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Abstract

Inequalities in physical activity are well documented, especially between socioeconomic groups. However, progress
on reducing these inequalities is proving challenging. In this commentary, we argue that a complex system perspec-
tive is needed, specifically to reorient our thinking of inequalities in physical activity to be emergent features of com-
plex systems. Operationalising this perspective involves acknowledging the multiple dynamic and non-linear interac-
tions which take place between system parts and, over time aggregate to become macro patterns such as physical
activity inequalities. We argue that this framing will enhance our understanding of the emergence of inequalities

in physical activity and, therefore, provide interventions better suited to the subgroups of the population they are

designed to help.
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Introduction

Socioeconomic status (SES) is a complex and multi-
dimensional construct broadly referring to an individual’s
social standing [33]. Within research, practice and policy,
SES is operationalised in many ways including income,
education, occupation, and social capital. Addition-
ally, the environments and structures that form society
also have SES attributes, which can, directly and indi-
rectly, enhance or hinder people’s access to resources and
opportunities across health, social, economic, environ-
mental, and political contexts [9, 20]. The complex layers
of SES and the dynamic interactions within the system in
which it operates are of interest, particularly concerning
the influence of the unequal distribution of individuals
engaging in health behaviours [35]. This interest has also
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been demonstrated in physical activity, with evidence
suggesting that physical activity patterns are highly une-
qual between SES groups [14].

It is well established that individuals who are more
educated or have a higher income are more likely to par-
ticipate in leisure-time physical activity, in comparison to
individuals with lower education and income levels, who
are more likely to be physically inactive or adopt more
utilitarian physical activity (such as occupational or travel
physical activity) [2, 49]. Efforts to reduce these inequali-
ties in physical activity levels have been extensive [54].
However, progress is proving to be equally, if not more,
challenging than lowering the overall population’s physi-
cal inactivity patterns [44].

The lack of progress in reducing inequalities could be
explained by two interlinked dominant approaches: (a)
the dominant approach towards physical activity, which
largely focuses on health-related outcomes (for example,
cardiovascular disease or obesity reduction etc.) [27],
and overlooks the other economic, social, and environ-
mental benefits of physical activity,and (b) many studies
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using individualised ‘I-frame’ (individual-frame) [6] and
traditional public health approaches. These focus on life-
style and managing individual behaviour and risk, imply-
ing that people have power to control their unhealthy
choices, overlooking the fact that “the choices we make
are shaped by the choices we have” [37].

Through this commentary, we posit that a complex
systems approach — referred to broadly in this paper
as a multitude of tools and methods that can help us
understand complex systems (definition provided in
Table 1) and their parts and the implications these have
on observed patterns of behaviour [28] — could help pro-
gress our thinking on inequalities in physical activity for
two key reasons. Firstly, we agree with Matias and Pig-
gin [27], who argue that there is more to physical activ-
ity behaviour than physiological health. They argue the
need for a broader view of physical activity to account for
interlinked social, emotional, environmental, and politi-
cal considerations, which shape inequalities in physical
activity and contribute to widening health inequalities.
Secondly, it is believed here that over emphasising indi-
vidual risk approaches within behaviour change research
and policy are limiting because they shift responsibility
to individuals, groups and communities who are already
bearing the brunt of social and health inequities rather
than acknowledging the broader intertwined contextual,
social, political, historical, institutional, and environmen-
tal influences that shape individual choices around physi-
cal activity [6, 7].

Based on these arguments, this commentary reasons
that a complex systems perspective is needed to reorient

Table 1 Glossary of systems related terms

Page 2 of 7

how we think about inequalities in physical activity
across different SES contexts and groups. Specifically,
we discuss physical activity inequalities as an emergent
feature of complex systems due to dynamic interactions
that produce patterns of behaviour. Throughout the com-
mentary, we use technical terms that may have different
interpretations. Their definitions are provided in Table 1.

Exploring the relationships between socioeconomic
groups and physical activity

At the population level, there has been little progress in
increasing physical activity over several decades. This is
demonstrated by Strain and colleagues [51], who high-
light the minimal progress in reducing the overall preva-
lence of insufficient (i.e., not meeting WHO, national or
government recommendations) physical activity levels
over the past two decades, with the prevalence of insuf-
ficient physical activity in 2022 as 31-3% (95% uncertainty
interval 28-6—34-0), an increase from 23-4% (21-1-26-0)
in 2000 and 26-4% (24-8—27-9) in 2010. This lack of pro-
gress has been particularly extended over recent years,
through the COVID-19 pandemic which reduced overall
physical activity levels and exacerbated inequalities [21,
36].

Aligned with this lack of progress, there is a limited
understanding of what works to successfully enable
physical activity across different contexts and for differ-
ent SES groups [53]. In addition, as highlighted by Salvo
and colleagues [46], there is an underrepresentation in
this field in lower-and middle-income countries, with less
than 20% of peer-reviewed physical activity and health

Term Definition

Complexity
complex system.

Quality of being complex, that is, of displaying proprieties and behaviours that arise from complex systems. See

Complex system

Emergence, Emergent properties

Feedback loop

Non-linear, Non-linearity
System

Systems approaches

Systems thinking

Type of system (see system) that arises from the combination of certain conditions (numerosity and diversity of ele-
ments; co-evolution between elements, and with its external environment; nested structures; limited or little central
coordination; and non-equilibrium — none of which is always present) that lead to one or more of the following
properties: self-organisation, emergence, adaptive behaviour, robustness, non-linearity, and path dependency [22]

Macroscopic behaviours, properties and/or functions that arise from the combination of interactions
between the system's factors but are not reducible to the properties of those factors in isolation [34].

The process of cause-and-effect that exists between two or more factors in a cyclic way (loop) [31]. Feedback loops
can either be reinforcing (amplifying the effect of the process over time) or balancing (bringing self-correction
to the process over time) [50].

When a change in the input not necessarily leads to a proportional change of the output.

A set of related and interacting factors that form a relatively stable, integrated whole, with macroscopic behaviours,
patterns and/or functions that define and are defined by its structure.

Ways of addressing a problem (frameworks, methods, procedures, techniques, and tools) underpinned by systems
thinking principles and concepts, particularly the multiplicity of interacting factors across a system, and the ways

in which that system responds and adapts to interventions within it.

A way of thinking and making sense of the world which is characterised by the application of systems principles
and concepts, such as interrelations, self-organisation, feedbacks, adaption and emergence, among others [15].
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publications being from these countries. As a result, dif-
ferences in context (including resources available and
competing priorities in health, development, and policy)
have largely been overlooked [23]. An example of this
point can be demonstrated in the reporting of barriers
for physical activity. For instance, in higher income con-
texts, crime and traffic levels have been suggested to act
as barriers for individuals to participate in recreational
and travel physical activity, however, whilst similar barri-
ers may be present in lower-income contexts, individuals
living in these areas (especially those with lower individ-
ual levels of income) may have no other option than to
utilise travel physical activity for utilitarian purposes [8,
51]. Therefore, the recommendation for physical activ-
ity promotion (i.e., intervention design and implementa-
tion) in these low-income contexts will be different to the
action needed within higher income countries, given the
different needs experienced.

Acknowledging this above point also touches on
another problem that individuals with lower SES often
participate in types of physical activity (travel and occu-
pational) in which they have little or no agency and often
in places that are unsafe and not adequately designed to
support physical activity [11, 45]. Additionally, whilst
the discussion about the health implications (negative
and positive) associated with different domains of physi-
cal activity are still actively being investigated within
the field, previous research has suggested that differ-
ent domains of physical activity pose different benefits
and risks [1, 42]. For instance, the increased risks of
occupational physical activity in comparison to leisure-
time physical activity, such as increased blood pres-
sure, increased markers for inflammation and therefore,
increased risk of cardiovascular diseases [16, 30]. There-
fore, individuals with lower SES levels are not only at
higher risk for health implications associated with occu-
pational physical activity, but they also miss out on the
multidimensional aspects associated with leisure-time
physical activity; such as socialization, connectedness
with nature, and physical, mental, and affective restora-
tion [14]. As such, these inequalities between domains
are also highlighted here as a gap in privilege.

Similarly, recognised sports and exercises are often
overpromoted across all SES groups and are based on
traditional values and frames [24], underpinned by a
host of assumptions about class, race and gender held
by the Western world, particularly in high-income coun-
tries. We highlight this overpromotion as limiting due
to these approaches overlooking “relevant, alternative
and already existing ways of living, sports and physi-
cal activity” [25], such as dance, whilst also reinforcing
social hierarchy by systematically advantaging those with
higher SES who have better access, and opportunities for
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sports participation. Additionally, these assumptions do
not engage with the diverse range of thoughts, views, and
agencies of the people they are supposed to help [24].
Therefore, we argue that current research and policies
may systematically benefit privileged SES groups whilst
disadvantaging others despite emphasising the need to
move towards more inclusive research and policies better
designed to represent diverse groups within the popula-
tion [26].

Further to the above points, it has also been argued
that gaps in understanding inequalities in physical activ-
ity across SES groups could be attributed to the overuse
of mechanistic, reductionist and linear interventions,
commonly employed when designing interventions and
their evaluations [5]. In consonance with this argument,
challenges of these previous customary approaches are
interlinked. First, they focus on finding single causes of
inequalities and identifying the mechanisms or factors
responsible for predicting and overcoming barriers to
being physically active [4]. Second, they tend to focus on
social categories (race, gender, class) or individual attrib-
utes (i.e., an individual’s weight) rather than on the sys-
tems of structural disadvantage (racism, poverty). As an
unintended consequence, specific social groups may be
homogenised and stigmatised since their lack of physi-
cal activity is perceived as a consequence of the group’s
characteristics, attitudes, and behaviours rather than the
result of the intersection of discrimination with inequali-
ties, systems of oppression and specific social categories.
Third, as can be inferred from above, context and com-
peting economic, political, historical, and institutional
structures make understanding the processes of ine-
qualities difficult due to the multiple factors and layers
dynamically interacting in unpredictable and non-linear
ways, which causes the observed patterns to be unstable
through feedback loops and adaption [17, 29].

For this reason, we argue it is not enough to identify
the mechanisms or factors which limit physical activ-
ity opportunities; instead, there is a need to understand
how the behaviour and the system in which it operates
interact with each other to produce the consequent
macro patterns we observe [26]. As such, more systems-
based research methods (e.g., community-based system
dynamics, soft systems methodology, systems-based sim-
ulation modelling) are necessary to supplement existing
methods to understand the complex relationships that
drive various social processes, producing emergent out-
comes, such as inequalities in physical activity across SES
groups.

Recognising the limitations of solely focusing on indi-
vidual factors, models such as the Socio-ecological
model [43], highlight the many dimensions of physical
activity, such as the interpersonal, physical and political
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environments, which shape physical activity behaviour.
This model also identifies that individuals are part of a
larger system, and specifically distinguishes the impor-
tance of interactions between individuals and environ-
ment on health behaviours [43]. Whilst these models and
theories show progress by acknowledging the multiple
factors, across multiple levels, which influence physical
activity, they still lack some, we believe, essential fea-
tures to fully address the formation of physical activity
patterns. For instance, as highlighted by Garcia and col-
leagues [12], these models tend to overlook the adapt-
ing nature of the multiple processes involved in shaping
physical activity behaviour, which is pivotal to understand
how patterns of behaviour are formed and sustained.
Additionally, models such as the socio-ecological model
are structured by nested levels (i.e., individual, interper-
sonal, community and societal levels), forcing boundaries
between themselves, which often lacks acknowledgement
of the interactions that can occur within or between lev-
els [12]. As such, complex systems approaches are often
sought to build on these models and theories to over-
come these limitations by recognising the interactions
between multiple dimensions which have different level
of impact, and consequently allow us to truly understand
what is happening in the formation of population pat-
terns (i.e., seeing the bigger picture) [18, 19].

To summarise our points so far, we should aim to
broaden current categorisations and conceptualisations
of physical activity and move towards a more holistic
and inclusive interpretation of physical activity patterns,
whereby physical activity is thought of as an essential
human need, central to personal, emotional, economic,
and social well-being [23, 27]. In doing so, we can elicit
a more nuanced understanding of inequalities by hon-
ouring diverse contexts, interests and preferences whilst
addressing the systematic shift needed across multiple
levels and societal structures to reduce inequalities in
physical activity across different SES groups.

With this complex systems perspective in mind, in the
next section, we highlight our thinking about physical
activity inequalities across SES groups as an emergent
outcome of the system in which it exists, rather than a
distal static factor.

Thinking about inequalities as an emergent feature

of complex systems

We posit that inequalities in physical activity are emer-
gent features of complex systems (see Table 1 for defini-
tions) due to the interplay between the individual and
social, economic, political, historical, institutional, and
physical environmental factors, which dynamically inter-
act to produce individual and collective physical activity
patterns. These factors are self-organising in nature and
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interact in non-linear ways, which causes each factor to
feed back to the system and coevolve due to the dynamic
processes involved [19]. Consequently, emergent fea-
tures, namely in this instance inequalities, arise because
of the configuration of the system, (i.e., through the
mutually sustained balances between factors and struc-
tures within society), which directly and indirectly shape
and influence an individual’s opportunities, resources,
and capabilities to be physically active, leading to distinc-
tive and imbalanced patterns across different SES groups
[17].

To elaborate further on this idea, we use Riitten and
Gelius’s [39] ‘multi-level interdependence of structure
and agency in health promotion model, which centra-
lises the mutually reinforcing constructs of structure
and agency, and further demonstrates how system-wide
changes can be created and strengthened. A summary of
this model is highlighted in Fig. 1.

Specifically, we draw attention to the concept of rein-
forcement in the model, which highlights the potential of
community agency (i.e., participation) to build the struc-
ture (of policies), which feed back to strengthen the com-
munity’s agency. This can be further demonstrated using
an example provided by Riitten and Gelius to highlight
the reinforcing relationship between the neighbourhood
environment and physical activity levels. At the neigh-
bourhood level, if the area has poor opportunities to be
physically active, such as not being conducive to walk-
ing or cycling with a high number of traffic collisions,
physical activity levels will drop, and thus, the demand
for suitable infrastructure may be lower. However, one
could argue that improving the infrastructure, in turn,
increases physical activity through individuals having
more safe and equitable opportunities to be physically
active, which then increases the demand for environ-
ments conducive to physical activity. This vicious/virtu-
ous cycle does not exist in a vacuum and can be catalysed
or constrained by the wider system in which exists, with
dynamic interactions with other social, economic, politi-
cal, historical, and institutional factors. For instance, dis-
franchised groups may have less institutional spaces to
have their views heard and, consequently, policies are less
likely to meet their needs, reinforcing inequalities and
disfranchisement.

Other researchers have made similar arguments that
inequalities in health behaviours (other than physical
activity) can be demonstrated as emergent features of
complex systems. For instance, when looking at social
inequalities in obesity, Matheson [26] highlights obesity
as a complex issue driven by non-linear interactions and
emergent processes. Specifically, Matheson highlights the
‘downward’ causation’ where emergent patterns impact
micro-level interactions, consequently feeding back to
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& - structural change effected through

- multiplicity of structures

- intersection of structures

- transposability of schemas

- unpredicted resource accumulation
- polysemy of resources

Fig. 1 Multi-level interdependence of structure and agency in health promotion [39]

the whole system. Figure 1 provides a visual representa-
tion of this process. For instance, as Galea and colleagues
[10] emphasise, obesity patterns are linked to physical
activity patterns; however, obesity could be one contrib-
uting aspect of physical activity participation. There-
fore, the patterns that emerged over time (obesity) could
consequently change the individual’s physical activity
behaviour, which could also feedback and exacerbate the
patterns observed at the macro-level (inequalities).
Notwithstanding the advantages of utilising the per-
spective of inequalities as an emergent feature of complex
systems, we also acknowledge the difficulty in operation-
alising complex systems approaches themselves due to
the many different interpretations about what exactly
constitutes a system, its boundaries, and the consequent
different ways these shape physical activity patterns [52].
Therefore, we highlight that in particular, these meth-
ods and tools can be used to help researchers, stake-
holders and policy makers to work more holistically
through collaborating in multisectoral teams [13] whilst
also helping to gain a deeper, broader sense of the sys-
tem through envisioning the current system and the
processes and factors which sustain them (i.e., through

group model building, or casual loop diagrams as exam-
ples) [41]. Additionally, employing a systems approach
and specifically considering inequalities as an emergent
feature of complex systems can also affect how we design
and evaluate interventions [47]. Employing this perspec-
tive and consequently using complex systems approaches
would mean we are more interested in why the patterns
observed occur, (i.e., what the underlying system that
shapes and sustains these patterns is and how we may
intervene to nudge it to achieve the desired patterns).
Approaches such as agent-based models could be used
for this purpose [4, 48]. This broadens the scope and
timescale for interventions and enables interventions to
be better judged in the context in which they are situated.

However, whilst drawing attention to calls for using
systems approaches, which have been extensive in the
physical activity literature recently [3, 14, 40], robust
engagement with the methods is still limited. This
is also discussed by Nau et al. [32], who conducted a
scoping review of systems approaches for increasing
physical activity in populations, and reported that few
studies fully engaged with systems concepts, especially
with the unique properties of systems approach that
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distinguish them from social ecological models, that
we are more familiar with in physical activity research.
Perhaps an explanation for this lack of utilisation is the
acknowledgment that research and evaluation is often
commissioned and directed towards the performance
of the intervention or programme, rather than centring
the problem on physical activity inequalities, which has
implications for design, implementation, and evalua-
tion [38].

For this reason, it is believed here that we are not yet
sure of the full potential of these approaches and how
they may be able to work alongside traditional methods
to improve our efforts to reduce inequalities in physi-
cal activity and improve overall physical activity levels
more broadly. Even though the application of systems
approaches is still very much in its infancy, we should not
be deterred by that and should be encouraged to engage
with its use.

Lastly, it is important to emphasise that whilst this
commentary is arguing the need for a shift in perspec-
tive, we also acknowledge that inequalities, and in par-
ticular some determinants of inequalities (e.g., equitable
access to suitable infrastructure, social norms etc.) are
not easy to modify due to ethical, political and resource
constraints [23] in intervention design.

In summary of this commentary, we make three main
arguments; the first is to move towards more dynamic
and inclusive ways of thinking about physical activity
inequalities and related interventions and policies. The
second is to acknowledge inequalities as an emergent fea-
ture of complex systems, as opposed to a static concept.
This brings us to our third argument to utilise complex
systems thinking and related approaches to enhance our
understanding of inequalities and the dynamic processes
involved in producing these inequalities. We believe that
it is not until these arguments are realised and applied
that we can progress in reducing inequalities in physi-
cal activity across SES groups, which, as highlighted in
this paper, is not only detrimental from a physical activ-
ity viewpoint but also deprives disadvantaged groups of
emotional, social, and economic wellbeing.

Abbreviation
SES  Socioeconomic status

Acknowledgements
Not applicable.

Authors’ contributions

SJ,RH and LG had the initial conception of the paper, and all authors agreed
on the main arguments and scope. SJ wrote the first draft of the manuscript.
In addition, LG, RH, APE and KS contributed intellectual ideas and content and
critically reviewed the manuscript.

Funding
SJ was supported by funding from the Northern Ireland Department for the
Economy.

Page 6 of 7

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 May 2024 Accepted: 16 September 2024
Published online: 29 October 2024

References

1. Appelqvist-Schmidlechner K, Vaara JP, Vasankari T, Hakkinen A, Mantysaari
M, Kyroldinen H. Relationship between different domains of physical
activity and positive mental health among young adult men. BMC Public
Health. 2020;20:1.

2. Beenackers MA, Kamphuis C, Giskes K, Brug J, Kunst AE, Burdorf A, Van
Lenthe FJ. Socioeconomic inequalities in occupational, leisure-time, and
transport related physical activity among European adults: a systematic
review. Int J Behav Nutr Phys Act. 2012;9(1):1-23.

3. Bellew W, Nau T, Smith BJ, Ding M, Bauman A. Systems approaches
to physical activity: new tools and resources. J Phys Act Health.
2022;1(aop):1.

4. Boyd J. Understanding the role of inequality in creating and sustain-
ing the alcohol harm paradox using agent-based modelling. INAAMAS.
2021;3:1797-8.

5. Buchan DS, Ollis S, Thomas NE, Baker JS. Physical activity behaviour:
an overview of current and emergent theoretical practices. J Obes.
2012;2012(1):546459.

6. Chater N, Loewenstein G. The i-frame and the s-frame: How focusing on
individual-level solutions has led behavioral public policy astray. Behav
Brain Sci. 2023;46:e147.

7. Dollman J. Social and environmental influences on physical activity
behaviours. Int J Environ Res Public Health. 2018;15(1):1609.

8. Elshahat S, O'Rorke M, Adlakha D. Built environment correlates of physical
activity in low-and middle-income countries: a systematic review. PLoS
One. 2020;15(3):20230454.

9. Evans GW, Kim P. Multiple risk exposure as a potential explanatory
mechanism for the socioeconomic status—health gradient. Ann N'Y Acad
Sci. 2010;1186(1):174-89.

10. Galea S, Riddle M, Kaplan GA. Causal thinking and complex system
approaches in epidemiology. Int J Epidemiol. 2010;39(1):97-106.

11. Garcia L, Jones S, Hunter R. Promoting leisure-time versus occupational
physical activity: socially biased or solutions to closing the socioeco-
nomic gap? Br J Sports Med. 2022;56(2):114.

12. Garcia LM, Diez Roux AV, Martins AC, Yang Y, Florindo AA. Development
of a dynamic framework to explain population patterns of leisure-time
physical activity through agent-based modeling. Int J Behav Nutr Phys
Act. 2017;14:1-8.

13. Garcia LM, Hunter RF, de la Haye K, Economos CD, King AC. An action-
oriented framework for systems-based solutions aimed at childhood
obesity prevention in US Latinx and Latin American populations. Obes
Rev. 2021;22:e13241.

14. Global action plan on physical activity 2018-2030: more active people for
a healthier world. Geneva: World Health Organization; 2019. Licence: CC
BY-NC-SA 3.0 IGO.

15. Hummelbrunner R. Systems thinking and evaluation. Evaluation.
2011;17(4):395-403.

16. Holtermann A, Krause N, Van Der Beek AJ, Straker L. The physical activity
paradox: Six reasons why occupational physical activity (OPA) does not
confer the cardiovascular health benefits that leisure time physical activ-
ity does. Vol. 52, British Journal of Sports Medicine. BMJ Publishing Group;
2018. p. 149-50.



Jones et al. Int J Behav Nutr Phys Act (2024) 21:125

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

Jayasinghe S. Social determinants of health inequalities: towards a
theoretical perspective using systems science. Int J Equity Health.
2015;14(1):1-8.

Kohl HW, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G,
Kahlmeier S. The pandemic of physical inactivity: global action for public
health. Lancet. 2012;380(9838):294-305.

King AC. Theory’s role in shaping behavioral health research for popula-
tion health. Int J Behav Nutr Phys Act. 2015;12:1-4.

Kraft P, Kraft B. Explaining socioeconomic disparities in health behaviours:

a review of biopsychological pathways involving stress and inflammation.

Neurosci Biobehav Rev. 2021;127:689-708.

Kyan A, Takakura M. Socio-economic inequalities in physical activity
among Japanese adults during the COVID-19 pandemic. Public Health.
2022;207:7-13.

Ladyman J, Lambert J, Wiesner K. What is a complex system?. Eur J Philos
Sci. 2013;3:33-67.

Lambert EV, Kolbe-Alexander T, Adlakha D, Oyeyemi A, Anokye NK,
Goenka S, Mogrovejo P, Salvo D. Making the case for ‘physical activity
security”: the 2020 WHO guidelines on physical activity and seden-

tary behaviour from a Global South perspective. Br J Sports Med.
2020,54(24):1447-8.

Mashreghi S. Decolonial re-existence and sports: the stories of Afghan
youth in Sweden [Internet]. Malmo, Sweden: Malmo University; 2021.
Available from: http://urn.kb.se/resolve?urn=urn:nbn:se:mau:diva-45992.
Mashreghi S. Decolonizing Sport and Exercise Psychology Within a Euro-
pean Context : A Critical Overview. Scandinavian Sport Studies Forum
[Internet]. 2020;11:25-42. Available from: https://urn.kb.se/resolve?urn=
urn:nbn:se:xmau:diva-17481.

Matheson A. Health inequality as a large-scale outcome of complex
social systems: lessons for action on the sustainable development goals.
Int J Environ Res Public Health. 2020;17(8):2684.

Matias TS, Piggin J. Physical activity promotion: can a focus on disease
limit successful messaging? Lancet Glob Health. 2020;8(10):e1263.
McGill E, ErV, Penney T, Egan M, White M, Meier P, Whitehead M, Lock K,
de Cuevas RA, Smith R, Savona N. Evaluation of public health interven-
tions from a complex systems perspective: a research methods review.
Soc SciMed. 2021;272:113697.

Mesjasz C, Mesjasz L. Application of a systems approach to studying
global socio-economic inequality. Argumenta Oeconomica Cracoviensia.
2020;2(21):43-59.

Moreno-Llamas A, Garcia-Mayor J, De la Cruz-Sdnchez E. The Socioeco-
nomic paradox of physical activity and sedentary behavior in Europe. J
Phys Act Health. 2023;20(3):193-203.

National Cancer Institute. Greater Than the Sum: Systems Thinking in
Tobacco Control. Tobacco Control Monograph No. 18. Bethesda, MD: U.S.
Department of Health and Human Services, National Institutes of Health,
National Cancer Institute. NIH Pub. No. 06-6085, April 2007.

Nau T, Bauman A, Smith BJ, Bellew W. A scoping review of systems
approaches for increasing physical activity in populations. Health Res
Policy Syst. 2022;20(1):104.

Navarro-Carrillo G, Alonso-Ferres M, Moya M, Valor-Segura I. Socioeco-
nomic status and psychological well-being: revisiting the role of subjec-
tive socioeconomic status. Front Psychol. 2020;10(11):1303.

Page SE. What sociologists should know about complexity. Annu Rev
Sociol. 2015;41:21-41.

Pampel FC, Krueger PM, Denney JT. Socioeconomic disparities in health
behaviors. Ann Rev Sociol. 2010;11(36):349-70.

Park AH, Zhong S, Yang H, Jeong J, Lee C. Impact of COVID-19 on physical

activity: A rapid review. J Glob Health. 2022;12.

Rine CM. Unnatural causes: is inequality making us sick? Health Soc Work.

2010;35(3):229-32.

Rohanna KL, Christie CA. A problem-bound evaluation approach. Eval
Program Plann. 2023;1(96):102187.

Rutten A, Gelius P. The interplay of structure and agency in health
promotion: Integrating a concept of structural change and the policy
dimension into a multi-level model and applying it to health promotion
principles and practice. Soc Sci Med. 2011;73(7):953-9.

Rutter H, Cavill N, Bauman A, Bull F. Systems approaches to global and
national physical activity plans. Bull World Health Organ. 2019;97(2):162.

Page 7 of 7

41. Rutter H, Savona N, Glonti K, Bibby J, Cummins S, Finegood DT, Greaves F,
Harper L, Hawe P, Moore L, Petticrew M. The need for a complex systems
model of evidence for public health. Lancet. 2017;390(10112):2602—4.

42. Scarabottolo CC, Tebar WR, Gobbo LA, Ohara D, Ferreira AD, da Silva CD,
Christofaro DG. Analysis of different domains of physical activity with
health-related quality of life in adults: 2-year cohort. Health Qual Life
Outcomes. 2022;20(1):71.

43. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecologi-
cal approach to creating active living communities. Annu Rev Public
Health. 2006;27(1):297-322.

44. Salvo D, Garcia L, Reis RS, Stankov |, Goel R, Schipperijn J, Hallal PC, Ding
D, Pratt M. Physical activity promotion and the United Nations sustainable
development goals: building synergies to maximize impact. J Phys Act
Health. 2021;18(10):1163-80.

45. Salvo D, Jduregui A, Adlakha D, Sarmiento OL, Reis RS. When moving is
the only option: the role of necessity versus choice for understanding
and promoting physical activity in low-and middle-income countries.
Annu Rev Public Health. 2023;3(44):151-609.

46. Salvo D, Varela AR, Jauregui A. Moving together to advance physical
activity research in low-and middle-income countries: the case of Latin
America. J Phys Act Health. 2022;19(9):589-91.

47. Shiell A, Hawe P, Gold L. Complex interventions or complex
systems? Implications for health economic evaluation. BMJ.
2008;336(7656):1281-3.

48. Silverman E, Gostoli U, Picascia S, Almagor J, McCann M, Shaw R, Angione
C. Situating agent-based modelling in population health research. Emerg
Themes Epidemiol. 2021;18:1-5.

49. Stalsberg R, Pedersen AV. Are differences in physical activity across socio-
economic groups associated with choice of physical activity variables to
report? Int J Environ Res Public Health. 2018;15(5):922.

50. Sterman JD. Learning from evidence in a complex world. Am J Public
Health. 2006;96(3):505-14.

51. StrainT, Flaxman S, Guthold R, Semenova E, Cowan M, Riley LM, Bull FC,
Stevens GA. National, regional, and global trends in insufficient physi-
cal activity among adults from 2000 to 2022: a pooled analysis of 507
population-based surveys with 5- 7 million participants. Lancet Glob
Health. 2024;12(8):e1232-43.

52. Trochim WM, Cabrera DA, Milstein B, Gallagher RS, Leischow SJ. Practical
challenges of systems thinking and modeling in public health. Am J
Public Health. 2006;96(3):538-46.

53. Van Cauwenberg J, De Clercq B, Deforche B, Cardon G, Chastin SF. Accu-
racy and inequalities in physical activity research. Lancet Glob Health.
2019;7(2):2183-4.

54. Withall J, Jago R, Fox KR. Why some do but most don't. Barriers and ena-
blers to engaging low-income groups in physical activity programmes: a
mixed methods study. BMC Public Health. 2011;11:1-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://urn.kb.se/resolve?urn=urn:nbn:se:mau:diva-45992
https://urn.kb.se/resolve?urn=urn:nbn:se:mau:diva-17481
https://urn.kb.se/resolve?urn=urn:nbn:se:mau:diva-17481

	Thinking about inequalities in physical activity as an emergent feature of complex systems
	Abstract 
	Introduction
	Exploring the relationships between socioeconomic groups and physical activity
	Thinking about inequalities as an emergent feature of complex systems

	Acknowledgements
	References


