical Package for Social Sciences, Version 25 (SPSS for MacOS, SPSS Inc., Chicago, IL, USA), was used for data analysis. Firstly, from the 1996, 2001, 2006, 2011, and 2016 NDHSs, the prevalence of overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30) were calculated and reported as percentages. Secondly, from the NDHS 2016, the socioeconomic and household environmental factors associated with BMI ≥ 25 and BMI ≥ 30 were investigated. Descriptive statistics were calculated to determine the characteristics of the study participants and the prevalence of overweight–obesity and obesity in relation to the socioeconomic and household environmental factors, which were reported in the form of frequency (n), percentages (%), and mean ± standard deviations.



Univariate logistic regression analysis followed by multivariate logistic regression analysis were performed to determine the factors associated with overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30). From the univariate model, variables that were significant at p < 0.2 were included in the multivariate model. Then, using a backward stepwise procedure, the model was reduced, whilst assessing the model fitness to prevent dropping of non-significant variables that affect the model fitness. The Hosmer–Lemeshow statistic was used to assess the goodness-of-fit of the model against the outcomes [35]. The final model consists of variables, which when excluded, cause a significant change in deviance (p < 0.05), compared with the corresponding X2 test statistic on the relevant degrees of freedom. The unadjusted crude odds ratio (COR) and adjusted odds ratio (AOR) with a 95% confidence interval (95% CI) were also reported.




2.9. Ethical Considerations


The data used in this study were extracted from the NDHS datasets [28], which are publicly available with all personal identifier information removed. Permission to access the datasets was granted through registering with the DHS program website and submitting an application outlining the intended use of the datasets. Informed consent was obtained from the study participants before data collection. The data collection tools and procedures for NDHSs were approved by the independent review boards of New ERA and ICF Macro International. The ethical approval of all NDHSs were obtained from the ethical review board of Nepal Health Research Council and human research ethics committee of ICF Macro International [19,31,32,33,34].





3. Results


3.1. Trends in the Prevalence of Overweight and Obesity


As shown in Figure 1, an increasing trend in the prevalence of overweight and obesity was observed among women in Nepal over the NDHS survey years 1996–2016. Conversely, the prevalence of both underweight and normal weight decreased between 1996 and 2016. The prevalence of overweight–obesity (BMI ≥ 25) was 1.8%, 6.9%, 7.9%, 14.1%, and 19.7% in 1996, 2001, 2006, 2011, and 2016, respectively, whereas the prevalence of obesity (BMI ≥ 30) was 0.2%, 1.1%, 0.9%, 2.4%, and 4.1% in 1996, 2001, 2006, 2011, and 2016, respectively. Over the 20-year period, there was over ten-fold increase in the prevalence of BMI ≥ 25 and over twenty-fold increase in the prevalence of BMI ≥ 30. A gradual increase in the prevalence of both BMI ≥ 25 and BMI ≥ 30 was observed since 2006, with the latest 2016 NDHS demonstrating that almost 1 in 5 women (19.7%) were affected by overweight or obesity, while 1 in 25 women (4.1%) were affected by obesity in Nepal.




3.2. Characteristics of the Study Participants from NDHS 2016


From the latest NDHS 2016 dataset (n = 12,862), after excluding women who were pregnant at the time of the survey (n = 636) and those with missing values for height and weight measurements (n = 6061), data were extracted for all eligible women (n = 6165) aged 15–49 years and included in the final model. The characteristics of the study population along with the prevalence of overweight–obesity and obesity in relation to the socioeconomic and household environmental factors are presented in Table 2. Of the total sample (n = 6165), 19.7% (n = 1215) had overweight–obesity (BMI ≥ 25), while 4.1% (n = 250) had obesity (BMI ≥ 30). The average weight, height, and BMI of the total sample population were 50.7 ± 9.6 kg, 151.7 ± 5.6 cm, and 22.0 ± 3.9 kg/m2, respectively.



3.2.1. Socioeconomic Factors


The sample was roughly equally distributed among the three age groups, yet the prevalence of both overweight–obesity (50.1%) and obesity (59.6%) were higher among women aged 35–49. The majority of women had either secondary education (36.1%) or no formal education (34.5%), while the lowest prevalence of overweight–obesity (15.8%) and obesity (16.0%) was observed among those with higher education. The majority of the survey participants were currently employed (59.5%), hence the prevalence of both BMI ≥ 25 and BMI ≥ 30 were higher among those employed. The majority of the sample were married or lived with a partner (75.7%), and most of them had overweight–obesity (91.4%) and obesity (92.0%). Most women (61.0%) had less than or equal to five household members, and the majority of them had both BMI ≥ 25 and BMI ≥ 30. The study population was nearly equally distributed across the given spectrum of wealth index. Those in the poorest category were least affected, with only 9.0% having overweight–obesity and 3.6% having obesity; those in the richest category were most affected, with 37.0% having overweight–obesity and 54.4% having obesity. The majority of the participants were Hindu (87.1%), hence the prevalence of both BMI ≥ 25 and BMI ≥ 30 were higher among Hindus.




3.2.2. Household Environmental Factors


The majority of the participants resided in urban areas (64.6%) and the highest prevalence of both overweight–obesity (73.5%) and obesity (82.4%) were observed among urban residents. The study population distribution across the seven provinces ranged from 12.7% to 16.0%, yet the highest prevalence of both BMI ≥ 25 (21.3%) and BMI ≥ 30 (27.6%) were observed among those residing in Province 3. Most participants lived in terai and hill ecological zones, and over half of those living in hill had both BMI ≥ 25 and BMI ≥ 30. Most participants had improved sources of drinking water (90%) and types of toilet facility (83.5%), with most of them having both BMI ≥ 25 and BMI ≥ 30. The majority used solid fuel for cooking (68.1%), yet the prevalence of both overweight–obesity (50.7%) and obesity (67.2%) were higher among those who used clean fuel for cooking. Most participants had access to electricity (86.0%), with most of them having both BMI ≥ 25 and BMI ≥ 30. The largest proportion of the sample lived in houses with unimproved floor material (61.9%), unimproved wall material (52.8%), and improved roof material (85.3%), yet the highest prevalence of both BMI ≥ 25 and BMI ≥ 30 were observed among those living in houses with improved floor, wall, and roof materials. Most participants did not own a refrigerator (81.3%), bicycle (57.1%), and motorised vehicle (77.6%), yet most of them had both BMI ≥ 25 and BMI ≥ 30. Alternatively, the majority of the sample owned a television (50.3%) and mobile phone (71.7%), and most of them had both BMI ≥ 25 and BMI ≥ 30.





3.3. Socioeconomic and Household Environmental Factors Associated with Overweight–Obesity (BMI ≥ 25) and Obesity (BMI ≥ 30)


In the univariate analysis (Table 3), having overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30) were associated with several potential socioeconomic and household environmental factors. Variables that were significant at p < 0.20 were age, educational status, marital status, number of household members, wealth index, religion, place of residence, province of residence, ecological zone, source of drinking water, type of toilet facility, cooking fuel, access to electricity, main floor material, main wall material, main roof material, refrigerator, television, mobile phone, bicycle, and motorised vehicle.



In the multivariate analysis (Table 4), age, marital status, wealth index, province of residence, cooking fuel, refrigerator, and bicycle were significantly associated with having both overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30). As compared to women who were younger (aged 15–24 years), those who were older (aged 35–49 years) were over four times more likely to have overweight–obesity (adjusted odds ratio (AOR) = 4.72) and obesity (AOR = 4.41). Women who were married or were living with a partner had more than three times higher odds of having BMI ≥ 25 (AOR = 3.48) and BMI ≥ 30 (AOR = 3.06) as compared to those who were never married. Compared to women with the poorest wealth index, those with the richest wealth index were over four times more likely to have BMI ≥ 25 (AOR = 4.36) and over ten times more likely to have BMI ≥ 30 (AOR = 10.52). Women residing in Province 7 had 70% lower odds of having overweight–obesity (AOR = 0.30) and 75% lower odds of having obesity (AOR = 0.25) compared to women residing in Province 1. In comparison with women who used solid fuel for cooking, those who used clean fuel for cooking had 44% higher odds of having overweight–obesity (AOR = 1.44) and 66% higher odds of having obesity (AOR = 1.66). Compared to women who did not own a refrigerator, those who owned one had 27% and 44% higher odds of having BMI ≥ 25 (AOR = 1.27) and BMI ≥ 30 (AOR = 1.44), respectively. In comparison with women who did not own a bicycle, those who owned a bicycle had 24% and 34% lower odds of having overweight–obesity (AOR = 0.76) and obesity (AOR = 0.66), respectively.



On the other hand, educational status, religion, type of toilet facility, television, and mobile phone were significantly associated with having overweight–obesity (BMI ≥ 25). Compared to women who did not have any formal education, those who had primary education had 43% higher odds of having BMI ≥ 25 (AOR = 1.43). Similarly, Buddhist women had 41% higher odds of having BMI ≥ 25 (AOR = 1.41) compared to Hindu women. Women with an improved toilet facility were 40% more likely to have overweight–obesity (AOR = 1.40) compared to those with an unimproved toilet facility. Women who owned a television were 26% more likely to have BMI ≥ 25 (AOR = 1.26), and women who owned a mobile phone were 51% more likely to have BMI ≥ 25 (AOR = 1.51), as compared to those who did not own a television and mobile phone, respectively.





4. Discussion


4.1. Summary of Key Findings


Firstly, the present study examined the trends in the prevalence of overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30) among non-pregnant Nepalese women of reproductive age (15–49 years) using the nationally representative data from the 1996, 2001, 2006, 2011, and 2016 NDHSs. Over the 20-year period, there was over ten-fold increase in the prevalence of BMI ≥ 25 and over twenty-fold increase in the prevalence of BMI ≥ 30. Furthermore, this study is one of the first to comprehensively explore a wide range of socioeconomic and household environmental factors associated with BMI ≥ 25 and BMI ≥ 30 among women in Nepal based on the latest NDHS 2016. Age, marital status, wealth index, province of residence, cooking fuel, refrigerator, and bicycle were significantly associated with having both overweight–obesity and obesity, whereas educational status, religion, type of toilet facility, television, and mobile phone were significantly associated with having overweight–obesity. This study has identified several critical socioeconomic and household environmental risk factors of having overweight and obesity among Nepalese women, which need to be addressed immediately and integrated into multi-faceted obesity prevention and mitigation strategies and national public health interventions.




4.2. Trends in the Prevalence of Overweight and Obesity


From the NDHS 2016, the current study demonstrated that almost one in five women (19.7%) were affected by overweight or obesity, while one in twenty-five women (4.1%) were affected by obesity in Nepal. The prevalence rates of overweight–obesity and obesity were slightly lower than the 22% and 5% presented in the NDHS 2016 report [19], and the 24.9% and 5.6% reported by a prior study [20] that was based on NDHS 2016 and used the WHO cut-off of BMI. It is worth noting that the variations could be attributed to the differences in the exclusion criteria. Similarly, the prevalence rates reported in this study were also comparable with those reported for other neighbouring south Asian countries including Pakistan, Bangladesh, and India [36,37,38], which were also based on a nationally representative sample of adult women. Research suggests that low skeletal muscle mass, excess abdominal adiposity, and increased hepatic fat are typically observed among south Asians, which are associated with high risk of development of NCDs such as type 2 diabetes, cardiovascular diseases, and other associated comorbidities [39,40,41]. Even among south Asians, the prevalence of overweight, obesity, and abdominal obesity have been reported to be higher among women than men, which puts them at increased risk of these NCDs as well as several pregnancy-related complications [9,39,42]. Addressing the increasing prevalence of overweight and obesity among Nepalese women of reproductive age, in particular, should be given utmost priority as these are contributing significantly to the growing burden of NCDs, which are further threatening Nepal’s progress towards achieving the Sustainable Development Goals, especially those targeted at reducing premature mortality from NCDs by one-third by 2030 [16,43].



This study also identified an alarmingly increasing trend of overweight and obesity among women in Nepal, as evidenced by the over ten-fold increase in the prevalence of overweight or obesity and over twenty-fold increase in the prevalence of obesity alone over the 20-year period between 1996 and 2016. This finding supports the large body of evidence on the increasing trends of overweight and obesity among women in south Asian countries including Bangladesh and India [37,38,44], as well as most of the LMICs and globally [4,45,46], which further highlights the urgency of the obesity pandemic among women. The complex interplay between a diverse range of factors could be attributed to the escalating prevalence of overweight and obesity in south Asian and LMICs. Along with the increased quality of life, the socioeconomic development in south Asian countries has led to the advancement of both agricultural and technical sectors, which has also contributed to the improvement in the accessibility and availability of energy-dense foods [47]. South Asian meals typically consist of an excess carbohydrate-based diet such as rice, breads, and sweets, including the Nepalese diet, which relies heavily on energy-dense staple foods that are rich in starch with only small quantities of bioavailable protein and micronutrients [47,48]. Further, urbanisation and increased income levels in South Asian and LMICs may have led to a nutrition transition from traditional diets to energy-dense, high-calorie, and nutrient-poor diets, and increased consumption of foods that are high in sugar, saturated fats, and refined carbohydrates, processed foods, and sugar-sweetened beverages, all of which contribute to weight gain [14,39]. Similarly, obesity among south Asian women may be linked with inaccurate views and beliefs about diet, such as associating the consumption of clarified butter (ghee) with physical strength, as well as poor lifestyle practices including imbalanced diets, sedentary behaviour, and reduced physical activity, especially in the postpartum period when additive weight gain occurs [39,49]. Moreover, the socioeconomic development may have led to a decline in physical activity levels, attributed by the shifts from manual labour to sedentary jobs, the mechanisation of domestic work due to modern technology and conveniences, and the rise in motorised transportation that has reduced the use of active transportation such as walking and cycling, resulting in leisure time for sedentary activities such as watching television [14,50]. Even in the context of Nepal, a sedentary lifestyle is estimated to be prevalent in over 90% of urban women residing in Kathmandu, the capital city of Nepal [51]. Among south Asian women, social and cultural issues often limit physical activity such as traditional beliefs about obesity being a sign of good health, as well as security and cultural concerns about outdoor physical exercise [39,52]. Although diet and physical activity directly contribute to overweight and obesity, socioeconomic and household environmental factors are strongly associated with dietary patterns and physical activity levels among women, further elucidating the association of overweight and obesity with these socioeconomic and household environmental factors [47,51].




4.3. Socioeconomic Factors Associated with Overweight and Obesity


In the present study, among the socioeconomic factors, age, marital status, and wealth index were independently associated with the likelihood of having both overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30), while educational status and religion were associated with having overweight–obesity. In this study, older women (35–49 years; 25–34 years) had higher odds of having overweight and obesity as compared to younger women (15–24 years). Similarly, women who were married/living with a partner and widowed/divorced/separated were more likely to have overweight and obesity than those who were never married. Both of these findings, that younger and never-married women are less likely to have overweight and obesity, validate the results of prior studies conducted in Nepal and neighbouring south Asian countries [53,54,55]. These findings could be attributed to gestational weight gain among older and married women, which can be sustained throughout their lives if they are unable to achieve a substantial weight loss in the postpartum period [53,56]. The higher prevalence of overweight and obesity among women who were married or living with a partner could also be linked with the weight gain due to the use of hormonal contraceptives [57]. On the other hand, age may also be associated with other socioeconomic and household environmental determinants of overweight and obesity. For instance, older women are more likely to be married, and both were found to be independent predictors of overweight and obesity in this study. Increase in age has also been found to be associated with increase in both income and BMI [58]. Similarly, in this study, along with increased age, higher wealth index was found to be positively associated with overweight and obesity. Another plausible explanation could be the changes in body composition with increased age, particularly those associated with decline in fat-free mass and subsequent rise in fat mass which begins to occur when an individual crosses 30 years of age [55,59]. Increase in age has also been identified as an essential risk factor for both overweight or obesity and other NCDs [53]. These findings further support the need to prioritise older and married women when designing interventions to prevent overweight and obesity among Nepalese women.



In this study, women with formal education (primary, secondary, or higher) were more likely to have overweight or obesity as compared to women with no formal education. Research suggests that educated women are more likely to have sedentary occupations that require lower levels of physical activity than manual labour-intensive occupations [37,55]. In terms of the relationship between educational attainment and obesity, a systematic review [60] indicated that a positive association was more common in lower-income countries, while a negative association was often observed in higher-income countries. Prior studies from Bangladesh and India [55,61,62] also reported an increase in the likelihood of having overweight and obesity with the increase in educational attainment among women. However, in this study, as compared to women with no formal education, the highest odds of having overweight or obesity were observed among those with primary education, followed by secondary and higher education. A plausible explanation for this finding could be the obesity-preventing health behaviours among women with higher education levels [60]. The influence of education on obesity may change with time depending on the socioeconomic development of a country, and in transitional societies, higher educational level may act as a protective factor for obesity, while higher income levels may still act as a risk factor for obesity [63].



Indeed, this study also found a positive association between higher wealth index and both overweight–obesity and obesity. As compared to women with the poorest wealth index, the odds of having overweight and obesity escalated with increasing wealth index, with the highest odds observed among those with the richest wealth index. Prior research from Nepal and other south Asian studies [23,37,53,64] also reported a similar pattern and suggest a high burden of overweight and obesity among higher socioeconomic groups. In developing countries, people with higher wealth status generally have sedentary lifestyles and occupations, which could contribute to an increase in body weight [26,53]. Moreover, increase in income is associated with greater purchasing ability and higher consumption of energy-dense food products, and diets high in saturated fat, cholesterol, refined carbohydrates, and sugar [53,55,65]. Therefore, dietary factors may also be one of the essential contributors to the increased prevalence of overweight and obesity among women with higher wealth index. This finding is further supported by the nutrition transition theory, which indicates that the rise in socioeconomic status in developing countries is resulting in a rapid shift in dietary and physical activity patterns, ultimately leading to higher prevalence of overweight and obesity [66].



Similarly, this study revealed a significant association between religion and overweight or obesity, as reported in a few previous studies [65,67,68]. Traditional cultural beliefs, dietary patterns, and physical activity levels may have mediated this relationship to some extent [67]. For instance, Hinduism and Buddhism encourage vegetarianism, while Islam prohibits pork and alcohol consumption [67,69]. Particularly among south Asian women, cultural and religious norms have also been identified as a barrier to physical activity [67,70]. Religion may act as a contributing factor to overweight and obesity in many ways: religious and cultural ceremonies may involve high consumption of energy-dense foods as a celebratory good; practising religion from home through religious television and radio programs and books or magazines referred to as ‘religious media practice’ provides easy access to foods and beverages while practicing religion; religious organisations may also provide a safe haven for people with obesity who are seeking protection from social stigma [67,68]. Further investigation, particularly qualitative research, is warranted to determine the possible explanations for the finding from this study that Hindu women had a lower likelihood of having overweight or obesity compared to those who were Buddhist, Muslim, or followed other religions.




4.4. Household Environmental Factors Associated with Overweight and Obesity


In the current study, among the household environmental factors, province of residence, cooking fuel, refrigerator, and bicycle were independently associated with the likelihood of having both overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30), while type of toilet facility, television, and mobile phone were associated with having overweight–obesity. In this study, lower odds of overweight and obesity were observed among those residing in Province 7, Province 2, and Province 6, while comparatively higher odds were seen among residents of Province 1, Province 3, and Province 4. A prior study [23] examining the geographic variation in overweight and obesity in Nepal also reported similar findings. The authors suggest a higher prevalence of overweight and obesity in provinces with higher affluence and lower prevalence among poorer provinces, resulting in geographic disparities [23]. In terms of human development index (HDI), the most developed provinces are Province 1, 3, and 4 (HDI: 0.507; 0.506; 0.493), while the least developed are Province 6, 7, and 2 (HDI: 0.390; 0.416; 0.422) [23]. Therefore, the comparatively higher odds of overweight and obesity among women residing in Province 1, Province 3, and Province 4 could be linked with higher socioeconomic status as well as residing in an urban region. In terms of environmental factors, only the province of residence influenced the likelihood of having overweight and obesity, while living in an urban or rural residence, or in a particular ecological zone were not statistically significant in this study. However, prior studies conducted in Nepal and other south Asian countries [53,54,71] have found increased odds of overweight and obesity among urban residents compared to their rural counterparts and have linked the association with increased accessibility and the consumption of energy-dense foods and sedentary lifestyles.



In this study, toilet facility and cooking fuel were identified as the two household facilities significantly associated with overweight and obesity. Women with an improved toilet facility were more likely to have overweight or obesity compared to those with an unimproved toilet facility. An improved toilet facility hygienically prevents human contact with human excreta and involves safer excreta disposal, lower waiting times, and physically closer sanitation facilities, which could be a few of the plausible explanations for this finding [72]. Alternatively, an improved facility or poor sanitation may predispose individuals to undernutrition, diarrhoeal diseases, acute respiratory infections, parasitic infections, and helminth infections, which could have a considerable impact on their nutritional status [72,73]. Substantial improvements in sanitation facilities have been observed in Nepal, with households using improved toilet facilities having almost doubled from 38% in 2011 to 62% in 2016, which has also reduced the transmission of communicable diseases including typhoid and cholera [19]. Nonetheless, continued efforts to increase the access to improved toilet facilities is warranted as improved sanitation is one of the indispensable components of a healthy community which is positively associated with the nutritional status [73]. On the other hand, in this study, women who used clean fuel for cooking had higher odds of having both overweight–obesity and obesity compared to those who used solid fuel. This finding could be linked to indoor air pollution caused by indoor burning of solid fuels for cooking purposes [74]. Exposure to various health-damaging pollutants and chemicals contained in the biomass smoke is associated with adverse health outcomes including bronchitis, pneumonia, lung cancer, chronic obstructive pulmonary disease, stroke, and ischemic heart disease [75,76]. A recent study [77] found a direct association between household fuel types and nutritional status; use of high polluting biomass fuels among women was associated with a 0.66 kg/m2 decrease in BMI and 10% higher risk of underweight. Approximately two-thirds of households in Nepal use solid fuel for cooking, and its use is even more predominant in rural areas, with 88% of rural households reliant on solid fuels [19]. Women in these households of Nepal begin cooking from an early age due to cultural reasons and may be exposed to high levels of household air pollution, and therefore, interventions to accelerate the transition from solid fuels to clean fuels should be given utmost priority to reduce the health burden among women [77,78].



In the current study, among the household possessions, women with a refrigerator and without a bicycle were more likely to have both overweight–obesity and obesity, while those with a television and a mobile phone were more likely to have overweight or obesity. A prior study conducted in Thailand [79] also observed a significantly higher risk of obesity among women with a refrigerator, washing machine, or microwave oven. Modern technology and food market has facilitated easy access to an endless choice of global cuisines with minimum energy expenditure to acquire them, by visiting a supermarket or food outlet, or simply walking to a refrigerator [80]. Refrigerators also provide greater capacity for storage of perishable foods as well as ultra-processed foods such as sugar-sweetened beverages, sweets and ice-cream, and frozen dishes [81,82]. The consumption of ultra-processed foods with poor quality of dietary nutrients has been associated with the development of obesity and other diet-related NCDs, and therefore, dietary guidelines should discourage its consumption, while policies should focus on food taxation and food marketing surveillance [81]. Similar to the findings of this study, a recent study conducted in Nepal [83] also found a significant association between bicycle use and overweight and obesity. Modification of the increasingly obesogenic environment in Nepal is increasingly important, which can be achieved to some extent by discouraging sedentary lifestyles and actively promoting active transport through an integrated network of bicycle lanes and footpaths [51]. Similarly, the association between watching television at least once a week and overweight and obesity among women of reproductive age residing in urban areas of Nepal has been previously reported [21]. Watching television predisposes an individual towards a sedentary lifestyle, while the advertisements for obesogenic foods further promote the purchase and consumption of these energy-dense foods [21,84]. With advertisements for junk foods accounting for 25% of the advertisements in Nepalese and Indian television, it is essential for public health promotions programs to target Nepalese women, through the platform of television itself, to discourage consumption of these unhealthy foods and raise awareness about the adverse effects of a sedentary lifestyle attributed to watching television [21]. On the other hand, prior studies indicating an association between mobile phone use and weight status are limited [85,86]. However, a recent study [87] suggests that using smartphones, tablets, computers, and videogames is associated with various obesity risk factors such as daily sugar-sweetened beverage consumption, and inadequate physical activity and sleep. On a more positive note, research also suggests that mobile applications can be used as an effective self-regulating tool for weight loss and should be integrated within weight loss strategies [88]. Mobile phone interventions, through text messages and other multimedia materials, delivering frequent reminders and recommendations for physical activity and nutritional goals have been found to promote weight loss among individuals with overweight and obesity [89]. Therefore, with most individuals owning a mobile phone in the current era, these can be used as an effective and efficient tool to tackle the overweight and obesity pandemic.




4.5. Strengths and Limitations


The present study has a number of strengths worth reporting. Firstly, as this study was based on the NDHSs, large nationally representative samples of women across Nepal including those from both urban and rural areas were included, which enabled the study findings to be generalisable to the target population. Secondly, all NDHSs followed standardised DHS procedures for data collection to minimise the chances of measurement error including the use of calibrated measurement tools, trained field staff, and validated questionnaires, which confirms the internal and external validity of the study findings. Thirdly, this study utilised the WHO cut-off of BMI as used in the NDHS reports, which strengthens our evidence base. Finally, to the best of our knowledge, this study is one of the first to comprehensively explore a wide range of socioeconomic and household environmental factors associated with overweight and obesity among women in Nepal based on the nationally representative sample of NDHS. Along with the identification of women at high-risk of the burden and recognition of potentially modifiable risk factors, this study may guide the development of comprehensive and multifaceted intervention strategies to prevent and mitigate the incidence and burden of overweight and obesity among women in Nepal.



The findings of this study should be considered in the light of some limitations. Firstly, as this study was a secondary analysis of the cross-sectional data of NDHS, identification of causal relationship between the investigated factors and overweight and obesity were not possible. Secondly, there may be a possibility of social desirability bias, where the participants may have provided the interviewers with positive or socially desirable answers. Thirdly, this study was limited by the available variables contained in the NDHS dataset. Therefore, other key predictors of overweight and obesity such as physical activity level, total energy intake, dietary habits, and alcohol consumption among others could not be included and investigated in this study. Finally, when the predictor variables are correlated, such as many of the socioeconomic indicators used in this study, the conclusions of the stepwise procedure can be affected by random variation. This indicates that the variables excluded from the final model do not necessarily have no association with having overweight or obesity. Nonetheless, this study provides a novel insight into the underlying social, economic, household, and environmental determinants of overweight and obesity among women in Nepal.





5. Conclusions


The rates of overweight or obesity (BMI ≥ 25) and obesity (BMI ≥ 30) increased alarmingly among Nepalese women between 1996 and 2016. Among the socioeconomic factors, the study findings suggest that women who were older, married, and with higher wealth index were at increased risk of having both BMI ≥ 25 and BMI ≥ 30, while women with formal education and who practised a religion other than Hinduism were more likely to have BMI ≥ 25. Similarly, among the investigated household environmental factors, women who resided in Province 1, 3, and 4, who used clean fuel for cooking, owned a refrigerator, and did not own a bicycle were more likely to have both BMI ≥ 25 and BMI ≥ 30, while women who had an improved toilet facility, owned a television, and possessed a mobile phone had high odds of having BMI ≥ 25. Although an unimproved toilet facility and solid cooking fuel were negatively associated with overweight and obesity, the risk of adverse health outcomes substantially outweigh the risks associated with overweight and obesity. Despite the study findings, therefore, continued efforts to increase access to improved toilet facilities and accelerate the transition from solid fuels to clean fuels is warranted. Nonetheless, the ever-rising rates of overweight and obesity among women in Nepal and the simultaneous rise in obesity-related NCDs is threatening Nepal’s progress towards achieving the Sustainable Development Goals. Therefore, the several critical socioeconomic and household environmental risk factors of having overweight and obesity among Nepalese women presented in this study need to be addressed immediately and integrated into multi-faced obesity prevention and mitigation strategies and national public health interventions.
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Figure 1. Prevalence of overweight or obesity (BMI ≥ 25) and obesity (BMI ≥ 30) among Nepalese women by Nepal Demographic and Health Survey (NDHS) years 1996–2016. 
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Table 1. Categorisation of explanatory variables based on the available categories in the NDHS datasets.
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Categories

	
Sub-Categories

	
Available DHS Categories






	
Source of drinking

water

	
Unimproved

	
unprotected dug well/spring; tanker truck/cart with small tank; surface water; other




	
Improved

	
piped into dwelling/yard/plot; piped to neighbour; public tap/standpipe; tube well or borehole; protected dug well; protected spring; rainwater; bottled water




	
Type of toilet facility

	
Unimproved

	
flush/pour flush not to sewer/septic tank/pit latrine; pit latrine without slab/open pit; other; no facility/bush/field




	
Improved

	
flush/pour flush to piped sewer system/septic tank/pit latrine; ventilated improved pit (VIP) latrine; pit latrine with slab; composting toilet




	
Cooking fuel

	
Solid fuel

	
wood; straw/shrubs/grass; animal dung; agricultural crop; coal/ignite; charcoal; other




	
Clean fuel

	
electricity; LPG; natural gas; biogas; kerosene




	
Main floor material

	
Unimproved

	
earth/sand; dung; wood planks; palm/bamboo; other




	
Improved

	
parquet or polished wood; vinyl or asphalt strips; ceramic tiles; cement; carpet




	
Main wall

material

	
Unimproved

	
no wall; cane/palm/trunks; mud/sand; bamboo with mud; stone with mud; plywood; cardboard; reused wood; metal/galvanized sheet; other




	
Improved

	
cement; stone with lime/cement; bricks; cement blocks; wood planks/shingles




	
Main roof

material

	
Unimproved

	
no roof; thatch/palm leaf; mud; rustic mat; palm/bamboo; wood planks; cardboard; other




	
Improved

	
galvanized sheet/metal; wood; calamine/cement fibre; ceramic tiles; cement; roofing shingles
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Table 2. Characteristics of the study participants and the prevalence of overweight–obesity and obesity in relation to the socioeconomic and household environmental factors.
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	Variable

n (%) or Mean ± SD
	All Participants

(n = 6165)
	Participants with Overweight–Obesity (BMI ≥ 25) (n = 1215)
	Participants with Obesity (BMI ≥ 30) (n = 250)





	Weight (kg)
	50.7 ± 9.6
	64.9 ± 7.9
	74.7 ± 8.3



	Height (cm)
	151.7 ± 5.6
	151.6 ± 5.5
	151.1 ± 6.0



	BMI (kg/m2)
	22.0 ± 3.9
	28.2 ± 2.8
	32.6 ± 2.6



	Socioeconomic factors
	
	
	



	Individual-level factors
	
	
	



	Age (years)
	
	
	



	15–24
	2331 (37.8%)
	150 (12.3%)
	24 (9.6%)



	25–34
	1834 (29.7%)
	456 (37.5%)
	77 (30.8%)



	35–49
	2000 (32.4%)
	609 (50.1%)
	149 (59.6%)



	Educational status
	
	
	



	No formal education
	2126 (34.5%)
	375 (30.9%)
	65 (26.0%)



	Primary
	965 (15.7%)
	244 (20.0%)
	57 (22.8%)



	Secondary
	2223 (36.1%)
	404 (33.3%)
	88 (35.2%)



	Higher
	851 (13.8%)
	192 (15.8%)
	40 (16.0%)



	Employment status
	
	
	



	Not currently employed
	2498 (40.5%)
	480 (39.5%)
	110 (44.0%)



	Currently employed
	3667 (59.5%)
	735 (60.5%)
	140 (56.0%)



	Household-level factors
	
	
	



	Marital status
	
	
	



	Never married
	1323 (21.5%)
	64 (5.3%)
	11 (4.4%)



	Married/living with a partner
	4671 (75.7%)
	1111 (91.4%)
	230 (92.0%)



	Widowed/divorced/separated
	171 (2.8%)
	40 (3.3%)
	9 (3.6%)



	Number of household members
	
	
	



	≤5
	3763 (61.0%)
	855 (70.4%)
	190 (76.0%)



	>5
	2402 (31.0%)
	360 (29.6%)
	60 (24.0%)



	Wealth index
	
	
	



	Poorest
	1310 (21.2%)
	109 (9.0%)
	9 (3.6%)



	Poorer
	1250 (20.3%)
	187 (15.4%)
	24 (9.6%)



	Middle
	1251 (20.3%)
	186 (15.3%)
	26 (10.4%)



	Richer
	1276 (20.7%)
	283 (23.3%)
	55 (22.0%)



	Richest
	1078 (17.5%)
	450 (37.0%)
	136 (54.4%)



	Religion
	
	
	



	Hindu
	5369 (87.1%)
	1022 (84.1%)
	207 (82.8%)



	Buddhist
	296 (4.8%)
	90 (7.4%)
	21 (8.4%)



	Muslim
	267 (4.3%)
	41 (3.4%)
	9 (3.6%)



	Other
	233 (3.8%)
	62 (5.1%)
	13 (5.2%)



	Household environmental factors
	
	
	



	Environmental factors
	
	
	



	Place of residence
	
	
	



	Urban
	3984 (64.6%)
	893 (73.5%)
	206 (82.4%)



	Rural
	2181 (35.4%)
	322 (26.5%)
	44 (17.6%)



	Province of residence
	
	
	



	Province 1
	878 (14.2%)
	242 (19.9%)
	48 (19.2%)



	Province 2
	984 (16.0%)
	113 (9.3%)
	19 (7.6%)



	Province 3
	822 (13.3%)
	259 (21.3%)
	69 (27.6%)



	Province 4
	783 (12.7%)
	235 (19.3%)
	54 (21.6%)



	Province 5
	962 (15.6%)
	182 (15.0%)
	33 (13.2%)



	Province 6
	862 (14.0%)
	110 (9.1%)
	17 (6.8%)



	Province 7
	874 (14.2%)
	74 (6.1%)
	10 (4.0%)



	Ecological zone
	
	
	



	Mountain
	441 (7.2%)
	67 (5.5%)
	12 (4.8%)



	Hill
	2823 (45.7%)
	625 (51.4%)
	136 (54.4%)



	Terai
	2901 (47.1%)
	523 (43.0%)
	102 (40.8%)



	Household facilities
	
	
	



	Source of drinking water
	
	
	



	Unimproved
	344 (5.6%)
	41 (3.4%)
	7 (2.8%)



	Improved
	5549 (90%)
	1132 (93.2%)
	235 (94.0%)



	Type of toilet facility
	
	
	



	Unimproved
	747 (12.1%)
	67 (5.5%)
	7 (2.8%)



	Improved
	5146 (83.5%)
	1106 (91.0%)
	235 (94.0%)



	Cooking fuel
	
	
	



	Solid fuel
	4201 (68.1%)
	557 (45.8%)
	74 (29.6%)



	Clean fuel
	1690 (27.4%)
	616 (50.7%)
	168 (67.2%)



	Access to electricity
	
	
	



	No
	592 (9.6%)
	39 (3.2%)
	5 (2.0%)



	Yes
	5301 (86.0%)
	1134 (93.3%)
	237 (94.8%)



	Housing characteristics
	
	
	



	Main floor material
	
	
	



	Unimproved
	3815 (61.9%)
	498 (41.0%)
	63 (25.2%)



	Improved
	2078 (33.7%)
	675 (55.6%)
	179 (71.6%)



	Main wall material
	
	
	



	Unimproved
	3255 (52.8%)
	427 (35.1%)
	57 (22.8%)



	Improved
	2638 (42.8%)
	746 (61.4%)
	185 (74.0%)



	Main roof material
	
	
	



	Unimproved
	635 (10.3%)
	63 (5.2%)
	7 (2.8%)



	Improved
	5258 (85.3%)
	1110 (91.4%)
	235 (94.0%)



	Household possessions
	
	
	



	Refrigerator
	
	
	



	No
	5013 (81.3%)
	817 (67.2%)
	134 (53.6%)



	Yes
	880 (14.3%)
	356 (29.3%)
	108 (43.2%)



	Television
	
	
	



	No
	2793 (45.3%)
	313 (25.8%)
	46 (18.4%)



	Yes
	3100 (50.3%)
	860 (70.8%)
	196 (78.4%)



	Mobile phone
	
	
	



	No
	1747 (28.3%)
	188 (15.5%)
	31 (12.4%)



	Yes
	4418 (71.7%)
	1027 (84.5%)
	219 (87.6%)



	Bicycle
	
	
	



	No
	3522 (57.1%)
	731 (60.2%)
	155 (62.0%)



	Yes
	2371 (38.5%)
	442 (36.4%)
	87 (34.8%)



	Motorised vehicle
	
	
	



	No
	4782 (77.6%)
	834 (68.6%)
	143 (57.2%)



	Yes
	1111 (18.0%)
	339 (27.9%)
	99 (39.6%)







The total of the categories might not always add up to the total number of participants due to missing data for some items. BMI: body mass index. n: sample size. SD: standard deviation.
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Table 3. Unadjusted association of socioeconomic and household environmental factors with the risk of having overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30).
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Variable

	
Overweight–Obesity (BMI ≥ 25)

	
Obesity (BMI ≥ 30)




	
COR (95% CI)

	
p-Value

	
COR (95% CI)

	
p-Value






	
Socioeconomic factors

	

	

	

	




	
Individual-level factors

	

	

	

	




	
Age (years)

	

	

	

	




	
15–24

	
ref

	

	
ref

	




	
25–34

	
4.81 (3.95–5.86)

	
<0.001

	
4.21 (2.65–6.69)

	
<0.001




	
35–49

	
6.37 (5.26–7.07)

	
<0.001

	
7.73 (5.01–11.96)

	
<0.001




	
Educational status

	

	

	

	




	
No formal education

	
ref

	

	
ref

	




	
Primary

	
1.58 (1.32–1.90)

	
<0.001

	
1.99 (1.38–2.87)

	
<0.001




	
Secondary

	
1.04 (0.89–1.21)

	
0.646

	
1.30 (0.94–1.81)

	
0.108




	
Higher

	
1.36 (1.12–1.65)

	
0.002

	
1.56 (1.05–2.34)

	
0.029




	
Employment status

	

	

	

	




	
Not currently employed

	
ref

	

	
ref

	




	
Currently employed

	
1.05 (0.93–1.20)

	
0.422

	
0.86 (0.67–1.11)

	
0.253




	
Household-level factors

	

	

	

	




	
Marital status

	

	

	

	




	
Never married

	
ref

	

	
ref

	




	
Married/living with a partner

	
6.14 (4.73–7.96)

	
<0.001

	
6.17 (3.36–11.35)

	
<0.001




	
Widowed/divorced/separated

	
6.01 (3.89–9.27)

	
<0.001

	
6.62 (2.71–16.23)

	
<0.001




	
Number of household members

	

	

	

	




	
≤5

	
ref

	

	
ref

	




	
>5

	
1.67 (1.46–1.91)

	
<0.001

	
0.48 (0.36–0.64)

	
<0.001




	
Wealth index

	

	

	

	




	
Poorest

	
ref

	

	
ref

	




	
Poorer

	
1.94 (1.51–2.49)

	
<0.001

	
2.83 (1.31–6.11)

	
0.008




	
Middle

	
1.92 (1.50–2.47)

	
<0.001

	
3.07 (1.43–6.57)

	
0.004




	
Richer

	
3.14 (2.48–3.98)

	
<0.001

	
6.51 (3.20–13.23)

	
<0.001




	
Richest

	
7.90 (6.27–9.94)

	
<0.001

	
20.87 (10.58–41.19)

	
<0.001




	
Religion

	

	

	

	




	
Hindu

	
ref

	

	
ref

	




	
Buddhist

	
1.86 (1.44–2.40)

	
<0.001

	
1.90 (1.19–3.02)

	
0.007




	
Muslim

	
0.77 (0.55–1.08)

	
0.135

	
0.87 (0.44–1.71)

	
0.687




	
Other

	
1.54 (1.14–2.08)

	
0.004

	
1.47 (0.82–2.62)

	
0.187




	
Household environmental factors

	

	

	

	




	
Environmental factors

	

	

	

	




	
Place of residence

	

	

	

	




	
Urban

	
ref

	

	
ref

	




	
Rural

	
0.60 (0.52–0.69)

	
<0.001

	
0.38 (0.27–0.53)

	
<0.001




	
Province of residence

	

	

	

	




	
Province 1

	
ref

	

	
ref

	




	
Province 2

	
0.34 (0.27–0.44)

	
<0.001

	
0.34 (0.20–0.58)

	
<0.001




	
Province 3

	
1.21 (0.98–1.49)

	
0.075

	
1.58 (1.08–2.32)

	
0.018




	
Province 4

	
1.13 (0.91–1.39)

	
0.271

	
1.28 (0.86–1.91)

	
0.227




	
Province 5

	
0.61 (0.49–0.76)

	
<0.001

	
0.61 (0.39–0.97)

	
0.035




	
Province 6

	
0.38 (0.30–0.49)

	
<0.001

	
0.35 (0.20–0.61)

	
<0.001




	
Province 7

	
0.24 (0.18–0.32)

	
<0.001

	
0.20 (0.10–0.40)

	
<0.001




	
Ecological zone

	

	

	

	




	
Mountain

	
ref

	

	
ref

	




	
Hill

	
1.59 (1.21–2.09)

	
<0.001

	
1.81 (0.99–3.29)

	
0.052




	
Terai

	
1.23 (0.93–1.62)

	
0.146

	
1.30 (0.71–2.39)

	
0.393




	
Household facilities

	

	

	

	




	
Source of drinking water

	

	

	

	




	
Unimproved

	
ref

	

	
ref

	




	
Improved

	
1.89 (1.36–2.64)

	
<0.001

	
2.12 (0.99–4.55)

	
0.051




	
Type of toilet facility

	

	

	

	




	
Unimproved

	
ref

	

	
ref

	




	
Improved

	
2.79 (2.14–3.60)

	
<0.001

	
5.06 (2.38–10.77)

	
<0.001




	
Cooking fuel

	

	

	

	




	
Solid fuel

	
ref

	

	
ref

	




	
Clean fuel

	
3.57 (3.28–4.29)

	
<0.001

	
6.16 (4.65–8.14)

	
<0.001




	
Access to electricity

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
3.86 (2.77–5.37)

	
<0.001

	
5.49 (2.26–13.38)

	
<0.001




	
Housing characteristics

	

	

	

	




	
Main floor material

	

	

	

	




	
Unimproved

	
ref

	

	
ref

	




	
Improved

	
3.21 (2.81–3.66)

	
<0.001

	
5.61 (4.19–7.52)

	
<0.001




	
Main wall material

	

	

	

	




	
Unimproved

	
ref

	

	
ref

	




	
Improved

	
2.61 (2.29–2.98)

	
<0.001

	
4.23 (3.13–5.72)

	
<0.001




	
Main roof material

	

	

	

	




	
Unimproved

	
ref

	

	
ref

	




	
Improved

	
2.43 (1.86–3.18)

	
<0.001

	
4.19 (1.97–8.94)

	
<0.001




	
Household possessions

	

	

	

	




	
Refrigerator

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
3.49 (2.99–4.07)

	
<0.001

	
5.09 (3.91–6.64)

	
<0.001




	
Television

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
3.04 (2.64–3.50)

	
<0.001

	
4.03 (2.91–5.58)

	
<0.001




	
Mobile phone

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
2.51 (2.12–2.96)

	
<0.001

	
2.89 (1.97–4.22)

	
<0.001




	
Bicycle

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
0.88 (0.77–1.00)

	
0.046

	
0.83 (0.63–1.08)

	
0.166




	
Motorised vehicle

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
2.08 (1.79–2.41)

	
<0.001

	
3.17 (2.43–4.14)

	
<0.001








BMI: body mass index. COR: crude odds ratio. 95% CI: 95% confidence interval. ref: reference category.
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Table 4. Socioeconomic and household environmental factors independently associated with the risk of having overweight–obesity (BMI ≥ 25) and obesity (BMI ≥ 30).
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Variable *

	
Overweight–Obesity (BMI ≥ 25)

	
Obesity (BMI ≥ 30)




	
AOR (95% CI)

	
p-Value

	
AOR (95% CI)

	
p-Value






	
Socioeconomic factors

	

	

	

	




	
Individual-level factors

	

	

	

	




	
Age (years)

	

	

	

	




	
15–24

	
ref

	

	
ref

	




	
25–34

	
3.00 (2.37–3.82)

	
<0.001

	
2.21 (1.29–3.79)

	
0.004




	
35–49

	
4.72 (3.67–6.10)

	
<0.001

	
4.41 (2.62–7.43)

	
<0.001




	
Educational status

	

	

	

	




	
No formal education

	
ref

	

	

	




	
Primary

	
1.43 (1.15–1.77)

	
0.001

	

	




	
Secondary

	
1.21 (0.97–1.50)

	
0.096

	

	




	
Higher

	
1.08 (0.81–1.43)

	
0.615

	

	




	
Household-level factors

	

	

	

	




	
Marital status

	

	

	

	




	
Never married

	
ref

	

	
ref

	




	
Married/living with a partner

	
3.48 (2.52–4.81)

	
<0.001

	
3.06 (1.50–6.24)

	
0.002




	
Widowed/divorced/separated

	
2.76 (1.64–4.65)

	
<0.001

	
2.85 (1.04–7.79)

	
0.042




	
Wealth index

	

	

	

	




	
Poorest

	
ref

	

	
ref

	




	
Poorer

	
1.87 (1.41–2.47)

	
<0.001

	
2.83 (1.28–6.21)

	
0.010




	
Middle

	
1.91 (1.40–2.62)

	
<0.001

	
3.59 (1.62–7.96)

	
0.003




	
Richer

	
2.49 (1.76–3.52)

	
<0.001

	
5.78 (2.60–12.82)

	
<0.001




	
Richest

	
4.36 (2.83–6.71)

	
<0.001

	
10.52 (4.37–25.28)

	
<0.001




	
Religion

	

	

	

	




	
Hindu

	
ref

	

	

	




	
Buddhist

	
1.41 (1.03–1.94)

	
0.032

	

	




	
Muslim

	
1.10 (0.74–1.64)

	
0.637

	

	




	
Other

	
1.33 (0.93–1.89)

	
0.121

	

	




	
Household environmental factors

	

	

	

	




	
Environmental factors

	

	

	

	




	
Province of residence

	

	

	

	




	
Province 1

	
ref

	

	
ref

	




	
Province 2

	
0.38 (0.28–0.51)

	
<0.001

	
0.40 (0.23–0.71)

	
0.002




	
Province 3

	
0.92 (0.71–1.13)

	
0.533

	
1.00 (0.65–1.54)

	
0.997




	
Province 4

	
0.89 (0.69–1.16)

	
0.394

	
1.00 (0.64–1.56)

	
0.990




	
Province 5

	
0.55 (0.43–0.71)

	
<0.001

	
0.60 (0.37–0.96)

	
0.032




	
Province 6

	
0.53 (0.39–0.71)

	
<0.001

	
0.57 (0.31–1.02)

	
0.056




	
Province 7

	
0.30 (0.22–0.41)

	
<0.001

	
0.25 (0.12–0.53)

	
<0.001




	
Household facilities

	

	

	

	




	
Type of toilet facility

	

	

	

	




	
Unimproved

	
ref

	

	

	




	
Improved

	
1.40 (1.04–1.87)

	
0.026

	

	




	
Cooking fuel

	

	

	

	




	
Solid fuel

	
ref

	

	
ref

	




	
Clean fuel

	
1.44 (1.15–1.81)

	
0.002

	
1.66 (1.06–2.60)

	
0.026




	
Household possessions

	

	

	

	




	
Refrigerator

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
1.27 (1.01–1.61)

	
0.042

	
1.44 (1.01–2.07)

	
0.047




	
Television

	

	

	

	




	
No

	
ref

	

	

	




	
Yes

	
1.26 (1.04–1.54)

	
0.021

	

	




	
Mobile phone

	

	

	

	




	
No

	
ref

	

	

	




	
Yes

	
1.51 (1.24–1.84)

	
<0.001

	

	




	
Bicycle

	

	

	

	




	
No

	
ref

	

	
ref

	




	
Yes

	
0.76 (0.63–0.91)

	
0.004

	
0.66 (0.48–0.91)

	
0.012








* The final model consists of variables which, when excluded, cause a significant change in deviance (p < 0.05), compared with the corresponding X2 test statistic on the relevant degrees of freedom. BMI: body mass index. AOR: adjusted odds ratio. 95% CI: 95% confidence interval. ref: reference category.
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