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The Association Between Sugar Sweetened Beverages (SSBs) and Childhood Obesity

Over the last decades the prevalence of obesity among children has been rising to epidemic proportions across all over the world particularly in industrialised countries (Gortmaker et al., 2011). From 1993 to 2016, obesity trends in the UK, for instance among children, increased from 15% to 26% (House of Commons Library, 2018). The report also declared that one in ten children is obese by age five and one in five by age 11 and increases in rate by the age of 16 to 18, given that obese children are more likely to become obese adults and develop obesity related comorbidity, such as cardiovascular disease, osteoporosis and type 2 diabetes (Ferraro and Fernandes, 2013). Policy makers to reverse obesity trends among children have focused on developing programmes that can modify behavioural and environmental factors that have contributed to this rise (Frantsve-Hawley et al., 2017). The increased intake of sugar containing beverages which appeared along with the rise of obesity, has brought concerns that it may be playing a causal role (Institute of Medicine, 2012).
 Sugar-sweetened beverages (SSBs) such as soft drinks, fruit juices, sport and energy drinks are the primary sources of added sugar and are also the main sources of calories in UK diets (Welsh, Lundeen and Stein, 2013). According to the data in UK, SSBs account for approximately 6% of total energy intake (above the standard value) in children between 4 to 18 years old (Vargase-Gracia, Evan and Cade, 2015). Experts stated that if an excess calorie intake from SSBs is correlated with a subsequent increase in food intake or low level of physical activity, excess calorie intake from SSBs results in a positive energy balance and may lead to obesity (Hall et al., 2011). Additionally, several of the SSBs contain high fructose corn syrup which contributes to a lack of satiety signal, leading to overconsumption of calories (Houchins et al., 2012). On average, a 340 ml or one serving of SSB contains around 150 calories and if this number of calories is added into the usual dietary intake without lowering the calories from other food products then one serving of SSB could increase weight by about 6.8 kg in a year (Apovian, 2004). This over consumption of calories from SSBs is also linked to a reduction in the intake of other essential nutrients among SSBs drinker (Keller et al., 2009). To give an example, children who regularly drank SSBs were more likely to decrease their intake of water and milk compared to those who did not consume SSBs (Deboer, Scharf and Demmer, 2013).  Other studies also found that children who regularly consumed > 340ml of SSBs are less likely to be physically active and more likely to watch more than 2 hours of television daily (Powell, Szczypka and Chaloupka, 2010). The UK Scientific Advisory committee on Nutrition (SACN), American Academics of Paediatrics and World Health Organization recommended that SSBs consumption should be limited among children (Barlow, 2007).
Even though the intake of SSBs is considered to be an independent risk factor for weight gain, being overweight or obese, findings from several primary research sources, reviews, and meta-analysis assessing the correlation between SSBs and childhood obesity were inconsistent (Kaiser et al., 2013). These contradictive results brought a highly intense debate among different experts (Hu, 2013). Many of the experts argued on the causal association between SSBs consumption and childhood obesity (Hu, 2013), where others considered evidence to be weak (Kaiser et al., 2013). These conflicting results leads experts to examine the methodological techniques used in the original studies as well as the studies funding sources (Massougbodji et al., 2014). In general, despite their inability to determine causality, cross sectional studies with a large sample size gives useful information about the association between SSBs and weight status among children (Malik, Schulze and Hu, 2006). To give an example, Ariza et al (2004) conducted a cross-sectional study among 9,000 UK pre-school children and found a significant association between the amount of SSB consumption and BMI, and reported that those who drank > 340ml of SSBs daily were more likely to be overweight by age 4 and obese by age 5. Similarly, O’Connor, Yang and Nicklas (2006) evaluated data from a large cohort of children aged between 2 to 5 years and found that although children who regularly consumed > 340ml had a high total energy intake, their body weight remains similar as seen in non SSB drinkers. Recently Deboer, Scharf and Demmer (2013) reported that children are more likely to gain weight if they increased their SSB intake beyond their total energy expenditure. As a result, studies demonstrated a mixed finding because they failed to assess total energy expenditure among those who drank > 340ml of daily of SSBs. 
Some studies suggested a longitudinal cohort study instead of a cross sectional one, as the study can potentially determine the relationship between SSBs and BMI among children over a period of time (Blum, Jacobsen and Donnelly, 2005; Ludwig, Peterson and Gortmaker, 2001). Similarly, Rebecca, Scharf and Deboer (2016) suggests that the association is more likely to be stronger among studies with a longer period of follow up that uses a vigorous method of nutritional assessment instead of a single 24-hour diet recall that can lead to a recall bias among children. However, as with cross sectional design, studies with long duration of follow up also exhibited a mixed finding regarding weight status among children after a period of time in correlation with SSB intake (Malik et al., 2013). To give an example, Dubois and Colleagues conducted a study over 4 years of 3000 pre-school aged children and found that those who drank a regular SSBs between meals had a 3-fold of higher odds of being overweight compared to non SSB drinkers (Dubois et al., 2007). Likewise, Rodríguez-Artalejo et al (2003) conducted a prospective cohort analysis in a 1900 children aged between 6 to 7 years, followed for 4 years, and found a strong association between SSB consumption and BMI. Ultimately, Te Morenga et al., (2013) carried out a meta-analysis of 22 longitudinal studies that examines the risk of gaining weight between children consuming SSB on a regular basis versus none. They found that regular SSB drinkers were twice as likely to have an increased BMI over time than non-SSB drinkers. Besides, after controlling for some potential confounders the review also revealed that those children who drank more SSBs reduced their intake of water and milk compared to non-SSB drinkers. However, again not all longitudinal cohort studies have revealed a strong relationship between SSB consumption and an increased BMI.  Research conducted in UK for example investigated the association between SSBs and BMI among children aged 4, over a period of 4 years and found no association (Dubois et al., 2007). In the same way, Forshee et al (2008) carried out a systematic review of 12 longitudinal cohort studies among children aged 3-18 years old and found no association between SSB consumption and an increased BMI. 
The inconsistent findings regarding the association between the intake of SSBs and Childhood obesity have fuelled an intense discussion among many experts. Eventually, experts suggested an interventional study to provide a strong and clear evidence of the association between the intake of SSB and an increased BMI (Rebecca, Scharf and Mark, 2016). During the interventional studies conducted by de Ruyter et al (2012) children were randomized to drink either SSBs or non-caloric beverages. During the study, the researcher decided to reach children who drink SSBs regularly due to the ethical issue with randomizing a child who does not drink SSB to start drinking SSB. Thus, one group was assigned to continue their intake of SSBs and the other group was assigned to replace their SSBs intake with a non-calorific beverage. The result of the study indicated that those who drank non-calorific drinks instead of SSBs gain less weight compared to SSB consuming children. Likewise, Ebbeling et al (2006) performed a small-scale trial randomizing young children either to continue drinking SSBs or to have a non-calorific drink brought to their house weekly with the orders to have non-calorific beverage instead of SSBs. After 20 weeks of intervention, BMI remains the same among both groups however they found that those children with highest BMI at baseline who were instructed to replace their SSBs intake resulted in a lower BMI after 20 weeks. These findings may have some suggestions that the intake of SSBs leads to weight gain in children who are more prone to higher weight status.
In addition to analyzing the different study design among studies, experts were also tried to assess the funding sources of the studies analysing the association of SSBs and weight gain in children (Massougbodji et al., 2014). Patrick et al. (2017) reported that funding sources in studies that asses the link between SSBs and childhood obesity may play a significant role in the way data is explained or interpreted. To provide a strong and clear evidence, Massougbodji and colleagues recently performed a review to examine how a study’s conclusion was related to funding sources in a research exploring the link between SSBs and obesity (Massougbodji et al., 2014). The result revealed a variation regarding the nature of a study’s conclusion between industry and non-industry funded research (Gibson, 2008, Malik et al., 2013). That is in studies financed by the sugar and beverage industry, the link between SSBs intake and BMI was weak although other studies showing evidence is well founded (Massougbodji et al., 2014). This suggested the quality of the research is not only affected by the variation in methodological study design but also might be influenced by funding sources.
Overall, the majority of the of the studies, reviews and meta-analysis concluded a positive association between SSBs and unhealthy weight gain in children (Hu, 2013). However, studies which assess this association also had several methodological limitations as children were the main target during the research. To give an example, many of the cross-sectional studies assess their dietary information using a 24-hour dietary recall instead of long term dietary assessment. However, this measurement might be inappropriate as it is a retrospective dietary assessment which can lead to a recall bias in children (Ludwig, Peterson and Gortmaker, 2011). Besides, because it is only for a single day recall, it does not represent for the child’s habitual diet; instead a long term dietary assessment might be the appropriate method to use a as dietary measurement (Ludwig, Peterson and Gortmaker, 2011). Furthermore, due to participants age, the amount for the intake of SSBs in most of the research was reported by the child’s care giver not by direct observation of intake and this can lead to under or over reporting of SSBs consumption (Burrows, Martin and Collins, 2010). Additionally, most studies failed to adjust the daily amount of television viewing as a potential confounding among children. This is because watching TV more than 2 or 3 hours daily among children is linked to the exposure for advertising sugar containing beverages, significantly raising the number of daily consumers among children who watched TV for a long period of time (Powell, Szczypka and Chaloupka, 2010). Given that, watching television is also linked with both low level of physical activity as well as exposure to commercials for fast foods and thus potential weight gain (Libuda and Kersting, 2009). 
In general, many of the existing systematic reviews suggests that the consumption of SSB among children is strongly associated with excess weight gain and reducing its’ consumption will have a remarkable impact on the prevalence of obesity (Hu, 2013). One of the most effective policy implication strategies to help children to reduce their intake of SSB is to educate or make the children and families aware of the detrimental effect of excess SSB consumption (Rebecca, Scharf and Deboer, 2016). One way to reach children and families to provide information about the impact of SSBs on body weight is through pediatricians (Wethington, Sherry and Polhamus, 2011, Bleich et al., 2013). This is because many young children usually go and see their healthcare practitioner shortly after their birth and this channel may be the best way to educate families regarding the regular intake of SSBs on their children’s health (Wethington, Sherry and Polhamus, 2011). Some experts have suggested regular screening and counselling for SSBs use (as might be done for alcohol use) during doctor’s visit (Smith et al., 2014). Stettler et al., (2015) also emphasised that promoting education and advice to families about obesity prevention and interventional strategies in relation to SSBs intake may be a helpful way, even though an individual’s awareness about the subject does not always forecast behavior. Additionally, interventions that encourage the replacement of SSBs with a healthy alternative such as water, 100% fruit juice, and milk can be effective in maintaining healthy weight among children (Ledoux, Hingle and Baranowski, 2011). In the UK, for example one highly suggested strategy for preventing obesity among children in public areas is to increase access to water consumption which is calorie free and healthful drink (Institute of Medicine of the National Academies, 2009). Studies demonstrated that those who consume sufficient water consume fewer other beverages and consume less calories form sugary drinks, effectively saving calories and money (Mesirow and Welsh, 2015). Likewise, Daniels and Popkin (2010) suggested that replacing SSBs with sugar free drinks among children can lower total calorie intake, implying more weight loss which may lead to preventing obesity. Furthermore, strategies such as limiting access to screening time among young children could reduce weight gain as well as SSB intake (Australian Government and Department of Health, 2014). Prolonged TV viewing among children replaces physical activity and also exposes them to advertising of foods and beverages high in sugar and fats (Powell et al., 2007). Thus, as most of the unlimited screening time and much of the food and drinks children consume is provided by the families, a supportive home environment that limits children’s recreational screening time and promoting healthy eating are critical (Draper et al., 2015). 

For school aged children however, informative programs delivered through school curriculum focusing merely on intake of drinks can be successful in lowering the consumption of SSBs, and such programs can also have an impact on weight reduction amongst those who are obese and overweight children (Cunha et al., 2013; Ezendam et al, 2012). Many of the previous studies are addressing schools as the main interventional setting; this is not because most of the children are spending their time within this environment but because it gives an opportunity to recruit children from different backgrounds (Roseman et al., 2011). Moreover, apart from school settings, the whole environment including home environment comprises numerous obesogenic determinants that need to be addressed to establish a healthy environment (Mathews et al, 2010). This means that an intervention based on the whole community can lead to a more sustainable program than a school based intervention (Bleich et al., 2013). Thus, to prevent obesity among children in relation to the intake of SSBs, intervention should be focused on several settings: that is, individual, parents, schools and at the community setting (Olds et al., 2011; Robertson et al., 2009; Birch and Ventura, 2009). 

On the other hand, Block et al (2010) stated that an educational intervention at multiple settings on the impact of SSB consumption to reduce obesity is essential but is unlikely to be enough to make substantive change. Therefore, implementing a tax to dissuade the intake of low nutritional value beverages (SSBs) appears to be one of the most highlighted approaches that policy makers have in the fight against obesity (Block et al., 2010). The World Health Organization also calls for SSBs taxation due to the reason children do not lower their intake from other calories following SSBs intake leading to overconsumption of calories (Department of Health, 2016). Hence a sensible target for taxation is the best way because the higher the price the lower the demand (Department of Health, 2016). However, beverage industries argue about the government’s plan for SSB tax and claim that childhood obesity is due to unhealthy eating and inactivity hence nutrition and physical activity education rather than tax should be promoted (Daines, 2010). The author also states that the beverage companies are obviously likely to react to the government’s plan regarding SSB tax as the companies are making high profit by convincing the public about the benefits of SSBs to their health rather than the health impact of consuming SSBs. Indeed, studies that are funded by the beverage companies downplay the association between SSB consumption and childhood obesity despite many of the recent high-quality reviews showing the evidence is well founded (Massougbodji et al., 2014). 

[bookmark: _GoBack]To conclude, most of the research using cross sectional, longitudinal and interventional studies funded by non-industry companies support the association between the regular intake of SSB and childhood obesity. Whereas, association was more likely to remain weak or inconclusive among studies funded by the beverage industry. Therefore, future reviews that do not include studies funded by the food and beverage industry is highly recommended as studies’ conclusion might be affected by funding sources. Furthermore, appropriate methodological measurement is critical as limitations related to nutritional assessment can impair the analysis of SSB intake and its effect on gaining weight among children. Ultimately, in addition to interventional strategies through education, SSBs tax is highly recommended. Overall, to tackle childhood obesity in relation to SSBs consumption, the need for multifaceted interventional program is recommended. 
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