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ARTICLE INFO ABSTRACT

Keywords: Adolescent obesity is a complex public health challenge with steadily increasing and variable prevalence among
Adolescents countries. This paper synthesises the driving feedback mechanisms of adolescent obesity studied in the CO-
Obesity

CREATE project, furthering our understanding of the complexity of this issue. Using systems thinking princi-
ples and causal loop diagramming, we integrated the following knowledge and perspectives derived from diverse
sources into a causal loop diagram (CLD): a systems map generated by adolescents through participatory
modelling workshops, a comprehensive literature review, and input from subject-matter experts during valida-
tion workshops. We used a structured and iterative approach to include drivers and to identify feedback loops
exacerbating adolescent obesity. The CLD identified 27 key feedback loops across four themes: twelve related to
the commercial food environment, six to the physical activity environment, four to mental wellbeing and five to
social norms. These loops indicate not only diet and physical activity as drivers of obesity but also stress and
other emotional and social pressures. Recognising the imperative need to integrate the perspectives and expe-
riences of adolescents into our analysis, this work advocates for the synthesis of experiential insights with
empirical research. The integrated CLD can be used as a visual tool that fosters collaboration among stakeholders
and engenders a more comprehensive and inclusive system understanding that can provide holistic intervention
considerations to tackle adolescent obesity. Additionally, the CLD lays a foundation for subsequent quantitative
modelling works to further address this issue and develop context-based approaches to prevention and evaluation
of adolescent obesity.

Systems mapping
Causal loop diagram
Feedback loop
Systems thinking
System dynamics

1. Introduction

Rising obesity prevalence is an urgent public health problem globally
(European Union, 2014; NCD Risk Factor Collaboration, 2016). In the
European region, the prevalence of overweight and obesity in children
and adolescents aged 5-19 remains high (World Health Organization,
2022) and potentially increasing in some countries (Inchley et al., 2020).
Among adolescents, obesity has several short- and long-term impacts on
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health and wellbeing (Park et al., 2012; Quek et al., 2017; World Health
Organization, 2016) as overweight/obesity can often track into adult-
hood (Cruz et al., 2018; Singh et al., 2008). Arising from an interplay of
factors such as genetics, biology, individual behaviours, social factors (e.
g., weight-related stigma), and the physical environment, obesity is now
seen as a complex public health issue (Huang et al., 2015; Swinburn et al.,
2019). Compounding this complexity is the fact that the consequences of
adolescent obesity extend beyond physical health effects such as
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cardiovascular diseases and sleep pattern disturbances into psychological
health aspects such as depression, anxiety and poor self-worth (Blanchard
et al., 2023; Rankin et al., 2016; Shephard, 2018).

Investigating the drivers of adolescent obesity requires an under-
standing of its multifaceted features, including feedback loops (i.e.,
circular chains of causality), delays (e.g., the time needed for effects of
reduced physical activity to contribute to obesity in adolescents),
nonlinear relationships between variables (e.g., the relationship be-
tween stress levels and obesity, where moderate stress levels have a
different impact on weight as compared to high stress levels); and dy-
namic behaviour (i.e., when multiple feedback loops interact with each
other to give rise to complex behaviour over time). These features are
inherent in the different drivers and their interconnections, both be-
tween individuals and across different populations (Atkinson et al.,
2015). Systems science offers a complement to conventional approaches
to understanding complex public health issues by providing a concep-
tual framework that focuses on the interrelationships among system
components (Carey et al., 2015; Trochim et al., 2006). Most of these
approaches apply systems thinking principles and include participatory
systems mapping methods to effectively organise thinking and elucidate
complex feedback structures so that action can be taken to address them
(Barbrook-Johnson and Penn, 2022; Checkland and Poulter, 2006; Pe-
ters, 2014; Richardson and Andersen, 2010).

Within the participatory system dynamics field (Kiraly and Miskolczi,
2019), scholars have engaged stakeholder groups to co-produce causal
loop diagrams (CLDs) on the drivers of obesity prevalence (Allenderetal.,
2015; Cavill et al., 2020; McGlashan et al., 2018; Stankov et al., 2023). A
seminal CLD of obesity was created in the United Kingdom and published
in the quasi-government report Tackling obesities: future choices,
commonly known as ‘Foresight Report’ (Butland et al., 2007). It depicted
the ‘obesity system’ in a conceptual map, for the first time, effectively
demonstrating its complexity by illustrating the interdependencies
among multiple variables driving energy balance in individuals. Though
the Foresight map has been criticised for being too complex, its illustra-
tion of multiple, interconnecting drivers of obesity was ground-breaking
and remains influential in obesity research and policy to this day
(Finegood et al., 2010; Savona et al., 2018). The Foresight map does not
expressly address obesity in the adolescent age group, though others have
mapped adolescent obesity drivers specifically (Calancie et al., 2022;
Felmingham et al., 2023; Swierad et al., 2020; Waterlander et al., 2020).
Other studies have built CLDs drawing from scientific literature
(Crielaard et al., 2021; Sawyer et al., 2021; Waterlander et al., 2021) to
illustrate major mechanisms driving adolescent obesity behaviours. Even
though there have been studies that incorporate drivers (which, for the
purpose of this paper, we define as individual factors or variables) and
feedback mechanisms elicited from different stakeholder views into a
single diagram (e.g., McGlashan et al., 2018; Pluchinotta et al., 2022),
there is a paucity of studies that apply systems mapping to integrate
different knowledge sources into a CLD on the major processes exacer-
bating adolescent obesity (as an exception, see Luna Pinzon et al., 2023).
This gap calls for an integration of insights from diverse perspectives,
including adolescents as key stakeholders, but also in diverse empirical
contexts, to clearly depict the major feedback loops which are hypoth-
esised to be driving high adolescent obesity prevalence. Such integration
can help better understand why it is challenging to tackle this issue.

This research is part of the EU-funded project, CO-CREATE (Con-
fronting Obesity: Co-creatingpolicy withyouth), which aims to work directly
with adolescents across Europe to develop policy solutions to childhood
obesity (for more details, see Klepp et al., 2023). One of the work pack-
ages in this project employed participatory systems mapping with ado-
lescents aged 16 to 18 in five European countries (Netherlands, Norway,
Poland, Portugal and England) to elicit their perceptions of the primary
drivers of obesity in their age group (Savona et al., 2021). This study aims
to synthesise the complex interactions of drivers and feedback loops that
cause and exacerbate adolescent obesity as identified in the CO-CREATE
project using systems thinking principles and causal loop diagramming.

Social Science & Medicine 367 (2025) 117706

To address this aim, we build on the consolidated diagram that resulted
from the systems mapping workshops with adolescents within the proj-
ect, where they were tasked with mapping the drivers of rising adolescent
obesity (i.e., problem behaviour of interest) (Savona et al., 2021). More
specifically, here, we support and add to the systems map of adolescents’
views with an extensive literature review as well as consultation work-
shops with experts in the field. Such knowledge triangulation and inte-
gration processes allow us to present a more comprehensive and rigorous
systems map depicted as an integrated CLD. In turn, our work contributes
to enhancing our understanding of the underlying system structure
driving adolescent obesity and its complex feedback interactions.

2. Methods
2.1. Causal loop diagrams

A CLD consists of variables connected by causal links, denoting the
causal influence amongst them (Meadows et al., 2018). Each link be-
tween any two variables is assigned a polarity to indicate their inter-
dependency: a positive polarity indicates that the variables change in
the same direction (e.g., when A decreases, B decreases), and a negative
polarity indicates that they change in the opposite direction (e.g., if A
decreases, B increases, or vice versa). CLDs serve as visualisation tools
that can map the intricacies of an issue, including multifaceted factors,
causal connections (Cassidy et al., 2022), policy resistance, feedback,
and adaptation (Baugh Littlejohns et al., 2021; Garrity, 2018). Impor-
tantly, such diagrams seek to capture the feedback processes embedded
in the interconnections between variables (Burrell et al., 2021). A
feedback loop consists of a series of variables and causal links that create
a closed chain of causal influences. There are two fundamental feedback
loops, namely: reinforcing loops, representing actions of growth and
decline, and balancing loops, representing mechanisms that strive to
control and stabilise (Coletta et al., 2021; Sterman, 2000). In this
context, ‘balancing’ does not equate to imply a value judgment in the
form of a positive influence, as it can also have a negative effect on a
problematic issue, e.g., in the form of policy resistance (e.g., de Gooyert
etal., 2016), just as ‘reinforcing’ does not equate to a negative influence,
as reinforcing loops can act either as vicious or as virtuous cycles.

Causal loop diagramming is thus the process of constructing a CLD to
represent the complex feedback structure of a given issue. This process
entails the mapping of important variables, which are grounded in sci-
entific and/or experiential knowledge (Forrester, 1992; Homer, 2014),
that serve as both their cause and effect relationships and the resulting
feedback loops. To that effect, our work is grounded in qualitative data
(i.e., variables and causal links) from three knowledge bases. Experi-
ential knowledge was captured through participatory workshops with
young people (Savona et al., 2021). As for scientific knowledge, we
examined existing literature studying system dynamics models on
adolescent obesity (Aguiar et al., 2023a,b) and broader obesity research
literature on the relationship between mental health, social media and
adolescent obesity (Aguiar et al., 2023a,b; Blanchard et al., 2023; Nwosu
et al., 2023; Sawyer et al., 2021; Waterlander et al., 2021). We focused
on the feedback mechanisms explaining rising adolescent obesity as
opposed to mechanisms that describe policy or intervention imple-
mentation processes. Moreover, we further sought input from
subject-matter experts to discuss and improve the accuracy of our
depicted relationships and the overall framework of the integrated CLD.

2.2. Process of the development of CLDs

We used a structured approach to integrate the findings from the
systems mapping sessions with adolescents, literature review and expert
validation workshops so as to identify the factors and mechanisms that
drive overweight and obesity in adolescents. The overall process of data
analyses and development of the CLDs was inspired by established ap-
proaches (Eker and Zimmermann, 2016; Kim and Andersen, 2012; Turner
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Step 1a: Co-created CLD
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Step 1b: Literature CLD
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Fig. 1. The process of developing and analysing an integrated causal loop diagram on the drivers and feedback mechanisms of adolescent obesity in the CO-

CREATE project.

et al., 2013). The various steps in this process are visually depicted in
Fig. 1.

2.2.1. Step la: The Co-created CLD

As mentioned, the co-created diagram was generated from systems
mapping workshops with 20 groups of adolescents (N = 257) from five
European countries, where they were tasked to collaboratively map the
drivers of adolescent obesity. Using a common protocol, recruited par-
ticipants were aged between 16 and 18 from schools across diverse
socio-economic background and geographic areas (for a detailed
description of the CO-CREATE workshops and the findings, see Savona
et al., 2021). Here, we briefly summarise the key insights that emerged
from this prior work: Across the five countries, emotional and mental
pressures, especially related to stress and body image, were recognised
as a central driver of obesity, with the pervasive influence of social
media and social media influencers also highlighted. However, each
country exhibited unique factors: the Netherlands emphasized the
negative role of online activity and unhealthy parental influence; Nor-
way highlighted the limited mechanised transportation to school and
equipment for physical activity; Poland omitted online activity, focusing
instead on lack of sleep, fitness aspirations, and social connectivity;
Portugal included the poor utilisation of parks and greenspaces to ex-
ercise; and in the UK map, physical inactivity was not seen to be a major
factor driving excess weight gain, and home life and knowledge/-
information factors were not mentioned at all. A consolidated systems
map, which represents the adolescents’ collective mental model of the
drivers of obesity, was the end result of these workshops (see Fig. S1 in
the supplementary material). This co-created CLD represents adoles-
cents’ perceptions of the major drivers of adolescent obesity, and the
relationships among those drivers forming feedback loops.

2.2.2. Step 1b: Literature CLD

We conducted a systematic literature review of the factors and
mechanisms driving overweight and obesity in adolescents, with a focus
on the existing system dynamics simulation models (for details on the

review protocol, see Aguiar et al., 2023a,b). For this study, we only
extracted the feedback mechanisms related to the explanatory models as
opposed to structures that represent policy or intervention imple-
mentation processes. We deemed this necessary to ensure that the model
boundary is consistent with the systems mapping workshops that were
geared towards explaining the drivers of adolescent obesity. We addi-
tionally conducted health-based systematic reviews on the relationship
between mental health, social media and adolescent obesity (for details
on the review protocol, see Blanchard et al., 2023; Nwosu et al., 2023).
We then followed a purposive approach to extract the variables from the
reviewed literature which were drawn from the consolidated systems
map developed with adolescents. First, we categorised and analysed the
most frequently mentioned variables in the studies we reviewed and
grouped these according to the themes reflected in the adolescents’
consolidated systems map in Savona et al. (2021). We then extracted the
relationships between these variables from original text excerpts in each
study and interpreted the causal connections as they were presented.
The variable and causal link extraction was conducted by two systems
analysts (A.A., B.K.), and any disagreements about the extracted vari-
ables and relationships were discussed until consensus was reached.
Thereafter, we established the directional relationships between pairs of
variables (i.e., link polarities) as outlined in the original texts. We then
identified feedback loops among the interacting factors identified in the
literature that contribute to the increase and persistence of adolescent
overweight and obesity. To further support our research and fill
knowledge gaps in the initial body of literature reviewed, we also con-
sulted reference lists from these publications. The process described here
was iterated to include additional variables and causal links that sup-
ported adolescents’ views in their consolidated system map.

We first developed a complete literature CLD, rather than immedi-
ately incorporating the identified mechanisms into the adolescents’ CLD
as we were interested in identifying points of convergence and diver-
gence in different stakeholder perspectives. We will elaborate on these
in section 3.1.
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2.2.3. Step 2: The Integrated CLD

We integrated the two CLDs by preserving distinctions and consoli-
dating similarities. We catalogued the variables and connections shared
across both CLDs and incorporated them into a unified CLD following a
similar process as in Savona et al. (2021). This process involved
consolidating similar variables across the two CLDs, accompanied by
adjustments to make variable names more generalisable for the purpose
of diagram synthesis. For example, the term ‘stress’ was turned into
‘psychosocial stress’ to differentiate the stress or pressure induced from
the social environment (e.g., pressure from bullying) from the individual
level stress involving hormones and biochemical processes. We then
focused on capturing the feedback loops present in both CLDs. Once all
the convergent areas were unified, we incorporated any additional loops
that were present in at least one of the CLDs into the unified CLD. While
important variables and links were included, we discarded the ones that
were not part of a feedback loop since they were peripheral to the
endogenous structure of the adolescent obesity system and thus, not
within the scope of our study. For example, knowledge about the risk of
obesity and health literacy were excluded from the integrated CLD as they
were not part of feedback loops in the adolescents’ map nor in the CLD
from the literature. Further refinements were iteratively made to the
integrated CLD based on input from experts.

2.2.4. Step 3: Validation with Experts

To build confidence in the variables and relationships represented in
the integrated CLD, we conducted a series of validation workshops
involving experts from various areas within obesity research, including
population weight dynamics, physical activity, commercial food envi-
ronment and mental health. For triangulation purposes and where
existing knowledge was lacking, the expert judgement of the workshop
participants helped support and expand on each hypothesised causal
relationship in the integrated CLD. A total of four workshops, one per
theme, were held with expert groups, consisting of obesity researchers
and public health policy advisors, in 2021 using frameworks commonly
used in model validation workshops (Andersen and Richardson, 1997;
Hovmand et al., 2011, 2012). In particular, we adapted the ‘Model Re-
view’ script from Scriptapedia (Hovmand et al., 2011). A thorough re-
view of the CLD was carried out with six to seven domain-experts, in
each workshop, to support and expand on existing relationships and to
ensure that essential variables and relationships were neither over-
looked nor omitted from the diagram. To this end, the questions posed to
the experts were designed to elicit additional feedback, seek clarifica-
tions, and identify any missing or redundant elements in the system
structure. During the reviewing process of the CLD, the experts assessed
the underlying assumptions and structures, and suggested additional
literature sources, which then informed subsequent iterations and re-
finements of the integrated CLD.

2.2.5. Step 4: Feedback Loop Analysis

After validating our integrated CLD, we delved deeper into its com-
ponents by identifying and analysing the feedback narrative of the sys-
tem at hand - the structure and interplay of the feedback loops that give
rise to adolescent obesity (Turner and Goodman, 2023). First, we
identified each feedback loop within the CLD, tracing the
cause-and-effect relationships and their polarities within the loop. After
isolating all major feedback loops, we determined the net polarity of the
loop. This was done by discerning whether each loop was reinforcing,
meaning it amplified the initial development, or balancing, indicating
that it maintained equilibrium or pushed towards an implicit or explicit
target state (where the target can be either desirable or undesirable).

When the major feedback loops were identified and their polarities
established, we identified the feedback story for each loop. While the
causal pathway of a feedback loop focuses on the polarities of the causal
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links between variables for tracing the effects of an initial change
introduced to the loop, feedback stories explicitly relate the overall
causal logic of the loop to the underlying real-world processes meant to
be represented by the loop. Finally, we constructed the larger feedback
narrative of the system by analysing the interplay among the major
feedback loops shown in the integrated CLD. The feedback narrative
structures the dynamics of the obesity problem in terms of how the
major feedback loops interact with each other, offering a holistic un-
derstanding of how the system’s structure drives adolescent obesity
prevalence (Rajah and Kopainsky, 2025).

3. Results

3.1. Areas of convergence and divergence in the adolescents’ systems map
and the CLD based on scientific literature

Both the adolescents’ systems map and the literature-based CLD
captured drivers related to the food and physical activity environment,
affecting diet and physical activity, respectively. For instance, both CLDs
identified mechanisms driving unhealthy food consumption focusing on
unhealthy food choices and lack of healthy choices, unhealthy food
habituation and exposure to unhealthy food advertisement. Notably, the
two CLDs distinguished between unhealthy and decreased healthy
consumption processes, providing a nuanced understanding of dietary
behaviours. Moreover, both CLDs highlighted common factors that
reduce energy expenditure. These factors encompassed low levels of
physical activity, screen time, as well as the limited availability of
physical activity infrastructure and access to green spaces. The shared
recognition of these elements in both adolescent perspectives and sci-
entific literature underscores the robustness of these determinants in
shaping the dynamics of energy intake and expenditure within the
context of how they drive adolescent obesity. Also, the consistency of
mechanisms identified by the adolescents and literature may have
stemmed from their awareness of health-related studies, reflecting their
health knowledge.

Although both literature and adolescents considered societal pres-
sures, they diverged in terms of the level of detail in describing them. For
instance, adolescents highlighted emotional/mental wellbeing and so-
cial media/gaming pressures in their map, shedding light on the
importance of low self-esteem and harmful online activities. Conversely,
the literature CLD provided additional feedback loops related to how the
food industry invest more in marketing and R&D in the food type that
generates more profits, in this case unhealthy food. Also, adolescents
described factors related to the home life such as household income and
time to prepare meals in the diagram they created, elucidating how
parental finances can influence both the unaffordability of healthy food
and physical activity inaccessibility, which play a pivotal role in ado-
lescents eating and exercise habits (Savona et al., 2020). Yet, these
factors were not part of feedback loops. In contrast, the literature-based
CLD offered a more comprehensive view on peer and parental influence
dynamics which shape adolescents’ norms regarding poor nutrition and
physical activity.

3.2. The integrated CLD

Adolescent obesity can be understood through an energy balance
equation, where the interplay of energy intake and energy expenditure
affects body weight, which is the central variable of the integrated CLD
shown in Fig. 2 When there is an energy imbalance, with an excess of
energy intake compared to expenditure, weight gain occurs, and vice
versa. Nonetheless, various environmental factors play a role in altering
the balance of energy intake and expenditure, leading to changes in
body weight (Swinburn et al., 2011). Thus, the complex
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socio-environmental factors and interrelationships conducive to
adolescent obesity, drawn from the integration process of the adoles-
cents’ systems map, reviewed literature, and expert consultations, are
depicted in the integrated CLD. A total of 27 feedback loops (23 rein-
forcing and 4 balancing) are included in the integrated CLD. The feed-
back stories captured in these loops revolve around obesity drivers in
four identified themes: Commercial Food Environment, Physical Activity
Environment, Mental Wellbeing, and Social Norms. Each theme is
described in detail in the next sections. In our analysis, we identified and
described a total of 12 feedback stories associated with diet and eating
behaviours, 6 tied to physical activity and sedentary behaviours, 4
interconnected with mental health, and 5 related to social norms. It is
noteworthy that certain feedback stories traversed across themes,
underscoring the complex web of factors at play in exacerbating
adolescent obesity. The CLD developed by adolescents and the one built
from the literature are shown in the supplementary material in Figs. S1
and S2, respectively.

3.2.1. Commercial food environment theme

In this theme (see Table 1 and Fig. 3), a critical variable is the con-
sumption of unhealthy food. This variable is influenced by feedback
mechanisms, such as becoming habituated to unhealthy food and
exposure to advertisement of unhealthy food. The two main areas
driving consumption of unhealthy food are demand (i.e., the consumer
perspective) and supply (i.e., the food industry’s perspective). In the
demand side, the central processes are habituation to consume

unhealthy food and dishabituation to consume healthy food captured by
the loops R1a and R1b. Given an increase in food demand, a habituation
mechanism is set in motion where adolescents get more or less used to
eating a type of food (Blumenthal and Gold, 2010; Dockner and Feich-
tinger, 1993). The development of habituation is related to the type of
food that is most familiar to consumers and upon which they place more
value when choosing what to consume (Abrahamson and Rosenkopf,
1997; Alessie and Kapteyn, 1991; Seetharaman et al., 1999) until
exposure saturation is reached (B1). This mechanism further reinforces
the preferred type of food demand, in this case unhealthy food, which
increases the financial performance of the food industry via higher
profits from this type of food. This in turn leads to greater efforts to market
unhealthy food (R2) as well as a higher capacity for learning and research
and development (R&D) and food attribute improvement (R3) (i.e., food
portfolios on nutritional and motivational quality. Motivational quality
derives from three attributes: price, taste, and availability) among
companies which produce this food (Schroeter et al., 2008).

The main variable in the supply side is food industry capabilities. The
industry capabilities depend on productivity, total efforts, and the share
of resources allocated to improving a particular food attribute (Struben
et al., 2014). The food industry invests in food capabilities to obtain more
profits. This is determined by the industry’s efforts to generate more return
on investments. These processes are captured by loops Capabilities pro-
ductivity (R4) and Food industry market returns (R5). Both loops are
constrained by saturation processes where the effect of diminishing
returns from improvements in attributes and capabilities create a
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Table 1

Feedback loop names, labels, pathways, and stories within the commercial food environment theme of the integrated CLD in the CO-CREATE project.

Feedback Loop Name and Label

Feedback Loop Pathway

Feedback Story

Habituation to consume unhealthy food
(R1a) and Dishabituation to consume
healthy food (R1b)

Social exposure saturation (B1)

Marketing of unhealthy food (R2)

Learning and R&D (R3)

Capabilities productivity (R4)

Capabilities saturation (B2)

Food industry market returns (R5)

Market saturation (B3)

Affordability of Unhealthy Food (R6a) and
Unaffordability of Healthy food (R6b)

Accessibility of Unhealthy Food (R7a) and
Inaccessibility of Healthy Food (R7b)

Unhealthy food Consumption via

Advertisement (R8)

Unhealthy food
Convenience (R9)

(R1a) unhealthy food demand — unhealthy food choices — unhealthy food consumption— social
exposure — familiarity with unhealthy food — unhealthy food demand

(R1b) unhealthy food choices — healthy food habits — relative attractiveness to healthy food —
unhealthy food choices

social exposure — familiarity with unhealthy food — social exposure

unhealthy food choices — unhealthy food consumption — food industry profits — food industry
efforts — marketing spending on unhealthy food — familiarity with unhealthy food — unhealthy
food demand — unhealthy food choices

unhealthy food consumption — food industry profits — food industry efforts — food industry
capabilities— food attribute improvement — unhealthy food utility — unhealthy food attractiveness
— unhealthy food demand — unhealthy food choices — unhealthy food consumption

industry efforts — food industry capabilities — food industry return on investments — industry efforts

industry efforts — food industry capabilities — marginal capabilities returns — food industry return
on investments — industry efforts

industry efforts — food industry capabilities — food attribute improvement — unhealthy food utility
— market returns — food industry return on investments — industry efforts

industry efforts — food industry capabilities — food attribute improvement — unhealthy food utility
— marginal market returns — market returns — food industry return on investments — industry
efforts

(R6a) unhealthy food supply — unhealthy food price —

unhealthy food utility — unhealthy food attractiveness — unhealthy food demand — unhealthy food
supply (R6b) unhealthy food supply — affordability of healthy food — relative attractiveness of
healthy food — unhealthy food choices — unhealthy food consumption— social exposure—
familiarity with unhealthy food — unhealthy food demand —unhealthy food supply

(R7a) unhealthy food supply — availability of unhealthy food outlets — availability of unhealthy
food — unhealthy food utility— unhealthy food attractiveness — unhealthy food demand —
unhealthy food supply

(R7b) unhealthy food supply — availability of healthy food — relative attractiveness of healthy food
— unhealthy food choices — unhealthy food consumption— social exposure— familiarity with
unhealthy food — unhealthy food demand — unhealthy food supply

unhealthy food consumption — calorie intake — body weight —

physical activity — screen leisure time— digital device use — exposure to unhealthy food
advertisement — unhealthy food consumption

unhealthy food consumption — calorie intake — body weight —

physical activity — screen leisure time — digital device use — convenience of delivery of unhealthy
food — unhealthy food utility — unhealthy food attractiveness — unhealthy food demand —
unhealthy food choices — unhealthy food consumption

The habituation to unhealthy food has a significant impact on unhealthy food demand, which in
turn affects the consumption of unhealthy food and furthers habituation. Higher familiarity
with unhealthy food increases social exposure consumers have to unhealthy food. Then, the
higher the familiarity with unhealthy food, the higher the unhealthy food demand. In contrast,
the process of dishabituation to consume healthy food occurs when higher unhealthy food
choices lead to a lower attractiveness of healthy food allowing for more unhealthy food choices.
The social exposure to unhealthy food does not grow indefinitely. There is a point at which
consumers exposed to unhealthy food makes their exposure to it ineffective.

The food industry increases its profits from sales by making direct investments in marketing
campaigns aimed at promoting the type of food that is more successful and profitable, in this
case unhealthy food, which leads to higher familiarity and demand for unhealthy food.

The utility or value that consumers derive from consuming unhealthy food hinges on the quality
of its attributes, which enhance as food companies acquire specific capabilities related to those
attributes. Profits play a crucial role in fostering the development of these capabilities through
research and development investment and in building food-related attributes to boost
profitability. This makes unhealthy food more attractive and increases its consumption, which
in turn increases industry profits.

Food companies allocate and adjust their resources based on the budget available and how
profitable the food type is. This means that the food industry invests more in the food type that
is more successful or that yields more returns on investments.

Once attributes and capabilities reach a certain level, their effect on unhealthy food utility and
therefore its consumption declines even if investment in capabilities increases further.
Companies track the market aiming to allocate more of their invested resources in the food type
and attributes that deliver higher returns on investment. As food demand increases, driven by
improvements in food attributes, then the returns on investment grow stronger.

As market returns of unhealthy food grow, its growth rate decreases over time leading to ever
smaller increases in marginal market returns. In other words, the more mature the market is, the
more costly it is to improve utility and the less likely it is that the consumers’ willingness to pay
matches the increased cost.

The feedback processes related to affordability of the type of food revolve around price, and the
relative attractiveness of that type of food to consumers. When unhealthy food price is lower
than the price of healthy food, it makes it more attractive to consumers generating more value
for consumers, boosting their habituation to unhealthy food, and ultimately, increasing
unhealthy food demand and supply.

Accessibility to both types of food is influenced by the availability of a specific type of food in
the market. This depends on the food industry’s efforts to place the most in-demand and
profitable food types in food outlets. When unhealthy food is more easily accessible than
healthy foods (e.g., placed in more reachable supermarket shelves; or resulting from entire food
deserts), unhealthy food becomes more attractive to consumers leading to higher unhealthy
food demand and supply.

The unhealthy food consumption by advertisement loop deals with the exposure to unhealthy
food by advertisements, particularly on digital devices, increased by the higher time spent in
front of screens. This furthers reinforces sedentary behaviour related to screen leisure time
which leads to higher unhealthy food consumption.

Unhealthy food consumption contributes to calorie intake, which impacts body weight and
physical activity levels. Screen leisure time and digital device use contribute to the convenience
to access food delivery and to more attractiveness of unhealthy food, perpetuating the demand
for these choices and ultimately increasing the consumption of unhealthy food.
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balancing process (B2) and the growth of market returns is tempered by
the limiting factor of market saturation (B3). The feedback loops asso-
ciated with affordability (R6ab) and accessibility (R7ab) of a certain
type of food also influence the food habituation mechanisms. If un-
healthy foods dominate over healthy food through these feedback pro-
cesses, they contribute to dishabituation and unaffordability of healthy
food and the further increase of calorie intake and ultimately, a higher
body weight. Moreover, excess weight gain leads to a sedentary behav-
iour, privileging screen leisure time over physical activity. Consequently,
adolescents are more likely to be exposed to unhealthy food advertisement
with increased screen time, reinforcing unhealthy food consumption
habituation (Boyland et al., 2021) as well as the convenience to access
food delivery of unhealthy food. These processes are captured in R8 and
R9, in which less physical activity generates more screen leisure time where
adolescents spend more time using digital devices which gives them a
higher exposure to advertisement of unhealthy food and convenience of
delivery of unhealthy food. In turn, these lead to further reinforcement of
the habituation to consume unhealthy food (R1a).

3.2.2. Physical activity environment theme

The physical activity (PA) environment theme (see Table 2 and
Fig. 4) captures the factors that exert influence over adolescents’ phys-
ical activity level, ultimately reducing energy expenditure. The physical
activity environment plays an important role in increasing physical ac-
tivity engagement (Carver et al., 2023; Fathi et al., 2020; Saelens et al.,
2018; Sallis et al., 2006). The main driving forces of obesity within the
physical activity environment theme are reinforcing feedback loops that
interact with the supply and demand aspects of the PA environment.
These two mechanisms generate an effect on poor physical activity
engagement, which also leads to a reduced propensity to engage in PA and
exposure to PA, leading to lower PA engagement (R10).

body =~ = <
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A \
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Important components within this theme are the lack of organised PA
(after school activities such as sports and PA programs) (R11), and lack
of self-organised PA (R12). The latter is largely contingent on the
reduced availability of a built environment that enables physical activity,
which includes physical factors like green spaces, sidewalks, bike paths,
and sports facilities and constitutes the supply aspect of the PA envi-
ronment. On the demand side, factors such as the lower willingness to
participate in PA and the inclination towards PA are influenced by the
scarce supply of PA opportunities, originating from both the lack of
school-based activities and the built environment (R13ab). Another key
feedback loop deals with sedentary behaviour (R14). Sedentary behaviours
including TV viewing, video game playing, and computer use (collec-
tively referred to as ‘screen time’) reduce physical activity and increase
body weight (Nagata et al., 2023). Whereas physical unfitness (R15) deals
with people’s inability to do physical activity when they have higher
body weight (Giabbanelli et al., 2012).

3.2.3. Mental wellbeing theme

The mental wellbeing theme (see Table 3 and Fig. 5) plays a pivotal
role in body weight changes capturing the main mental health and
emotional processes that lead to behaviours driving obesity in adoles-
cents. This theme was examined in depth in Aguiar et al. (2023a,b).
Mental wellbeing affects both sides of the energy balance equation
(Forster et al., 2023; Russell-Mayhew et al., 2012). The core dynamics in
this theme are generated by four reinforcing loops and one balancing
loop: emotional eating, lack of motivation to do PA, sleep difficulty and
dietary restraint. In the energy intake side, the emotional eating loop is
triggered by an increase in body weight through unhealthy food con-
sumption reducing self-esteem and increasing stress, which in turn lowers
mental wellbeing and promotes binge eating (R16a). These feedback loops
set out from a weight bias stemming from the disparity between the
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Fig. 4. Segment of the Physical Activity Environment theme in the integrated CLD in the CO-CREATE project. The letter R with curved arrow: reinforcing loop; the
letter B with curved arrows: balancing loop; solid arrows: positive causal link; dotted arrows: negative causal link; @: feedback loop existing in the co-created system
map with adolescents; *: feedback loop extracted from the literature; &: feedback loop co-developed with experts during validation workshops.



Table 2

Feedback loop names, labels, pathways, and stories within the physical activity environment theme of the integrated CLD in the CO-CREATE project.

Feedback Loop Name and Label

Feedback Loop Pathway

Feedback Story

Physical Activity dishabituation (R10)

Lack of organised Physical Activity (R11)

Lack of built environment for Physical Activity
(R12)

Inaccessibility to PA via organized PA (R13a) and
Inaccessibility to PA via Built Environment
(R13b)

Sedentary behaviour (R14)

Physical unfitness (R15)

physical activity engagement — propensity to engage in PA — exposure to PA —
willingness to engage in PA— physical activity engagement

Pphysical activity engagement— demand of organised physical activity —
organised physical activity supply — physical activity engagement

physical activity engagement — demand for built environment — built
environment supply — physical activity engagement

(R13a) accessibility to organised physical activity — demand for organised
physical activity — organised physical activity supply — accessibility to
organised physical activity

(R13b) accessibility to built environment — demand for built environment —
built environment supply — accessibility to built environment

physical activity — screen leisure time — physical activity engagement —
Pphysical activity

physical activity — body weight — physical activity

This feedback loop involves the connection between an adolescent’s willingness to participate in physical
activity and their actual engagement in PA. When adolescents are not exposed to PA, it reduces their
inclination or likelihood to participate in PA, which in turn reinforces their lower initial willingness to
engage in it. This loop can be conceptualised as 'social habituation to PA’. It can be constrained by the
availability of resources for organised PA and the existing physical environmental conditions which can turn
into dishabituation to PA.

This feedback loop involves the connection between an adolescent’s willingness to participate in organised
sports and after-school physical activity and their engagement in those activities. When adolescents are not
exposed to organised PA, their likelihood to participate in PA decreases, which in turn influences their initial
willingness to engage in it. This feedback loop can be constrained by the availability of school resources for
PA.

This feedback loop describes the effect of scarce physical elements in the environment, including community
infrastructure such as green spaces, gym facilities, sidewalks, bike paths, etc., on adolescents’ willingness to
participate in PA. When adolescents are not exposed to physical environment (i.e., infrastructure or
equipment) to support PA, it decreases their likelihood to participate in PA, which in turn lowers their
engagement in it.

These reinforcing feedback loops consist of the lack of supply of organised activities after school where
adolescents can engage in physical activity and of infrastructure available in the community to exercise.
These processes include aspects such as unaffordability to engage in after-school activities, not being able to
reach the community infrastructure dedicated for PA, etc.

Lower levels of physical activity could lead to an increased use of screens such as TV, video games, mobile
phones, tablets, computers, etc., reinforcing lower levels of physical activity and further increasing body
weight.

Lower levels of physical activity lead to an increase in body weight since energy expenditure declines, this
leads to a lower ability to do physical activity.
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Fig. 5. Segment of the Mental Wellbeing theme in the integrated CLD in the CO-CREATE project. The letter R with curved arrow: reinforcing loop; the letter B with
curved arrows: balancing loop; italics: a copy of a variable (ghost); solid arrows: positive causal link; dotted arrows: negative causal link; @: feedback loop existing in
the co-created system map with adolescents; *: feedback loop extracted from the literature; &: feedback loop co-developed with experts during validation workshops.
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Table 3

Feedback loop names, labels, pathways, and stories within the mental wellbeing theme of the integrated CLD in the CO-CREATE project.

Feedback Loop Name and Label

Feedback Loop Pathway

Feedback Story

Emotional eating via Self-esteem (R16a), Emotional
eating via stress (R16b) and Emotional eating via guilt
(R16¢)

Dietary restraint (B4)

Lack of motivation to do PA via pressure on body
image (R17a) and Lack of motivation to do PA via
guilt from poor PA (R17b)

Sleep difficulty (R18)

(R16a) body weight — body image satisfaction — pressure on body image — self-esteem
— mental wellbeing — binge eating — unhealthy food choices — unhealthy food
consumption — calorie intake — body weight

(R16b) body weight — body image satisfaction — pressure on body image — stress —
mental wellbeing — binge eating — unhealthy food choices — unhealthy food
consumption — calorie intake — body weight

(R16¢) unhealthy food consumption — mental wellbeing — binge eating — unhealthy
food choices — unhealthy food consumption

body weight — body image satisfaction — pressure on body image — weight-loss dieting
— calorie intake — body weight

(R17a) body weight — body image satisfaction — pressure on body image — stress —
mental wellbeing— motivation to do PA — physical activity engagement — physical
activity — body weight

(R17b) physical activity — mental wellbeing — motivation to do PA — physical activity
engagement — physical activity

body weight — body image satisfaction — pressure on body image — stress — sleep
quality — mental wellbeing — binge eating — unhealthy food consumption — calorie
intake — body weight

The pressure on body image contributes to an incremental increase in psychosocial stress and to
lower self-esteem. Both psychosocial stress and lower self-esteem are associated with poor mental
wellbeing in adolescents. Particularly, psychosocial stress is composed of several external factors
(known as stressors) such as school pressure and weight-related bullying, as well as perceived
pressure on body image. The combination of increased psychosocial stress and poor mental
wellbeing produces emotional eating behaviours that add extra calories beyond what is needed to
balance energy expenditure, leading to higher body weight, therefore, reinforcing higher
psychosocial stress and poorer self-esteem. The feedback loop R16c deals with an immediate
negative effect of unhealthy food consumption on mental wellbeing in which adolescents may feel
guilty for consuming junk food leading to a deterioration of mental wellbeing and motivation to
further binge eating unhealthy food.

The influence of celebrities and social media personalities can exacerbate pressures related to body
image. This influence often results in diminished satisfaction with one’s own body image and may
encourage adolescents to adopt restrictive diets aimed at weight loss, resulting in reduced calorie
intake and short-term weight loss.

As in the Emotional eating loop, the weight bias generates pressure on body image. As pressure on
body image increases, psychosocial stress increases as well, reducing the motivation to do PA. The
lower the motivation to do PA, the lower the physical activity engagement and physical activity
levels (PALs) are. Lower PAL implies that less energy will be expended, therefore, producing a
positive energy balance and higher body weight. There is also a more immediate process that
worsens mental wellbeing produced by guilt from doing poor PALs leading to a further reduced
motivation to do PA and PA engagement, ultimately lowering physical activity.

As the perceived pressure on body image increases with higher body weight, psychosocial stress
increases as well, which reduces sleep quality. The lower the quality of sleep, the lower mental
wellbeing. Poor mental wellbeing leads to unhealthy eating behaviours, such as binge eating,
increasing body weight which intensifies body image dissatisfaction and increases pressure on
body image further.
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present weight and the perceived ideal weight. This weight bias subse-
quently generates a sense of discontentment in relation to the adoles-
cents’ weight condition resulting in perceived pressure on body image,
generating a sense of dissatisfaction in relation to the adolescent’s
weight status (R16ab and B4). This, in turn, contributes to a decline in
mental wellbeing and ultimately leads to the development of obesity also
due to the lack of motivation to do PA. Also, the combination of low
self-esteem and stress leads to lower mental wellbeing and a Lack of
motivation to do PA (R17ab), which in turn lowers engagement in PA and
reduces physical activity and energy expenditure. There also may be an
immediate negative impact of consuming unhealthy food on adoles-
cents’ mental wellbeing (R16c), where feelings of guilt from eating junk
food can deteriorate mental health and potentially lead to further binge
eating of unhealthy foods (Malmir et al., 2023). In addition, stress re-
duces the quality of sleep (R18) and further lowers mental wellbeing,
which in turns leads to a lower motivation to do PA and further reduces
physical activity. The Sleep difficulty feedback loop (R18) links individ-
ual factors such as stress and screen use to sleep quality (Guerrero et al.,
2019) but also demonstrates how these factors are mutually reinforcing;
for instance, increased screen use could exacerbate stress, leading to even
more screen use in a continuous cycle (Santos et al., 2023). In the
context of screen use, all feedback loops were perceived to be channelled
through the availability of technological devices.

Social Science & Medicine 367 (2025) 117706

3.2.4. Social norms theme

This theme (see Table 4 and Fig. 6) deals with how adolescent social
norms, related to dietary and physical activity behaviours, are shaped
and reproduced. Social norm-related loops affect body weight through
food consumption, physical activity, and mental wellbeing (Shoham
et al., 2015). The feedback loop associated with social media usage and
higher exposure to unhealthy influence, poor mental wellbeing and more
unhealthy food consumption (R19ab) (Blanchard et al., 2023) was iden-
tified as an important feedback process as it is interconnected with both
food consumption and physical activity behaviours. In addition, the
Emotional eating loops (R16abc) and Unhealthy peer-to-peer influence
loop (R20) reduce the mental wellbeing of adolescents with respect to
negative peer interactions, negative body image, and emotional instability
toward food choices and physical activity (Draper et al., 2015).

There are feedback loops associated with the role of adolescent per-
sonal norms in relation to both nutrition and physical activity. Here,
personal norms refer to one’s *moral or personal obligation to perform a
certain behaviour’ (Zillich and Riesmeyer, 2021). Unhealthy nutrition
norms (R21) are reproduced by the feedback between unhealthy food
choices, reduced wellness experienced, and low attractiveness of healthier
options. This in turn, reduces the relative appeal of healthy choices, and
fosters Dishabituation to consume healthy food simultaneously (R1b).
Similarly, in the area of physical activity, feedback loops are observed in
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Fig. 6. Segment of the Social Norms theme in the integrated CLD in the CO-CREATE project. The letter R with curved arrow: reinforcing loop; the letter B with curved
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Table 4

Feedback loop names, labels, pathways, and stories within the social norms theme of the integrated CLD in the CO-CREATE project.

Feedback loop name and label

Feedback Loop Pathway

Feedback story

Unhealthy social media Exposure via pressure on
body image (R19a) and Unhealthy social media
exposure via sleep difficulty (R19b)

Unhealthy peer-to-peer influence (R20)

Unhealthy nutrition norms (R21)

Unhealthy physical activity norms (R22)

Lack of positive social learning (R23)

(R19a) unhealthy food consumption — calorie intake — body weight — physical activity —
screen leisure time— digital device use — social media/gaming — unhealthy influencers —
pressure on body image — stress — mental wellbeing — binge eating — unhealthy food choices —
unhealthy food consumption

(R19b) unhealthy food consumption — calorie intake — body weight — physical activity —
screen leisure time — digital device use — sleep quality — mental wellbeing — binge eating
unhealthy food choices — unhealthy food consumption

unhealthy food choices — adolescents wellness — healthy adolescent personal norms — healthy
peer influence — healthy adolescent group norms— healthy peer influence — weight related
bullying — pressure on body image — stress — mental wellbeing — binge eating — unhealthy
food choices

unhealthy food choices — adolescents wellness — healthy adolescent personal norms — relative
attractiveness of healthy food — unhealthy food choices

unhealthy food choices — adolescents wellness — healthy adolescent personal norms — physical
activity engagement— physical activity — screen leisure time— digital device use — exposure to
advertisement of unhealthy food — unhealthy food choices

healthy adolescent personal norms — healthy peer influence — healthy adolescent group norm —
healthy adolescent personal norms

These feedback loops describe how higher consumption of unhealthy food contributes to
higher calorie intake. This increase in caloric intake leads to an increase in body weight. The
higher the body weight, the lower the engagement in physical activity. Reduced physical
activity levels prompt an increase in leisure time spent in front of screens. Increased screen
leisure time links to a rise in digital device usage, fostering greater interaction with social
media/gaming. Elevated social media usage exposes adolescents to more unhealthy
influencers. The intensified exposure to unhealthy influencers increases the pressure on
body image, this lowers mental wellbeing resulting in a loop of making more unhealthy food
choices and increasing unhealthy food consumption. Also, a higher digital device use
reduces sleep quality which lower mental wellbeing as well. This then increases binge eating
and further unhealthy food consumption.

Unhealthy food choices among adolescents leads to a decline in their overall wellness. This
diminished wellness, in turn, hinders the formation of healthy adolescent personal norms.
Through peer-to-peer influence from social interactions, lower healthy adolescent personal
norms contribute to the deterioration of group norms. This decline intensifies weight-
related bullying, especially within school settings. More bullying leads to an increased
pressure on adolescents’ body image, exacerbating their stress levels and subsequently
diminishing their mental wellbeing. The poorer the mental wellbeing, the more the
tendency to engage in binge eating behaviours, culminating in a further increase in
unhealthy food choices.

This feedback loop captures how reduced healthy food choices weaken healthy adolescent
personal norms, thus decrease the attractiveness of healthy food, increasing, in turn,
unhealthy food choices.

This loop represents the effect of decreased healthy adolescent personal norms resulting
from unhealthy food choices on poorer physical activity engagement. A poorer physical
activity engagement leads to a lower physical activity level which, in turn, increases the
screen leisure time and digital devices usage. With higher usage of digital devices, there is
more exposure to advertisements of unhealthy food, thus increasing unhealthy food choices.
Weak healthy adolescent personal norms contribute to sustaining unhealthier group norms
by way of lower healthy peer influence within the adolescent community that is more
damaging. As healthier group norms decrease, they, in turn, shape the overall healthy
adolescents personal norms. This reinforcing loop creates a detrimental social environment
where negative habits and choices become the norm, preventing adolescents to contribute
to and benefit from the promotion of wellbeing and healthy lifestyles.
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regard to personal norms (Simpkins et al., 2013). An example of this is
the interplay between weak personal norms surrounding walking and
cycling, and the resultant impact on these very norms, forming loop R22.
While personal norms are in part sustained through the reproduction of
past behaviour and habituation, they are also shaped by the social
environment through the process of social learning (Bandura, 1999).
Adolescents’ personal norms are shaped through the internalisation of
group norms from peer-to-peer social interactions and identifications
(Bamberg and Moser, 2007; Zillich and Riesmeyer, 2021). Importantly,
social learning is a process of reciprocity where adolescents influence
the group social norms and simultaneously internalise (i.e., influenced
by) those norms (Bandura, 1999). In this case, the lack of positive social
learning loop (R23) captures the weak circulation of healthy norms for
adolescents to model after.

Unhealthy personal norms, therefore, can lead to several harmful
consequences in the social environment. The lack of positive social
learning process socialises adolescents towards unhealthy nutrition
(R21) and physical activity (R22) practices, which could then become
Dishabituated to consume healthy food (R1b). Unhealthy peer influence
(R20), in this process, could further propagate to a weaker integration
among greater groups (e.g., classrooms, neighbourhoods), thus
increasing negative behaviours such as bullying (Lian et al., 2018).
These interacting feedback loops thus contribute to a negative social
norm around unhealthy eating and unhealthier lifestyles among ado-
lescents (Roberts et al., 2019). If so, R19a can potentiate the vicious
cycle of increasing digital device use and social media/gaming such that the
unhealthy influencers’ effect on mental wellbeing is increased (R16abc,
R17ab, R18 and B4).

4. Discussion
4.1. Summary

As part of the CO-CREATE project, this study aimed to integrate three
sources of information on the main drivers, causal links, and feedback
processes exacerbating obesity among adolescents into a single CLD. By
integrating a systems map developed by adolescents with a CLD based
on scientific literature, we identified gaps and originalities, highlighting
feedback mechanisms extending beyond dietary and physical activity
factors and towards societal, psychosocial, and emotional pressures that
generate obesity-related behaviours in adolescents. 27 main feedback
loops resulted from our analysis describing the main feedback mecha-
nisms increasing body weight and perpetuating high adolescent obesity
prevalence, which were then supported and expanded through consul-
tation with experts in the field of adolescent obesity. When identifying
the loops, we particularly emphasised the feedback stories, i.e., the de-
scriptions of real-world processes that feedback loops attempt to
represent (Rajah et al., 2024).

4.2. Value of integrating perspectives

Integrating different perspectives in CLDs is essential for a more
comprehensive and robust representation of key system structures or
components underpinning complex health issues, in this case, adoles-
cent obesity. The inclusion of adolescents’ experiential knowledge in the
CLD on factors that drive harmful diet and physical activity behaviours
highlights the importance of considering the perspective of the affected
population directly (Samdal et al., 2023).

Additionally, while literature reviews provide a foundation based on
existing knowledge, expert input helps refine, support and expand on
the relationships between variables, improving the overall accuracy of
the CLD (Turner and Goodman, 2023). During our expert validation
workshops, the experts did not disagree nor were they opposed to any of
the adolescent-suggested variables and links. Instead, they identified
missing variables, links, and feedback loops that the adolescents did not
describe, and they supported these additions with relevant literature.
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For instance, experts provided helpful inputs related to definitions and
linkages concerning the physical activity environment variables, and
specifically the different processes involved in organised physical ac-
tivity and the supply and demand of the built environment for adoles-
cents’ physical activity accessibility which were not shown in the
adolescents’ system map. This was an iterative process that helped
further refine of the integrated CLD.

Lastly, by integrating different perspectives and knowledge sources,
we can identify gaps and foster the emergence of novel insights
(Pluchinotta et al., 2022; Schaffernicht and Groesser, 2014). Following
the example of Luna Pinzon et al. (2023) who also integrated multiple
perspectives on adolescent obesity in the Netherlands, we used a broader
empirical basis across multiple European case studies and found that
new feedback loops emerged from the integration and validation pro-
cesses, including the feedback loops R13ab Inaccessibility to physical
activity and R18 Sleep difficulty, which were formed during the inte-
gration process and had not been feedback loops in the two individual
CLDs. Moreover, during the integration process, it was recognised that
several critical factors and feedback structures, such as mental health
and social pressures — particularly the adverse effects of social media
use — are underrepresented in the current literature. These elements,
identified as key drivers of obesity, warrant a more detailed investiga-
tion to inform the obesity research agenda. Future studies exploring
these relationships may yield robust empirical evidence expanding
beyond current expert knowledge.

4.3. Insights from feedback stories in the integrated CLD

Given the study’s focus on mapping the drivers of adolescent obesity,
we predominantly found reinforcing loops that formed of vicious cycles.
These loops exacerbate, rather than mitigate, the prevalence of obesity
and unhealthy behaviours among adolescents. Our findings, thus, have
the potential to contribute to a more holistic understanding of how
persistent vicious cycles can impact energy-balance related behaviours
in adolescents, offering insights that can promote the use of systems
approaches to enhance adolescents’ wellbeing. Specifically, the feed-
back loops associated with the commercial food environment, which are
fuelled by the persistent availability of low-priced foods high in fat,
sugar or salt, propagate the consumption of these unhealthy foods.
Another significant loop contributing to unhealthy adolescent behav-
iours is the sedentary behaviour loop, governed by factors such as higher
leisure screen time and the advertising of unhealthy foods.

The integrated CLD brought attention to the complex dynamics
within the commercial food environment, emphasising its significant
centrality. Moreover, our results highlight the intricate interconnections
and interdependencies among sleep quality, physical activity, and
technology usage domains, shedding light onto potential points for
system-level interventions. Additionally, the integrated CLD illustrates
the significance of adolescents’ vulnerabilities in the online environ-
ment, suggesting that addressing online activities and interactions could
serve as a crucial entry point for interventions, influencing mental
health, social norms, and overall choices related to diet and physical
activity. Thus, the identified vicious cycles underscore the imperative
for policies and interventions aimed at obesity prevention to redirect
these cycles, transforming them from operating in detrimental ways to
virtuous ones.

4.4. The integrated CLD as a knowledge repository

This paper emphasises the strength of an integrative approach and
reveals that each source of knowledge depicted in the CLDs is an element
of the mental models held by the stakeholders involved and what is
available in the body of literature. Hence, the integrated CLD presented
here serves as an initial knowledge repository that provides a more
detailed overview of the feedback mechanisms boosting harmful energy-
balance related behaviours as perceived by young people, with
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additional support from recent research outputs and expert opinions.
However, it should not be interpreted as exhaustive. Our integrated CLD
emphasises reinforcing loops or vicious cycles that amplify the dynamics
of unhealthy behaviours. This overrepresentation of reinforcing loops
reflects a broader trend in group modelling sessions, where attention
tends to concentrate on reinforcing feedback mechanisms, potentially
overlooking balancing ones and other dynamics critical to understand-
ing the complexity of obesity.

Balancing loops that act as constraints and limits often tend to be
uncovered during simulation modelling, and when policy structures are
introduced to alleviate the problem. Hence, the balancing loops
included in our integrated CLD (B1, B2, B3 and B4) were mainly sourced
from the systematic review of SD models. Given the boundaries of the
existing models, most of these balancing loops that act as constraints on
reinforcing loops are found in the Commercial Food Environment
theme. In turn, this suggests that additional balancing loops are
currently absent in the other themes of the integrated CLD. While the
incorporation of such constraining and alleviating balancing loops lies
beyond the current scope of this paper, this knowledge repository can be
updated as the state-of-the-art improves in the future.

Nevertheless, the vicious cycles captured in this initial repository are
still useful to understand the underlying structures responsible for the
persistence of the problem and to consider the impact of these cycles
when attempting to improve the larger system (Lane and Husemann,
2008). All loops shown in the CLD (reinforcing and balancing) currently
operate to exacerbate obesity and thus provide an explanation for
observed trends in adolescent obesity. Additionally, the CLD provides
the scaffold for conceptualising dynamic hypotheses for simulation
models. Specifically, for system dynamics modellers aiming to quantify
the feedback structure underlying obesity prevalence, such a repository
is useful for delineating the boundary of their model (Rajah et al., 2024).
That is, such modellers could use this initial knowledge repository to
ensure that their boundary selection includes the major feedback loops
responsible for driving overweight and obesity. In doing so, they further
contribute to knowledge creation that can be used to update this
repository.

4.5. The integrated CLD as a tool to reflect critically on potential system
interventions

Maps and models are commonly used to represent and simplify the
complexity of a reality that is challenging to conceive of in its entirety
(Harrison, 1995). A model is an abstraction of reality that embodies only
the essential features of reality relevant to the investigation, omitting
much of the detail (Dalcher, 2018). The CLD capturing different per-
spectives of adolescent obesity depicted in this paper is a
non-simulatable, visual map that helps promote understanding of the
complex issues at hand, encourage dialogue and engagement between
stakeholders, and provide some level of decision support. A common
misconception regarding the use of CLDs in public health is that they
provide comprehensive roadmaps, delineating every possible interven-
tion point within a system. However, their main strength lies instead in
guiding us to verify the causal logic of policy alternatives and to ensure
their internal consistency with the feedback structures embedded
within.

Policymakers considering fiscal measures to address diet-related
health could use tools such as CLDs to ensure they ask the right ques-
tions regarding policy interventions, shifting away from quick-fix solu-
tions towards those informed by feedback dynamics. For instance, a CLD
can help policymakers visualise how a proposed intervention, such as a
sugar tax, falls within the broader feedback structure. Traditionally,
policies like the sugar tax are viewed through a linear cause-and-effect
lens, where the assumption is that increasing the price of sugary prod-
ucts will lead to reduced consumption and subsequently lower rates of
obesity. However, this logic may be inadequate if feedback processes are
considered. In this example, such a policy may fail to account for
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systemic factors like mental health mechanisms, especially in the
adolescent population, which could weaken the intended effects of the
policy. By using the CLD, policymakers can better understand which
parts of the system a proposed intervention will influence and where it
might fall short. If poor mental wellbeing feedback loops are stronger,
for instance, individuals may continue to consume sugary products
despite higher prices, as the price change does not impact the underlying
issue driving consumption patterns. Therefore, CLDs offer a structured
way to tailor policies to more effectively address the specific needs and
challenges faced by adolescents.

Effective use of CLDs as tools to support this kind of anticipatory
action is not without its challenges. It may well require a conceptual
shift on the part of policymakers and others, from a traditional public
health approach that tends to focus on specific interventions to a broader
emphasis on the system as whole, and the interactions and in-
terdependencies within it. Importantly, while CLDs can offer insights
into a system’s structure, mentally simulating potential trajectories of a
system over time solely from its causal-loop representation is unreliable.
A simulation model that quantifies the feedback structure is required to
understand the relative and time-dependent strengths of the complex
feedback interactions inherent in obesity and other public health prob-
lems, address harmful unintended consequences, and generate public
health gains across multiple domains simultaneously. Therefore, this
work can be taken forward, based on the feedback structure, to identify
critical areas for further analysis with potential meaningful intervention
points for policy intervention (Richardson, 2020; Richardson and
Andersen, 2010) as it provides a robust foundation for subsequent
quantification efforts of a simulation model of the drivers of adolescent
obesity. Likewise, dealing with analytical problems to gain a deeper
understanding of the dynamics requires simulation, and intervention
points cannot be fully justified without a simulation model for hypoth-
esis testing. In such quantitative assessment of the consequences of in-
terventions, exogenous variables that were not included in this CLD as
well as important absent balancing loops need to be accounted for in the
structure and analysis of a simulation model. Only then can we further
verify the effects and unintended consequences of potential policy
alternatives.

4.6. Limitations of this study

We acknowledge that our work has some limitations, and that further
analyses are desirable. Our integrated CLD provides a visual represen-
tation of the main feedback mechanisms that contribute to rising
adolescent obesity, as obtained from the findings of the knowledge
integration process across three sources. Therefore, the variables, links
and feedback loops portrayed in the integrated CLD are exclusively
based on these three sources: the participatory process with adolescents,
the literature reviewed, and expert consultation workshops conducted
within the CO-CREATE project. As discussed above, there may be
additional variables and connections that could be further included in
the CLD. Moreover, given that the final CLD is a result of both the
content of the different knowledge sources and the authors’ own inter-
pretation, it is likely that variables, links, and feedback loops, may differ
from other studies that have not been included in this diagram. The role
of our interpretation was mainly to ensure the coherence of the method
and to fill in gaps where the data sources did not fully converge. How-
ever, we took measures to mitigate the risk of bias or overinfluence from
our own interpretation. First, we relied on multiple and diverse sources
of information to ensure the relationships and variables represented in
this work’s CLD were well supported by published work. Any relation-
ship, variable addition or removal and feedback loops suggested by our
interpretation were triangulated with data from these sources to mini-
mise the subjective influence. Second, the CLD was developed itera-
tively, as we presented versions of the CLD to experts and stakeholders
for feedback which help refined the assumptions and interpretations in
the diagram.
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Throughout this study, we encountered considerable challenges
when attempting to capture the complex interconnections driving
adolescent obesity prevalence. One of the primary difficulties arose
during the process of aggregating variables and merging factors on the
basis of two distinct CLDs. This endeavour required careful consider-
ation and posed the risk of potentially sacrificing crucial details that are
integral to a comprehensive understanding of the issue being mapped.
One example of ‘lost’ variables during the integration process is the
exclusion of exogenous variables (i.e., those not affected causally by
another variable, depicted by having only arrows outwards in a CLD,
thus not part of feedback loop) as shown in the original CLDs. Lastly,
further research may look into representing social disparities in obesity
prevalence, such as those associated with race/ethnicity or economic
status that could be incorporated in CLDs. However, these consider-
ations are currently beyond this study’s scope given that our stake-
holders focused on general mechanisms driving adolescent obesity.

5. Concluding remarks

This work presents an integrated causal loop diagram that brings
together the co-produced knowledge of adolescents with expert judge-
ment and scientific literature. It shows the development of an initial
knowledge repository focused on the feedback processes contributing to
the exacerbation of adolescent obesity. CLDs provide a holistic, inte-
grated view of a complex issue i.e., adolescent obesity, an approach
often not sufficiently applied. By incorporating different viewpoints into
CLDs, they can lead to more informed decision-making and a better
systemic understanding of obesity as a complex and dynamic problem.
Embracing the dynamic nature of systems and involving various per-
spectives ensures the creation of thorough and adaptable knowledge
repositories, in the form CLDs, that can evolve with new information
over time.
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