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Abstract: 

Energy-dense food advertising affects children’s eating behaviour. However, the impact of 

high sugar food advertising specifically on the intake of sweet foods is underexplored. This 

study sought to determine whether children would increase their intake of sugar, and total 

energy, following high sugar food advertising (relative to toy advertising) and whether dental 

health, weight status, and socioeconomic status (SES) would moderate any effect. In a cross-

over, randomised controlled trial, 101 UK children (40 male) aged 8-10 years were exposed 

to high sugar food/beverage and toy advertisements embedded within a cartoon. Their 

subsequent intake of snack foods and beverages varying in sugar content was measured. A 

dental examination was performed and height and weight measurements were taken. Home 

postcode provided by parents was used to assign participants to SES quintiles. Children 

consumed a significantly greater amount of energy (48.6kcal, 95% CI 13.5-83.7, p=0.007) 

and sugar (6.0g, 95% CI 1.3 to 10.7, p=0.012) following food advertisements compared with 

after toy advertisements. This was driven by increased intake of the items with most sugar 

(chocolate, jelly sweets). Children of healthy weight and with dental caries had the greatest 

intake response to food advertising exposure, but there were no differences by SES. Acute 

experimental food advertising exposure increases food intake in children. Specifically, high 

sugar food and beverage advertising promotes the consumption of high sugar food items. The 

debate around the negative health effects of food advertising on children should be widened 

to include dental health as well as overall dietary health and obesity. 
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Introduction: 

 The modern day food environment in high- and middle-income countries is 

characterised by the widespread availability and persistent marketing of ultra-processed food 

and non-alcoholic beverages that are high in fat, sugar and/or salt (HFSS). Concerns have 

been raised about the implications of such marketing (commercial promotion that includes 

advertising but also product placement, sponsorship, product design/packaging and point-of-

sale promotions(1)) for children’s health(2, 3, 4). Exposure to HFSS advertising has a direct 

effect on children’s food behaviours and diet-related health(5, 6, 7, 8, 9). Youths of lower 

socioeconomic status (SES) may have greater exposure to HFSS advertising(10, 11, 12) and be 

more vulnerable to the effects(13, 14) relative to those of higher SES. Similarly, greater impact 

of advertising on food intake has been seen in children with overweight and obesity(15). 

 Debate has tended to focus on the promotion of energy-dense foods and whether this 

contributes to the development of childhood overweight(2, 8), but studies have also noted that 

children’s food advertising exposure is largely for items potentially harmful to their dental 

health(16).  Whilst the global epidemic of obesity, including in children, and its economic cost 

is well documented(4, 17, 18), prevalence of dental caries has arguably received less attention(19) 

despite being recognised as a global public health concern by the World Health Organization 

(WHO)(20).  Untreated dental decay in primary teeth affects 560 million children 

worldwide(21). Dental disease is associated with increased rates of school absenteeism(22) and 

work absenteeism by parents or guardians(23), with the direct costs of treatment alone 

estimated at US$298 million annually (4.6% of total global health expenditure)(19). 

 Evidence suggests that obesity and dental caries are related(24) and although both are 

multifactorial in their aetiology, a common risk factor is the excessive consumption of 

sugar(2, 25). In 2015, the WHO published updated guidelines on sugar intake, recommending 
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that both adults and children should reduce their intake of free sugars to less than 10% of 

total energy intake, and ideally less than 5% (approximately 25 grams (6 teaspoons/day))(26).  

 However, the role of food marketing in driving chronic overconsumption of sugar in 

children and the associated dental consequences is unclear. There are some cross-sectional 

studies that suggest an association. For example, children who watch more television have 

been found to consume more soft drinks and have poorer oral hygiene(27) or to be more likely 

to consume cariogenic foods and have dental caries(28, 29) than those who watch less.  

 Numerous experimental studies show that television advertising for unhealthy foods 

in general increases immediate snack food (both sweet and savoury) intake in children(6). 

However, there is a dearth of experimental evidence in relation to the impact of high sugar 

(cariogenic) food and beverage (hereafter, food) advertisements specifically or how intake of 

sweet items is affected. Gatou et al., (2016) showed that following food advertisement 

exposure (versus non-food), children chose significantly fewer healthy foods from a 

photograph-based checklist, and those with poor dental health in particular chose a higher 

percentage of unhealthy foods(30). However, to our knowledge, no studies have used solely 

and specifically cariogenic food advertisements (rather than general HFSS products) as the 

experimental stimuli and included actual kilocalorie/sugar intake as an outcome measure. In 

addition, there is insufficient understanding of the potential moderating role of individual 

differences such as dental health, weight status and SES in this effect. The current study was 

designed to address these gaps. 

 

The primary hypotheses were that all children would consume a greater amount of food 

overall (kilocalories, kcal) and sugar specifically (grams, g) following food advertisement 

exposure relative to non-food advertisement exposure. The secondary hypothesis was that 
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this increase in intake would be greatest for those children with dental caries experience, 

overweight or obesity, and/or lower SES. 

 

Patients and Methods: 

The research was conducted according to the Declaration of Helsinki. Ethical approval was 

obtained from the University of Liverpool Research Ethics Sub-committee for Non-invasive 

Procedures in January 2016 (RETH000945). Written informed consent was obtained from the 

school head teacher and parents. Verbal child assent to participate was also obtained. Parents 

were asked to indicate any history of anaphylaxis, food allergy or intolerance to the foods to 

be used in the study, these children would have been excluded from participating but no such 

cases were reported. 

 

Participants 

101 children (40 male) aged 8-10 years (mean 9.86 ± 0.54y) were recruited from a primary 

school in Merseyside, United Kingdom. The power calculation for the current study was 

based on 80% power and a two-sided significance level (alpha) of 0.05 to find a medium 

effect size for the food intake effect (our primary hypothesis) (d = 0.3, reflecting previous 

short-term advertising exposure studies(6)). This indicated a required sample of 90 

participants; however, this was an opportunity sample with ~10% over recruitment included 

to allow for potential attrition (e.g. school absence). Data were collected during May and 

June 2016. 

 

Design 

The study design was adapted from similar studies previously conducted by the researchers(31, 

32). Participants were exposed to four food advertisements or four non-food advertisements 
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(all approximately 30 seconds long for a total advertisement exposure of two minutes, 

embedded within the same 21-minute episode of the TV cartoon “Scooby Doo”) on two 

different occasions (each at a similar time of day) on a large projector screen in a spare 

school classroom. Counterbalancing of condition order was conducted using 

www.randomizer.org. A two-week interval between conditions was enforced to minimize the 

crossover effect from each exposure, and children were asked (via instructions to parents in 

the information sheet and reminder information sent prior to the study sessions) to keep other 

activity (e.g. breakfast consumption, physical activity) consistent on test days and the 24 

hours prior. The food advertisements all promoted high sugar food and beverage items 

(snacks, confectionery, sugar-sweetened beverages) and the non-food advertisements were 

for toys. All advertisements were obtained from contemporary UK television recordings held 

by the researchers. 

 

Procedure 

Children were asked to indicate their level of hunger on a ‘smiley face’ 5-point Likert scale 

(adapted from a similar scale(33)). Participants then viewed the stimuli (cartoon with 

food/non-food advertisements embedded in the middle) in small groups (4-8 children). 

Groups were held consistent across the two testing sessions and each child always 

participated on the same day of the week and at the same time of day.  

Following advertisements exposure on each occasion, children were each given an 

individual, standardized tray of pre-weighed snack foods and beverages. The items offered 

were chosen to represent options with a range of sugar content to allow variations in 

expression of food choice (towards or away from sweeter items) to be assessed, see Table 1. 

Orange juice was selected as the high sugar drink (rather than a sugar-sweetened carbonated 
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beverage or cordial based drink) for reasons of i) minimising provision of nutrient poor items 

to children and ii) experimental control (avoiding inconsistency in drink fizziness and 

individual preferences around strength of cordial dilutions). As evidence suggests that food 

advertising operates at a category (e.g. sugary drinks) level, rather than an individual product 

level (5), using a familiar and liked item was perceived as an appropriate option despite fruit 

juice typically being advertised to children less frequently than carbonated beverages. 

  

[TABLE 1 HERE] 

 

The food items were removed from all packaging and placed in plain white bowls. 

The beverages were provided in clear bottles with no labelling and a sports cap to prevent 

spillages. The children were allowed 15 minutes to eat and drink as much or as little as they 

wanted. They could, on request, receive more of any item. After 15 minutes the trays were 

collected. The remaining items were weighed, and subsequent calculations determined the 

amount of each item consumed and the overall kcal and sugar intake. 

 At the end of the second session, a dental examination was undertaken by two UK 

General Dental Council registered dentists (JK, RF). As children of this age are at different 

stages of dental development, only first permanent molars were examined. The dental 

examination involved a visual inspection under using a high-powered head-torch (Energizer 

Vision HD+ Focus headlight- 300 Lumens). A disposable mirror and probe (Kerr TotalCare, 

sterile dental mirror and periodontal probe) were used to explore the tooth surfaces. Any 

decayed, missing or filled teeth were noted and a Decayed, Missing, Filled Teeth (DMFT) 

score was recorded. DMFT is a long established and commonly used method of assessing 

dental caries prevalence(34). Where possible children were assessed by both dentists 

independently (66 children were assessed by both dentists and the remainder by one dentist 
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(JK)). Inter-examiner reliability was calculated for DMFT. Also at the second session only, 

children’s height (metres) and weight (kilograms) were measured using a stadiometer 

(Leicester Portable Height Measure: SECA) and digital scale accurate to 0.2kg (SECA 875 

Flat Scales). These data were not obtained for two children. 

 

Statistical Analysis 

DMFT scores, representing experience of dental caries, were converted to a dichotomous 

‘present’ (DMFT score of 1, 2, 3, or 4 indicating experience) or ‘absent’ (DMFT score of 0, 

no experience). BMI was calculated using height and weight data, and weight status was 

defined using cut-off points equivalent to adult BMIs of 25kg/m2 (overweight) and 30kg/m2 

(obese)(35) respectively. Due to disparities in weight status group sizes, children with 

overweight and obesity were combined into a single ‘overweight/obesity’ group for analysis 

purposes. Parents provided the child’s home postcode, which was used to calculate the Index 

of Multiple Deprivation (IMD) using the English indices of deprivation 2010 as markers of 

SES(36). Using this tool, participants were assigned to one of five quintile groups ranging 

from “least deprived” to “most deprived”. 

 Data were analysed using IBM ® SPSS ® Statistics Version 24 and SAS software 

version 9.4. Cohen’s Kappa statistic was used to calculate the inter-examiner reliability of the 

duplicated dental examinations, this was 0.87 for DMFT with an observed agreement of 

96.97%. The effect of advert type on overall intake of kcals and sugar was analysed using 

repeated measures mixed models, adjusting for the fixed effect of sequence (first or second) 

and random effect of group allocation. Differences in the effect of advertisement exposure in 

groups based on caries experience, weight status and SES were explored by adding these 
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variables and interaction terms to the models. All models were fitted using PROC MIXED in 

SAS. 

 

Results: 

Table 2 lists demographic and anthropometric characteristics of the completing participants. 

The levels of overweight and obesity recorded in the sample were broadly consistent with 

national statistics(37). This was a relatively deprived sample, with 89.1% of participants 

falling into the two most deprived quintiles, and the proportion of children with caries 

experience (19.8%) was lower than might be anticipated based on UK national data(38). 

 

[TABLE 2 HERE] 

 

A paired t-test showed that hunger did not differ significantly across the two sessions 

(p>0.05) so this variable was not included in further analyses. 

 

Overall intake 

On average, children consumed a greater number of kcals following food advertisement 

exposure compared with after toy advertisements (see Table 3). The difference between 

advertisement types in least squares means adjusted for group and sequence was 48.6kcal 

(95% CI 13.5-83.7, p=0.007). The difference in adjusted means for sugar consumption was 

6.0g (95% CI 1.3 to 10.7, p=0.012). These increases largely reflect greater consumption of 

chocolate and jelly sweets (the items with the greatest sugar content) following the food 

advertisements relative to the toy advertisements (see Table 3). No significant differences in 

drink consumption (drink choice or volume consumed) were seen between conditions. 
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[TABLE 3 HERE] 

 

Intake and experience of dental caries 

There was a significant interaction between advertisement exposure and experience of dental 

caries on intake in kcal (p=0.044). Adjusted mean differences in intake between food and toy 

advertisements were 31.0 kcal (95%CI -7.5 to 69.6) in those without caries experience, and 

120.3 (95%CI 42.4 to 198.2) in those with caries experience. Sugar consumption also showed 

a statistically significant interaction effect (p=0.030), with adjusted mean differences of 3.5g 

(95%CI -1.6 to 8.6) in those without caries experience, and 16.2g (95%CI 5.9 to 26.5) in 

those with caries experience.  

 

Intake and weight status 

The kcal intake of children with overweight and obesity was slightly lower in the food 

advertisement condition relative to the toy advertisement condition (difference in adjusted 

means of -24.2kcal (95% CI -98.7, 50.3)) and the interaction term from the repeated measures 

mixed model showed the difference in response between that group and those of a healthy 

weight (who showed an adjusted mean increase in intake of 66.6kcal after food 

advertisements) was statistically significant (p=0.037). Similarly, children with overweight 

and obesity consumed slightly less sugar after food advertisements than after toy 

advertisements (adjusted mean reduction of 2.8 (95%CI -12.8 to 7.1)), but there was no 

statistically significant difference (p=0.060) in response when compared with those children 

of a healthy weight (who showed an adjusted mean increase in sugar intake after food 

advertisements of 8.1 (95% CI 2.8 to 13.3)). 
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Intake and SES 

Inclusion of SES in the models did not show any statistically significant interaction effects.  

 

Discussion: 

Following exposure to cariogenic food and beverage advertisements, children in this study 

consumed a greater amount of the test items (both in terms of kilocalories and sugar content) 

relative to after toy advertisements. This is consistent with previous research both in terms of 

the observed differences in overall intake(6, 15) and the ‘beyond-brand’ nature of the 

advertising effect(39), whereby food advertisement exposure does not just influence 

consumption of the specific product(s) advertised but extends to others in the same category 

(in this instance, snacks)(40). The effects were driven by increased intake specifically of the 

items with the greatest sugar content (chocolate and jelly sweets with 54.4g and 55g of sugar 

per 100g of product respectively) which is consistent with the conclusion of Hastings et al., 

that food marketing operates at a food type or category level(40). 

 Although the effects were relatively small (increases of 48.6 kcal and 6g sugar 

respectively), they should be considered in the context of children’s overall energy balance 

and the so-called ‘energy gap’(41). A sustained daily overconsumption (relative to energy 

requirements) of just 46 kcal/day can be sufficient to lead to the development of overweight 

in children(42). Indeed, the global rises in obesity prevalence are the result of relatively small 

but repeated, cumulative increases in overall energy intake by individuals(43). Small, 

individual level effects can be hugely impactful when seen across populations(44). 

Furthermore, the current study only examined short-term intake responses to acute 

advertisement exposure. In reality, children are continually exposed to food marketing 

delivered via numerous platforms (e.g. television, Internet, outdoor, event sponsorship, point 

of sale retail environments(45)) in many settings, and repeated over time. This ‘real world’ 
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experience of food marketing exposure is likely to lead to an amplification of the effects 

observed in this study. 

 There were differences in food intake response to the advertising exposure across sub-

groups related to dental health. Children with experience of dental caries had a greater intake 

response relative to those with no experience of dental caries. This finding is consistent with 

that of Gatou et al.,(30). This should not necessarily be taken as evidence that children with 

dental caries are more likely to respond to food advertising per se, as dental caries may 

simply be a proxy for prior intake of sugary foods or prior advertising exposure. Longitudinal 

research is needed to properly tease out the interrelationships between these factors and their 

causality. 

 There were also observed differences in food intake response to food advertisement 

exposure across weight status groups for kcal intake (but not sugar). However, this was in the 

opposite direction to that hypothesised as the children with overweight and obesity consumed 

fewer calories after food advertisement exposure than after the toy advertisements whereas 

those of a healthy weight consumed more. The extant evidence supports a causal link 

between food marketing exposure and weight gain in children(8) and previous research has 

suggested that this at least partly reflects a greater acute food intake response to the 

advertising content in children with overweight and obesity(15). Our findings do not support 

this. However the effects observed here may have been driven by social desirability, in light 

of perceived links between self-efficacy and having overweight and obesity in childhood, as 

well as social devaluation and stigmatization of children with excess weight(46). It may also 

reflect habitual behaviours of the healthy weight children, who may be more likely to be 

physically active and be permitted to consume sugar-containing snack foods at home. 

Advertising is thought to be influential across a hierarchy of behavioural outcomes(47), it is 
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currently unclear whether robust weight status effects occur consistently across any of these 

outcomes. These gaps in understanding should be addressed by future research.  

There were also no observed differences in intake patterns across the five quintiles of 

SES. There is a marked socioeconomic gradient to obesity whereby in industrialised nations 

those of lower SES have a much greater risk of obesity(48), however, the current study does 

not support the premise that greater reactivity to advertising contributes to this phenomenon. 

This is in contrast to previous studies(13, 14) but may reflect the lack of variation in SES in this 

sample (the vast majority of participants fell in the two most deprived quintiles). Advertising 

could still contribute to the SES gradient to obesity via greater exposure of food marketing in 

low SES groups(10). 

The lack of group differences appears to be at least partly an issue of power. The 

study was powered for our primary hypothesis (overall intake across advertisement 

conditions), not for the secondary considerations of dental caries, weight status or SES. It is 

clear that obesity and dental caries have common risk factors other than overconsumption of 

sugar, including SES(49), and larger studies with more heterogeneous samples will be required 

to explore the interrelationships between these factors and marketing further. 

 

Limitations of the study 

This paper describes a small experimental study, with a relatively homogeneous sample. The 

5-point Likert scale for hunger has not been validated. The advertising exposure was of brief 

duration on each occasion (approximately two minutes) and immediate food and beverage 

intake was measured from a small selection of items. This within-subjects experimental 

design accounts for any underlying food preferences but does not measure sustained effects 

beyond the testing period or the effects of cumulative exposure. The particular selection of 
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foods offered for consumption may also be considered a limitation, as children had a binary 

choice between sweets and fruit and did not have the option of selecting savoury items (e.g. 

potato crisps) as an indication of reduced sweet preference. Because of this we are unable to 

fully disentangle whether the observed effects reflect changing preference for sugar content 

across advertising conditions or a category level (confectionery) cued consumption effect in 

the food advertising condition. In addition, although children were asked to keep other eating 

behaviour (e.g. breakfast consumption) and physical activity consistent across study days 

(and the prior 24-hour period), the level of compliance with these instructions is unknown. 

Fluid intake prior to the test sessions was also not controlled for, which may have influenced 

snack intake. Awareness of the dental examination taking place at the end of the second study 

session may also have affected eating behaviour (choice of snacks, level of consumption) in 

some participants. 

 

Conclusion 

To the authors’ knowledge, this is the first study to have empirically tested the impact of 

exposure to high sugar food and beverage advertising specifically on intake of sweet foods 

while also exploring the role of dental health, body weight and SES in this effect. Exposure to 

such advertising did increase sugar and energy intake in this sample of children, and therefore 

these data have implications for dental health as well as general dietary-related health and 

body weight. This study adds to the body of evidence suggesting that the marketing of HFSS 

foods could negatively impact on sugar and energy intakes in children, and therefore supports 

action to reduce children’s exposure to the advertising of HFSS foods across all broadcast 

and non-broadcast media. 

 



15 

 

Acknowledgements: 

The authors wish to thank Lee Cooper and Gleb Komarov for their assistance with data 

collection. We are grateful to the participating school, pupils and parents and to the peer 

reviewers for their constructive feedback on a previous version of this manuscript. 

 

Financial Disclosure: The authors have no financial relationships relevant to this article to 

disclose. 

 

Funding source: Funded by the University of Liverpool Doctorate in Dental Science (DDSc) 

research fund. 

 

Potential Conflicts of Interest: The authors have no conflicts of interest relevant to this 

article to disclose. 

 

Contributors’ Statement: 

Mr Kearney conceptualized and designed the study, co-ordinated data collection, collected 

data, carried out the initial analyses, and reviewed and revised the manuscript. 

Dr Fitzgerald conceptualized and designed the study, drafted the protocol, collected data, and 

reviewed and revised the manuscript. 

Dr Burnside conceptualized and designed the study, supervised statistical analysis, and 

reviewed and revised the manuscript. 

Prof Higham conceptualized and designed the study, collected data, and reviewed and revised 

the manuscript. 



16 

 

Dr Flannigan and Prof Halford conceptualized and designed the study and reviewed and 

revised the manuscript. 

Dr Boyland conceptualized and designed the study, supervised data collection, collected data, 

contributed to data analysis and critically reviewed and revised the manuscript for important 

intellectual content. 

All authors approved the final manuscript as submitted and agree to be accountable for all 

aspects of the work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 

 

References: 

 

1. World Health Organization A framework for implementing the set of recommendations on 
the marketing of foods and non-alcoholic beverages to children. 
https://www.who.int/dietphysicalactivity/framework_marketing_food_to_children/en/. 
Accessed July 20, 2020.  
2. Swinburn BA, Sacks G, Hall KD et al. (2011) The global obesity pandemic: shaped by 
global drivers and local environments. Lancet 378, 804-814. 
3. Monteiro CA, Moubarac JC, Cannon G et al. (2013) Ultra-processed products are 
becoming dominant in the global food system. Obesity reviews : an official journal of the 

International Association for the Study of Obesity 14 Suppl 2, 21-28. 
4. World Health Organization Report of the Commission on Ending Childhood Obesity. 
https://www.who.int/end-childhood-obesity/publications/echo-report/en/. Accessed April 6, 
2020.  
5. Cairns G, Angus K, Hastings G et al. (2013) Systematic reviews of the evidence on the 
nature, extent and effects of food marketing to children. A retrospective summary. Appetite 
62, 209-215. 
6. Boyland EJ, Nolan S, Kelly B et al. (2016) Advertising as a cue to consume: a systematic 
review and meta-analysis of the effects of acute exposure to unhealthy food and nonalcoholic 
beverage advertising on intake in children and adults. Am J Clin Nutr 103, 519-533. 
7. Sadeghirad B, Duhaney T, Motaghipisheh S et al. (2016) Influence of unhealthy food and 
beverage marketing on children's dietary intake and preference: a systematic review and 
meta-analysis of randomized trials. Obesity reviews : an official journal of the International 

Association for the Study of Obesity 17, 945-959. 
8. Norman JA, Kelly B, Boyland EJ et al. (2016) The impact of marketing and advertising on 
food behaviours: Evaluating the evidence for a causal relationship. Curr Nutr Rep 5, 139-149. 
9. Smith R, Kelly B, Yeatman H et al. (2019) Food Marketing Influences Children's 
Attitudes, Preferences and Consumption: A Systematic Critical Review. Nutrients 11, 875. 
10. Adams J, Tyrrell R, Adamson AJ et al. (2011) Socio-economic differences in exposure to 
television food advertisements in the UK: A cross-sectional study of advertisements 
broadcast in one television region. Public Health Nutrition 15, 487-494. 
11. Powell LM, Wada R, Kumanyika SK (2014) Racial/Ethnic and Income Disparities in 
Child and Adolescent Exposure to Food and Beverage Television Ads across U.S. Media 
Markets. Health & place 29, 124-131. 
12. Fleming-Milici F, Harris JL (2018) Television food advertising viewed by preschoolers, 
children and adolescents: contributors to differences in exposure for black and white youth in 
the United States. Pediatr Obes 13, 103-110. 
13. Kumanyika S, Grier S (2006) Targeting interventions for ethnic minority and low-income 
populations. Future Child 16, 187-207. 
14. D'Alessio M, Laghi F, Baiocco R (2009) Attitudes towards TV advertising: A measure 
for children. Journal of Applied Developmental Psychology 30, 409-418. 
15. Russell SJ, Croker H, Viner RM (2018) The effect of screen advertising on children's 
dietary intake: A systematic review and meta-analysis. Obes Rev 20, 554-568. 
16. Al-Mazyad M, Flannigan N, Burnside G et al. (2017) Food advertisements on UK 
television popular with children: a content analysis in relation to dental health. Br Dent J 222, 
171-176. 

https://www.who.int/dietphysicalactivity/framework_marketing_food_to_children/en/
https://www.who.int/end-childhood-obesity/publications/echo-report/en/


18 

 

17. Wang Y, Beydoun MA (2007) The Obesity Epidemic in the United States—Gender, Age, 
Socioeconomic, Racial/Ethnic, and Geographic Characteristics: A Systematic Review and 
Meta-Regression Analysis. Epidemiologic Reviews 29, 6-28. 
18. Ng M, Fleming T, Robinson M et al. (2014) Global, regional, and national prevalence of 
overweight and obesity in children and adults during 1980-2013: a systematic analysis for the 
Global Burden of Disease Study 2013. Lancet 384, 766-781. 
19. Fisher J, Selikowitz H-S, Mathur M et al. (2018) Strengthening oral health for universal 
health coverage. The Lancet. 
20. Petersen PE (2008) World Health Organization global policy for improvement of oral 
health - World Health Assembly 2007. International Dental Journal 58, 115-121. 
21. GBD (2017) Disease and Injury Incidence and Prevalence Collaborators. Global, 
regional, and national incidence, prevalence, and years lived with disability for 328 diseases 
and injuries for 195 countries, 1990–2016: a systematic analysis for the Global Burden of 
Disease Study 2016. The Lancet 390, 1211-1259. 
22. Agaku IT, Olutola BG, Adisa AO et al. (2015) Association between unmet dental needs 
and school absenteeism because of illness or injury among U.S. school children and 
adolescents aged 6–17years, 2011–2012. Preventive Medicine 72, 83-88. 
23. Ribeiro GL, Gomes MC, de Lima KC et al. (2015) Work absenteeism by parents because 
of oral conditions in preschool children. International Dental Journal 65, 331-337. 
24. Hayden C, Bowler JO, Chambers S et al. (2013) Obesity and dental caries in children: a 
systematic review and meta-analysis. Community Dent Oral Epidemiol 41, 289-308. 
25. Selwitz RH, Ismail AI, Pitts NB (2007) Dental caries. The Lancet 369, 51-59. 
26. World Health Organization (2015) Guideline: Sugars intake for adults and children. 
Geneva. 
27. Anand N, Suresh M, Chandrasekaran SC (2014) Effect of Obesity and Lifestyle on the 
Oral Health of Pre Adolescent Children. Journal of Clinical and Diagnostic Research : JCDR 
8, 196-198. 
28. Silva RNMT, Duarte DA, de Oliveira AM (2020) The influence of television on the food 
habits of schoolchildren and its association with dental caries. Clinical and Experimental 

Dental Research 6, 24-32. 
29. Ghimire N, Rao A (2013) Comparative evaluation of the influence of television 
advertisements on children and caries prevalence. 2013 6. 
30. Gatou T, Mamai-Homata E, Koletsi-Kounari H et al. (2016) The short-term effects of 
television advertisements of cariogenic foods on children's dietary choices. International 

Dental Journal 66, 287-294. 
31. Boyland EJ, Harrold JA, Kirkham TC et al. (2011) Food Commercials Increase 
Preference for Energy-Dense Foods, Particularly in Children Who Watch More Television. 
Pediatrics 128, e93-e100. 
32. Halford JCG, Gillespie J, Brown V et al. (2004) Effect of television advertisements for 
foods on food consumption in children. Appetite 42, 221-225. 
33. McGale L, Halford JCG, Harrold JA et al. (2016) The Influence of Brand Equity 
Characters on Children's Food Preferences and Choices. Appetite 177, 33-38. 
34. Klein H, Palmer CE, Knutson JW (1938) Studies on Dental Caries: I. Dental Status and 
Dental Needs of Elementary School Children. Public Health Reports (1896-1970) 53, 751-
765. 
35. Cole TJ, Bellizi MC, Flegal KM et al. (2000) Establishing a standard definition for child 
overweight and obesity worldwide: international survey. Br Med J 320, 1240-1243. 
36. Department for Communities and Local Government The English Indices of Deprivation 
2010. 



19 

 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.
pdf (accessed 12th January 2017).  
37. NHS Digital (2017) Health Survey for England, 2016. Available from 
https://digital.nhs.uk/catalogue/PUB30169, accessed February 16th 2018. 
38. Pitts N, Chadwick B, Anderson T (2015) Children’s Dental Health Survey 2013. Report 
2: Dental Disease and Damage in Children: England, Wales and Northern Ireland. Health 

and Social Care Information Centre https://digital.nhs.uk/catalogue/PUB17137. 
39. Halford JCG, Boyland EJ, Hughes GM et al. (2008) Beyond-brand effect of television 
food advertisements on food choice in children: the effects of weight status. Public Health 

Nutr 11, 897-904. 
40. Hastings G, Stead M, McDermott L et al. (2003) Review of research on the effects of food 

promotion to children. Centre for Social Marketing, The University of Strathclyde. 
41. van den Berg SW, Boer JMA, Scholtens S et al. (2011) Quantification of the energy gap 
in young overweight children. The PIAMA birth cohort study. BMC Public Health 11, 326. 
42. Plachta-Danielzik S, Landsberg B, Bosy-Westphal A et al. (2008) Energy gain and 
energy gap in normal-weight children: longitudinal data of the KOPS. Obesity (Silver Spring) 
16, 777-783. 
43. Ford ES, Dietz WH (2013) Trends in energy intake among adults in the United States: 
findings from NHANES. Am J Clin Nutr 97, 848-853. 
44. Gortmaker SL, Swinburn BA, Levy D et al. (2011) Changing the future of obesity: 
science, policy, and action. Lancet 378, 838-847. 
45. Boyland EJ, Whalen R (2015) Food advertising to children and its effects on diet: review 
of recent prevalence and impact data. Pediatric Diabetes 16, 331-337. 
46. Di Pasquale R, Celsi L (2017) Stigmatization of Overweight and Obese Peers among 
Children. Frontiers in Psychology 8. 
47. Kelly B, King ML, Chapman MNDK et al. (2015) A Hierarchy of Unhealthy Food 
Promotion Effects: Identifying Methodological Approaches and Knowledge Gaps. Am J 

Public Health 105, e86-e95. 
48. Wang Y, Lim H (2012) The global childhood obesity epidemic and the association 
between socio-economic status and childhood obesity. International review of psychiatry 

(Abingdon, England) 24, 176-188. 
49. Hooley M, Skouteris H, Boganin C et al. (2012) Body mass index and dental caries in 
children and adolescents: a systematic review of literature published 2004 to 2011. 
Systematic Reviews 1, 57-57. 

 

 

 

 

 

 

 

 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/6871/1871208.pdf
https://digital.nhs.uk/catalogue/PUB30169
https://digital.nhs.uk/catalogue/PUB17137


20 

 

TABLE 1. Nutritional composition of the test food and drink items. 

Food/beverage item Kilocalories (kcal) per 100g Grams (g) of sugar per 100g 

Foods   

Chocolate buttons 540.0 54.4 
Jelly sweets 345.0 55.0 

Grapes 66.0 13.0 
Carrot sticks 42.0 7.2 

   

Beverages   

Orange juice 47.0 10.5 

Water 0.0 0.0 
 

 

TABLE 2. Characteristics of completing participants. 

Characteristic  Number Percentage 

Sex 

 

 

 

Agea 
 

 

 

 
Socioeconomic status 
(SES) 

 
Male 
Female 
 
 
8 
9 
10 

 
40 
61 
 
 
8 

46 
47 

 
39.6 
60.4 

 
 

7.9 
45.5 
46.5 

 Quintile 1 (Least deprived) 
Quintile 2 
Quintile 3 
Quintile 4 
Quintile 5 (Most deprived) 

2 
3 
6 

53 
37 

2.0 
3.0 
5.9 
52.5 
36.6 

Weight statusb    
 Normal weight 77 76.2 
 Overweight/obesity 22 21.8 
Caries experience 
(DMFT) 

   

 Absent 81 80.2 
 Present 20 19.8 

a Does not equal 100% due to rounding 

b No weight or height data obtained for 2 study participants 
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TABLE 3. Mean sugar (g) and caloric (kcal) intake of individual items across advertisement conditions 

Food/ 
beverage 
item 

Mean 
intake after 
toy 
advertiseme
nts (g) 

SD Mean intake 
after food 
advertisemen
ts (g) 

SD Mean sugar 
intake after 
toy 
advertiseme
nts (g) 

SD Mean sugar 
intake after 
food 
advertisemen
ts (g) 

SD Mean caloric 
intake after 
toy 
advertisement
s (kcal) 

SD Mean caloric 
intake after 
food 
advertisemen
ts (kcal) 

SD 

Foods             

Chocolat
e buttons 

46.9 35.6 51.6 32.5 25.5 19.4 28.1 17.7 252.7 193.0 278.7 175.7 

Jelly 
sweets 

40.9 41.0 48.6 44.5 22.5 22.6 26.7** 24.5 141.1 141.5 167.6** 153.7 

Grapes 76.8 56.8 75.5 66.2 11.8 8.7 11.6 10.2 50.7 37.5 49.8 43.7 

Carrot 
sticks 

26.2 38.1 25.2 35.4 1.9 2.7 1.8 2.5 11.0 16.0 10.6 14.9 

             

Beverage

s 

            

Orange 
juice 

132.8 156.4 127.0 129.0 13.9 16.4 13.3 13.5 62.4 73.5 59.7 60.6 

Water 147.5 138.0 152.1 136.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 471.1 211.2 479.9 175.8 75.6 36.6 81.6* 33.2 518.0 255.7 566.4* 229.9 

** p < 0.01, * p < 0.05; results from paired t-tests between toy and food conditions using actual means (data in text of results section are estimated least 

squares means from the model adjusting for group and sequence). 

 


