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Abstract

:

Obesity has become a rising global health problem affecting quality of life for adults. The objective of this study is to describe the prevalence of obesity in Indonesian adults based on the cluster of islands. The study also aims to identify the risk factors of obesity in each island cluster. This study analyzes the secondary data of Indonesian Basic Health Research 2018. Data for this analysis comprised 618,910 adults (≥18 years) randomly selected, proportionate to the population size throughout Indonesia. We included 20 variables for the socio-demographic and obesity-related risk factors for analysis. The obesity status was defined using Body Mass Index (BMI) ≥ 25 kg/m2. Our current study defines 7 major island clusters as the unit analysis consisting of 34 provinces in Indonesia. Descriptive analysis was conducted to determine the characteristics of the population and to calculate the prevalence of obesity within the provinces in each of the island clusters. Multivariate logistic regression analyses to calculate the odds ratios (ORs) was performed using SPSS version 27. The study results show that all the island clusters have at least one province with an obesity prevalence above the national prevalence (35.4%). Six out of twenty variables, comprising four dietary factors (the consumption of sweet food, high-salt food, meat, and carbonated drinks) and one psychological factor (mental health disorders), varied across the island clusters. In conclusion, there was a variation of obesity prevalence of the provinces within and between island clusters. The variation of risk factors found in each island cluster suggests that a government rethink of the current intervention strategies to address obesity is recommended.
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1. Introduction


Obesity is a major public health issue causing multiple burdens of co-morbidities and mortalities among adults. The World Health Organization (WHO) reported that globally 39% of adults were overweight and 13% were obese, and this number has nearly tripled within the last three decades [1]. In Indonesia, the obesity prevalence has increased significantly from 18.8% in 2007 to 26.6% in 2013, with a slight decrease in 2018 (21.8%) [2,3,4].



There are many statistical methods for analyzing large-scale study data. The machine learning method is a powerful statistical analysis approach that can be used for predictive model development of health outcomes. A recent systematic review reported various machine learning techniques that were performed to predict adult obesity from nationwide and large cross-sectional data, finding that logistic regression analysis had the highest accuracy in predicting obesity [5,6]. This finding is in line with our previous study [7], which found that logistic regression had the highest performance in predicting and measuring obesity. Predicting obesity risk factors by considering determinant variables can be advantageous to design and modify local existing nutrition programs and policies better for controlling the obesity problem.



To the best of our knowledge, this is the first study re-analyzing cross-sectional Indonesian Basic Health Research (RISKESDAS in Indonesian) data based on the main islands in Indonesia (we use the term “island clusters”). A previous study in Indonesia investigating the determinants of obesity among adults using the 2007 and 2013 RISKESDAS data concluded that the prevalence of obesity and risk factors varied among the areas [8]. However, this study only grouped the areas based on Indonesia’s three different time regions, which might cause bias within the three groups. Therefore, further analysis for obesity determinants in regions with similar population characteristics is essential to minimize the variation bias. We clustered the provinces located on the same island into one cluster as the population characteristics within the same island cluster, assuming that within-island populations share more characteristics than clusters determined only by the time zone.



The main aim of this study is to examine the factors contributing to obesity in adults and investigate how these varied across the island clusters. This study also describes the prevalence of obesity in seven island clusters in Indonesia and reveals what factors increase or decrease the risk of obesity.




2. Materials and Methods


2.1. Data Source


Secondary data analysis performed in the current study was based on the data from the RISKESDAS study, a nationally representative cross-sectional study in Indonesia conducted by the Ministry of Health in 2018. Detailed information regarding methods, ethical considerations, and other related aspects of the RISKESDAS study is published elsewhere [9]. Briefly, the RISKESDAS sample was selected based on 2010 population census blocks using multi-stage cluster random sampling. Our data for analysis comprised 618,910 adults (≥18 years) from approximately 300,000 households randomly selected using proportionate to population sub-samples throughout Indonesia [2].



The data can be obtained from the National Institute of Health Research and Development (NIHRD), Ministry of Health, Republic of Indonesia upon request (https://www.litbang.kemkes.go.id/layanan-permintaan-data-riset/, accessed on 3 May 2021).




2.2. Study Variables


Socio-demographic variables, obesity status, and selected risk factors were identified from RISKESDAS 2018 questionnaires prior to the data request. We included 20 variables for socio-demographic and obesity-related risk factors for analysis. The socio-demographic variables of sex, education, employment, marital status, and urban-rural status were included.



Obesity status was calculated based on the Body Mass Index (BMI) using weight and height. We classify an individual as obese with a BMI ≥ 25 kg/m2 following WHO BMI cut-offs for Asian populations [10]. Mental and Emotional Disorders (MEDs) were based on 20 items from a Self-Reporting Questionnaire (SRQ) developed by the WHO [11]; we determined a MED with the cut-off point ≥6 (positive predictive value = 70%, and negative predictive value = 92%) [12]. The frequency of consumption of risky food items (sweet foods and beverages, high-in-salt foods, high-in-fat foods, meats, carbonated drinks, energy drinks, and instant foods) was measured. The eating or drinking of risky food items more than 1 time per day was considered as high frequency consumption. Vegetable and fruit consumption was calculated based on the WHO standard [13]; ≥5 portion per day was determined as adequate. Smoking status was classified as “currently smoking”, “quit smoking”, and “never smoked”, based on participant self-reporting. Physical activity in the current analysis was based on the WHO Global Physical Activity Questionnaire (GPAQ) used in the RISKESDAS study; sufficient physical activity was defined according to the WHO recommendations [14]. Drinking alcoholic beverages within 1 month prior to the study was defined as alcohol consumption. Blood pressure was measured using systolic and diastolic blood pressure during data collection; the 8th Joint National Committee guideline was used to classify blood pressures [15].




2.3. Island Clusters


Indonesia is the largest archipelagic country consisting of clusters of islands divided into 34 provinces. Our current study defined 7 major island clusters: Sumatra (provinces included: Aceh, North Sumatra, West Sumatra, Riau, Jambi, South Sumatra, Bengkulu, Lampung, Kepulauan Bangka Belitung, and Kepulauan Riau); Java (provinces included: DKI Jakarta, West Java, Central Java, Yogyakarta, East Java, and Banten); Bali-Nusa Tenggara (provinces included: Bali, West Nusa Tenggara, and East Nusa Tenggara); Kalimantan (provinces included: West Kalimantan, Central Kalimantan, South Kalimantan, East Kalimantan, and North Kalimantan); Sulawesi (provinces included: South Sulawesi, Central Sulawesi, Southeast Sulawesi, North Sulawesi, West Sulawesi, and Gorontalo); Maluku (provinces included: Maluku and North Maluku), and Papua (provinces included: Papua and West Papua).




2.4. Statistical Analysis


The sample weights for the complex survey design were considered in the analysis. Descriptive analysis was conducted to determine the characteristics of the population and to calculate the prevalence of obesity within the provinces in each island’s cluster.



In order to calculate the adjusted odds ratios (ORs), multivariate logistic regression analyses, which includes other variables associated with obesity, were performed. The selection of multivariate logistic regression to develop a predictive model was based on our prior study that showed a high-performance, including accuracy, specificity, precision, Kappa, and    F β    [7]. Multivariate logistic regression was performed using SPSS version 27 (IBM Corp, Armonk, NY, USA). Cohen’s and Cliff’s Delta analyses were performed using R version 4.0.1 (‘effsize’ package version 0.7.6, Marco Torchiano, 2019) to validate each factor’s variation (effect size) of odds ratios (ORs) by island cluster. The effect sizes were presented in four distinct categories: negligible, small, medium, and large. The effect size was considered negligible if the score was below 0.2, a score of 0.2 to <0.5 was considered small, 0.5 to <0.8 for medium, and 0.8 and above for a large effect size [16,17].




2.5. Ethical Considerations


Ethical approval of the RISKESDAS survey was obtained from the Ethical Committee of Health Research, the Indonesian Ministry of Health (LB.02.01/2/KE.267/2017) [2].





3. Results


3.1. Prevalence of Obesity across Island Clusters


The purpose of this study was to describe the prevalence of obese adults by island cluster in Indonesia and assess the risk of obesity caused by determinant factors using the secondary data of RISKESDAS 2018. Figure 1 illustrates the estimated obesity prevalence distribution across Indonesia. The figure shows that all island clusters have at least 1 province in which the prevalence of obesity is more than 20%, and only 3 clusters with at least 1 province in which more than 25% are classified as obese: Java, Kalimantan, and Sulawesi Island.



In Sumatra, North Sumatra had the highest number of obese adults, while Lampung had the lowest (40.6% vs. 29.6%). The sequence of the regency for the highest and the lowest obesity prevalence in other island clusters were: DKI Jakarta (45.6%) versus Central Java (33.3%) in Java Island; Bali (38.8%) versus East Nusa Tenggara (19.1%) in Bali and Nusa Tenggara Island; East Kalimantan (44.1%) versus West Kalimantan (30.3%) in Kalimantan Island; North Sulawesi (46.6%) versus West Sulawesi (31.4%) in Sulawesi Island; Maluku Utara (37.9%) versus Maluku (33.0%) in Maluku Island; and West Papua (39.6%) versus Papua (35.0%) in Papua Island. DKI Jakarta had the highest proportion of an obese individuals, which outnumbered the national figure (45.6% vs. 35.4%), followed by Sulawesi Utara and East Kalimantan (data displayed in detail in the Supplementary Table S1A).



Table 1 shows the breakdown of obesity prevalence in all the island clusters in Indonesia, according to categories of the determinants associated with obesity. Notably, this table indicates that obesity prevalence varied according to MED status. The distribution of obesity was higher among those without MED in the Sumatra, Java, and Papua Island clusters. In addition, a few variables show the variation of obesity prevalence by categories, including food high in salt, meat, carbonated beverage consumption, and smoking status. Individuals with a high level of education and having a permanent job (e.g., government/police/military officer) show a higher obesity prevalence than their counterparts.




3.2. Cluster Variation of Obesity Risk Factors


The results of the logistic regression analysis are displayed in Figure 2. The variables associated with increased odds (OR > 1) of being obese in all island clusters were the location (X01), gender (X02), marital status (X03), occupational status (X06), high-fat food (X11), and blood pressure (X20). Meanwhile, age group (X04), educational level (X05), sugar-sweetened beverage consumption (X09), FV consumption (X16), and smoking status (X17) factors statistically did not appear to increase the obesity risk in Indonesian adults.



These results suggest that six out of twenty variables show a variation among island clusters. For example, adults working as a government/military/police officer are over represented in the data, suggesting that employment in these sectors is one of the highest contributing factors to obesity in all clusters. However, working as an entrepreneur is the highest contributor to obesity levels in Bali and Nusa Tenggara Islands (OR = 1.775; 95% CI: 1.764–1.786). People with mental–emotional disorders are likely to be at risk of obesity only in Sumatra and Papua. Regarding smoking status, those who are still smoking tend to have a normal weight status compared to their counterparts. The OR number is displayed in more detail in Supplementary Table S2A. In order to measure the effect size of each variable across the island clusters, we performed Cohen’s and Cliff’s Delta analyses (Supplementary Table S3A–N).





4. Discussion


The present study found that some island clusters share common obesity risk factors, including individual and socio-economic factors. Individual factors (e.g., sex, high-fat food consumption, and blood pressure) and socio-economic factors (e.g., marital status, occupational status, and location) contributed to the risk of obesity in seven island clusters, indicating that these variables are probably strong predictors of obesity in Indonesia.



The present study showed that women have greater odds of being obese than men. Women typically have a body fat percentage around 10% higher than men [18,19]. Although other biological factors, such as age and ethnicity, also contribute to the adiposity distribution and percentage, women still have more considerable body fat in almost all life spans [18]. This result aligned with a previous study in a developing country that reported that the prevalence of obesity in adult females was higher than in males. The study also revealed that obesity was directly proportional to age, but only for females [20]. We also performed additional analyses to measure the risk of obesity among married women. The risk of obesity among women who were already married was likely to increase, but not for those living in the Ambon and Papua Island clusters. This may be due to socio-economic factors forcing women in these clusters to earn money [21], thus increasing metabolic energy expenditure.



In this study, high-fat food consumption (X11) was shown to be the only dietary factor that significantly contributed to the risk of obesity in Indonesian adults in all clusters. This finding was in line with a previous study, which found that the consumption of food containing a high-fat content was the risk factor of obesity in all regions in Indonesia and was consistently found in 2007 and 2013 [8]. These results are likely to be related to people’s eating habits differing by region. Eastern Indonesia tends to consume high-fat foods. It can be seen that the clusters of Sulawesi and Bali and Nusa Tenggara have a 1.4 times higher risk factor of being obese due to high-fat food consumption. Fat contributes significantly to the total energy intake, and thus reducing the high-fat food consumption might balance energy expenditure and intake [22]. Additionally, it should be noted that some fat types have beneficial effects on obesity. For example, replacing protein and short fatty acid (SFA) with polyunsaturated fatty acid (PUFA) has been shown to be significantly associated with a lower obesity risk [23].



Level of education (X5), age group (X4), sweet-sweetened beverages (SSBs) consumption (X9), energy drinks (X14), fruit and vegetable (FV) consumption (X16), and smoking status (X17), on the other hand, are statistically considered a lower obesity risk. Adults with low education levels have a lower risk of being obese than those with high education levels. This result is inconsistent with a larger cross-sectional study that found that the lower the years of education, the higher the odds of obesity [24]. What is surprising is that individuals that consumed sugar-sweetened and energy beverages had lower odds of being obese. This finding is contrary to many previous studies, which suggested that a greater intake of SSBs was associated with being overweight and obesity in children and adults [25,26]. This inconsistency might be due to the type of sugar contained in the beverages. Studies have shown that fructose-sweetened beverages increase adiposity levels more significantly than sucrose-sweetened beverages [25,27]. Unfortunately, we did not identify the dominant type of sugar contained in the beverages. Moreover, although low FV consumption reduces the risk of obesity, it shows a positive effect on the interaction between high-fat food and obesity. People with inadequate FV consumption are likely to consume more high-fat foods than those with adequate FV in-takes.



Adults who already quit smoking had increased odds of obesity in all the island clusters. This may be due to the effect nicotine has on the central nervous system and metabolism with two possible mechanisms. First, people who quit smoking tobacco tend to replace the hand-to-mouth smoking activity with eating, leading to an increase in calorie intake. Second, taste preference is also changed among those who quit smoking to obtain a pleasure “sensation” replacing the effect of tobacco [28]. However, this finding must be interpreted with caution because we have no baseline data to describe how much weight gain occurred after smoking cessation. Additionally, the use of tobacco can promote other diseases, such as cardiovascular diseases (CVDs), hypertension, and even mortality, the same risk posed to obese people [29]. Obesity and tobacco use do not actually show the opposite outcomes. Combining weight management and smoking cessation treatment might be promising in order to improve health quality and prevent the risk of metabolic diseases related to obesity and smoking behavior.



Interestingly, mental health disorders (X7), sweet-food consumption (X8), high-salt food (X10), meat consumption (X12), and carbonated drinks (X13) varied across the island clusters. Health-related behaviors might be different between the island clusters due to several factors, such as health inequalities, socio-economic status, or household deprivation [30,31]. The most obvious variation was carbonated drink consumption, which is a high-risk factor in Papua Island, but is not excessively consumed in Bali and Nusa Tenggara Island (OR = 1.81 vs. 0.84). It seems that this variation occurs because the adult diet in Bali and Nusa Tenggara is different from Papua. There is a great difference in OR values for other diet factors, such as high-salt food, high-fat food, and energy drink consumption. Similar to our findings, a study on children and adolescents found that the consumption of SSB (including carbonated drinks) varied by race/ethnicity, sex, and age [32].



Variation among clusters was also found for the mental health disorder factor (X7). This study shows that Papua Island had the highest risk of obesity caused by mental health disorders. Many conditions could trigger mental health issues, including the limitation of food choices, poor access to health services, high-risk behaviors, and poor education [33], all of which are challenges faced on Papua Island. However, there is no information about the source of mental health disturbance of the population. More extensive evidence investigating the roles of mental health in mediating obesity occurrence is needed.



We also noted that physical activity was a predictor of obesity in all island clusters. This result was consistent with many prior studies conducted in Indonesia and elsewhere that reported that a lack of physical activity is strongly associated with obesity [34,35,36,37,38,39]. Performing sufficient physical activity might be beneficial to maintain people’s energy expenditure and subsequent energy balance. Therefore, health promotion and education to improve physical activity are required, especially for busy adults in urban areas.



Another important finding of our study is that the prevalence of adult obesity varied across the regencies within the island clusters. The regency with the highest obesity prevalence was Jakarta (28.6%), while the highest among the island clusters was in Java (21.2%). The breakdown of the data reveals that the obese adults in urban areas outnumbered those in the rural areas. This difference can probably be explained by the socio-economic characteristics of each cluster. The Java Island cluster, including Jakarta province, are dominated by people living in urban areas or at least adjacent to urban areas. Meanwhile, urban communities are more likely to have unhealthy lifestyles, such as sedentary behavior and consuming more “unhealthy foods” [40,41]. Meanwhile, in the Sulawesi Island cluster and other island clusters outside the Java cluster, the number and distribution of urban communities is relatively fewer and uneven. A similar finding was reported by a study in Ethiopia that found that men living in metropolitan cities were 1.8 times more likely to become obese than those living in rural areas [36].



The major strength of the present study is that it includes a large sample size. In addition, using weighted factors in the analysis might generate results that more closely represent the Indonesian population. We also acknowledge some limitations in this study. First, the study data were collected cross-sectionally. Therefore, the causality of risk factors and obesity should be cautiously interpreted. Second, we did not disqualify outlier BMI measurement results in the dataset. However, this was only < 1% of the samples, which probably caused a small effect in the analysis. Lastly, the data for high-risk foods were collected using a non-validated questionnaire, which raised response biases of participants’ answers regarding the consumption in the past 30 days. However, since the questionnaire was developed using neutrally worded questions, the options were not led from one to another and did not overlap each other, so that the participants might understand and respond more easily.




5. Conclusions


The study implies that there was a variation of obesity prevalence among the provinces and between island clusters. This study provides evidence that obesity risk factors varied across the island clusters, which may have implications in rethinking and redesigning policies and interventions to address the obesity problem in Indonesia. Multiple interventions that address specifically greater risk factors considering cluster characteristics are more likely to be effective in preventing obesity and its negative implications.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu14050971/s1, Table S1A: Risk factors of obesity by island clusters in Indonesia from RISKESDAS 2018, Table S2A: Odds ratios of obesity based on the risk factors in Indonesia from RISKESDAS 2018. Table S3(A–N). Effect size of odds ratios for contribution variables.





Author Contributions


Conceptualization and methodology, S.A.T. and D.S.A.; interpretation of data, S.A.T., D.S.A. and A.I.A.; statistical analysis, S.A.T., H.K. and A.L.; visualization, D.S.A., H.K. and A.L.; drafting of the manuscript, S.A.T., D.S.A. and A.I.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Ministry of Education, Culture, Research and Technology through the PDUPT Grant contract No. 752/UN4.22/PT.01.03/2021.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Written informed consent was obtained from participants prior to collecting biospecimen samples.




Data Availability Statement


The datasets generated and analyzed for this study can be found via https://www.litbang.kemkes.go.id/ (accessed on 3 May 2021) through a request process at the Institute of Health Research and Development of the Indonesian Ministry of Health.




Acknowledgments


The first author and the corresponding author would like to thank the Ministry of Education, Culture, Research and Technology for providing funding to conduct this study. In addition, thanks also to the Ministry of Health through the Research and Community Development Agency for providing access to Indonesia’s RISKESDAS data.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



WHO. Obesity and Overweight. Available online: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (accessed on 9 January 2022).

	



MoH. Laporan Nasional Riset Kesehatan Dasar (Riskesdas) tahun 2018; MoH: Jakarta, Indonesia, 2019.

	



MoH. Laporan Nasional Riset Kesehatan Dasar (RISKESDAS) tahun 2013; MoH: Jakarta, Indonesia, 2014.

	



MoH. Laporan Nasional Riset Kesehatan Dasar (RISKESDAS) tahun 2007; MoH: Jakarta, Indonesia, 2008.

	



Ferdowsy, F.; Rahi, K.S.A.; Jabiullah, M.I.; Habib, M.T. A machine learning approach for obesity risk prediction. Curr. Res. Behav. Sci. 2021, 2, 100053. [Google Scholar] [CrossRef]

	



Safaei, M.; Sundararajan, E.A.; Driss, M.; Boulila, W.; Shapi’i, A. A systematic literature review on obesity: Understanding the causes & consequences of obesity and reviewing various machine learning approaches used to predict obesity. Comput. Biol. Med. 2021, 136, 104754. [Google Scholar] [CrossRef] [PubMed]

	



Thamrin, S.A.; Arsyad, D.S.; Kuswanto, H.; Lawi, A.; Nasir, S. Predicting Obesity in Adults Using Machine Learning Techniques: An Analysis of Indonesian Basic Health. Front. Nutr. 2021, 8, 1–15. [Google Scholar] [CrossRef]

	



Arundhana, A.I.; Utami, A.P.; Muqni, A.D.; Thalavera, M.T. Regional difference in obesity prevalence and associated factors among Indonesian adults. Malays. J. Nutr. 2018, 24, 193–201. [Google Scholar]

	



MoH. Laporan Hasil Utama Riskesdas tahun 2018; MoH: Jakarta, Indonesia, 2019.

	



WHO Regional Office for the Western Pacific. The Asia Pacific Perspective: Redefining Obesity and Its Treatment; Health Communications Australia Pty Limited: Sydney, Australia, 2000. [Google Scholar]

	



Beusenberg, M.; Orley, J. A User’s Guide to the Self Reporting Questionnaire (SRQ); Division of Mental Health: Geneva, Switzerland, 1994. [Google Scholar]

	



Ganihartono, I. Psychiatric morbidity among patients attending the Bangetayu community health centre in Indonesia. Bul. Penelit. Kesehat. 1996, 24, 42–51. [Google Scholar]

	



Agudo, A. Measuring Intake of Fruit and Vegetables; WHO: Geneva, Switzerland, 2004. [Google Scholar]

	



WHO. WHO Guidelines on Physical Activity and Sedentary Behaviour; WHO: Geneva, Switzerland, 2020. [Google Scholar]

	



James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison-Himmelfarb, C.; Handler, J.; Lackland, D.T.; LeFevre, M.L.; MacKenzie, T.D.; Ogedegbe, O.; et al. 2014 Evidence-based guideline for the management of high blood pressure in adults: Report from the panel members appointed to the Eighth Joint National Committee (JNC 8). JAMA-J. Am. Med. Assoc. 2014, 311, 507–520. [Google Scholar] [CrossRef] [PubMed]

	



Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155–159. [Google Scholar] [CrossRef]

	



Romano, J.; Kromrev, D.; Coraggio, J.; Skowronek, J. Appropriate statistics for ordinal level data: Should we really be using t-test and cohen’s d for evaluating group differences on the NSSE and other surveys? In Proceedings of the Annual Meeting of the Florida Association of Institutional Research, Cocoa Beach, FL, USA, 1–3 February 2006. [Google Scholar]

	



Karastergiou, K.; Smith, S.R.; Greenberg, A.S.; Fried, S.K. Sex differences in human adipose tissues—The biology of pear shape. Biol. Sex Differ. 2012, 3, 1. [Google Scholar] [CrossRef]

	



Blaak, E. Gender differences in fat metabolism. Curr. Opin. Clin. Nutr. Metab. Care 2001, 4, 499–502. [Google Scholar] [CrossRef]

	



Okeke, E.C.; Nnanyelugo, D.O.; Ngwu, E. The prevalence of obesity in adults by age, sex, and occupation in Anambra State, Nigeria. Growth 1983, 47, 263–271. [Google Scholar]

	



Wuarlela, M.; Sangadji, H.; Putirulan, A.; Hiariej, C.; Sandanafu, S.P.; Ahar, J.V.; Pesiwarissa, S.I.; Latupeirissa, E.; Wariunsora, M.; Suatrat, R.H.; et al. Membaca Perempuan Maluku: Kalo Su Bisa Tuang Papeda Brarti Su Bisa Kaweng; Kantor Bahasa Maluku Badan Pengembangan Bahasa dan Perbukuan Kementerian Pendidikan dan Kebudayaan: Jakarta, Indonesia, 2019; ISBN 9786022631781. [Google Scholar]

	



Bray, G.A.; Popkin, B.M. Dietary fat intake does affect obesity! Am. J. Clin. Nutr. 1998, 68, 1157–1173. [Google Scholar] [CrossRef] [PubMed]

	



Beulen, Y.; Martínez-González, M.A.; van de Rest, O.; Salas-Salvadó, J.; Sorlí, J.V.; Gómez-Gracia, E.; Fiol, M.; Estruch, R.; Santos-Lozano, J.M.; Schröder, H.; et al. Quality of dietary fat intake and body weight and obesity in a mediterranean population: Secondary analyses within the PREDIMED trial. Nutrients 2018, 10, 2011. [Google Scholar] [CrossRef] [PubMed]

	



Hsieh, T.H.; Lee, J.J.; Yu, E.W.R.; Hu, H.Y.; Lin, S.Y.; Ho, C.Y. Association between obesity and education level among the elderly in Taipei, Taiwan between 2013 and 2015: A cross-sectional study. Sci. Rep. 2020, 10, 20285. [Google Scholar] [CrossRef] [PubMed]

	



Malik, V.S.; Schulze, M.B.; Hu, F.B. Intake of sugar-sweetened beverages and weight gain: A systematic review. Am. J. Clin. Nutr. 2006, 84, 274–288. [Google Scholar] [CrossRef] [PubMed]

	



Arundhana, A.I.; Najamuddin, U.; Ibrahim, W.; Semba, G.; Muqni, A.D.; Haning, M.T. Why consumption pattern of sugar-sweetened beverage is potential to increase the risk of overweight in school age children? Biomedicine 2018, 38, 55–59. [Google Scholar]

	



Jürgens, H.; Haass, W.; Castañeda, T.R.; Schürmann, A.; Koebnick, C.; Dombrowski, F.; Otto, B.; Nawrocki, A.R.; Scherer, P.E.; Spranger, J.; et al. Consuming fructose-sweetened beverages increases body adiposity in mice. Obes. Res. 2005, 13, 1145–1156. [Google Scholar] [CrossRef]

	



Bush, T.; Lovejoy, J.C.; Deprey, M.; Carpenter, K.M. The effect of tobacco cessation on weight gain, obesity and diabetes risk. Obesity 2016, 24, 1834–1841. [Google Scholar] [CrossRef]

	



Hasegawa, K.; Komiyama, M.; Takahashi, Y. Obesity and cardiovascular risk after quitting smoking: The latest evidence. Eur. Cardiol. Rev. 2019, 14, 60–61. [Google Scholar] [CrossRef]

	



Locker, D.; Payne, B.; Ford, J. Area variations in health behaviours. Can. J. Public Health 1996, 87, 125–129. [Google Scholar]

	



Ecob, R.; Macintyre, S. Small area variations in health related behaviours; do these depend on the behaviour itself, its measurement, or on personal characteristics? Health Place 2000, 6, 261–274. [Google Scholar] [CrossRef]

	



Tasevska, N.; DeLia, D.; Lorts, C.; Yedidia, M.; Ohri-Vachaspati, P. Determinants of Sugar-Sweetened Beverage Consumption among Low-Income Children: Are There Differences by Race/Ethnicity, Age, and Sex? J. Acad. Nutr. Diet. 2017, 117, 1900–1920. [Google Scholar] [CrossRef] [PubMed]

	



Sederer, L.I. The social determinants of mental health. Psychiatr. Serv. 2016, 67, 234–235. [Google Scholar] [CrossRef] [PubMed]

	



Chigbu, C.O.; Parhofer, K.G.; Aniebue, U.U.; Berger, U. Prevalence and sociodemographic determinants of adult obesity: A large representative household survey in a resource-constrained African setting with double burden of undernutrition and overnutrition. J. Epidemiol. Community Health 2018, 72, 702–707. [Google Scholar] [CrossRef] [PubMed]

	



Sartorius, B.; Veerman, L.J.; Manyema, M.; Chola, L.; Hofman, K. Determinants of obesity and associated population attributability, South Africa: Empirical evidence from a national panel survey, 2008–2012. PLoS ONE 2015, 10, e0130218. [Google Scholar] [CrossRef] [PubMed]

	



Tekalegn, Y.; Engida, Z.T.; Sahiledengle, B.; Rogers, H.L.; Seyoum, K.; Woldeyohannes, D.; Legese, B.; Ayele, T.A. Individual and community-level determinants of overweight and obesity among urban men: Further analysis of the Ethiopian demographic and health survey. PLoS ONE 2021, 16, e0259412. [Google Scholar] [CrossRef] [PubMed]

	



Sudikno; Julianti, E.D.; Sari, Y.D.; Sari, Y.P. The Relationship of Physical Activities on Obesity in Adults in Indonesia. In Proceedings of the 4th International Symposium on Health Research (ISHR 2019), Bali, Indonesia, 28–30 November 2019; Atlantis Press: Paris, France, 2020; Volume 22, pp. 96–100. [Google Scholar]

	



Dewi, N.U.; Tanziha, I.; Solechah, S.A. Bohari Obesity determinants and the policy implications for the prevention and management of obesity in Indonesia. Curr. Res. Nutr. Food Sci. 2020, 8, 942–955. [Google Scholar] [CrossRef]

	



Mulia, E.P.B.; Fauzia, K.A. Atika Abdominal Obesity is Associated with Physical Activity Index in Indonesian Middle-Aged Adult Rural Population: A Cross-Sectional Study. Indian J. Community Med. 2021, 46, 317–320. [Google Scholar] [CrossRef]

	



Samouda, H.; Ruiz-Castell, M.; Bocquet, V.; Kuemmerle, A.; Chioti, A.; Dadoun, F.; Kandala, N.B.; Stranges, S. Geographical variation of overweight, obesity and related risk factors: Findings from the European Health examination Survey in Luxembourg, 2013–2015. PLoS ONE 2018, 13, e0197021. [Google Scholar] [CrossRef]

	



Ramachandran, A.; Chamukuttan, S.; Shetty, S.A.; Arun, N.; Susairaj, P. Obesity in Asia—Is it different from rest of the world. Diabetes. Metab. Res. Rev. 2012, 28, 47–51. [Google Scholar] [CrossRef]








[image: Nutrients 14 00971 g001 550] 





Figure 1. Distribution of obesity prevalence in Indonesia. 
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Figure 2. Variation of obesity risk factors by island clusters in Indonesia. 
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Table 1. Prevalence of obese adults by variables associated with obesity in all island clusters in Indonesia.
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Variables

	
Categories

	
Island Clusters




	
Sumatra

	
Java

	
Bali and Nusa Tenggara

	
Kalimantan

	
Sulawesi

	
Maluku

	
Papua




	
n = 180,292

	
n = 204,768

	
n = 50,484

	
n = 59,654

	
n = 85,006

	
n = 18,531

	
n = 20,175






	
BMI category

	
Obese

	
35.3

	
36.2

	
28.2

	
34.8

	
34.9

	
35.0

	
36.0




	
Location

	
Rural

	
31.6

	
29.9

	
21.4

	
29.7

	
31.6

	
30.5

	
32.4




	
Urban

	
40.1

	
39.6

	
36.2

	
40.7

	
39.9

	
42.2

	
43.7




	
Sex

	
Men

	
26.3

	
26.8

	
22.3

	
26.8

	
26.2

	
26.8

	
31.3




	

	
Women

	
44.6

	
45.6

	
33.9

	
43.6

	
43.5

	
43.5

	
41.2




	
Marital status

	
Not Married

	
18.2

	
20.6

	
16.3

	
19.7

	
19.7

	
18.5

	
22.2




	

	
Married

	
39.4

	
39.8

	
31.4

	
38.8

	
39.1

	
39.2

	
38.6




	

	
Divorced

	
33.9

	
34.2

	
26.0

	
30.0

	
31.0

	
29.9

	
40.5




	

	
Widowed

	
34.5

	
32.5

	
22.4

	
27.8

	
30.3

	
35.9

	
32.8




	
Age group

	
≤47 years

	
34.5

	
36.8

	
28.6

	
35.2

	
34.7

	
34.3

	
35.2




	

	
48–63 years

	
41.0

	
40.1

	
31.9

	
36.9

	
39.6

	
40.4

	
40.9




	

	
≥64 years

	
25.2

	
22.1

	
16.1

	
23.3

	
23.8

	
26.5

	
24.5




	
Education level

	
Lower education

	
46.6

	
46.4

	
40.1

	
45.5

	
43.7

	
47.2

	
53.4




	

	
Medium education

	
36.5

	
37.9

	
31.5

	
37.5

	
35.8

	
34.4

	
39.5




	

	
Higher education

	
33.2

	
34.3

	
24.8

	
32.3

	
33.0

	
33.3

	
32.2




	
Occupational

status

	
Unemployed

	
41.8

	
42.7

	
30.1

	
41.8

	
40.3

	
36.5

	
40.2




	

	
Students

	
20.2

	
24.7

	
15.2

	
23.1

	
18.5

	
19.4

	
28.7




	

	
Government/civil workers

	
53.9

	
54.7

	
49.3

	
50.6

	
52.4

	
55.4

	
57.2




	

	
Private company officer

	
35.0

	
36.3

	
34.8

	
35.9

	
34.0

	
38.8

	
37.3




	

	
Entrepreneur

	
40.1

	
42.3

	
42.9

	
38.4

	
41.8

	
46.9

	
40.9




	

	
Farmer

	
25.7

	
22.9

	
16.6

	
23.2

	
22.4

	
24.6

	
28.5




	

	
Fisherman

	
22.9

	
24.5

	
23.9

	
22.9

	
25.0

	
17.4

	
24.4




	

	
Daily labor/driver/

housekeeper

	
27.6

	
27.8

	
24.1

	
26.3

	
29.8

	
29.8

	
30.7




	

	
Others

	
39.9

	
39.9

	
28.5

	
39.0

	
39.5

	
42.8

	
42.8




	
Mental emotional status

	
No mental disorder

	
35.3

	
36.2

	
28.8

	
35.2

	
35.3

	
35.8

	
35.9




	

	
With mental disorder

	
35.1

	
36.0

	
23.6

	
30.9

	
31.7

	
29.5

	
36.9




	
Sweet food

	
<3 times/month

	
37.0

	
38.2

	
26.3

	
37.6

	
34.0

	
34.2

	
34.3




	

	
1–6 times/week

	
35.2

	
35.9

	
28.8

	
35.0

	
34.8

	
35.3

	
36.3




	

	
>1 time/day

	
33.7

	
35.3

	
29.2

	
32.6

	
35.6

	
34.7

	
37.4




	
Sugar-sweetened beverages

	
<3 times/month

	
42.9

	
44.3

	
30.4

	
42.6

	
39.1

	
40.5

	
40.5




	

	
1–6 times/week

	
36.3

	
37.5

	
29.1

	
36.2

	
35.4

	
35.1

	
34.4




	

	
>1 time/day

	
30.5

	
31.2

	
23.8

	
30.6

	
31.8

	
32.5

	
37.4




	
Food high in salt

	
<3 times/month

	
36.7

	
38.0

	
27.9

	
36.9

	
37.7

	
36.1

	
36.5




	

	
1–6 times/week

	
35.0

	
35.4

	
28.5

	
34.1

	
32.9

	
34.0

	
34.6




	

	
>1 time/day

	
32.4

	
36.2

	
28.9

	
33.9

	
33.1

	
35.1

	
40.5




	
High-fat food

	
<3 times/month

	
34.1

	
34.4

	
23.6

	
32.1

	
31.0

	
34.6

	
32.4




	

	
1–6 times/week

	
35.4

	
36.1

	
29.9

	
35.3

	
35.0

	
35.1

	
37.8




	

	
>1 time/day

	
36.5

	
36.8

	
32.8

	
35.7

	
38.4

	
35.1

	
38.2




	
Meat

	
<3 times/month

	
35.3

	
35.7

	
27.6

	
34.9

	
34.6

	
34.6

	
34.8




	

	
1–6 times/week

	
34.8

	
37.6

	
31.4

	
34.6

	
36.0

	
36.5

	
39.1




	

	
>1 time/day

	
37.8

	
36.1

	
35.2

	
34.3

	
34.7

	
36.1

	
37.8




	
Soft or carbonated drinks

	
<3 times/month

	
35.9

	
36.8

	
28.0

	
35.7

	
35.5

	
35.5

	
36.1




	
1–6 times/week

	
30.2

	
31.0

	
29.6

	
29.2

	
31.5

	
32.3

	
34.7




	
>1 time/day

	
28.0

	
32.8

	
20.2

	
27.8

	
35.7

	
38.6

	
48.8




	
Energy drinks

	
<3 times/month

	
36.0

	
36.9

	
28.8

	
36.1

	
36.3

	
36.3

	
36.5




	

	
1–6 times/week

	
26.9

	
27.2

	
22.5

	
25.3

	
24.9

	
30.2

	
33.4




	

	
>1 time/day

	
26.9

	
27.2

	
18.7

	
24.2

	
26.5

	
31.1

	
37.7




	
Instant foods

	
<3 times/month

	
38.0

	
37.7

	
29.6

	
36.8

	
37.9

	
38.8

	
36.7




	

	
1–6 times/week

	
33.5

	
35.2

	
27.0

	
34.2

	
33.5

	
33.6

	
35.6




	

	
>1 time/day

	
31.8

	
36.3

	
25.3

	
26.8

	
29.2

	
28.2

	
35.5




	
Vegetable and fruit consumption

	
Sufficient

	
42.5

	
42.7

	
35.3

	
41.7

	
37.8

	
43.2

	
47.4




	
Insufficient

	
35.0

	
35.9

	
27.8

	
34.5

	
34.7

	
34.4

	
35.2




	
Smoking

	
Never smoked

	
41.7

	
43.4

	
32.7

	
40.9

	
41.5

	
41.2

	
39.4




	

	
Quit smoking

	
37.1

	
37.2

	
30.9

	
37.6

	
34.0

	
47.2

	
39.1




	

	
Currently smoking

	
24.0

	
23.5

	
19.1

	
22.7

	
22.9

	
23.7

	
28.7




	
Physical activity

	
Adequate

	
32.2

	
32.4

	
24.6

	
29.9

	
31.1

	
31.9

	
33.0




	

	
Not adequate

	
37.8

	
39.0

	
31.0

	
38.4

	
37.6

	
36.8

	
38.9




	
Alcohol

consumption

	
Yes

	
28.4

	
27.2

	
24.5

	
20.7

	
25.1

	
23.6

	
29.2




	
No

	
35.5

	
36.4

	
28.7

	
35.6

	
35.9

	
36.6

	
36.5




	
Blood pressure

	
Normal

	
22.3

	
21.5

	
16.4

	
19.9

	
21.6

	
22.5

	
24.1




	

	
Pre-hypertension

	
34.6

	
34.2

	
28.7

	
31.4

	
35.2

	
35.4

	
36.3




	

	
Hypertension stage 1

	
46.1

	
45.1

	
38.5

	
43.8

	
44.9

	
45.9

	
49.2




	

	
Hypertension stage 2

	
54.7

	
52.4

	
44.8

	
51.2

	
51.3

	
55.9

	
58.5
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