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Study Importance Questions:

What is already known about this subject?
· Rates of obesity are rising steeply in low- and middle-income countries
· Sedentary behavior is associated with various physical health conditions


What does your study add?
· Sedentary behavior for ≥3 hours/day was associated with higher odds for obesity in 32 of the 41 included countries.
·  This relationship was strongest among low-income countries.
· These results were found among more than 115,000 adolescents from 41 countries






































Abstract 

Objective: Rates of adolescent obesity are increasing worldwide, with steeper increases being observed in low- and middle-income countries (LMICs). Sedentary behavior (SB), is associated with various physical and mental health conditions. Little is known about the association between SB and obesity among adolescents in LMICs. This cross-sectional study explored the associations between SB and obesity in adolescents from 41 LMICs. Methods: Obesity was measured using BMI; SB was assessed through self-report and considered for all times except when at school or doing homework. Results: Data from the Global school-based Student Health Survey were analyzed in 116,762 adolescents [mean (SD) age 13.8 (1.0) years; 48.6% female]. The overall prevalence of obesity was 4% and the prevalence of ≥3 hours/day of SB was 26%. The prevalence of obesity and SB were lowest in low-income countries and highest in upper middle-income countries. SB for ≥3 hours/day was associated with higher odds for obesity in 32 countries. This relationship was strongest among low-income countries. Conclusions: Being sedentary for ≥3 hours/day is associated with increased odds of obesity in adolescence. Future longitudinal data are required to confirm these findings and to inform interventions targeting SB among adolescents in LMICs, thereby reduce the prevalence of obesity.



Introduction

	There have been sustained concerns about obesity levels in youth in developed countries, however rates of obesity are also increasing in low- and middle-income countries (LMICs). Indeed, LMICs have even seen a steeper increase in preschool overweight and obesity levels from 1990-2010 compared to developed countries (1). Specifically, during this time period, the relative percentage change in overweight and obesity in developing countries was 65%, whereas in developed countries, it was 48% (2). Obesity can have detrimental effects on adolescents’ physical, mental, and psychosocial health (3,4,5). Since obesity in adolescence is a key predictor of obesity in adulthood, this timeframe represents an essential window to prevent lifelong increased weight and the associated health issues (6). Consequently, there is a global movement with accompanying (inter)national guidelines that stipulate the need to prevent and manage obesity in adolescents (7, 8). 
	Currently, there is increasing recognition that sedentary behavior (SB) is a risk factor for childhood weight gain, although almost all of this research is derived from high-income countries (9). SB is usually defined as an energy expenditure ≤1.5 metabolic equivalents of task (METs) while in a sitting or reclining posture during waking hours. This is now being considered as a contributing factor to unhealthy weight gain and obesity (10), potentially through increased obesogenic behaviors such as snacking, decreased energy expenditure and increase abdominal fat (11-13). In a systematic review examining this relationship among children in developed countries, SB was generally positively associated with weight status, though this relationship varied by gender for some studies (9). 
However, the review only examined the relationships of SB in the USA and other developed countries, and did not identify any relevant studies looking at health outcomes of SB in LMICs, showing a severe under-representation of literature for these regions. As such, further research is warranted to examine how these relationships may differ in such countries, especially given that SB levels have been reported to be high among adolescents in LMICs (14), and childhood obesity is increasing in this setting. Exploring the SB-obesity association in LMICs is particularly important as there may be different sociocultural attitudes towards obesity (e.g., obesity may be viewed as a sign of wealth or beauty), or different access to devices (e.g., television, computers) associated with SB, compared with high-income countries. Furthermore, most of the previous studies exploring the associations between SB and obesity have not adjusted for physical activity levels or nutrition, despite the established influence of these factors on obesity (6). Finally, multinational studies exploring the associations between SB and obesity in LMICs are to the best of our knowledge absent. Multinational studies allow the associations between SB and obesity to be explored independent of national policies and other possible contributing factors, while also allowing comparisons between countries to investigate the roles of these policies and factors in different countries. 
	Given the current gaps in the literature, the aim of the current study was to assess whether higher levels of SB are associated with greater levels of obesity among adolescents in 41 LMICs. Given the previously reported links between SB and obesity among adolescents in developed countries, we hypothesized that greater time spent in SB would be associated with higher levels of obesity, even after adjusting for physical activity and nutritional intake. 

Methods
The survey
Publicly available data from GSHS were analyzed. Details on this survey can be found at http://www.who.int/chp/gshs and http://www.cdc.gov/gshs. Briefly, the GSHS was jointly developed by the WHO and the US Centers for Disease Control and Prevention (CDC), and other UN allies. The core aim of this survey was to assess and quantify risk and protective factors of major non-communicable diseases. The survey draws content from the CDC Youth Risk Behavior Survey (YRBS) for which test-retest reliability has been established (15). The survey used a standardized two-stage probability sampling design for the selection process within each participating country. For the first stage, schools were selected with probability proportional to size sampling. The second stage involved the random selection of classrooms which included students aged 13-15 years within each selected school. All students in the selected classrooms were eligible to participate in the survey regardless of age. Data collection was performed during one regular class period. The questionnaire was translated into the local language in each country and consisted of multiple choice response options; students recorded their response on computer scannable sheets. All GSHS surveys were approved, in each country, by both a national government administration (most often the Ministry of Health or Education) and an institutional review board or ethics committee. Student privacy was protected through anonymous and voluntary participation, and informed consent was obtained as appropriate from the students, parents and/or school officials. Data were weighted for non-response and probability selection.
	From all publicly available data, we selected all nationally representative datasets that included the variables pertaining to this analysis. High-income countries were excluded to focus on LMICs. We also excluded countries for which more than 20% of the data on body mass index (BMI) were missing. If there were more than two datasets from the same country, we chose the most recent dataset. Thus, a total of 41 LMICs were included in the current study. The characteristics of each country or survey are provided in Table 1. For the included countries, the survey was conducted between 2003 and 2015, and consisted of 5 low-income, 26 lower middle-income, and 10 upper middle-income countries based on the World Bank classification at the time of the survey for the respective countries. 

Obesity (dependent variable)
Trained survey staff conducted measurement of weight and height. BMI was calculated as weight in kilograms divided by height in meters squared. Obesity was defined as >2 SDs above the median for age and sex based on the 2007 WHO Child Growth reference (16). 

Sedentary behavior (SB) (independent variable)
SB was assessed with the question “How much time do you spend during a typical or usual day sitting and watching television, playing computer games, talking with friends, or doing other sitting activities?” with six response options: <1, 1-2, 3-4, 5-6, 7-8, and >8 hours/day. This excluded time at school and when doing homework. This variable was used as a five-category variable (5-6 and 7-8 hours/day were merged as the proportion of those who replied 7-8 hours/day was small) or a dichotomized variable (≥3 hours/day or not) (17). This question was based on the National Health And Nutrition Examination Survey (NHANES) questionnaire from 1999-2000, and modified for use in children. This measure of SB has been used in multiple published papers (i.e. 14). 

Control variables 
These included age, sex, food insecurity (proxy of socioeconomic status), physical activity, and low fruit/vegetable consumption. As in a previous GSHS study, food insecurity was used as a proxy for socioeconomic status as there were no variables on socioeconomic status in the GSHS (18). Specifically, this was assessed by the question “During the past 30 days, how often did you go hungry because there was not enough food in your home?” Answer options were categorized as ‘never’, ‘rarely/sometimes’, and ‘most of the time/always’ (19). To assess levels of physical activity, questions that represented the PACE+ Adolescent Physical Activity Measure (20) were asked. This measure has been tested for validity and reliability (20). The questions asked about the number of days with physical activity of at least 60 minutes during the past 7 days. This did not include physical activity during physical education or gym classes. Those who engaged in ≥5 days of at least 60 minutes of physical activity in a week were considered to have a sufficient amount of physical activity (17). Low fruit and vegetable intake was defined as intake of fruit and vegetables less than five times per day (< 400g of fruits and vegetables/day) during the past 30 days (16).

Statistical analysis
Statistical analyses were performed with Stata 14.1 (Stata Corp LP, College station, Texas). As in previous studies using the same dataset (16, 21), we restricted the analysis to those aged 12-15 years as most students were within this age range and data on the exact age out of this age range was not provided. We used multivariable logistic regression analysis to estimate the association between SB (independent variable) and obesity (dependent variable) using the overall and country-wise samples. The exposure variable was the five-category SB variable when the overall sample was used. However, for country-wise analyses, we used the dichotomized SB variable to obtain stable estimates, as the sample size in each country was small. In order to assess between-country heterogeneity in the association between SB and obesity, we calculated the Higgin’s I2 which represents the degree of heterogeneity that is not explained by sampling error with a value of <25%, 25-50%, and over 50% considered as small, moderate and high heterogeneity, respectively (22). A pooled estimate was obtained by combining the estimates for each country into a fixed effect meta-analysis (overall and by country-income level). Heterogeneity between groups was tested by Cochran’s Q tests. We also tested for interaction by sex by including the product term of sex X SB in the model using the overall sample.
	All regression analyses were adjusted for age, sex, food insecurity (proxy of socioeconomic status), physical activity, and low fruit/vegetable consumption. The analysis using the overall sample additionally adjusted for country by using fixed effects models as in a previous GSHS study (19). All variables were included in the regression analysis as categorical variables with the exception of age (continuous variable). Under 1.7% of the data were missing for the variables included in the study with the exception of BMI (7.3%). Complete case analysis was done. Sampling weights and the clustered sampling design of the surveys were taken into account to obtain nationally representative estimates. Results from the logistic regression analyses are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at p<0.05.



Results
The final sample comprised 116,762 adolescents aged 12-15 years [mean (SD) age 13.8 (1.0) years; 48.6% female]. The overall prevalence of obesity was 4.0% [range 0.4% (Cambodia) to 21.9% (Tonga)], while the corresponding figure for ≥3 hours/day of SB was 26.2% [range 8.2% (Pakistan) to 50.7% (Thailand)] (Table 1). The prevalence of obesity and SB were lowest in low-income countries and highest in upper middle-income countries. The prevalence of SB was: <1 hour/day 38.4%; 1-2 hours/day 35.4%; 3-4 hours/day 15.6%; 5-8 hours/day 7.3%; and >8 hours/day 3.4%. The prevalence of obesity increased with greater time spent sedentary per day, from 3.5% in <1 hour/day to 5.5% in >8 hours/day (Figure 1). This was also confirmed in the multivariable logistic regression analysis where >8 hours/day of SB was associated with 1.40 (95%CI=1.06-1.86) times higher odds of obesity compared to <1 hour/day (Figure 2). A significant interaction by sex in this association was not found. The country-wise associations between ≥3 hours/day of SB and obesity based on multivariable logistic regression are shown in Figure 3. SB of ≥3 hours/day was associated with increased odds of obesity relative to <3 hours/day in 32 of the 41 included countries. Strong significant associations between obesity and SB were observed in countries such as Solomon Islands (OR=3.45; 95%CI=1.69-7.04), Laos (OR=3.07; 95%CI=1.33-7.08), and Namibia (OR=2.08; 95%CI=1.17-3.69). The pooled estimate was 1.18 (95%CI=1.10-1.25) with a moderate level of heterogeneity (I2=40.3%). The association was strongest in low-income countries (pooled OR=1.87; 95%CI=1.08-3.25), followed by lower middle-income countries (OR=1.28; 95%CI=1.17-1.41), and upper middle-income countries (OR=1.08; 95%CI=0.99-1.18). This between group heterogeneity was statistically significant (P=0.008). 



Discussion
	To the best of our knowledge, this is the first multinational LMIC study to investigate the relationship between SB and obesity in adolescence. We found consistent evidence that adolescents who engaged in SB, excluding time at school and when doing homework, for 3 or more hours a day, were more likely to be obese. We also found some evidence to suggest a dose-dependent association between SB and obesity where compared to those who were sedentary for <1 hour/day, individuals who were sedentary for >8 hours/day (excluding time at school and when doing homework) were 1.40 times more likely to be obese. The results remained evident even after adjusting for physical activity.  
The overall prevalence of obesity in our sample was 4%, which is relatively low compared to previous studies, which may be explained by the fact that our sample was based on LMICs, and only included those aged 12-15. For example, among children and adolescents worldwide (including high-income countries), 6% of girls and 8% of boys are obese (23). The rates of obesity increased by country-income level, with the highest rates of obesity present in upper middle-income countries, which is in line with previous literature (23). The country with the highest rate of obesity was Tonga (21.9%), and this is in line with the extremely high adult obesity rate in Tonga, where 52% of males and 67% of females are either overweight or obese (2). It may also be that geographical locations of countries play an important role alongside economic status, such that island nations in the Pacific and the Caribbean and certain countries in the Middle East and Central America have very high rates of obesity, while most countries in Asia and Africa do not (2). This was seen in our results. For example, Vietnam (0.6%) and Namibia (1.9%) had very low rates of obesity. 	Overall, just over a quarter of adolescents engaged in SB for ≥3 hours/day, which is considered sedentary for children (17), while 38.4% engaged in SB for less than 1 hour/day. Rates of SB increased by country-income level, with the highest rates of SB present in upper middle-income countries. These results are difficult to compare against other results, as the examination of SB in the realm of public health has only gained momentum in the past 10 years, and thus standardized instruments are still lacking (24).
	SB was related to obesity, with the relationship being strongest in low-income countries. This is in line with the results of Lear et al., 2014 (25), who found stronger relationships between the ownerships of household devices (television, car, computer) and obesity among adults from low-income countries, compared with those from middle- and high-income countries. However, a study examining this relationship among 9- to 11-year olds from 12 low-, medium- and high-income countries found that the significant association between TV viewing (as a proxy for SB) and obesity were consistent across country income levels (26). The fact that this study did not take into account of other types of SB could have led to the discrepant results. Furthermore, in a study among adolescents in a high-income country (England), those with low socio-economic position spent more time watching television compared to their higher socio-economic position counterparts, while the reverse was true for all other type of SB (i.e. homework, drawing, time spent on the computer) (accelerometer-measured, 27). This suggests that family-income level may affect types of SB differently, which may in turn affect the SB and obesity relationship. 
Interestingly, in our study, the countries with the strongest relationship between SB and obesity (i.e. low-income countries) were also those that had the lowest rates of both SB and obesity. Lear et al. (25) posited that one reason for this could be because a plateau effect of exposure to such devices (television, car, computer) might be present in higher income countries, such that the negative effects have already occurred and are represented in higher obesity prevalence. Conversely, in lower-income countries in which exposure to such devices might be a recent development, their negative effects may still be acute, and may increase as the rates of ownership increases (25). This may explain the current study’s findings of SB being particularly strongly related to obesity in low-income countries, as among young people, ownership of devices such as televisions and game consoles has been linked to SB (28, 29). As such, it may be that in low-income countries, SB may be a sign of wealth and is observed through obesogenic activities like snacking, whereas in middle-income countries, it is already common to snack such that obesity is no longer strongly associated with SB. 
The reasons that underpin the relationship between SB and obesity are likely complex, and the direction of the relationship remains unclear. It is possible that SB leads to obesity, or that obesity leads to SB, but it is likely to be a combination of both. One possible reason for this relationship may be that SBs such as watching television have been associated with obesogenic behaviors such as snacking (11). Interestingly, a recent systematic review emphasized the fact that while there have been many studies examining the relationship between SB and adiposity in adolescents, there is no evidence to confirm a causal association (30). However, a small dose-response between levels of SB and levels of adiposity has been reported (30). An alternative mechanism by which SB may lead to obesity may be through a reduction in energy expenditure, leading to increased accumulation of abdominal fat (12,13). 
Regardless of whether SB and obesity are causally related, their mere co-existence is deleterious to health. SB and obesity both exert negative effects on cardiometabolic markers, and in turn increase risk of developing metabolic diseases such as type 2 diabetes and cardiovascular diseases (31). For example, one study found that regardless of PA, increased sedentary time was detrimentally associated with levels of 2h plasma glucose, triacylglycerol and HDL-cholesterol (32). Individuals with obesity also have higher levels of these circulating biomarkers (31). The detrimental effects of increased levels of such markers highlight the important need for solutions to prevent and treat both SB and obesity. 
Whilst this study is novel, includes a large number of countries and participants, is multinational, and took into account various confounders (e.g. physical activity and nutrition), it is important to note some limitations. First, the study is cross sectional and directionality cannot be inferred. Thus, future longitudinal research is required to explore the direction of causation and temporal relationships. Second, SB was captured using self-report measures that included only one item. This is a limitation as more items could have been used to examine the content and context of SBs (e.g., television watching, playing computer games) and thereby create a greater understanding of sedentary patterns and modalities. Furthermore, SB was assessed subjectively in our study and this measure has not been validated against objective measures. The accuracy of measuring SB with self-reporting among pediatric populations has been questioned, and thus objective techniques such as accelerometry are warranted in the future (33). Furthermore, the GSHS measure on nutrition was insufficient as it was only based on fruit and vegetable intake. In addition, the GSHS data only includes adolescents in schools, thus information from adolescents who were unable to attend school or who had dropped out were not included. This could be a direction for future research, as socio-economic factors may affect these individuals differently. Measuring time spent being sedentary while at school and completing homework may also be a direction of future research, as it may affect obesity and health outcomes differently than leisure-time SB. A related limitation is the use of an SB measure that is not validated. However, asking about sedentary time in a similar way is routinely done and there are numerous published papers that use this SB measure. Finally, there was a lack of data regarding depression, which has been linked to both obesity and SB, which warrants further investigation (14). 

Conclusion 
The present study found that among adolescents in LMICs, rates of obesity and SB were highest among higher income countries, while the relationship between obesity and SB was strongest among the lowest income countries. These results suggest that different strategies may be needed in countries of different income levels to reduce SB and obesity among adolescents. Specifically, as the relationship is strongest in low-income countries, those which may be the least prepared to deal with the effects of obesity such as hypertension and diabetes, it may be particularly important to find ways in which to target SB (34). Future research is needed to confirm the causal and longitudinal aspects of this relationship.
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	Table 1 Survey characteristics and prevalence of obesity and sedentary behavior by country

	Country incomea
	Country
	Year
	Response rate (%)b
	Unweighted Nc
	Obesity
(%) SEd
	Sedentary ≥3h/day 
(%) SEd

	Low
	Afghanistan
	2014
	79
	1,493
	2.3 (0.6)
	23.3 (3.4)

	
	Benin
	2009
	90
	1,170
	0.5 (0.3)
	18.4 (1.5)

	
	Cambodia
	2013
	85
	1,812
	0.4 (0.1)
	10.2 (1.4)

	
	Myanmar
	2007
	95
	2,227
	0.8 (0.3)
	9.7 (1.2)

	
	Uganda
	2003
	69
	1,904
	0.8 (0.2)
	27.4 (1.7)

	
	Total
	
	
	8,606
	0.8 (0.2)
	13.6 (0.9)

	Lower middle
	Bangladesh
	2014
	91
	2,753
	1.3 (0.5)
	14.9 (2.0)

	
	Belize
	2011
	88
	1,600
	13.5 (1.3)
	36.3 (2.0)

	
	Bolivia
	2012
	88
	2,804
	4.7 (0.7)
	24.3 (1.5)

	
	Djibouti
	2007
	83
	962
	4.6 (0.7)
	32.3 (2.0)

	
	Egypt
	2011
	85
	2,364
	7.7 (0.7)
	27.5 (2.8)

	
	El Salvador
	2013
	88
	1,615
	10.3 (0.8)
	35.2 (2.4)

	
	Fiji
	2010
	90
	1,495
	5.3 (0.5)
	27.2 (2.0)

	
	Ghana
	2012
	82
	1,110
	1.9 (0.6)
	18.4 (1.6)

	
	Guatemala
	2015
	82
	3,611
	7.7 (1.2)
	22.9 (2.8)

	
	Guyana
	2010
	76
	1,973
	4.1 (0.7)
	35.7 (2.5)

	
	Honduras
	2012
	79
	1,486
	6.0 (0.6)
	30.3 (1.2)

	
	India
	2007
	83
	7,330
	2.2 (0.3)
	22.8 (1.1)

	
	Indonesia
	2015
	94
	8,806
	5.3 (0.5)
	24.5 (0.9)

	
	Kiribati
	2011
	85
	1,340
	8.0 (1.0)
	14.4 (1.0)

	
	Laos
	2015
	70
	1,644
	2.2 (0.6)
	19.2 (1.3)

	
	Macedonia
	2007
	93
	1,550
	3.4 (0.5)
	49.9 (2.2)

	
	Mongolia
	2013
	88
	3,707
	1.8 (0.2)
	39.6 (1.9)

	
	Morocco
	2010
	92
	2,405
	2.8 (0.4)
	25.7 (1.3)

	
	Pakistan
	2009
	76
	4,998
	1.0 (0.2)
	8.2 (0.8)

	
	Philippines
	2015
	79
	6,162
	2.8 (0.6)
	30.7 (1.9)

	
	Solomon Islands
	2011
	85
	925
	2.7 (0.8)
	26.5 (2.7)

	
	Sri Lanka
	2008
	89
	2,504
	0.7 (0.2)
	33.2 (1.1)

	
	Sudan
	2012
	77
	1,401
	3.6 (1.3)
	19.7 (2.1)

	
	Syria
	2010
	97
	2,929
	6.1 (0.7)
	25.3 (2.6)

	
	Tonga
	2010
	80
	1,946
	21.9 (1.2)
	29.2 (1.4)

	
	Vietnam
	2013
	96
	1,743
	0.6 (0.3)
	34.9 (2.1)

	
	Total
	
	
	71,163
	3.7 (0.2)
	24.6 (0.6)

	Upper middle
	Algeria
	2011
	98
	3,484
	3.7 (0.5)
	26.8 (1.1)

	
	Costa Rica
	2009
	72
	2,265
	8.9 (0.8)
	44.2 (1.6)

	
	Iraq
	2012
	88
	1,533
	7.9 (0.8)
	25.6 (1.9)

	
	Libya
	2007
	98
	1,891
	8.3 (0.6)
	28.6 (1.6)

	
	Malaysia
	2012
	89
	16,273
	9.7 (0.3)
	42.7 (0.9)

	
	Mauritius
	2011
	82
	2,074
	6.2 (0.5)
	39.2 (1.7)

	
	Namibia
	2013
	89
	1,936
	1.9 (0.5)
	37.2 (1.3)

	
	Peru
	2010
	85
	2,359
	2.9 (0.6)
	28.7 (1.8)

	
	Suriname
	2009
	89
	1,046
	7.2 (0.8)
	40.3 (2.3)

	
	Thailand
	2015
	89
	4,132
	6.6 (0.6)
	50.7 (1.4)

	 
	Total
	 
	 
	36,993
	6.5 (0.2)
	37.0 (0.6)


Abbreviation: SE Standard error
a Country income level was based on the World Bank classification at the year of the survey in the respective countries.
b Response rate was calculated as school response rate multiplied by student response rate.
c Based on sample aged 12- 15 years.
d Weighted estimates
























































Figure List:

Figure 1 Prevalence of obesity by time spent sedentary per day
Bars denote 95% confidence intervals.

Figure 2 Association between time spent sedentary per day and obesity (outcome) estimated by multivariable logistic regression
Abbreviation: OR Odds ratio; CI Confidence interval
Reference category is <1 hours/day
Model is adjusted for age, sex, food insecurity (proxy of socioeconomic status), physical activity, low fruit and vegetable consumption, and country.

Figure 3 Country-wise association between sedentary behavior of ≥3h/day and obesity (outcome) estimated by multivariable logistic regression
Abbreviation: OR Odds ratio; CI Confidence interval
Overall estimate was obtained by meta-analysis with fixed effects.
Models are adjusted for age, sex, food insecurity (proxy of socioeconomic status), physical activity, and low fruit and vegetable consumption.

