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Abstract 

Background  In England, 23% of children aged 11 start their teenage years living with obesity. An adolescent living 
with obesity is five times more likely to live with obesity in adult life. There is limited research and policy incorporating 
adolescents’ views on how they experience the commercial determinants of dietary behaviour and obesity, which 
misses an opportunity to improve services and policies that aim to influence the prevalence of childhood obesity. 
This study reports the findings from online Group Model Building system mapping workshops in which we explored 
the mechanisms by which commercial drivers influence adolescents’ dietary behaviour.

Methods  We ran a series of 3 online Group Model Building workshops with adolescents and one Group Model 
Building workshop with policymakers and public health practitioners. Adolescents portrayed their views on how food 
and beverage industries influence what they choose to buy and eat in a system map, and then proposed a set 
of policy actions to promote healthier food environments. We shared the system map created by adolescents 
with policymakers and public health practitioners to reflect on how current policy interventions match adolescents’ 
views on the most influential factors.

Results  The system map contains 37 elements connected by 70 hypothesised causal links and five feedback loops. 
These elements were grouped into six themes that portray the complexity of factors that influence adolescents’ food 
choices in their physical and digital environments, disproportionately encouraging the consumption of unhealthy 
products. Policymakers and public health practitioners reflected on the power and the deep level of influence 
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food companies exert on adolescents’ behaviour. They recognised that the coexisting influence of food marketing 
and social media on mental health and body image is not well reflected in current policy and research efforts.

Conclusions  This study highlights the need for public health policymaking processes to provide youth with a space 
to voice influential elements and consequences, thereby co-creating policies and designing interventions to buffer 
risk factors and increase well-being in this critical transitional stage.

Keywords  Group Model Building, Adolescence, System mapping, Public health, Dietary behaviour, Commercial 
determinants of health

Strengths and limitations of this study

•	 Group model building was a feasible, engaging, 
enjoyable and cost-saving method to engage partici-
pants with system thinking tools and system dynamic 
concepts

•	 Adolescents developed a comprehensive system map 
that reflected their views on how the commercial 
food system influences their dietary behaviour.

•	 GMB was a feasible approach to involve adolescents 
in research and an effective starting point to give 
voice to their views and develop policies that reflect 
what matters to them.

•	 Diversity in recruitment was limited, and having par-
ticipants from different ethnicities and socio-eco-
nomic positions could have identified slightly differ-
ent factors and identified unique factors that widen 
health inequalities.

•	 Policymakers and public health practitioners found 
the system map a useful tool to visualise factors that 
are commonly left out when designing interventions 
and that go beyond interventions that require high 
agency from individuals.

•	 The study’s sample does not encompass the diversity 
of the general population, and thus the results may 
not be generalizable beyond the specific group of 
participants included.

Background
Adolescent obesity puts youth at an increased risk of 
greater long-term psychological and physical health 
problems [1]. Obesity tracks into adulthood and a child 
living with obesity is five times more likely to live with 
obesity as an adult [2]. The causes of obesity are multifac-
eted and have different drivers at different levels, from an 
individual’s genetic predisposition, their beliefs, skills and 
health behaviours, and their interaction with the physi-
cal environment and the commercial and political driv-
ers of diet and physical activity [3–5]. Strategies to tackle 
obesity should include systemic drivers that go beyond 
individual-level solutions [6, 7]. A recent study that col-
lated data from 10 local authorities in England found that 

there is a mismatch between the perceived causes of obe-
sity and where intervention efforts are placed. Specifi-
cally, most intervention efforts aim to change individual 
lifestyle factors via educational approaches as opposed to 
targeting the wider determinants of health which involve 
the environment, policies or infrastructure [8].

Commercial drivers and the influence of food market-
ing on dietary behaviour, particularly the ones targeting 
adolescents, promote the consumption of energy dense, 
nutrient poor food products, which can contribute to the 
prevalence of overweight and obesity [9, 10]. A recent 
systematic review [11] defined the commercial determi-
nants of obesity as food industry strategies focused at 
producing, promoting and increasing the sales of obeso-
genic foods and beverages, sometimes at the expense of 
public health. These strategies are of particular impor-
tance since they appeal to adolescents’ increased auton-
omy and agency alongside their urge for belonging and 
uniqueness [12].

Adolescence is a transitional phase within the life 
course that involves increased autonomy, independence 
and decision-making capacity, as well as creation and 
integration of social norms which sets adolescents in a 
unique position to become involved in nutrition policy 
by providing their lived experience and recommenda-
tions to improve their food choice environments [13, 14]. 
Adolescents are different from younger children since 
they exercise a greater food choice over what and when 
they choose to buy and eat [15]. Demographic changes 
have also resulted in the current group of adolescents 
being the largest generation of 10–24 year-olds in human 
history [16]. The large size of this group has made adoles-
cents a key food and beverage industry target to increase 
sales and profits [17].

Systems approaches have been advocated as a way 
of understanding the complexity of the many interact-
ing factors driving unhealthy diets and obesity [18, 19]. 
Group model building (GMB) is a facilitated, participa-
tory modelling method based on system dynamics [20], 
where stakeholders elicit their mental models of a given 
problem and create a shared understanding of a complex 
system [21] in the form of a causal loop diagram (CLD) 
(i.e. system map). GMB helps in generating qualitative 
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hypotheses’ of the dynamics of a complex problem [20]. 
GMB also makes it possible to visualise potential lever-
age points in the system where interventions can be 
delivered, which can guide the development of policy 
responses [22, 23].

Research shows that young people tend to be system-
atically excluded from decision making [24], and there 
is limited research incorporating adolescents’ views on 
how they perceive and experience the commercial deter-
minants of dietary behaviour and obesity [25]. Youth 
participation and incorporating their views into decision-
making processes can positively affect their personal 
development and can improve services and policies that 
aim to target [26].

This qualitative study aims to develop a depiction of 
the commercial obesogenic food system in adolescents in 
the Southwest of England, to identify the key elements of 
influence and their interrelations. This will allow hypoth-
esising causal pathways and find potential opportuni-
ties for effective policy interventions to reduce/prevent 
obesity in adolescence. This aim will be fulfilled through 
‘systems mapping’ workshops, using GMB as the core 
methodology, with a range of stakeholders, including 
groups of adolescents, as well as policymakers and public 
health practitioners, in the Southwest of England.

Methodology
Participant recruitment
Covid‑19 restrictions
This qualitative study was initially designed to be in-
person across to reach 4 schools from different socio-
economic status (SES) (4 workshops of 10 adolescents 
aged 16 to 18 in each school; n = 40 adolescents) and two 
groups of policymakers and public health practitioners in 
the Southwest of England (2 workshops of 7 participants 
each; n = 14 policymakers and public health practition-
ers). However, with the Covid-19 lockdown restrictions 
the system mapping workshops had to be re-designed 
and changed to an online format, limiting the participant 
number and diversity we aimed to achieve initially. The 
re-design of the workshops into an online format and the 
detailed methodology we undertook has been published 
elsewhere [27].

Online recruitment during the Covid‑19 pandemic
With the Covid-19 restrictions we recruited participants 
for this study online from May 2020. Thirteen commu-
nity youth groups with available email accounts, based 
in the Southwest of England were contacted via their 
institutional emails. Previous research suggests that hav-
ing 10 to 20 participants in online discussions allows the 
facilitator to effectively encourage meaningful interac-
tions among them [28]. Therefore, we aimed to target a 

study population of 14 adolescent boys and girls (16-to-
18-years old at the time of the workshops). Community 
groups were emailed an information sheet about the 
study and contact details to get back in touch via email 
in case any of their youth members wanted to take part. 
Three youth groups responded (Bristol Young People’s 
Advisory Group (YPAG), Avon Scouts, and Knowle West 
Media Centre), nine did not respond and one did not take 
part because of lack of interest in participating from any 
of their community members. We purposively recruited 
participants that showed interest in the study, after 
reading the study invitation and information sheet that 
will was shared via the Young People’s Advisory Group 
(YPAG) NIHR ARC West and did snowballing sampling 
after that to reach the recruitment numbers (n = 14). We 
recruited from these groups adolescents between 16–18 
years, living in the Southwest of England, with access to 
a stable Wi-Fi connection who were willing to participate 
in the 3 online sessions (2 individual sessions and 1 work-
shop). Participants were offered a £30 online voucher for 
participating partly or in all three online sessions. Signed 
consent forms were emailed back to YCU to allow ado-
lescents to take part in the study.

Public health practitioners and policymakers were 
recruited through existing networks of contacts (i.e., Uni-
versity of Bristol, NIHR Applied Research Collaboration 
(ARC) West) and snowballing by asking interested par-
ticipants to approach others who could be suitable. We 
aimed to recruit between 10 and 14 public health prac-
titioners and policymakers for our online discussions, 
as suggested by previous research [28]. All the study 
information (information sheet, consent forms, online 
platform joining instructions) was sent via email. Signed 
consent forms were emailed back to YCU to allow public 
health practitioners and policymakers to take part in the 
study.

Group model building methods
The detailed methodology has been described else-
where [27]. In summary, we used GMB as a method to 
produce a system map, in the form of a causal loop dia-
gram (CLD), of the commercial determinants of dietary 
behaviour and obesity. The main parts of a CLD are: 1) 
the contributing elements to the problem; 2) connections 
between these elements; and 3) feedback loops. The ele-
ments (also called factors or variables) thought to be the 
cause or consequence of a given problem. The connec-
tions between elements explain the relationship between 
them and are denoted by a polarity (+ or –, also repre-
sented by a continued or a dotted arrow respectively). 
A positive polarity represents that a change in a cause 
variable will produce a response in the outcome variable 
in the same direction. A negative polarity means that a 
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change in the cause variable will produce a response in 
the outcome variable in the opposite direction. Feedback 
loops are the circular nature of cause and effect and show 
the interaction between the system variables and how 
these interactions influence the system. Feedback loops 
are described as reinforcing ( +): an action that creates 
a result producing more of the same action, resulting 
in continued growth or decline. For example, the more 
money you have in a bank account, the more interest it 
will generate, which will generate an increase of money 
in your bank account. Or balancing feedback loops (-): 
an action that creates a result which produces the oppo-
site direction of the initial action, and can be considered 
resistance forces, and help in maintaining stability or 
limiting growth. For example, when the temperature in a 
room goes below (above) certain threshold, the thermo-
stat begins to increase (decrease) the temperature of the 
room to keep it within the threshold. Feedback processes 
are considered to give rise to the population distribution 
of complex health behaviours [29, 30]. Therefore, identi-
fying feedback loops can point into promising leverage 
points to target interventions and change the systems’ 
behaviour.

Overview of GMB sessions, workshop and data analysis
We conducted two individual online sessions and one 
online system mapping workshop with adolescents 
via BlueJeans, an online video conference software. Ses-
sion 1 was an individual session with each adolescent in 
which they were introduced to the problem using a sys-
tem mapping approach (i.e., elements, connections with 
polarity and feedback loops) and created their first sys-
tem map. A software called STICK-E (Systems Thinking 
In Community Knowledge Exchange), which was devel-
oped in Deakin University, Melbourne, Australia, was 
used to visualise the system map [31]. Between session 
one and the GMB workshop, the system maps created by 
the adolescents were combined by YCU into one over-
arching system map containing all proposed elements 
and connections. We used this overarching system map 
to prompt discussion in the GMB workshop, which was 
held as a group. Supplementary material 1 provides a dia-
gram with an overview of the two online sessions and the 
workshop.

In the GMB workshop, adolescents further devel-
oped the overarching system map, prioritised variables, 
explained causal connections between variables, and 
identified feedback loops. Adolescents were encouraged 
to examine the structure of the system map and change, 
add, or correct any misrepresentation of elements and 
feedback loops in the model. Once they agreed that the 
map correctly represented their thoughts, we consid-
ered the session concluded. The GMB workshop was 

video-recorded. Between the GMB workshop and the 
second individual session, we analysed the system map 
alongside the recording and notes taken during the work-
shop. Data analysis followed principles of thematic analy-
sis and similar elements from the map were grouped into 
themes.

In the second online individual session, we shared the 
system map with each adolescent individually. They were 
asked to review and consider whether the map repre-
sented their ideas and how they meant them to be rep-
resented. Key feedback loops were articulated, and we 
refined narratives and themes. Once they agreed that the 
system map represented their thoughts accurately, the 
map was considered validated. The adolescents had no 
disagreement or non-validation during the group or indi-
vidual workshops.

During the second individual session, adolescents were 
asked to devise solutions and generate a list of interven-
tions or policies to target feedback loops that they con-
sidered important in developing the current system’s 
behaviour (i.e., one favouring unhealthy eating behav-
iour). Prompting them with solutions could have tainted 
their thoughts on policy solutions, so they were given 
enough time to think freely about ideas to target the 
system.

In a subsequent 1-h online workshop, the validated 
system map was shared with public health practitioners 
and policymakers. They were asked if they thought of 
any missing elements on the map that they considered 
important drivers to understand the commercial deter-
minant of dietary behaviour in adolescence. They were 
prompted to have a wider discussion on the complexity 
of the commercial food environment and reflect on the 
power of big corporations, which prioritise profits, versus 
public health, which prioritises population health. Ado-
lescents’ policy ideas were also shared with them to iden-
tify areas of current and unexplored policy intervention 
areas, and to discuss potential implementation of policy 
ideas. This session was video recorded in BlueJeans.

At the end of the adolescents’ and practitioners’ work-
shops they were asked to fill out an anonymous evalu-
ation form to assess their experience of taking part in 
the GMB workshops. Results from the evaluation are 
reported elsewhere [27].

The research was approved by the University of Bristol 
Faculty of Health Sciences Research Ethics Committee 
(Ref: 99,003) and written informed consent was received 
from all participants. Participant data management and 
storage followed University of Bristol Information Gov-
ernance principles. Personal data was saved in a pass-
word protected file and saved in the University of Bristol 
server. This research only shares anonymised data and 
participants are not personally identifiable.
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Results
Participant characteristics
We recruited 11 adolescents. Table 1 shows the descrip-
tive characteristics of adolescents.

Eight were female, median age was 17 years old and all 
of them were white. All adolescents had a parent/carer 
with a university degree, and five had another parent with 
a bachelor’s degree or college of further education, five 
had a parent with a master’s degree and one parent had a 
PhD. Ten adolescents’ households had at least one parent 
employed full-time and one had at least one parent self-
employed. None of the adolescents received free school 
meals. In summary, the characteristics of the small sam-
ple we were able to recruit were mainly female and from 
a middle-high socioeconomic status.

We reached sixteen practitioners and policymakers. 
Table  2 shows policymakers and public health practi-
tioner roles.

Four policymakers and two public health practition-
ers were recruited through existing network of contacts. 

Four (67%) were policymakers, whilst two (33%) divided 
their time between practice and academia.

Results from the system mapping workshop
Figure 1 shows the validated system map created by the 
adolescents and Fig.  2 shows policymakers’ and public 
health practitioners’ additions to the map.

System map themes
The system map created by adolescents (Fig. 1) illustrates 
how adolescents perceive the commercial food system 
and how it drives their food choices. The system map 
contains 37 elements connected by 70 causal links and 
five feedback loops. These elements were grouped into 
six themes that are influenced by food and beverage cor-
porations. The themes are represented by the different 
colours in the map and explained in detail below.

Table 1  Descriptive table for adolescents’ demographic characteristics

N (%)

Gender Female 8 (73)

Male 3 (27)

Age 16 4 (36)

17 6 (55)

18 1 (9)

Ethnicity White 11 (100)

Parental/carer highest educational attainment University (Bachelor’s Degree or college of further education) 5 (45)

Master’s degree 5 (45)

PhD 1 (9)

Household employment status (parent/carer 1) Employed full-time 10 (91)

Self-employed 1 (9)

Household employment status (parent/carer 2) Employed full-time 3 (27)

Employed part-time 7 (64)

Currently receiving free school meals No 11 (100)

Youth group Bristol Young People’s Advisory Group (YPAG) 10 (91)

Avon Scouts 1 (9)

Table 2  Policymakers and public health practitioner roles

Policymaker/public health practitioner Role

Policymaker 1 Clinical Commissioning Group in Southwest England

Policymaker 2 Local Authority in Southwest England

Policymaker 3 Local Authority in Southwest England

Policymaker 4 Local Authority in Southwest England

Academia and public health practitioner 1 Senior Research Associate in Southwest England

Academia and public health practitioner 2 Obesity Specialist Dietitian and Research Fellow 
in Southwest England
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Fig. 1  Validated system map created by the adolescents. Suggested instructions: This system map can be read in any direction. However, we 
suggest starting with the "Purchase of unhealthy food" box, highlighted in yellow, and following the yellow theme, which represents the most 
immediate factors affecting adolescents’ weight status. Next, readers can proceed according to the themes/colours listed in the coding guidance 
at the bottom right of the figure. Finally, readers can explore the interconnections between factors by following the arrows across different themes 
in the system map

Fig. 2  Additions to the system map by public health practitioners and policymakers. White boxes are the added elements by the practitioners 
and policymakers
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Theme 1: Increased preference for unhealthy food 
consumption and weight gain (yellow)
At the centre of the map, adolescents developed a behav-
ioural pathway where they identified that an increased 
consumption of unhealthy food can lead to weight gain 
over time. Adolescents recognised that unhealthy food 
is usually high in calories, salt, fat and sugar, and that 
having an increased consumption of these foods, due 
to its high caloric content and taste appeal, can lead to 
weight gain over time. Additionally, they acknowledged 
that these foods are more abundant in their food envi-
ronments, compared to healthy foods, increasing the 
likelihood that they will buy and consume these types of 
foods.

“Unhealthy food is usually more attractive, con-
venient, available and cheaper than healthy food. 
This makes it more likely I will buy unhealthy food 
instead of healthy food. If I buy unhealthy food I will 
eat more of it and I will eat more calories, which will 
lead to more weight.” (Adolescent 1, female, 16)

Theme 2: Physical environment that makes unhealthy food 
products abundant, highly marketed and attractive (orange)
Adolescents recognised that in their physical environ-
ment unhealthy foods are highly available, affordable, 
visible, attractive, convenient, and palatable leading to a 
taste preference for unhealthy food compared to healthy 
food.

“I see a lot more marketing for things that are 
unhealthy, and a lot more effort into convincing peo-
ple to buy those kinds of things.” (Adolescent 2, male, 
18)

An important comment they made, was the acknowl-
edgement that marketing had an influence on how they 
perceived the foods and their purchasing behaviour. Even 
when they recognised a certain food to be unhealthy ini-
tially, marketing of these foods as being healthy prompted 
them to perceive them as “healthier” than they initially 
thought, increasing their intention to purchase them.

“An increased marketing of unhealthy food increases 
the perceived healthiness I have of that food, making 
it seem that it is healthier than it actually is through 
marketing it. So, marketing changes my perception of 
something making it more attractive for me to buy 
it.” (Adolescent 3, male, 17)

Policymakers and public health practitioners also iden-
tified sport venues’ sponsorship as another form of mar-
keting in adolescents’ physical environments (Fig. 5– 6).

“I mean, most adolescents like sports and either see 

them on TV or go to see it live… and it is filled with 
marketing of burgers, pizza, sugary drinks, crisps.” 
(Academia and public health practitioner 1)

One policymaker was working directly with local food 
businesses to create a healthier eating environment; 
however, they recognised the unbalanced way unhealthy 
food is being marketed and made available compared to 
healthy food.

“I work a lot with food businesses in trying to get 
them to support the “Bristol Eating Better Award” 
offering healthier food and making them cheaper 
and more available. I am very conscious that the 
orange boxes here [physical environment’s influ-
ence] and thinking about the unbalanced marketing, 
attractiveness, the convenience, the availability, and 
the cost of unhealthy versus healthy food.” (Policy-
maker 2)

Theme 3: Decreased demand for healthy food due 
to increased preference and purchasing of unhealthy food 
(green)
Participants noted the way in which unhealthy food is 
promoted, priced, and made available, which ripples 
through the system provoking a decrease in the demand 
for healthy food. Additionally, they perceive healthy food 
as being more expensive and less available than unhealthy 
food.

“I see that healthy food are less marketed than 
unhealthy foods. And I would say that sales promo-
tion, the marketing, the low cost, the convenience, 
the attractiveness, and the increased taste preference 
for unhealthy would increase how much unhealthy 
food I buy and will decrease my intention to buy 
healthy food.” (Adolescent 4, female, 16)

Theme 4: Social media influencers, marketing of unhealthy 
products, and its effect on body image (purple)
Adolescents recognised that the effect of social media 
influencers is two-fold. On the one hand, social media 
marketing by influencers and celebrities has signifi-
cantly increased over time, adding to the marketing of 
unhealthy food they experience in their physical envi-
ronment and making unhealthy food ever-present in 
their physical and virtual environments. On the other 
hand, adolescents perceive influencers as having “ideal 
body types”. Therefore, an increase in social media influ-
encers increases their exposure to messages and images 
of “ideal body types”, creating pressure between their 
actual and desired body type. This in turn increases stress 
about their body image, feelings of “negative body image”, 
potentially eating disorders, negative feelings towards 
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food, and creates an increased awareness and demand for 
foods that are promoted as healthy (usually marketed by 
social media influencers).

“If a celebrity that looks physically healthy and is 
constantly promoting a certain food, it increases my 
perception of how healthy I think that food is. If they 
look like that and promote that food, it makes me 
believe that I will also look like that. In social media 
now I see lot of foods that are being marketed as 
healthy and I am not so sure they are as healthy as 
they say. Still, I have desire to buy them, especially if 
my friends are buying it too.” (Adolescent 5, female, 
17)

“As I grow older, I see more and more workouts 
and diets in social media. On Instagram I always 
see other girls promoting weight-loss drinks. It just 
stresses me out to see so much of it, and I question if 
I am doing enough.” (Adolescent 6, female, 16)

Policymakers and public health practitioners’ identi-
fied elements that reflect a wider and much broader cir-
cle of influence where corporations exert their influence, 
and which are potentially “out of sight” from the adoles-
cents’ experience (Fig. 2). For example, the often unseen 
and expansive commercial affiliations of social media 
influencers.

“I think there is an increased impact of influenc-
ers in social media, and they usually have a com-
mercial affiliation, and sometimes is quite opaque. 
The influencer may be talking about what they did 
during the day and talking about the cereal bar or 
whatever it is, and [adolescents] don’t even realise 
that (…) some of the stuff that people are saying has 
some sort of affiliation to a food company promoting 
not necessarily the healthiest of food. And I think it 
is something that you don’t realise even as an adult, 
let alone as an adolescent.” (Policymaker 1)

They also highlighted the importance of the underly-
ing money available to support social media influencers 
to market their products. In the current context of social 
media influencers, food companies are spending sig-
nificant resources and time in trying to understand and 
influence adolescents’ behaviour.

“(…) the budgets that are available to corporate 
organisations to essentially give that money to 
influencers is something quite big. I think because 
they (…) have a very good understanding of the 
way in which young people think, the places where 
they hang out, from a social media perspective, 
and they will spend a heck of a lot of money in try-

ing to understand the behaviours and things that 
young people do and like. And I think this is always 
the case from a public health point of view, that the 
budgets aren’t necessarily all the same so there isn’t 
opportunity to really explore young people’s habits 
because the budgets just can’t compare.” (Academia 
and public health practitioner 2)

They added that because of the deep underlying knowl-
edge commercial brands have on adolescents’ behav-
ioural patterns, social media and gaming platforms are 
being used as a very powerful marketing medium to tar-
get adolescents.

“I just saw an example of this, so FIFA and Burger 
King identified teams that young people were more 
likely to play with in the virtual gaming world. 
Burger King had become the main sponsor for this 
team that aren’t very well known, but it was the 
team that everybody played with on FIFA, so Burger 
King had a very good understanding of young people 
and how they behave on FIFA’s online gaming world 
in a way they might be able to influence them on the 
online social/gaming world, and (…) through the 
knowledge they acquire they are able to accurately 
identify where they can have an influence upon.” 
(Academia and public health practitioner 2)

In terms of factors affecting negative body image, they 
identified a marketing campaign from a known sports-
clothing line to create a social norm around plus sizes, 
reducing the pressure for skinnier body types. However, 
they recognised that it could perpetuate ideals of cer-
tain “body types” and unintendedly normalise unhealthy 
weight.

Theme 5: Perception of gender differences (red)
Adolescents expressed that the norm for an “ideal body 
type” differs between boys and girls. Boys mentioned 
that they were expected to look strong, and that they 
were laughed at when they looked skinny. Girls men-
tioned they were expected to look fit and skinny, which 
can trigger behaviours like counting calories and dieting. 
They mentioned that these perceived gender differences 
affect and are affected by the previous theme (social 
media influencers, marketing of unhealthy products, and 
its effect on body image). They mentioned that through 
social media they are constantly exposed to images of 
“ideal body types” creating a standard for how they 
should look like. When there is a discrepancy between 
the ideal and real body type it increases a “negative body 
image” of themselves, stressing them about their body 
image, potentially leading to eating disorders (i.e., stress 
eating/overeating, or dieting) as a coping mechanism.
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“We [boys] are expected to be strong and have big 
muscles. Social media influencers on Instagram 
have amazing bodies and sometimes promote pro-
tein bars and muscle bulking powders. If I am going 
to look like that, I’ll go get some of that.” (Adolescent 
7, male, 17)
“I’m lucky I am skinny. I like sports, I’m always on 
the move. A lot of my friends don’t look like me and 
I’ve seen how they stress about counting calories and 
losing weight.” (Adolescent 5, female, 17)

Theme 6: Adolescence as a key transition age for targeted 
marketing strategies (light blue)
Adolescents recognised that as they age, they become 
more independent from parents, peer-influence becomes 
more important, they become more aware of their own 
health, have more access to social media, they have more 
agency over how and where they spend their money, and 
they have more choice and control over what they choose 
to buy and eat. This transitional phase, where autonomy 
and decision-making capacity grows, alongside their urge 
for belonging and independence, makes them a strategic 
age-group for food and drink companies’ targeted mar-
keting and sales strategies that aim to create a lifelong 
loyalty for their products.

“As you get older you get more control over the food 
that you do eat, like when you are younger you eat 
whatever your parents give you. However, as you 
get older you also get more influenced by the people 
around you. So, say, what your friends are eating, or 
what people in social media are eating. You might 
feel inclined to eating the same way.” (Adolescent 8, 
female, 17)

System map validation
After the adolescents validated the system map through 
internal consensus, the map was validated and checked 
against a recent systematic review that conceptualises the 
commercial determinants of diet associated with obesity 
[11] to support external validity (see Table 3) and identify 
factors or mechanisms identified by adolescents them-
selves which have not previously been mentioned in the 
literature.

Additional views by public health practitioners 
and policymakers
During Covid-19 lockdown public health practitioners 
and policymakers became aware of the increased time 
adolescents spent on social media and how marketing, 
alongside adolescents’ increasing independence, influ-
enced where they chose to buy their food.

“I have two adolescent children, and I have seen such 

a shift, particularly during [Covid-19] lockdown, 
where they have had much more time spent on social 
media over this period of time. (…) adolescents’ get-
ting more independence from parents and having 
more control over their food they are going for the 
cheap option. They don’t want to spend time cooking, 
they want nicely presented, easy to eat, cheap food.” 
(Policymaker 2)

Furthermore, policymakers and public health practi-
tioners highlighted factors related to health inequities 
and identified social determinants that increase the pur-
chase of unhealthy foods. For example, the lack of equip-
ment, time and skills to cook, and food insecurity, are 
elements that increase the purchase of unhealthy food 
due to its cost, convenience, and availability.

“It is not a lack of willpower, some people just do not 
have the skill to cook, or the time to cook fresh food 
at home. (…) a meal deal, you just grab it on-the-
go and get on with your day, you don’t even have to 
think about it.” (Academic and public health practi-
tioner 2)

Finally, they emphasised that having adolescents’ views 
on what influences what they choose to buy and eat is 
essential to understand what has been left out in research 
and policymaking efforts and to develop relevant policy 
options for this age group.

Opportunities for interventions to improve adolescents’ 
food environments
The system map includes five feedback loops, which 
identified potential leverage points for interventions to 
improve adolescents’ food environments (Fig. 3 to Fig. 6). 
Table  4 shows the potential interventions identified by 
adolescents, the themes that they could influence, and 
public health practitioners and policymakers’ comments 
on the interventions adolescents suggested.

Feedback loop 1 and 2: Reducing the gap 
between the perceived and actual healthiness of foods
Figure 3 depicts adolescents’ views on how social media 
influencers and the excessive marketing of unhealthy 
food create a gap between the perceived and actual 
healthiness of food. Participants suggested that some 
foods are promoted as healthy and perceived to be 
healthier than they actually are. This creates an increased 
gap between the perceived and the actual healthiness of 
food leading to an unintended increase in calorie intake, 
and over time, leading to weight gain.

This feedback loop connects to a larger feedback 
pathway that connects the gap between perceived and 
actual healthiness of food and negative body image, 
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which leads to overeating as a coping mechanism, 
increased calorie intake and weight gain over time.

Adolescents suggested that reducing the gap between 
the perceived and actual healthiness of foods, could be 
a promising intervention and not only influence calorie 
intake but also the negative body image and overeating 
as a coping mechanism. To tackle this, adolescents sug-
gested policies to regulate social media influencers that 
promote unhealthy foods masked as healthy and intro-
ducing warning labels on unhealthy foods.

Policymakers and public health practitioners were 
interested in listening to adolescents’ ideas to create 
healthier food environments and additionally highlighted 
potential governance issues since this would lie outside 
their local authority remit.

“They came with many great policy ideas, but many 
of them are outside local control in a way. It is sub-
ject to big food industry branding and particularly 
when it comes to who are the big players with the 
money to promote and advertise, they tend to be 
the ones that are broadly unhealthy offers that they 

Table 3  Comparison between the academic literature on the commercial determinants of diet and obesity [11] and factors identified 
by the adolescents during the GMB workshop

Systematic review results GMB workshop results

Food corporations’ spheres of 
action

Corporate strategies System map variable Adolescent’s factors not 
mentioned in systematic review

1) Political and legal 1.1) Framing the evidence 
and debate

• Gap between perceived and actual 
healthiness of nutrient poor food

• Gap between actual and desired 
body image
• Negative body image
• Eating disorders
• Negative feelings and attitude 
towards food

1.2) Influencing governance of food 
production, trade and investment 
towards a more liberalised trading 
environment globally

Not portrayed on the system map

1.3) Influencing policymaking 
process

Not portrayed on the system map

1.4) Limiting corporate liability Not portrayed on the system map

2) Production, processing 
and design

2.1) Reducing processing/manufac‑
turing costs

• Cost of unhealthy food (cheaper 
than healthy food)

2.2) Increasing market share • Availability of unhealthy food

2.3) Agribusiness food/ ingredient 
supply

Not portrayed on the system map

3) Marketing and preference shap‑
ing

3.1) Promotion to increase brand 
awareness and visibility

• Sale promotions of unhealthy food
• Availability of unhealthy food
• Cost of unhealthy food
• Convenience of unhealthy food
• Marketing of unhealthy food
• Social media influencers

3.2) Influencing consumers percep‑
tions of product (real vs aspiration)

• Gap between perceived and actual 
healthiness of unhealthy food
• Attractiveness of unhealthy food

3.3) Creating brand loyalty • Key age group to influence pur‑
chasing behaviour
• Targeting increased independence, 
autonomy and peer influence
• Marketing targeting different 
genders
• Developed taste preference 
for unhealthy food
• Sale promotions of unhealthy food
• Social media influencers

3.4) Product placement and distribu‑
tion

• Convenience of unhealthy food
• Availability of unhealthy food

3.5) Pricing • Cost of unhealthy food
• Sale promotions of unhealthy food
• Lower demand for healthy food
• Increased price of healthy food vs 
unhealthy food
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have.” (Policymaker 1)

Feedback loop 3: Increasing the demand for healthy food
Figure  4 illustrates adolescents’ reflections on how food 
companies make unhealthy food increasingly available, 
convenient, and attractive through marketing, com-
pared to healthy food [32]. This is the result of the drive 
to make their profit margins larger by increasing the 
demand of their products and making more people buy 
more of their products through the aforementioned fac-
tors (i.e. increased availability, convenience, visibility). 
This leads to increased purchasing of unhealthy food and 
decrease the demand for healthy food, while at the same 
time increases the cost of healthy food, and decrease the 
accessibility of healthy food.

It was suggested that a potential new intervention / 
strategy to increase the demand of healthy food was to 
reflect the real long-term costs of unhealthy food (i.e. 
externalities, such as obesity, NCDs, and climate change) 
by making it more expensive, and subsidising healthy 
food and making it more accessible.

One policymaker was working directly with local food 
businesses to create a healthier eating environment by 
offering healthier food and making them cheaper, more 
available and visible within their shops. They felt that 
increasing the demand for healthy food could be partly 
addressed locally, for example by reducing advertising of 
unhealthy foods, and subsidising healthy food like fruit 
and vegetables.

Feedback loop 4: Reducing taste preferences for unhealthy 
food
Figure  5 shows adolescents’ perceptions on how an 
increased consumption of unhealthy food creates a taste 
preference for unhealthy food, and they recognised how 
peer influence and being offered unhealthy foods as 
treats shaped their food preference from an early age.

Adolescents suggested reducing/eliminating additives 
and flavour enhancers in unhealthy food to reduce the 
taste preference for unhealthy foods, therefore, reducing 
the consumption of unhealthy food.

Policymakers commented that regulating powerful 
food companies’ product ingredients or formulations 
would be outside local policy remit. However, they high-
lighted that the soft-drink industry levy has had some 
influence on this since it has provoked reformulations 
from industry (i.e., reducing sugar content in sugar-
sweetened beverages).

Feedback loop 5: Regulating social media posts 
and encouraging portrayal of different body types
Figure 6 illustrates how social media influencers increase 
adolescents’ exposure to messages of “ideal body types” 
and creates a gap between their actual and the idealised 
body type. This feeds into a feedback loop that increases 
stress about body image, increased negative feelings and 
attitude towards food and an increased awareness of 
foods that are promoted as healthy. Additionally, negative 
body image can lead to unhealthy eating patterns such as 

Fig. 3  Feedback loop 1 and 2: Gap between perceived and actual healthiness of unhealthy food and negative body image
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compulsive eating or eating disorders as a coping mecha-
nism to deal with stress about body image.

Social media and exposure to ideal body types were 
perceived to have an impact on adolescents’ body 
image perpetuating misleading standards of health and 
attractiveness. To counter this, adolescents suggested 
an intervention to regulate social media posts and 
encourage social media influencers and food companies 
to portray different body types in marketing and social 
media, and avoid celebrities, with idealised body types, 
promoting unhealthy foods.

Table  4 presents a summary of the policy/interven-
tion ideas developed by the adolescents, the themes 
these interventions could influence, and policymakers 
and practitioners’ comments.

Additional comments from public health practitioners 
and policymakers
Policymakers and public health practitioners reflected 
on the importance of having a better understanding 
of adolescents’ behaviour and improving the design, 
framing and implementation of food policy for this age 
group to really influence their behaviour.

“As an adolescent the more you are told you can’t 
have something, the more you want it. So in the 
case of food labelling as good, or bad, healthy or 
unhealthy, is not very useful. (…) an impactful 
policy has to be based on understanding their rela-
tionship with food to target that.” (Policymaker 4)

They also suggested that health policies must tap into 
what young people care about. For example, focus-
ing on the environment and climate change, like eating 

Fig. 4  Feedback loop 3: Food demand which favours purchase 
of unhealthy food

Fig. 5  Feedback loop 4: Food preference shaped by continued 
consumption of unhealthy food

Fig. 6  Feedback loop 5: Exposure to images of "ideal" body types leading to negative body image
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less processed food, can be a promising in helping with 
healthier diets but without focusing on calories or stig-
matising weight status.

“With increased awareness among young people 
about the environment and climate change, I think 
that one of the ways in which we could possibly 
avoid the framing of health and obesity (…) perhaps 
divert the attention off the weight which is often 
times counterproductive and obviously can have 
other connotations like stigmatising weight status.” 
(Policymaker 2)

Discussion
In this study, we completed a series of GMB workshops 
where adolescents portrayed on a system map their views 
on food industries’ activities and strategies that have an 
influence on what they choose to buy and eat, and devel-
oped policy ideas to tackle these factors to create health-
ier food environments.

The system map presents six themes: 1) an increased 
preference to unhealthy food consumption and weight 
gain; 2) a physical environment that makes unhealthy 
food products abundant, highly marketed and attractive; 
3) decreased demand for healthy food due to increased 
preference and purchasing of unhealthy food; 4) social 
media influencers, marketing of unhealthy products, and 
its effect on body image; 5) perceptions of gender differ-
ences; and 6) adolescence as a key transition age for tar-
geted marketing strategies. By using a systems approach 
with adolescents we offer a novel tool to visualise the 
complex system of dietary behaviour in this commonly-
excluded age group [14, 15] and contribute to change 
the linear and individual-level paradigm for obesity pre-
vention [33–35] into models that include the individual, 
social, economic, commercial and political drivers of 
unhealthy diets and obesity.

This research exposed the role of social media influenc-
ers, adolescents’ increased independence, gender differ-
ences, body negativity, and pervasive marketing in their 
physical and online environments. When the system map 
was shared with policymakers and public health prac-
titioners, they were impressed by the level of detail the 
adolescents were able to portray in the system map. Since 
there is limited research involving adolescents’ views and 
input into policymaking efforts [12, 23, 36], they recog-
nised the value of involving adolescents in this kind of 
research because it provides novel and valuable insights 
into factors and interactions between factors that have 
the most influential effect on their behaviours. Most 
importantly, they reflected on the power and the deep 
level of influence food companies exert on adolescents’ 
behaviour and they recognised that the influential factors 

highlighted by the adolescents were not well reflected in 
current policy and research.

There is limited research involving adolescents and get-
ting their views on how they experience the commercial 
influence on their dietary behaviour. A recent qualitative 
study explored the views of 257 adolescents from five 
European countries on the drivers of obesity using GMB 
[23]. Although the aim of the study was not focused on 
identifying commercial determinants of obesity, com-
mercial influence was identified as an important driver 
of unhealthy diets. Like the findings of this study, social 
media use, body image, pervasive marketing of unhealthy 
food and the power of big food companies were high-
lighted as important drivers of unhealthy behaviours. 
This strengthens the evidence for the role commercial 
drivers and their influence on dietary behaviours associ-
ated with obesity.

Adolescents identified five feedback loops and related 
leverage points that highlighted opportunities to target 
interventions or policies and improve their food envi-
ronments. They highlighted the importance of reduc-
ing the gap between perceived and actual healthiness 
of unhealthy food influenced by social media influenc-
ers and excessive marketing of unhealthy food. Previous 
research has suggested that the impact of social media 
influencers on adolescents’ dietary behaviours has dif-
ferent mechanisms. For example, exposure to and high 
engagement with food-related content promoted by 
social media influencers is linked to poorer diet quality 
among adolescents because of their increased consump-
tion of foods high in fat, sugar, and salt (HFSS) [37]. Our 
study found that even when adolescents use social media 
for health purposes, influencers often promote foods 
with a "health halo"—foods perceived as healthy but 
are actually energy-dense and nutrient-poor. This cre-
ates confusion among adolescents about whether these 
products are truly healthy. Similarly, a systematic review 
found that while adolescents use social media to search 
for fitness and healthy food choices, there is no clear evi-
dence that health claims in promotional content lead to 
healthier food choices [38].

Furthermore, adolescents mentioned that their expo-
sure to images of "ideal" body types is linked to body 
negativity. Participants considered social media influ-
encers as another source of marketing and promotion 
for unhealthy food, making unhealthy foods increas-
ingly attractive and accessible, consequently decreas-
ing the demand for healthy food. A recent review found 
that influencers often present unrealistic body images, 
promote unhealthy foods, and commonly give inaccu-
rate health advice [39]. Furthermore, they are not health 
experts and their commercial interests represent chal-
lenges to safeguarding adolescents’ health. Adolescents 
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emphasised the role of social media influencers (i.e., 
individuals providing endorsements and product place-
ments in their social media accounts) have on their food 
choices and body image, providing novel insights into 
adolescents’ online experience and how it affects their 
behaviour. While influencers create a gap between the 
perceived and the actual healthiness of unhealthy foods 
by marketing these as healthy options, in contrast the 
increased exposure adolescents have to an idealistic pros-
pect of what a beautiful body and a healthy weight should 
look like also creates pressure on their body image. The 
latter might lead to increased intake of unhealthy prod-
ucts, which are promoted as healthy, stress eating, or eat-
ing disorders.

Adolescents suggestedtargeting factors which make 
their current food environment favourable for the pur-
chase of unhealthy food due to how they are unequally 
made convenient, attractive, marketed and available 
compared to healthy food; regulating addictive sub-
stances in unhealthy food (i.e., sugar, caffeine, flavour 
enhancers) to break the cycle of taste preference and 
increased consumption of unhealthy food. There is sub-
stantial evidence showing that food environments are 
often unhealthy and dominated by nutrient-poor, energy-
dense foods that are widely accessible. For instance, fast 
food outlets are more common in certain urban neigh-
bourhoods [40] and retail shops tend to give more shelf 
space to unhealthy food products compared to healthier 
options [41]. In our study, adolescents recognized how 
easy it is to access unhealthy foods and how challenging 
it is to find affordable, healthier options.

A key feature in this study is that even when the litera-
ture has identified some of the factors mentioned in this 
study, this study used a “systems approach” where adoles-
cents moved away from a linear understanding of their 
dietary behaviour and provided a systemic and dynamic 
perspective (i.e., feedback loops) on how they experience 
the commercial determinants of dietary behaviour and 
obesity. The themes and five feedback loops identified by 
the adolescents could form the foundation of new inter-
vention strategies.

Existing public health interventions that tackle 
unhealthy diets tend to be focused on individual-level 
changes rather than upstream actions required to alter 
the systemic drivers of behaviour [34]. Adolescents men-
tioned an intervention focused on individual-behaviours 
(i.e., warning labels), and one that focused on industry 
reformulation, similar to the implemented soft-drink 
industry levy in the UK [42]. However, they mostly 
focused on interventions that could alter the structural 
drivers of dietary behaviour with a much broader influ-
ence on body image, eating disorders and perceptions on 
gender differences. Adolescents were therefore focussed 

on the issues that could form the basis of more upstream 
interventions that might lead to system change. Address-
ing these issues will be challenging but the insights from 
this study may aid in shifting the policy paradigm from a 
focus on individual behaviours to a focus on the systemic 
drivers of unhealthy diets.

Strengths and limitations
We believe this is the first study to use GMB workshops 
to understand how adolescents perceive the commer-
cial food system and the influence it has on their dietary 
behaviours. GMB proved to be a feasible approach of 
involving adolescents in research and an effective starting 
point to give voice to their views and develop policies and 
interventions that reflect their experience. Policymakers 
and public health practitioners thought the session was 
very valuable. They mentioned that the system map was 
a useful tool to visualise factors that are usually left out 
when designing interventions and go beyond individual 
behaviours.

A limitation of this study was the reduced number 
and diversity of adolescent participants. Having a more 
diverse group, including participants from different eth-
nicities or socio-economic groups could identify slightly 
different factors in the map, it could explain identified 
pathways in various ways and enable exploring unique 
factors of influence in different subgroups and reduce 
social and health inequalities [43].

Participants were mainly girls, and research on dietary 
behaviours suggests that girls are prone to have a higher 
body negativity compared to boys, are more likely to over 
eat under the influence of emotions, and are more likely 
to apply dietary restrictions to themselves than boys [44]. 
Participants in this study were not screened for mental 
or eating disorders, potentially skewing the results, and 
reflecting participants’ biases. Another limitation was 
that due to COVID-19, the time available from public 
health practitioners and policymakers was restricted, and 
we could only have one 1-h session. A longer or subse-
quent session would have been beneficial to explore more 
in-depth their views on potential effective policy ideas 
and barriers to their implementation. Finally, as with any 
qualitative research, the results presented in this research 
are subject to participants views and may not be general-
isable to the whole UK population since it only included 
people from the South West and those engaged through 
their various youth groups. Due to the non-represent-
ative nature of the sample, the generalizability of the 
study’s conclusions to the wider population is limited.



Page 16 of 18Chavez‑Ugalde et al. BMC Public Health          (2025) 25:144 

Policy implications
Incorporating systems thinking methods into policymak-
ing has the potential to increase policy innovation and 
effectiveness, and reduce unintended consequences of 
good-intentioned practices from other contexts [45]. It 
can actively foster dialogue between diverse stakehold-
ers and enlighten the mechanisms by which commercial 
drivers influence core dietary behaviour and affect health 
a long time into the future. Furthermore, incorporating 
systems thinking as a decision-making tool can foster 
shared understanding of a complex problem by portray-
ing it in a system map that depicts causal pathways, 
feedback loops and network structures, and match inter-
vention efforts to target different levels in the system to 
achieve systemic changes [18, 23, 46]. One policymaker 
expressed interest in taking this work further and dis-
cussing social media influencers as potential intervention 
points to encourage healthy eating among adolescents.

Future studies should further explore the opportu-
nities for interventions that adolescents suggested as 
potential ways of improving the food environment. For 
example, regulating social media posts and encourage 
social media influencers and food companies to portray 
different body types in marketing and social media, and 
avoid celebrities, with idealised body types, promoting 
unhealthy foods. This reflects that adolescents identified 
upstream interventions that go beyond the local remit of 
the policymakers involved in this study, and stressing the 
importance of implementing obesity policy interventions 
at national level. Additionally, involving a more diverse 
group of adolescents in system mapping workshops 
to uncover commercial drivers of unhealthy diets can 
increase our understanding of potential health inequali-
ties related to dietary behaviour. This qualitative system 
map (i.e., CLD) was created using a GMB technique, 
which is based on system dynamics methods. This system 
map could be used as a blueprint to translate this CLD 
into a system dynamics model, including stocks, flows, 
accumulations, and time delays, can expand into a quan-
titative simulation platform for policy analysis and test 
potential outcomes of the policy actions suggested by the 
adolescents.

Conclusion
This study demonstrates the value of involving adoles-
cents in understanding and addressing the commercial 
determinants of dietary behaviour associated with obe-
sity through online GMB workshops. By engaging with 
systems thinking and system dynamics, adolescents 
developed a comprehensive system map that effec-
tively illustrated the complex interplay of factors influ-
encing dietary behaviour. They identified critical risk 

factors such as pervasive marketing, the availability of 
unhealthy foods, and broader issues including mental 
health, body image, and eating disorders.

Adolescents proposed policy ideas aimed at address-
ing structural drivers beyond the food industry’s direct 
influence, such as regulating social media influencers 
who promote unhealthy foods disguised as healthy. This 
reflects a recognition of the limitations faced by poli-
cymakers and public health practitioners, who often 
contend with limited local policy power and budgets 
compared to the food industry’s substantial resources.

The study underscores the importance of integrat-
ing adolescents’ perspectives into policy development. 
Their insights and the identified feedback loops offer a 
foundation for creating targeted interventions and poli-
cies. By shifting the focus from individual behaviours 
to systemic drivers of unhealthy diets, this approach 
can enhance the effectiveness of public health strate-
gies and better address the complexities of adolescent 
dietary behaviour.
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