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Objective: To determine the prevalence and predictors of combined BMI-WC disease risk categories among Indian adults.
Methods: The study utilizes data from Longitudinal Ageing Study in India (LASI Wave 1) with an eligible sample of 66, 859 individuals. Bivariate analysis was done to get the proportion of individuals in different BMI-WC risk categories. Multinomial logistic regression was used to identify the predictors of BMI-WC risk categories.
Results: Poor self-rated health, female sex, urban place of residence, higher educational status, increasing MPCE quintile, and cardio-vascular disease increased with increasing BMI-WC disease risk level while increasing age, tobacco consumption, and engagement in physical activities was negatively associated with BMI-WC disease risk.
Conclusion: Elderly persons in India have a considerable higher prevalence of BMI-WC disease risk categories which make them vulnerable to developing several disease. Findings emphasize the need of using combined BMI categories and waist circumference to assess the prevalence of obesity and associated disease risk. Finally, we recommend that intervention programs with an emphasis on urbanites wealthy women and those with a higher BMI-WC risk categories be implemented.
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INTRODUCTION
There has been a lot of discussion on the rising trends in generalized obesity, defined using body mass index (BMI) values (1, 2). At the same time, abdominal obesity, often used to define different obesity categories (3) is assessed using Waist Circumference (WC) and has been linked with biochemical risk markers, morbidity, and all-cause mortality across BMI categories (4). Obesity has been abundantly established as one of the risk factors for metabolic diseases such as hypertension, diabetes mellitus, insulin resistance, dyslipidemia, disability, and increased mortality among older adults (5–7). Obesity and its related complications are also detrimental to economic growth and development (8, 9). Estimates suggest that nearly 17 million people face premature mortality from non-communicable diseases related to preventable risk factors such as overweight/obesity, energy dense diets, lack of physical activity, and over-consumption of alcohol and tobacco (10). The escalating prevalence of overweight and obesity in developing countries like India has been occurring simultaneously with demographic and epidemiological transitions, wherein fertility and mortality are declining and lifestyle-related diseases are on the rise (11–13).
It is noteworthy that the rate of increase in overweight and obesity prevalence in India is higher than the global rate of increase (14). For example, between 1998 and 2020, the overweight population increased from 8.4% to 15.5% among women, and the prevalence of obesity increased from 2.2% to 5.1% over the same period (15–18). This fleet-footed increase has taken place concomitantly with considerable rises in the burden of non-communicable diseases (NCDs). Older adults with abdominal obesity have been reported to be at increased risk of cardiovascular diseases than their non-obese counterparts, independent of body mass index categories (19). Despite the widespread usage of body mass index as an indicator of overweight and obesity, recent studies have shown that abdominal obesity is a better measure of excess body fat than BMI (20, 21), especially among older adults because of age-dependent height decrease (22).
Studies suggest a combination of BMI and WC to predict the obesity-related disease than using only any one indicator (23). The remarkable rise in the population with increased BMI and waist circumference poses a significant health problem in the country. Moreover, research has shown that people with different BMI and high WC have a higher risk of developing a disease such as hypertension (24), and stroke (25). BMI and waist circumference can identify the highest risk phenotype of obesity than BMI and WC alone (26). The increased prevalence of overweight and obesity among older adults necessitates the assessment of related health issues to develop preventive and curative health strategies (27).
Different nutrition programs in India give more attention to undernutrition irrespective of the increase in the prevalence of overweight and obesity in the country. There is a lack of sufficient information regarding the prevalence and contributing factors of combined BMI and WC among adults in India. Thus, this study determines the prevalence of combined BMI-WC disease risk categories and associated socio-demographic factors among adult population in India. The information can be used as baseline evidence for program planners, policymakers, researchers, and organizations who are working on the prevention of chronic NCDs.
METHODS
Data Source
Data in this study originated from the first wave of a prospective cohort ageing study “Longitudinal Ageing Study in India” (2017–18) (28). This biennial panel survey conducted in all Indian states and Union territories (UTs) adopts a multi-stage stratified area probability cluster sampling design with older adults age 45 and above and their spouses irrespective of their age as the eligible sample. This survey provides credible and comprehensive scientific evidence on economic status, chronic and symptom-based health conditions, functional and mental health, health insurance and healthcare utilization, family and social networks, employment and retirement, income and consumption, satisfaction, and life expectations. More details on the information provided by the survey can be found in report (28). For this study, we first merged individual files and biomarker files using one-to-one matching to assess the information on measured blood pressure and anthropometry measures such as height, weight, nutritional status, waist-to-hip ratio, and waist-hip circumference. The cases (n = 6,537) for which information was not available in the biomarker file were excluded from the analytical sample. After exclusion, the eligible sample size for the study was restricted to 66, 859 individuals aged 45 and above and their spouses irrespective of their age.
Variables
The dependent variable used in this study is four combined BMI-WC categories constructed using BMI and WC cut-off points (29).
Waist circumference is often used as a surrogate marker of abdominal fat mass (20). Waist and hip circumferences were measured in centimeters using a Gulick tape according to standard protocols (28). Men and women were categorized as having abdominal obesity if they had a waist circumference of >102 cm and >88 cm, respectively. WHO considers men and women to be at an increased risk of metabolic complications if having a waist circumference of >102 cm and 88 cm (30). Further, the individuals were categorized into different risk categories based on abdominal obesity and Body Mass Index (BMI). The individual was categorized as follows: 1) “low risk” if normal BMI and did not have abdominal obesity 2) “increased risk” if overweight individuals without abdominal obesity 3) “high risk” if normal BMI and abdominally obese 4) “very high risk” if obese.
Socio-demographic characteristics include age, sex, marital status, place of residence, wealth index, caste, religion, region, Education, living arrangements, smoking, alcohol consumption and respondent’s physical activity. We classified age into four groups: <60 years, 60–69 years, 70–79 years and 80 and above. Individuals were categorized as male and female based on their sex. We categorized marital status as “currently married/living together” and “widowed/divorced/separated/never married.” The place of residence was taken as “rural’ and “urban.” The monthly per capita consumption expenditure was calculated based on the household expenditures on food and non-food items with the reference period of 30 and 365 days, respectively. The expenditures were further standardized to the 30-day reference period and were sorted as poorest, poorer, middle, richer and richest. Caste was grouped as Scheduled Castes (SC), Scheduled Tribes (ST), Other Backward Castes (OBC) and Others and religion was categorized as Hindu, Muslim, Christian and others based on their responses. The country was divided into six regions, i.e., North, Central, East, North-east, West and South based on the geographical location of the states. Concerning the educational status of individuals, we coded them as “no formal schooling,” “1–5 years of schooling,” “and 6–9 years of schooling” and “10 and above years of schooling.” Living arrangement was grouped at three levels: living alone, living with a spouse and living with a person other than the spouse. Self-rated health was evaluated from the question: Overall, how is your health in general? Would you say it is very good, good, fair, poor or very poor? The answer: very good or good was assigned with “good” while fair, poor or very poor was recoded as “poor.” The respondents were asked if they ever consumed alcohol or smoked. Alcohol consumption was categorized as lifetime abstainer, non-heavy drinker (consuming alcohol less than once a month or those who consume alcohol 1–3 days per month, 1–4 days per week, or 5 or more days per week but did not consume more than 5 standard drinks on any occasion in the past 30 days) and heavy drinker (those who consume at least 60 g or more (approximately 5 drinks) of pure alcohol on at least one occasion in the past 30 days). For smoking, their responses were recorded as yes or no. Respondents were asked about their involvement in moderate and vigorous physical activity. Those who reported being engaged in any vigorous and moderate physical activity for everyday were counted as being physically active. Respondents were recoded as not being physically active if they were not involved in any physical activity or those who were active more than once a week/once a week/one to three times a month.
Regarding the chronic disease status, this study utilizes information on self-reported ever diagnosed conditions/diseases by health professional such as Bachelors of Medicine and Bachelors of Surgery (MBBS), Doctor of Medicine (MD), Bachelors of Dental Surgery (BDS) and (Ayurveda, Yoga, Naturopathy, Unani, Siddha, and Homeopathy) AYUSH Only. The respondents were asked, “Has any health professional ever diagnosed/told you that you have the following disease conditions or disease”? The chronic conditions included in this study are diabetes, hypertension, heart disease, stroke, and high cholesterol. The respondent was considered to have a history of cardio-vascular disease if he had atleast one of the above-mentioned diagnosed chronic conditions. Blood pressure was measured using an Omron HEM 7121 BP monitor, adopting internationally comparable protocols. High blood pressure often termed Hypertension was assessed using the recommendations provided by WHO. The WHO classification system for blood pressure is: Normal: systolic <120 mmHg and diastolic <80 mmHg; pre-hypertension: systolic 120–139 mmHg and/or diastolic 80–89 mmHg and hypertension or high blood pressure: systolic ≥140 mmHg and/or diastolic/≥90 mmHg. Body mass index is calculated by dividing an individuals’ weight (in kilograms) by the square of their height (in meters). Height was measured in centimeters using a stadiometer, and weight was measured in kilograms using a Seca 803 digital weighing scale. Individuals were categorized as underweight (if BMI <18.5), normal (BMI 18.5–24.9), overweight (BMI 25–29.9) and obese if BMI was 30 and above.
Statistical Analysis
Descriptive statistics were used to summarize the socio-demographic variables of the study participants using frequency and percentages. The given frequency is unweighted while the percentage distribution is weighted. Bivariate analysis was done to get the proportion of individuals in different BMI-WC risk categories. Finally, an analysis of the determinants of BMI-WC risk categories was carried out using multinomial logistic regression. Ideally, multinomial logistic regression is applied in a situation where the dependent variable is categorized into three and more nominal responses (31). Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated for the dependent variables. All the statistical analyses were carried out using STATA version 17.
RESULTS
The variable distribution of the dependent and independent variables used in this paper has been demonstrated in Table 1. Out of the total eligible population, around 14% were alcohol users and a little more than one-third consumed tobacco. More than three-fifths rated their health as poor and fifty-eight percent of the participants were female. Three-fourths of the participants were currently married and a little more than half of the eligible participants were aged less than 60 years. Around two third of the eligible sample resided in rural areas and the distribution of participants in different wealth quintiles was almost the same. The highest proportion of respondents came from the Eastern region, followed by the Southern and central states with the lowest number of participants from the north-east. Around fifty percent of the respondents did not have any formal education and a majority of them resided with a spouse or other than the spouse. Around one-third of the participants had cardiovascular disease and 39% and 31% had pre-hypertension and hypertension respectively. We found that majority of the participants were physically active (64%).
TABLE 1 | Distribution of study population by selected background characteristics, India, LASI-wave-1, 2017–18.
[image: Table 1]The prevalence of different BMI-WC disease risk categories is shown in Table 2. Overall, 44% of the sampled individuals and their spouses (irrespective of their age) were in high risk categories of combined BMI-WC. A higher percentage of alcohol consumers were at increased risk categories than no-alcohol users. Similarly, a higher proportion of non-tobacco users were in the “high risk” categories than tobacco users. For instance, 12% of non-tobacco users were at “very high risk” whereas only 4% of tobacco users were at “very high risk” disease. Moreover, the percentage of individuals who reported their health as “poor” were more in the high risk (26%) and very high risk (10%) categories than individuals reporting “good” health (22% and 9%, respectively). Percentage of females in high-risk and very high-risk categories of having metabolic disorders were five folds and three folds respectively to males. The percentage of respondents grouped by marital status and physical activity did not vary much for different disease risk categories. The population in the “very high risk” category was dominated by respondents aged <60 years. The proportion of urban individuals was higher than rural residents in the “increased risk, high risk and very high risk” category. As we moved from poorest to richest MPCE quintile, the percentage of people in high risk categories increased. For instance, around six percent of individuals from the poorest quintile were in the very high risk category whereas around 14% of the richest MPCE quintile respondents were in the very high risk category. The highest percentage of respondents from “Others” caste and Muslim and other religions were in high BMI-WC. Individuals having the cardiovascular disease were more in risk categories.
TABLE 2 | Association between socio-demographic characteristics and combined body mass index and waist circumference (BMI-WC) disease risk categories, India, LASI-wave-1, 2017–18.
[image: Table 2]Table 3 shows the associated risk factors with different abdominal risk category among elderly people, with odd ratios and corresponding 95% confidence interval. Having poor self-rated health, female sex, urban place of residence, higher educational status, increasing MPCE quintile, and presence of cardio-vascular disease increased the risk of being in higher risk levels of BMI-WC while increasing age, tobacco consumption, engagement in physical activities was negatively associated with BMI-WC disease risk. Living with spouse or living with anyone else than the spouse increased the risk of being in higher BMI-WC categories than individuals living alone. Pre-hypertensive respondents were 1.56 and 1.78 times, respectively more likely to have BMI-WC “high“ and “very high risk“ categories in reference to individuals with normal blood pressure. At the same time, hypertensive respondents were 1.98 and 2.53 times, respectively more likely to have BMI-WC “high“ and “very high risk“ categories in comparison to individuals with normal blood pressure.
TABLE 3 | Adjusted odds ratios (OR) for the association between socio-demographic characteristics and combined body mass index and waist circumference (BMI-WC) disease risk categories: results from multinomial regression, India, LASI-wave-1, 2017–18.
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The present study deals with the prevalence and correlates of combined BMI-WC categories, which is one of the most important risk factors for a host of non-communicable diseases such as diabetes mellitus, hypertension, cancer and cardiovascular diseases. Additionally, health problems associated with NCDs have considerable negative ramifications for economic growth and development highlighting their importance to be studied. Thus, in view of facilitating the reduction of threats related to this issue, especially in developing countries, it is pertinent to identify the factors that increase BMI-WC disease risk level.
Findings from our study show that while nearly half of the older adults aged less than 60 years were in the low combined BMI-WC risk category, 10% at increased risk, 25% at high risk and 9 percent older adults were at very high risk. Our findings showed that individuals consuming alcohol and tobacco were at lower elevated BMI-WC risk than their non-consuming counterparts. Both abdominal obesity and general obesity have been reported to be highly correlated with alcohol consumption (32). A plethora of cross-sectional studies have evaluated the role played by alcohol consumption in the development of abdominal obesity, but the results have been inconclusive (33, 34). Some studies have a found a statistically significant and positive relationship between the two (35, 36) whereas others have found negative to nil association between alcohol consumption and abdominal obesity in both men and women (37, 38).
Smoking and obesity are identified as important risk factors for several non-communicable diseases and even mortality at older ages. A negative association was observed between smoking habits and increasing BMI-WC risk level. However, mixed evidence exists on the association between smoking and obesity. A study on the prevalence of obesity among males suggests that nicotine consumption could lead to an increase in metabolism both during rest and mild physical activity (39). However, there is no evidence to suggest that nicotine enhances body energy expenditure in the long term. Another set of studies reports similar basal metabolic rates in smokers and non-smokers (40, 41). Similarly, Yun et al. also suggest that those who smoke weigh less than those who do not smoke and they tend to put on weight after they quit smoking (39).
Finding that individuals reporting “poor” self-rated health were at higher odds of being in increased BMI-WC risk levels is in line with past studies (42–44). Self-rated health is a crucial indicator of general health that is based on both experience of diseases and its consequences (43). Interestingly, our findings show that females were more likely to have high disease risk. Several previous studies have also reported that the distribution of body fat differs in male and female. Despite having lower body mass, female tend to have more body fat than male (44, 45). Our study reported that the odds of disease risk were lower for single individuals. Previous studies from different settings in Sudan, Tanzania, West Africa, Brazil, and China have also endorsed this finding (46–50). One major explanation behind this could be a change in eating habits after marriage. Decreasing odds of high combined BMI-WC risk categories with the older ages and increasing risk of combined BMI-WC were observed with higher educational attainment.
Urbanites were at higher risk of having intermediate and higher BMI-WC risk levels and the risk increased by increasing the BMI-WC risk levels. One possible explanation might be that urban residents have a sedentary lifestyle, less engagement in physical activities, and are mostly employed in less labour-intensive occupations, accompanied by the consumption of energy dense foods (51), as compared with their rural counterparts. Another probable explanation could be that urban area provides ease of access to food and escape from physical labour (52) coupled with access to technologies requiring less energy, together with the availability of calorie intensive and energy dense foods, and limited space for physical activities. In this study, persons from wealthier homes were at high and very high risk of having BMI-WC risk categories. This conclusion may be explained by the fact that wealthy individuals have better and more reliable access to food, less physical exercise, and a preference for “Western” diets. Contradictory results have been found on the relationship between different BMI-WC and wealth status. According to research from rural China and West Africa (49, 50), abdominal obesity is more common in the impoverished than in the wealthy. Findings that individuals with cardio vascular disease and high blood pressure were at higher risk of combined BMI-WC risk categories are not new (53). Zhu et al. reported higher ORs for CVD risk factors and other metabolic risk (54). The huge proportion of individuals in combined BMI-WC risk categories implies higher healthcare costs posing significant challenges in reducing the burden of healthcare costs for poor disadvantaged populations.
When evaluating the study’s findings, some restrictions should be addressed. First, memory bias may exist since participants self-reported their demographic, behavioural, and certain health factors. Second, the temporal link between combined BMI-WC risk levels and cardio vascular disease may not be well established due to the cross-sectional study design. Third, the survey does not attempt to assess participant food habits or medication usage, which may be crucial in determining BMI-WC risk levels and common cardiac metabolic risk factor. Despite these drawbacks, the current study provides information on the BMI-WC risk levels and highlight the importance of using combined BMI and WC risk categories to assess the obesity related disease risk in India. Moreover, the findings are of importance in formulating the need-based intervention programmes aimed at reducing the risk of cardiovascular disease with an emphasis on overweight and obese individuals.
Conclusion
In conclusion, a considerable proportion of Indian are in high BMI-WC disease risk categories. Additionally, there is a strong correlation between elevated BMI-WC disease risk and cardio vascular disease risk. In order to assess the dietary causes of this rising burden of disease risk, more research is required. Findings also emphasize the need of using combined BMI categories and waist circumference to assess the prevalence of obesity and associated disease risk. Future research may reevaluate the association using a prospective longitudinal research strategy, in which participants are followed over time in order to record changes in the morbidity condition among these individuals with elevated BMI-WC risk levels. Finally, we recommend that intervention programs with an emphasis on urbanites wealthy women and those with a higher BMI-WC risk categories be implemented. The improvement of older people’s nutritional status and the promotion of good lifestyle behaviors, such as eating well and staying active, should also be part of public health interventions.
AUTHOR CONTRIBUTIONS
SS and AS conceived and designed the research paper. SS and NS analysed the data. AS and NS wrote the manuscript. All authors reviewed the manuscript.
REFERENCES
 1. Finucane, MM, Stevens, GA, Cowan, MJ, Danaei, G, Lin, JK, Paciorek, CJ, et al. National, Regional, and Global Trends in Body-Mass index since 1980: Systematic Analysis of Health Examination Surveys and Epidemiological Studies with 960 Country-Years and 9· 1 Million Participants. The lancet (2011) 377(9765):557–67. doi:10.1016/S0140-6736(10)62037-5
 2. Samper-Ternent, R, and Al Snih, S. Obesity in Older Adults: Epidemiology and Implications for Disability and Disease. Rev Clin Gerontol (2012) 22(1):10–34. doi:10.1017/s0959259811000190
 3. Nyamdorj, R, Qiao, Q, Söderberg, S, Pitkäniemi, JM, Zimmet, PZ, Shaw, JE, et al. BMI Compared with central Obesity Indicators as a Predictor of Diabetes Incidence in Mauritius. Obesity (2009) 17(2):342–8. doi:10.1038/oby.2008.503
 4.World Health Organization. Global Database on Body Mass Index: BMI Classification. 2006. Geneva, Switzerland: World Health Organization (2015). 
 5. Al-Goblan, AS, Al-Alfi, MA, and Khan, MZ. Mechanism Linking Diabetes Mellitus and Obesity. Diabetes Metab Syndr Obes Targets Ther (2014) 7:587–91. doi:10.2147/DMSO.S67400
 6. Krzesiński, P, Stańczyk, A, Piotrowicz, K, Gielerak, G, Uziębło-Zyczkowska, B, and Skrobowski, A. Abdominal Obesity and Hypertension: a Double burden to the Heart. Hypertens Res (2016) 39(5):349–55. doi:10.1038/hr.2015.145
 7. Roever, LS, Resende, ES, Diniz, AL, Penha-Silva, N, Veloso, FC, Casella-Filho, A, et al. Abdominal Obesity and Association with Atherosclerosis Risk Factors: the Uberlândia Heart Study. Medicine (2016) 95(11):e1357. doi:10.1097/MD.0000000000001357
 8. Trogdon, JG, Finkelstein, EA, Hylands, T, Dellea, PS, and Kamal Bahl, SJ. Indirect Costs of Obesity: a Review of the Current Literature. Obes Rev (2008) 9(5):489–500. doi:10.1111/j.1467-789X.2008.00472.x
 9. Hammond, RA, and Levine, R. The Economic Impact of Obesity in the United States. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy. Diabetes Metab Syndr Obes (2010) 3:285–95. doi:10.2147/DMSOTT.S7384
 10. Dagne, S, Menber, Y, Petrucka, P, and Wassihun, Y. Prevalence and Associated Factors of Abdominal Obesity Among the Adult Population in Woldia Town, Northeast Ethiopia, 2020: Community-Based Cross-Sectional Study. PloS one (2021) 16(3):e0247960. doi:10.1371/journal.pone.0247960
 11. Dandona, L, Dandona, R, Kumar, GA, Shukla, DK, Paul, VK, Balakrishnan, K, et al. Nations within a Nation: Variations in Epidemiological Transition across the States of India, 1990–2016 in the Global Burden of Disease Study. The Lancet (2017) 390(10111):2437–60. doi:10.1016/S0140-6736(17)32804-0
 12. Tandon, N, Anjana, RM, Mohan, V, Kaur, T, Afshin, A, Ong, K, et al. The Increasing burden of Diabetes and Variations Among the States of India: the Global Burden of Disease Study 1990–2016. Lancet Glob Health (2018) 6(12):e1352–62. doi:10.1016/S2214-109X(18)30387-5
 13. Prabhakaran, D, Jeemon, P, Sharma, M, Roth, GA, Johnson, C, Harikrishnan, S, et al. The Changing Patterns of Cardiovascular Diseases and Their Risk Factors in the States of India: the Global Burden of Disease Study 1990–2016. Lancet Glob Health (2018) 6(12):e1339–51. doi:10.1016/S2214-109X(18)30407-8
 14. Luhar, S, Timæus, IM, Jones, R, Cunningham, S, Patel, SA, Kinra, S, et al. Forecasting the Prevalence of Overweight and Obesity in India to 2040. PloS one (2020) 15(2):e0229438. doi:10.1371/journal.pone.0229438
 15.IIPS. National Family Health Survey (NFHS-2), 1998– 99. India (2000). 
 16.IIPS. National Family Health Survey (NFHS-3), 2005– 06. India: International Institute for Population Sciences (2009). 
 17.IIPS. National Family Health Survey (NFHS-4) 2015–16. India: International Institute for Population Sciences (IIPS) and ICF (2017). 
 18.IIPS and ICF. National Family Health Survey (NFHS-5) 2015–16. India: International Institute for Population Sciences (IIPS) and ICF (2021). 
 19. Janssen, I, Katzmarzyk, PT, and Ross, R. Body Mass index, Waist Circumference, and Health Risk: Evidence in Support of Current National Institutes of Health Guidelines. Arch Intern Med (2002) 162(18):2074–9. doi:10.1001/archinte.162.18.2074
 20. Klein, S, Allison, DB, Heymsfield, SB, Kelley, DE, Leibel, RL, Nonas, C, et al. Waist Circumference and Cardiometabolic Risk: a Consensus Statement from Shaping America's Health: Association for Weight Management and Obesity Prevention; NAASO, the Obesity Society; the American Society for Nutrition; and the American Diabetes Association. Am J Clin Nutr (2007) 85(5):1197–202. doi:10.1093/ajcn/85.5.1197
 21. Leitzmann, MF, Moore, SC, Koster, A, Harris, TB, Park, Y, Hollenbeck, A, et al. Waist Circumference as Compared with Body-Mass index in Predicting Mortality from Specific Causes. PloS one (2011) 6(4):e18582. doi:10.1371/journal.pone.0018582
 22. Zamboni, M, Mazzali, G, Zoico, E, Harris, TB, Meigs, JB, Di Francesco, V, et al. Health Consequences of Obesity in the Elderly: a Review of Four Unresolved Questions. Int J Obes (2005) 29(9):1011–29. doi:10.1038/sj.ijo.0803005
 23. Li, C, Ford, ES, McGuire, LC, and Mokdad, AH. Increasing Trends in Waist Circumference and Abdominal Obesity Among US Adults. Obesity (2007) 15(1):216–24. doi:10.1038/oby.2007.505
 24. Zhang, M, Zhao, Y, Wang, G, Zhang, H, Ren, Y, Wang, B, et al. Body Mass index and Waist Circumference Combined Predicts Obesity-Related Hypertension Better Than Either Alone in a Rural Chinese Population. Scientific Rep (2016) 6(1):31935–8. doi:10.1038/srep31935
 25. Cong, X, Liu, S, Wang, W, Ma, J, and Li, J. Combined Consideration of Body Mass index and Waist Circumference Identifies Obesity Patterns Associated with Risk of Stroke in a Chinese Prospective Cohort Study. BMC public health (2022) 22(1):347–1. doi:10.1186/s12889-022-12756-2
 26. Ross, R, Neeland, IJ, Yamashita, S, Shai, I, Seidell, J, Magni, P, et al. Waist Circumference as a Vital Sign in Clinical Practice: a Consensus Statement from the IAS and ICCR Working Group on Visceral Obesity. Nat Rev Endocrinol (2020) 16(3):177–89. doi:10.1038/s41574-019-0310-7
 27.World Health Organization. Obesity: Preventing and Managing the Global Epidemic; Report of a WHO Consultation (WHO Technical Report Series 894). Geneva, Switzerland: World Health Organization (2000). 
 28.International Institute for Population Sciences (IIPS). National Programme for Health Care of Elderly (NPHCE), MoHFW. In: Longitudinal Ageing Study in India (LASI) Wave 1, 2017-18, India Report, International Institute for Population Sciences ed . TH Harvard Mumbai: Chan School of Public Health (HSPH) and the University of Southern California USC (2020). 
 29.National Institutes of Health (NIH). Classification of Overweight and Obesity by BMI, Waist Circumference, and Associated Disease Risks. U.S. Department of Health and Human Services (2019). Availableat: https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi_dis.htm (Accessed 18 August 2022). 
 30.World Health Organization (WHO). Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation. Geneva: World Health Organization (2011). 
 31. Hosmer, DW, Lemeshow, S, and Sturdivant, RX. Applied Logistic Regression. John Wiley and Sons (2013). 
 32. Schröder, H, Morales-Molina, JA, Bermejo, S, Barral, D, Mándoli, ES, Grau, M, et al. Relationship of Abdominal Obesity with Alcohol Consumption at Population Scale. Eur J Nutr (2007) 46(7):369–76. doi:10.1007/s00394-007-0674-7
 33. Vadstrup, ES, Petersen, L, Sørensen, TI, and Grønbaek, M. Waist Circumference in Relation to History of Amount and Type of Alcohol: Results from the Copenhagen City Heart Study. Int J Obes (2003) 27(2):238–46. doi:10.1038/sj.ijo.802203
 34. Tolstrup, JS, Halkjær, J, Heitmann, BL, Tjønneland, AM, Overvad, K, Sørensen, TI, et al. Alcohol Drinking Frequency in Relation to Subsequent Changes in Waist Circumference. Am J Clin Nutr (2008) 87(4):957–63. doi:10.1093/ajcn/87.4.957
 35. Han, TS, Bijnen, FC, Lean, ME, and Seidell, JC. Separate Associations of Waist and Hip Circumference with Lifestyle Factors. Int J Epidemiol (1998) 27(3):422–30. doi:10.1093/ije/27.3.422
 36. Laws, A, Terry, RB, and Barrett-Connor, E. Behavioral Covariates of Waist-To-Hip Ratio in Rancho Bernardo. Am J Public Health (1990) 80(11):1358–62. doi:10.2105/ajph.80.11.1358
 37. Kaye, SA, Folsom, AR, Prineas, RJ, Potter, JD, and Gapstur, SM. The Association of Body Fat Distribution with Lifestyle and Reproductive Factors in a Population Study of Postmenopausal Women. Int J Obes (1990) 14(7):583–91.
 38. Keenan, NL, Strogatz, DS, James, SA, Ammerman, AS, and Rice, BL. Distribution and Correlates of Waist-To-Hip Ratio in Black Adults: the Pitt County Study. Am J Epidemiol (1992) 135(6):678–84. doi:10.1093/oxfordjournals.aje.a116347
 39. Yun, JE, Kimm, H, Choi, YJ, Jee, SH, and Huh, KB. Smoking Is Associated with Abdominal Obesity, Not Overall Obesity, in Men with Type 2 Diabetes. J Prev Med Public Health (2012) 45(5):316–22. doi:10.3961/jpmph.2012.45.5.316
 40. Kroke, A, Haftenberger, M, Hoffmann, K, and Boeing, HEPIC Working Group on Obesity, Physical Activity and SES. “BMI and Smoking Status in the EPIC Cohorts,” in Nutrition and Lifestyle: Opportunities for Cancer Prevention ed . Editor E Riboli, and R Lambert. Lyon, France: International Agency for Research on Cancer (2002). 156, 253–6. 
 41.M Hara, S Sasaki, and S Tsugane. “Effect of Smoking on the Association Between Alcohol Consumption and Cancer Morality Among Middle -Aged Japanese Men: JPHC Study Cohort 1,” in Nutrition and Lifestyle: Opportunities for Cancer Prevention ed . Editor E Riboli, and R Lambert. Lyon, France: International Agency for Research on Cancer (2002). 156, 165–8. 
 42. Oellingrath, IM, Svendsen, MV, and Fell, AK. Combined Body Mass index and Abdominal Obesity, Lifestyle and Health in a Norwegian Adult Population: A Cross-Sectional Study. J Public Health (2020) 30:293–300. doi:10.1007/s10389-020-01259-2
 43. Okosun, IS, Choi, S, Matamoros, T, and Dever, GA. Obesity Is Associated with Reduced Self-Rated General Health Status: Evidence from a Representative Sample of white, Black, and Hispanic Americans. Prev Med (2001) 32(5):429–36. doi:10.1006/pmed.2001.0840
 44. Antillon, D, and Towfighi, A.No Time to ‘weight’: the Link between Obesity and Stroke in Women. Women’s Health (2011)7(4):453–63. doi:10.2217/whe.11.36
 45. Goh, LG, Dhaliwal, SS, Welborn, TA, Lee, AH, and Della, PR. Anthropometric Measurements of General and central Obesity and the Prediction of Cardiovascular Disease Risk in Women: a Cross-Sectional Study. BMJ open (2014) 4(2):e004138. doi:10.1136/bmjopen-2013-004138
 46. Omar, SM, Taha, Z, Hassan, AA, Al-Wutayd, O, and Adam, I. Prevalence and Factors Associated with Overweight and central Obesity Among Adults in the Eastern Sudan. PloS one (2020) 15(4):e0232624. doi:10.1371/journal.pone.0232624
 47. Munyogwa, MJ, and Mtumwa, AH. The Prevalence of Abdominal Obesity and its Correlates Among the Adults in Dodoma Region, Tanzania: a Community-Based Cross-Sectional Study. Adv Med (2018) 2018:6123156. doi:10.1155/2018/6123156
 48. Malik, SK, Kouame, J, Gbane, M, Coulibaly, M, Ake, MD, and Ake, O. Prevalence of Abdominal Obesity and its Correlates Among Adults in a Peri-Urban Population of West Africa. AIMS public health (2019) 6(3):334–44. doi:10.3934/publichealth.2019.3.334
 49. Anselmo Olinto, MT, Dias da Costa, JS, Kac, G, and Pascoal Pattussi, M. Abdominal Obesity Epidemiology Amongst Adult Women Resident in Southern Brazil. Archivos latinoamericanos de nutricion (2007) 57(4):349–56.
 50. Yu, S, Xing, L, Du, Z, Tian, Y, Jing, L, Yan, H, et al. Prevalence of Obesity and Associated Risk Factors and Cardiometabolic Comorbidities in Rural Northeast China. Biomed Research International (2019) 2019:6509083. doi:10.1155/2019/6509083
 51. Hoque, ME, Long, KZ, Niessen, LW, and Mamun, AA. Rapid Shift toward Overweight from Double burden of Underweight and Overweight Among Bangladeshi Women: a Systematic Review and Pooled Analysis. Nutr Rev (2015) 73(7):438–47. doi:10.1093/nutrit/nuv003
 52. Tanwi, TS, Chakrabarty, S, and Hasanuzzaman, S. Double burden of Malnutrition Among Ever-Married Women in Bangladesh: a Pooled Analysis. BMC women's health (2019) 19(1):24–8. doi:10.1186/s12905-019-0725-2
 53. Wilson, PW, D'Agostino, RB, Sullivan, L, Parise, H, and Kannel, WB. Overweight and Obesity as Determinants of Cardiovascular Risk: the Framingham Experience. Arch Intern Med (2002) 162(16):1867–72. doi:10.1001/archinte.162.16.1867
 54. Zhu, S, Heshka, S, Wang, Z, Shen, W, Allison, DB, Ross, R, et al. Combination of BMI and Waist Circumference for Identifying Cardiovascular Risk Factors in Whites. Obes Res (2004) 12(4):633–45. doi:10.1038/oby.2004.73
Conflict of Interest: The authors declare that they do not have any conflicts of interest.
Copyright © 2023 Shri, Singh and Singh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ijph-68-1605595-t003.jpg
Background characteristics

Age (in years)

Sex
Marital status

Years of schooiing

Place of residence

MPCE quintile

Caste

Religion

Region

Living arrangement

Blood pressure

Physical activity

Alcohol use

Tobacco use
Cardiovascular Disease

Self-rated health

<60 years”
60-69

70-79

80+

Male”

Female
Currently married”
Widow/div/single
No schooling”
1-5

69

10+

Rural®

Urban

Poorest”

Poorer

Middle

Richer

Richest

sc®

sT

0BG

Others

Hindu®

Muslim

Christian

Others

North®

Central

East

North-east

West

South

Living alone”
Living with spouse
Living with others
Normal®
Pre-hypertension
Hypertension
No”

Yes

Life-time abstainer”
Non-heavy drinker
Heavy drinker
Never smoked”
Ever smoked
No”

Yes

Good”

Poor

cons_

Low risk vs. Increased risk

068 (0.63, 0.73)
0.48"* (0.43, 053)
034" (027, 0.42)

0.6 (0.55, 0.64)
0.97 (0.78,1.2)

124 (1.13, 1.36)
151" (1.39, 1.65)
178" (1.63, 1.95)

1.67** (1.57, 1.78)

1.14" (1.03, 1.26)
1.12* (1.01, 1.24)
1.33" (1.2, 1.47)
1.62"* (1.46, 1.79)

0.87** (0.77, 0.98)
1.06 (0.97, 1.17)
1.13* (1.03, 1.25)

1.03 (0.93, 1.19)
1.01 (0.9, 1.14)
1,67 (1.38, 1.79)

072" (0.64, 0.82)
0.8 (0.71,0.89)
1.08 (0.96, 1.22)
1.06 (0.95, 1.18)

1.57* (1.42,1.72)

1.42* (1.09, 1.86)
1.26™ (1.02, 1.56)

1.53** (1.41, 1.66)
191" (1.76, 2.08)

0.95 (0.89, 1.01)

0.9" (0.83, 0.99)
0.76"** (0.65, 0.88)

0.77*** (0.72, 0.83)
1.63"* (1.43, 1.63)

0.9"* (0.84, 0.95)
0.07 (0.05, 0.09)

Low risk vs. High risk

0.99 (0.94, 1.05)
0.82*** (0.76, 0.89)
073" (0.63, 0.84)

11.18"* (10.4, 12.01)
0.96 (0.81, 1.14)

127" (1.19, 1.35)
154" (1.43, 1.65)
1.94* (1.8, 2.09)

1.71** (1.63, 1.8)

118" (1.09, 1.27)
1.28"™ (1.19, 1.38)
146" (1.35, 1.57)
1.72"** (1.59, 1.86)

072" (0.66, 0.79)
1.06 (0.98, 1.13)
1.35* (1.25, 1.46)

1.56"* (1.45, 1.67)
1.47"* (1.06, 1.29)
1.49 (1.34, 1.66)

066" (0.6, 0.72)
057" (053, 0.62)
044 (0.4, 0.48)
0.8"* (0.74, 0.87)
086" (0.8, 0.92)

139" (113, 1.7)
1.37** (1.19, 1.56)

1.56* (1.47, 1.65)
1.98" (1.86, 2.11)

0.88"* (0.84, 0.93)

1.03(0.93, 1.14)
0.88 (0.73 1.05)

0.9"** (0.85, 0.96)
1.86™ (1.77, 1.95)

1.06™ (1.01, 1.11)
0.02 (0.02, 0.03)

Significant 99% confidence level, ** significant at 95% confidence level, * significant at 90% confidence level, ® Reference Category.

Low risk vs. Very high risk

072" (0.66, 0.78)
043" (037, 0.48)
033" (0.26, 0.41)

5.98" (5.45, 6.57)
1.03(0.81,1.3

161 (146, 1.77)
226" (2.04, 2.49)
273" (2.47, 3.02)

2.65" (2.46, 2.84)

1.21% (1.07, 1.36)
136" (1.21, 1.62)
1.78"* (1.59, 2)
221 (1.97, 2.48)

076" (065, 0.88)
1.13" (1.02, 1.26)
1.5 (1.34, 1.67)

1.38" (1.25, 1.63)
1.18" (1.0, 1.35)
1.87* (1.63, 2.15)

048 (0.42, 0.55)
0.4 (0.36, 0.46)
029" (0.25, 0.34)
0.78" (0.7, 0.87)
089" (0.81, 0.99)

173" (129, 2.33)
152" (122, 1.88)

178 (1.63, 1.94)
253™ (2.31,2.77)

0.82" (0.76, 0.88)

1.04 (091, 1.2)
075" (0.58, 0.99)

067" (0.61, 0.74)
252" (2.36, 2.71)

1.1 (1.08, 1.18)
0.01 (0, 0.01)





OPS/xhtml/nav.xhtml
Contents

		Cover

		Prevalence and Predictors of Combined Body Mass Index and Waist Circumference Among Indian Adults		Introduction

		Methods		Data Source

		Variables

		Statistical Analysis





		Results

		Discussion		Conclusion





		Author Contributions

		References









OPS/images/cover.jpg
) 1UPH

&
SSPH “i‘l.‘???:i'}'i:u"






OPS/images/ijph-68-1605595-t001.jpg
Sample characteristics

Age (in years)

Sex
Marital status

Years of schooling

Place of residence

MPCE quintile

Caste

Religion

Region

Living arrangement

Blood pressure

Physical activity

Alcohol use

Tobacco use
Cardiovascular Disease

Self-rated health

<60 years
60-69

70-79

80+

Male

Female

Currently married
Widow/div/single
No schooling
1-5

69

10+

Rural

Urban

Poorest

Poorer

Middle

Richer

Richest

sc

ST

OBC

Others

Hindu

Musim

Christian

Others

North

Central

East

North-east

West

South

Living alone
Living with spouse
Living with others
Normal
Pre-hypertension
Hypertension

No

Yes

Life-time abstainer
Non-heavy drinker
Heavy drinker
Never smoked
Ever smoked

No

Yes

Good

Poor

Total

Frequency

37,924
17,626
8,383
2,926
28,220
38,639
51,874
14,983
30,807
12,202
11,117
12,643
43,690
23,169
13,191
13,487
13,515
13,664
13,102
11,108
11,963
25,378
18,415
48,807
7,902
6,761
3,389
11,916
8,767
11,926
9,847
8,673
15,730
2,141
50,646
14,072
18,798
26,096
21,831
25216
41,548
56,716
8,641
2,425
43,683
23,088
43,786
23,046
28,764
38,063
66,859

Percentage

54.21
273
13.66
4.83
41.86
58.14
76.44
23.56
49.71
17.66
14.75
17.87
69.5
305
20.93
21.26
20.42
19.74
17.65
19.4
8.63
45.67
264
82.42
11.22
29
3.45
12.35
20.47
23.98
367
16.76
23.77
34
75.02
21.67
30.31
39.02
30.68
35.39
64.61
86.03
11.12
285
64.46
35.54
67.41
32.59
38.66
61.34





OPS/images/ijph-68-1605595-t002.jpg
Background characteristics

Age (in years)

Sex
Marital status

Years of schooling

Place of residence

MPCE quintile

Caste

Religion

Region

Living arrangement

Blood pressure

Physical activity

Alcohol use

Tobacco use
Cardiovascular Disease

Self-rated health

<60 years
60-69

70-79

80+

Male

Female

Currently married
Widow/div/single
No schooling
15

69

10+

Rural

Urban

Poorest

Poorer

Middle

Richer

Richest

sc

ST

0BG

Others

Hindu

Muslim

Christian

Others

North

Central

East

North-east

West

South

Living alone
Living with spouse
Living with others
Normal
Pre-hypertension
Hypertension

No

Yes

Life-time abstainer
Non-heavy drinker
Heavy drinker
Never smoked
Ever smoked

No

Yes

Good

Poor

Total

BMI-WC risk category

Low risk

53.99
57.68
63.96
64.34
71.86
45.93
67.17
54.09
62.32
58.55
52.68
45.18
65.09
40.42
65.62
60.52
58.09
53.16
45.48
63.81
72,07
55.65
49.31
57.86
49.85
57.07
47.28
49.82
65.18
65.2

69.42
52.73
46.82
59.14
57.15
53.69
65.67
56.47
49.1

57.93
55.78
53.82
7361
80.35
49.36
71.84
63.98
43.19
57.2

56.06
56.51

Increased risk

10.98
8.32
6.93
6.73
15.82
5.37
10.71
5.61
6.21
9.4
12.02
15.44
8.32
1211
8.36
8.97
8.77
9.47
12.61
8.11
6.78
10.47
9.96
9.77
8.49
9.14
10.65
8.63
6.76
8.14
9.69
9.96
13.27
6.5
10.77
5.63
6.73
10.08
11.47
9.49
9.71
9.16
13.36
10.57
9.52
9.88
9.19
1045
1.5
8.38
9.64

High risk

24.38
25.87
22.26
2458
7.87
36.01
22.74
31.18
253
23.68
24.56
23.52
21.12
30.92
19.62
2228
25.63
27.36
27.48
21.75
17.71
23.87
291
235
298
26.11
29.35
30.03
224
21.24
17.39
26.81
25.65
27.54
22.69
313
21.09
24.38
275
23.63
24.99
26.83
9.27
7.05
29.37
14.16
20.27
321
22.34
25.99
2453

Very high risk

10.65
823
6.85
4.36
4.46
12.68
9.38
9.13
6.16
8.37
10.83
15.86
5.47
16.56
6.41
8.23
7.51
10.02
14.42
6.33
3.44
10.01
11.63
8.87
11.87
7.68
12.72
11.52
5.66
5.42
35
10.5
14.27
6.82
9.39
9.48
6.52
9.07
1.91
8.95
9.52
10.18
3.76
203
1.74
412
6.57
14.26
8.96
9.57
9.32









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
€ IJPH

S S P H 5 SEHOOL o





