
ter Ellen et al. BMC Medicine            (2025) 23:2  
https://doi.org/10.1186/s12916-024-03798-x

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

BMC Medicine

Understanding the dynamics driving 
obesity in socioeconomically deprived urban 
neighbourhoods: an expert‑based systems map
Fleur ter Ellen1*, Joost Oude Groeniger1,2, Karien Stronks3, Luc L. Hagenaars3, Carlijn B.M. Kamphuis4, 
Joreintje D. Mackenbach5,6, Mariëlle A. Beenackers1, Karen Freijer7, Pieter Coenen3,8, Maartje Poelman9, 
Karen M. Oude Hengel1,10 and Frank J. van Lenthe1 

Abstract 

Background  Over the past decades, the prevalence of obesity among adults has rapidly increased, particularly 
in socioeconomically deprived urban neighbourhoods. To better understand the complex mechanisms behind this 
trend, we created a system map exposing the underlying system driving obesity prevalence in socioeconomically 
deprived urban neighbourhoods over the last three decades in the Netherlands.

Methods  We conducted Group Model Building (GMB) sessions with a group of thirteen interdisciplinary experts 
to develop a Causal Loop Diagram (CLD) of the obesogenic system. Using system-based analysis, the underlying 
system dynamics were interpreted.

Results  The CLD demonstrates the food environment, physical activity environment, socioeconomic environment 
and socio-political environment, and their interactions. We identified the following overarching reinforcing dynamics 
in the obesogenic system in socioeconomically deprived urban neighbourhoods: (1) adverse socioeconomic condi-
tions and an unhealthy food environment reinforced each other, (2) increased social distance between social groups 
and adverse socioeconomic conditions reinforced each other and (3) increased social distance between institutions 
and communities and the normalisation of unhealthy behaviours reinforced each other. These deeper system dynam-
ics further reinforced chronic stress, sedentary behaviour, sleeping problems, unhealthy diets and reduced physical 
activity over time. In turn, these dynamics led to the emergent result of rising obesity prevalence in socioeconomi-
cally deprived urban neighbourhoods over the past decades.

Conclusions  Our study sheds light on the system dynamics leading to neighbourhoods with an unhealthy food 
environment, challenging socioeconomic conditions, a widening distance between social groups and an infra-
structure that discouraged physical activity while promoting sedentary behaviour. Our insights can form the basis 
for the development of an integrated approach aimed at reshaping the obesogenic system in socioeconomically 
deprived urban neighbourhoods.
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Background
A global rise in the prevalence of obesity over recent 
decades has led to about 13% of the adult population 
living with obesity currently, resulting in substantial 
societal burden [1–3]. This rise in obesity prevalence is 
unevenly distributed across population subgroups, with 
higher obesity rates among people with a lower socio-
economic position and people living in more socio-
economically deprived neighbourhoods compared to 
people with a higher socioeconomic position and peo-
ple living in more affluent neighbourhoods [1, 4–6]. For 
example, in the Netherlands 15% of adults aged 18 and 
older suffered from obesity in 2023, a threefold increase 
since the early 1980s, and those with a primary or lower 
secondary educational degree were twice as likely to 
have obesity than those was a tertiary educational 
degree [7]. To date, preventive interventions and poli-
cies have not been able to curb the rising obesity preva-
lence, nor to reduce its socioeconomic gradient [1, 8]. 
A possible explanation is that obesity prevention strat-
egies often prioritise individual health behaviours, and 
thereby treating obesity as an individual problem rather 
than a societal responsibility [9, 10]. This approach 
neglects the impact of adverse trends in our socioeco-
nomic, cultural, food and built environment, which 
have driven the significant increase in obesity rates. 
Factors such as the increased use of technology have 
reduced physical activity, while the practices of the 
commercial food industry have led to growing expo-
sure to fast food restaurants and digital food marketing 
influenced unhealthy eating habits [11–16]. 

Over the past decades, the global food environ-
ment has changed significantly, with a notable rise in 
the production, supply, marketing and consumption 
of ultra-processed foods and beverages [17]. These 
ultra-processed foods, typically high in fat, salt and 
sugar, now constituting a substantial portion of the 
diet in high-income countries, have been linked to an 
increased risk of obesity and chronic diseases [18–20]. 
Additionally, 79% of supermarket products in the Neth-
erlands do not contribute to a healthy diet [21]. Also the 
food landscape in the Netherlands has changed consid-
erably. Between 2004 and 2018, there was an increase 
in delivery services, takeaway outlets and restaurants, 
while the number of local food providers declined [14]. 
Consequently, most Dutch people do not adhere to 
dietary guidelines, with adherence being particularly 
low among lower socioeconomic groups [22]. Stud-
ies indicate that the healthiness of food environments 
varies across neighbourhoods, with a higher concentra-
tion of supermarkets, takeaways and fast-food outlets 
in lower-income areas, both globally [1, 23] and in the 

Netherlands [14]. Furthermore, a growing body of evi-
dence shows how our food environments shape social 
norms about dietary behaviour and body weight [24–
28]. Prevailing social norms may influence unhealthy 
food choices and higher body weight in some socio-cul-
tural environments [29, 30], while cultivating thinness 
and healthy food repertoires in others [31–33]. As such, 
food environments not only contribute to a global rise 
in obesity, but also perpetuate class distinctions and 
health inequalities [34].

Recent research has begun adopting a ‘systems lens’ 
to better understand the interconnectedness of underly-
ing causes of obesity. Drawing from systems science, this 
work conceptualises the increasing rates of obesity as an 
undesirable outcome of a larger complex adaptive system 
[35–37]. Within this complex adaptive system, the vari-
ous factors influencing obesity prevalence are intercon-
nected and changes in one part can trigger intended or 
unintended consequences in other parts of the system 
over time [38]. The Foresight obesity map was among the 
first that applied a system science method to develop a 
holistic system map of interconnected drivers of obesity 
[39]. This map supports the view that many current inter-
ventions only target parts of the system that promote 
population level obesity, referred to as the obesogenic 
system [40]. Nevertheless, the Foresight obesity map has 
been subject to criticism due to its emphasis on indi-
vidual energy imbalance [11, 41]. This map also neglects 
the variations in obesity prevalence across areas. Recent 
studies have applied systems mapping methods to illus-
trate and understand the complex system of childhood 
and adolescent obesity [42, 43], or how the mechanisms 
behind the food environment drive unhealthy dietary 
intake [13, 44, 45]. To date, a comprehensive understand-
ing which dynamics drive the prevalence of adult obe-
sity in deprived urban neighbourhoods is still lacking. 
This understanding is crucial because despite the efforts 
made by local authorities to improve the determinants of 
obesity in deprived urban neighbourhoods, these actions 
have not resulted in substantial reductions in obesity 
prevalence [1]. Bridging this knowledge gap will offer 
valuable insights for the development of effective policy 
strategies to address obesity in deprived urban neigh-
bourhoods. The aim of this study was therefore to cre-
ate a system map exposing how the dynamics within the 
underlying system have contributed to the rise in obesity 
prevalence in deprived urban neighbourhoods over the 
last three decades. To achieve this, our research question 
was formulated as follows: What are the dynamics that 
have been driving the rise in obesity prevalence in soci-
oeconomically deprived urban neighbourhoods in the 
Netherlands over the past 30 years?
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Methods
We conducted Group Model Building (GMB), a partici-
patory research method that combines systems science 
with group facilitation [46]. GMB allows participants to 
visualise their beliefs and assumptions about how a com-
plex system works, also referred to as participants’ men-
tal models [46, 47].

Participants of the GMB sessions
We employed purposive sampling by intentionally invit-
ing experts with diverse areas of knowledge, including 
health inequalities, overweight, the food environment, 
occupational health, physical exercise, the urban living 
environment and social determinants of health. We com-
piled a list of experts to invite, presenting the purpose of 
the GMB sessions within the invitation. Subsequently, 
some of these experts were recommended by colleagues 
to participate in the sessions. Over a span of 9 months, 
thirteen experts took part, spread over two plenary ses-
sions and four subgroup sessions (see Additional file  1: 
Information of experts). The main goal of these ses-
sions was to build a mutual understanding and integrate 
knowledge about the obesogenic system in socioeconom-
ically deprived urban neighbourhoods [48].

The process of GMB
Following GMB protocols, an iterative process of partici-
patory sessions with experts and pre-meeting and follow-
up activities by the core modelling group (FtE, JOG, KS, 
LH, KOH, FJvL) was conducted [46]. Each GMB ses-
sion was designed based on scripts, in accordance with 
structured techniques to facilitate individual and group 
activities [49]. The scripts used from the online tool 
Scriptapedia were first divergent to collect broad ideas 
and interpretations of the causes and consequences of the 
problem, followed by convergent scripts to focus on nar-
rowing down, resolving disagreement and reaching con-
sensus [49]. After each GMB session, the core modelling 
group refined the systems map and sent workbooks to 

the experts, including the summary report of the GMB, 
considerations and discussion topics for the next meeting 
[46]. After the final session, the results were shared with 
the experts to ascertain their alignment with the inter-
pretations made by the core modelling group. Additional 
file 2: GMB procedure presents the procedure in detail.

GMB to develop the Causal Loop Diagram (CLD)
The experts qualitatively developed a conceptual model 
of the obesogenic system in deprived urban neighbour-
hoods in the form of a ‘Causal Loop Diagram’ (CLD). A 
CLD is a system dynamics tool aimed at contributing to 
an understanding and visualisation of how complex sys-
tems work [50]. Table 1 shows the process of the develop-
ment of our CLD following a GMB procedure.

A CLD presents the factors, connections and feed-
back loops that explain how a system behaves over time 
[50]. The factors in a CLD are the elements that influ-
ence each other within the system and form cause and 
effect relationships. Connections are represented as 
arrows between factors, and these show how a change in 
one factor causes a change in another factor. In a CLD, 
these arrows present hypothesised causal relationships 
between the different factors [53]. Multiple connections 
can form feedback loops, which are cycles where the fac-
tors continuously affect each other. Feedback loops in 
CLDs are either balancing or reinforcing. Reinforcing 
loops amplify the system’s behaviour over time whereas 
balancing feedback loops maintain stability in the system 
by resisting changes [54].

Defining systems boundaries
The core modelling team defined the boundaries of the 
system, referring to the geography, concepts and/or pro-
cesses that are or are not part of the system [35]. We 
focussed on key determinants that (1) influenced or were 
influenced by the rise in obesity prevalence over the past 
30 years and/or (2) factors relevant for socioeconomically 
deprived urban neighbourhoods. A socioeconomically 

Table 1  Development of the Causal Loop Diagram (CLD) by following a Group Model Building (GMB) procedure

CLD development process [50, 51] Corresponding GMB procedure [49, 52]

Defining the systems boundaries Discussion within the core modelling group

Extracting factors and connections to conceptualise the CLD The use of systems mapping tools during first GMB session: Graphs Over 
Time, Nominal Group Technique, Connection circle exercise

Refining the initial CLD and identifying the subsystems Discussions within the core modelling group
Second GMB session with experts: Model review exercise

Refining the subsystems and identifying crucial feedback loops 
within subsystems

Discussion within the core modelling group
Separate GMB sessions with all subgroups: Causal Mapping in Small Groups 
exercise

Identifying and analysing key dynamics in the subsystems and whole 
system CLD

Systems-based analysis with the core modelling group
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deprived urban neighbourhood was defined as a neigh-
bourhood with a high concentration of people with a low 
socioeconomic position [55, 56], whereby we focused on 
urban municipalities (medium and large-sized munici-
palities) in the Netherlands [57, 58]. To maintain read-
ability, we will continue to use the term ‘deprived’ 
throughout the paper when referring to socioeconomi-
cally deprived urban neighbourhoods. Biological factors 
(e.g. hormone levels, brain chemistry, genetic influences) 
were out of scope.

Conceptualising the CLD
During the first GMB session, the experts became famil-
iar with a more systemic and dynamic way of thinking 
by individually drawing ‘graphs-over-time’ of the most 
important factors that have influenced or are influenced 
by the rise of obesity over the past 30 years [49]. Follow-
ing that, the experts within their subgroups assigned pri-
ority to these factors and subsequently conveyed their 
most relevant factors to the entire group. Ultimately, they 
collectively identified interconnections among these fac-
tors [49].

Identifying subsystems
After the first GMB session, the core modelling group 
observed that four subsystems appeared: the food 
environment, the physical activity environment, the 
socioeconomic environment and the socio-political envi-
ronment. Based on their expertise, experts were divided 
into four subgroups during the second session and criti-
cally assessed the subsystems. At the end of the session, 
subgroups presented their findings plenary and gathered 
insights from other experts.

Refining the subsystems and identifying feedback loops
At the end of the second GMB session, some experts 
indicated that a ‘fact-check’ was necessary for factors 
of which the change over time was doubtful. For these 
factors, the core modelling group checked Dutch data-
bases (e.g. Statistics Netherlands), scientific literature 
and policy documents for validation. In the last GMB 
session, experts refined and agreed on central feedback 
processes in the subsystem and suggested links to other 
subsystems.

Identifying and analysing key dynamics
In line with previous systems science work, we differen-
tiated between the system’s structure (factors, connec-
tions and feedback loops) and its functioning (deeper 
dynamics and their meaning) during the analysis [43, 59]. 
The GMB sessions were conducted to conceptualise the 
structure of the subsystems: the factors, connections and 
feedback loops that were relevant to the experts. To gain 

further insights into the functioning of each subsystem, 
the core modelling group combined identified mecha-
nisms in each subsystem, referring to segments of larger 
processes in the subsystem [60]. Subsequently, the four 
subsystems were merged into a whole system CLD using 
online system mapping software Kumu and by integrat-
ing expert input to adjust connections [61]. Finally, to 
extract the overarching dynamics for a deeper under-
standing of the system’s functioning, the core modelling 
group analysed and discussed: (1) how factors present in 
more than one subsystem influence the identified sub-
system mechanisms, and (2) how the separate subsystem 
mechanisms feed into each other.

Results
The underlying system contributing to the rise in obesity 
prevalence in deprived urban neighbourhoods shows the 
interconnected structure of 63 factors and four subsys-
tems (Additional file 3: Whole system CLD). An interac-
tive visualisation of the CLD can be found here: Obeso​
genic​ syste​m in socio​econo​mical​ly depri​ved urban​ neigh​
bourh​oods in the Nethe​rlands. All key feedback loops 
and the factor definitions are provided in Additional 
file  4: Feedback loops and mechanisms and Additional 
file 5: Definitions of factors.

The subsystem CLDs
Subsystem of the food environment
The experts emphasised the increased supply of 
unhealthy food in deprived urban neighbourhoods over 
the past decades. This trend is driven by the globalisa-
tion of the food chain and digitalisation of our society. 
Due to the profit-driven food industry and increased 
consumer exposure to unhealthy food with relative low 
prices, unhealthy dietary patterns have become increas-
ingly prevalent. A higher prevalence of unhealthy dietary 
patterns in the neighbourhood in turn changed social 
norms around food consumption, which further fuelled 
the increasing supply-and-demand loop of unhealthy 
food (Fig. 1, R1-R4). The experts emphasised that while 
these trends are also seen in other contexts, their impact 
on obesity prevalence is more pronounced in deprived 
urban neighbourhoods due to interactions with deprived 
socioeconomic conditions of communities. Experts 
also discussed that the consumption of (larger portions 
of ) unhealthy foods promoted a preference for high-
calorie, sweet, salty and/or ultra-processed foods. This 
increased preference increased the demand for unhealthy 
food and further promoted the supply of these foods in 
the neighbourhood (Fig.  1, R5, R6, R9–R11). Addition-
ally, increased exposure to online and offline marketing 
amplified unhealthy dietary patterns and preferences 
(Fig. 1, R7, R8). While governmental advice about healthy 

https://FleurtEllen96.kumu.io/the-obesogenic-system-in-socioeconomically-deprived-urban-neighbourhoods-in-the-netherlands?token=74kl8Mh89zOa65IV
https://FleurtEllen96.kumu.io/the-obesogenic-system-in-socioeconomically-deprived-urban-neighbourhoods-in-the-netherlands?token=74kl8Mh89zOa65IV
https://FleurtEllen96.kumu.io/the-obesogenic-system-in-socioeconomically-deprived-urban-neighbourhoods-in-the-netherlands?token=74kl8Mh89zOa65IV
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nutrition was provided, this advice was not able to com-
pete with the negative effects that the marketing of and 
exposure to unhealthy foods had on social norms around 
food consumption. In sum, the interplay between supply-
and-demand for unhealthy food within the food environ-
ment has created a reinforcing structure that has led to 
increasingly unhealthy dietary patterns, thereby promot-
ing obesity in the deprived urban neighbourhoods.

Subsystem of the physical activity environment
The experts pointed out that the ongoing digitalisation 
of society in recent decades has resulted in more screen 
time, increased use of online services and reduced physi-
cal activity, notably within workplace environments. As 

a result, this has caused changes in social norms within 
communities. Figure  2 demonstrates how this trend of 
normalised sedentary behaviour has negatively affected 
both sleep quality and in turn leisure-time physical activ-
ity (Fig. 2, R1). Furthermore, the experts discussed how 
the increased popularity of motorised vehicles such as 
scooters and motorcycles reduced active transport and 
undermined traffic and social safety in deprived urban 
neighbourhoods. The vicious cycle of how lower experi-
enced traffic safety by cyclists and pedestrians reduced 
active transport, increased the use of individual motor-
ised passive vehicles and lowered traffic safety even 
more (Fig.  2, R2). The experts noted that this hindered 
the impact of policy developments in public outdoor 

Fig. 1  The subsystem of the food environment in deprived urban neighbourhoods in the Netherlands. Blue factors are unique to the subsystem. 
Yellow factors are ‘link elements’ that signal the presence of a factor in another subsystem. Dotted arrows: negative connections, indicating 
that the relationship between factors moves in the opposite direction. Solid arrows: positive connections, indicating that the relationship 
between factors moves in the same direction. ‘R1–R11’: reinforcing feedback loops within the subsystem
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spaces, such as adding more parks and walking routes, 
to increase physical activity levels. Experts noted that 
leisure-time physical activity levels are notably lower in 
deprived urban neighbourhoods compared to more afflu-
ent neighbourhoods, leading to a diminished demand for 
exercise facilities. As a result, the continuity and acces-
sibility of these facilities have remained limited or even 
declined. Additionally, many facilities have been moved 
to the outskirts of the city due to urban space constraints, 
often misaligning with community needs and fostering 
institutional distrust. Experts emphasised that the insuf-
ficient availability, accessibility and affordability of sports 
facilities provided by associations or gyms in many neigh-
bourhoods contributed to low levels of physical activity, 
and reinforced the normalisation of sedentary behaviours 
(Fig.  2, R3). In summary, the dynamics within this sub-
system have resulted in an infrastructure (comprising 

built environment and facilities) that has consistently 
maintained low levels of physical activity while promot-
ing sedentary behaviour. This has contributed to the rise 
of obesity in deprived urban neighbourhoods over the 
past decades.

Subsystem of the socioeconomic environment
The experts emphasised several societal trends that 
negatively affected income security in deprived urban 
neighbourhoods over the past decades, such as an 
increased number of single-person and single-par-
ent households, increased fixed household costs (e.g. 
rent, electricity) and an increase in jobs with tem-
porary contract or multi-job holding. The experts 
also highlighted that the digitalisation of the Dutch 
social security system has decreased its accessibil-
ity, leading to sub-optimal use of government income 

Fig. 2  The subsystem of the physical activity environment in deprived urban neighbourhoods in the Netherlands. Green factors are unique 
to the subsystem. Yellow factors are ‘link elements’ that signal the presence of a factor in another subsystem. Dotted arrows: negative connections, 
indicating that the relationship between factors moves in the opposite direction. Solid arrows: positive connections, indicating that the relationship 
between factors moves in the same direction. ‘R1-R3’: reinforcing feedback loops within the subsystem



Page 7 of 15ter Ellen et al. BMC Medicine            (2025) 23:2 	

support, especially for lower socioeconomic groups. 
Consequently, fewer residents received the benefits 
they were entitled to, increasing their risk of debt and 
chronic financial stress. This stress reduced individu-
als’ energy and motivation to navigate the complexi-
ties of the Dutch social security system, which further 
lowered their disposable income. Hence, chronic stress 
and low income created vicious cycles: stress ham-
pered the ability to develop essential skills, including 
digital and financial literacy, while reduced disposable 
income limited opportunities for further education. 
This, in turn, worsened the difficulty of navigating the 
complex social security system, making it even less 
accessible for those in need. As a result, stress was fur-
ther intensified, possibilities to obtain (new) paid work 
decreased and income growth continued to be con-
strained, sustaining the vicious cycles (Fig.  3, R1–R6, 

R12). The experts stressed the emergence of job inse-
curity (e.g. part-time work, temporary work and multi-
jobbing). This led to an increase in chronic stress, 
which in turn impacted unhealthy dietary patterns and 
sleeping problems, promoting obesity (Fig.  3, R7–R8, 
R14). The experts emphasised that, even if employ-
ment was stable, irregular working hours also led to 
unhealthy eating habits, stress and sleep issues, fur-
ther undermining good health and in turn further ele-
vated the risk of obesity. Avoiding health care because 
of costs (including direct costs for health care access, 
but also travel costs or lost income by not being able 
to work) also led to increasing health problems, and 
subsequently negatively impacted chronic stress, job 
security and disposable income. These mechanisms 
further undermined pathways leading to higher dis-
posable income (Fig.  3, R10, R15, R16). Increased 

Fig. 3  The subsystem of the socioeconomic environment in deprived urban neighbourhoods in the Netherlands. Red factors are unique 
to the subsystem. Yellow factors are ‘link elements’ that signal the presence of a factor in another subsystem. Dotted arrows: negative connections, 
indicating that the relationship between factors moves in the opposite direction. Solid arrows: positive connections, indicating that the relationship 
between factors moves in the same direction. ‘R1–R16’: reinforcing feedback loops within the subsystem
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chronic stress and reduced opportunities for educa-
tion and training undermined people’s ability for skills 
development. These pathways directly and indirectly 
affected health, leading to a decline in employment 
and income security. To conclude, the dynamics in the 
socioeconomic environment led to an accumulation of 
chronic stress that contributed to the deterioration of 
socioeconomic conditions (e.g. income, debts, employ-
ment and education opportunities) in deprived urban 
neighbourhoods. This accumulation of chronic stress 
contributed to the rise of obesity in these neighbour-
hoods over time.

Subsystem of the socio‑political environment
The experts highlighted the increased distance 
between political and governmental institutions and 
communities in deprived areas over the past decades. 
This was primarily attributed to reduced political and 
institutional representation of these communities. As 
a consequence, the experts reported the mismatch 
between the heightened financial and digital compe-
tences required to navigate through the social secu-
rity system and the actual level of these competences 
within these communities (Fig.  4). The heightened 
requirements consequently limited the accessibility, 

Fig. 4  The subsystem of the socio-political environment in deprived urban neighbourhoods in the Netherlands. Orange factors are unique 
to the subsystem. Yellow factors are ‘link elements’ that signal the presence of a factor in another subsystem. Dotted arrows: negative connections, 
indicating that the relationship between factors moves in the opposite direction. Solid arrows: positive connections, indicating that the relationship 
between factors moves in the same direction. ‘R1–R10’: reinforcing feedback loops within the subsystem
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comprehensibility and usability of social security 
benefits, information and services. As a result, these 
increased demands exacerbated chronic stress and 
reinforced the divide between social groups. Accord-
ing to the experts, the absence of effective communi-
cation and understanding between those in positions 
of power and residents in deprived urban neigh-
bourhoods led to a lack of awareness regarding the 
challenges faced by communities. This resulted in 
misaligned policies and interventions that contributed 
to various health problems in these areas, including 
obesity. The growing gap in preferences, perspectives 
and practices between those who work for and within 
governmental and political organisations and commu-
nities in deprived urban neighbourhoods has further 
reinforced the social exclusion of these communities. 
This exclusion has reduced contact between social 
groups, diminishing opportunities for interaction and 
understanding, and increasing institutional distrust 
(Fig.  4, R2-R3). This is illustrated by the reinforcing 
feedback loops where institutional distrust is further 
fuelled by increased social media use (predominantly 
interactions with like-minded individuals), similar 
to how weight-related stigma is fuelled by increased 
social media use. Both processes reduced the degree 
of contact between social groups and further increased 
the distance between political and governmental insti-
tutions and communities (Fig.  4, R1, R4–R5), and 
increased chronic stress via reduced social support 
and social safety. Reduced social network resources 
hindered access to crucial information and resources 
beyond one’s immediate social circle. This impeded 
the acquisition of knowledge and skills necessary for 
participation in political and governmental institu-
tions, thereby reinforcing the underrepresentation of 
communities in these spheres through several rein-
forcing pathways (Fig.  4,  R6–R10). As a result, the 
distance between governmental institutions and com-
munities further increased. In sum, the dynamics 
within the socio-political subsystem revealed a social 
structure that pushed social groups apart over the past 
decades. This division has led to chronic stress and the 
implementation of ineffective health interventions, 
both of which have contributed to the rise of obesity in 
these neighbourhoods over time.

Key dynamics in the obesogenic system as a whole
This section describes the three key dynamics of the 
whole system in deprived urban neighbourhoods in 
the Netherlands (visualised in Additional files 6: Key 
dynamic 1, Additional file 7: Key dynamic 2 and Addi-
tional file 8: Key dynamic 3).

Dynamic 1: Adverse socioeconomic conditions 
and an unhealthy food environment reinforce each other.
The combination of reinforcing feedback loops demon-
strates how the prevalence of obesity in deprived urban 
neighbourhoods increased due to interactions between 
supply-and-demand processes of unhealthy food, ampli-
fied chronic stress, and unhealthy dietary patterns. More 
specifically, limited budgets for healthy food, exposure 
to (the promotion of ) unhealthy food, and chronic stress 
contributed to unhealthy dietary patterns (Additional 
file  6: Key dynamic 1). As unhealthy dietary patterns 
became more prevalent in deprived neighbourhoods, the 
preference and demand for unhealthy foods increased, 
exacerbating health problems in the community. This, in 
turn, further perpetuated adverse socioeconomic condi-
tions, reinforcing the demand for unhealthy foods. The 
dynamics reveal that a high demand for unhealthy food 
resulted in an increased supply, which kept the prices of 
unhealthy food low and affordable, reinforcing unhealthy 
food consumption. The normalisation of an unhealthy 
diet contributed to worsened health problems, lead-
ing to reduced opportunities on the labour market, and 
consequently to a decrease in disposable income and an 
increase in chronic stress.

Dynamic 2: Increased social distance between social groups 
and adverse socioeconomic conditions reinforce each other
Reinforcing pathways show how declines in social 
resources, social support within and between groups, 
and unfavourable economic conditions were rein-
forced by each other, leading to increased chronic stress. 
Reduced contact between social groups limited access to 
resources related to work, education and other opportu-
nities beyond those available within the social network 
of individuals living in deprived urban neighbourhoods. 
This lack of access to resources further hindered socio-
economic opportunities (Additional file  7: Key dynamic 
2). Difficulties in acquiring necessary skills and access-
ing the social security system exacerbated debts, finan-
cial stress and limited socioeconomic opportunities. 
Fewer opportunities in the deprived urban neighbour-
hoods undermined possibilities for residents to end up 
in (high) positions in political institutions. The under-
representation of communities in positions of power led 
to unintended outcomes, including misaligned policies, 
requirements and urban planning. These reinforcing 
processes widened the gap between communities and 
government institutions, leading to increased institu-
tional distrust and distance between social groups. This 
worsened unfavourable socioeconomic conditions and 
chronic stress, increasing the risk of obesity in deprived 
urban neighbourhoods.
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Dynamic 3: Increased social distance between institutions 
and communities and the normalisation of unhealthy 
behaviours reinforce each other
The CLD demonstrates how an increasing divide 
between political institutions and the lifeworld’s of com-
munities resulted in inadequate responses to social prob-
lems and health challenges within the neighbourhood 
(Additional file 8: Key dynamic 3). This situation further 
contributed to political distrust and widened the gap 
between communities and the government. Addition-
ally, the misalignment between governmental strategies 
aimed at improving population health and the prefer-
ences and practices of communities led to a further nor-
malisation of unhealthy behavioural patterns. The risk of 
developing obesity increased because of these pathways 
that continued reinforcement of unhealthy behaviours in 
the neighbourhood.

Discussion
The functioning of the obesogenic system in deprived 
urban neighbourhoods
The four subsystem CLDs visualise dynamics that con-
tributed to the rise of unhealthy dietary patterns and 
sedentary behaviour, low levels of physical activity, a 
widening gap between social groups and the accumula-
tion of stressors that led to increased adverse socioeco-
nomic conditions over the past 30 years. By conducting 
a systems-based analysis, we identified deeper system 
reinforcing dynamics between (1) adverse socioeconomic 
conditions and an unhealthy food environment, (2) 
increased social distance between social groups and 
adverse socioeconomic conditions and (3) increased 
social distance between institutions and communities 
and the normalisation of unhealthy behaviours. These 
dynamics further reinforced chronic stress, seden-
tary behaviour, sleeping problems, unhealthy diets and 
reduced physical activity, in turn, amplifying obesity in 
deprived urban neighbourhoods over the past decades.

The dynamic interplay between socioeconomic conditions 
and the neighbourhood food environment
In recent decades, global food supply has undergone 
changes, resulting in increased availability of cheaper 
unhealthy food [11, 36], also in deprived neighbourhoods 
in the Netherlands [14, 62]. The driving force behind 
this influx has been shown to be the pursuit of economic 
growth by transnational ultra-processed food compa-
nies. These companies promote products that yield high 
profits due to their hyper-palatability and long shelf-life, 
characteristics that also make their products contribute 
to causing obesity [63]. Notably, such strategies have 
intentionally disproportionately targeted communi-
ties in more deprived areas with limited resources [8]. 

As illustrated in our CLD, by capitalising on the socio-
economic vulnerabilities associated with living on a low 
income, the food industry and retail has perpetuated the 
reinforcing supply-and-demand process of unhealthy 
food in these neighbourhoods over the past decades. 
Moreover, the food and beverage industry’s marketing 
and pricing strategies have consequently played a signifi-
cant role in shaping social norms related to dietary pat-
terns and consumption. These trends are reflective of a 
prevailing societal paradigm that prioritises economic 
growth over public health [13, 64, 65].

The dynamic interplay between segregation, socioeconomic 
conditions and health behaviours
In the Netherlands, a shift towards a more individualis-
tic political ideology has led to decreased government 
engagement in income, work and health, emphasising 
personal responsibility and the need for individual skills 
to navigate complex social and public services [66–68]. 
As a result, people became more reliant on the resources 
within collective social networks for enhancing health 
and work in deprived areas. The revealed dynamics in 
our CLD emphasise the significance of social capital—
the collective benefits that arise from relationships, con-
nections and social networks within a community—in 
shaping inequalities in obesity [69, 70]. Limited access to 
socioeconomic resources restricts individuals’ ability to 
effectively cope with stressors, leading to a reinforcement 
of chronic stress [71]. Chronic stress emerged as a result 
of various dynamics in our CLD and in turn feeds several 
processes that reinforce obesity, such as a preference for 
unhealthy food and sleep problems [72]. We acknowledge 
that by excluding biological systems in the CLD, we over-
looked more detailed feedback processes demonstrating 
how an increase in chronic stress perpetuates obesity 
through physiological mechanisms [73]. The system 
dynamics also illustrate how reduced contact between 
social groups restricts access to resources and informa-
tion needed to gain positions of power in politics and 
institutions [70]. This has had far-reaching consequences 
for policies developed by institutions dominated by ter-
tiary educated individuals who have become socially and 
culturally distant from communities in deprived areas 
[74]. A lack of representation in government institu-
tions further perpetuates policy decisions and health 
and social interventions that do not align with the needs 
and practices in the neighbourhood. This has resulted 
in a failure to adequately alleviate the underlying causes 
of chronic stress and other health problems in deprived 
neighbourhoods and fostered institutional distrust. In 
line with previous work, our dynamics demonstrate that 
institutional distrust could further decrease compli-
ance with governmental health advice [75]. Although we 
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deliberately chose to not include the emergent outcome 
of the system’s functioning (obesity prevalence) as a fac-
tor in the CLD, the dynamics highlight that a high obe-
sity prevalence in deprived urban neighbourhoods also 
reinforces the system itself. Through its impact on social 
norms, stigmatisation, chronic stress and other health 
problems, socioeconomic inequalities in obesity will be 
amplified, creating a cycle that perpetuates this public 
health problem [3, 30, 76, 77].

Implications
It is evident that a unilateral approach, such as focusing 
solely on the food industry, the physical environment or 
the socio-political situation, is insufficient to bring about 
systemic changes. To break the identified feedback loops, 
a comprehensive approach is necessary that considers 
the interaction between various systems underlying the 
rise of obesity prevalence in deprived urban neighbour-
hoods. For instance, tackling the demand for unhealthy 
food requires simultaneous efforts to improve socio-
economic situations as well as changes to the local food 
environment. Many reinforcing dynamics outlined in 
this paper manifest at a national or international scale, 
such as the accessibility of the social security system or 
macro-economic forces determining the production of 
ultra-processed foods. These forces interact with dynam-
ics taking shape also at the local level, e.g. increased 
social distance between groups or the normalisation of 
unhealthy behaviours. This poses the question what local 
governments can or should do. The local level might not 
be the most appropriate level to address issues like the 
incentive structure of transnational food corporations. 
However, our results indicate the need for a joint strat-
egy, in which activities tackling the influence of e.g. the 
ultra-processed food industry at the (supra)national level, 
go hand in hand with measures at the local level, includ-
ing measures addressing socioeconomic conditions and 
norm-changing activities. Overall, this requires address-
ing the reign of free markets and individualism, and 
reverse the erosion of social policies within these com-
munities [78]. Based on our identified dynamics, estab-
lishing trust between local authorities and communities, 
along with ensuring better representation of all groups in 
governmental organisations, is equally crucial.

To effectively address obesity, a comprehensive strategy 
must start with an inventory of current initiatives across 
various policy domains that influence the underlying 
dynamics. This assessment helps to identify existing gaps 
and informs targeted policies [79]. Emphasising collabo-
ration between policy domains, an integrated approach 
should adopt the bidirectional relationship between 
health and other sectors, and public policy organisations 
and communities. Therefore, a ‘Health for All Policies’ 

approach [80] is needed in obesity prevention policy, 
which emphasises how obesity prevention contributes to 
other legitimate policy goals and solutions that are mean-
ingful to affected communities [20]. Additionally, new 
initiatives should prioritise adaptability. Unlike static pol-
icies that struggle with unintended consequences, adap-
tive policies are designed to learn and evolve based on 
changing conditions within the system [81].

Our study was conducted in the context of the Nether-
lands, characterised by relatively small cities with closely 
located facilities and prevailing Dutch socio-cultural 
norms. The core mechanisms operating within and across 
the subsystems identified in our CLD may neverthe-
less also be relevant to deprived urban neighbourhoods 
in other high-income countries. The relative importance 
of these mechanisms may vary across different contexts 
however. Besides, other additional mechanisms not cur-
rently considered in our CLD could play a role in dif-
ferent contexts. For example, in the food environment, 
countries like the US experience more pronounced food 
deserts than the Netherlands due to the very differ-
ent geographic and socioeconomic context [82, 83]. In 
terms of the physical activity environment, the Nether-
lands has a unique cycling culture supported by extensive 
infrastructure, which may differ from situations in other 
countries. Regarding the socioeconomic environment, 
the Netherlands benefits from a relatively generous social 
welfare system, including universal healthcare and vari-
ous benefits, which may not be as prevalent elsewhere. 
Finally, the socio-political environment in the Nether-
lands is embedded in a parliamentary democracy marked 
by a pronounced influence of the highly educated, which 
might come with a different political engagement and 
representation than in other settings [84].

These contextual differences can affect the mechanisms 
within each subsystem and their interactions. Our find-
ings offer a valuable foundation for exploring how spe-
cific contextual factors influence these dynamics. We 
recommend validating and incorporating context-specific 
mechanisms with input from national and local stake-
holders before discussing potential intervention strate-
gies. Engaging these stakeholders is crucial for effectively 
modifying system-reinforcing dynamics and ensuring 
that interventions are tailored to the local context and 
community’s actual experiences and needs [59, 79].

Strengths and limitations
This study explored the rise of obesity by focusing on the 
dynamic interaction between upstream determinants of 
health by applying a system approach. This forced us to 
examine how determinants of obesity, including food 
and transportation systems, interact with broader socio-
economic and sociocultural determinants of health. Since 
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the role of the private sector has been obscured in pub-
lic health models with a traditional focus on individual 
lifestyle and social factors [85], we consider it a strength 
that we explicitly bridged the worlds of commercial and 
social determinants. A limitation of our CLD lies in its 
dependence on qualitative input from both the expert 
group and the core modelling group, without the inclu-
sion of experiential knowledge from communities and 
policymakers. Consequently, the obesogenic system that 
emerged from the experts’ perspective might be vulner-
able to ‘groupthink’ and the lack of diversity within the 
participant group [86]. Moreover, the 30-year period 
under consideration raises questions about whether all 
experts possessed sufficient knowledge to comprehen-
sively assess this entire timeframe, potentially influencing 
the results. To enhance the robustness of our model, we 
actively addressed uncertainties through multiple ses-
sions with the experts and reviewed trends and relation-
ships in existing literature. However, it is important to 
note that validated effect sizes for factors and their rela-
tionships are missing in our CLD. While the construction 
of the CLD is grounded in expert research and practical 
experiences within relevant fields, it remains a reflection 
of the perspective held by a group of experts on the sys-
tem in the Netherlands and should not be regarded as the 
absolute truth. Lastly, our study focused on the preva-
lence of obesity since it has been shown to be an impor-
tant indicator of health problems at the population level. 
However, we acknowledge the extensive literature and 
ongoing scientific discussions that individuals with a high 
BMI do not always have poorer health outcomes [87–89].

Conclusions
Our study sheds light on the complex dynamics through 
which increasingly unhealthy food environments, chal-
lenging socioeconomic conditions, widening distances 
between social groups and infrastructures that discour-
age physical activity and promote sedentary behaviour 
contributed in a mutually reinforcing manner to the 
rise of obesity in deprived urban neighbourhoods over 
the past three decades. Many of these dynamics are 
rooted on (supra)national levels but they interact and 
expose themselves at the neighbourhood level, reinforc-
ing chronic stress, unhealthy dietary patterns, sedentary 
behaviour, sleeping problems and low physical activity 
levels. These insights can form the basis for the develop-
ment of an integrated approach aimed at reshaping the 
functioning of the present obesogenic system in socio-
economically deprived urban neighbourhoods.
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