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Abstract
Background
Systems science offers methods for designing population health interventions while implementation science provides specific guidance for successful implementation. Integrating systems and implementation science may strengthen implementation and enhance and sustain systemic change to achieve system-level outcomes. Little is known about the extent to which these two approaches have been integrated to date. This review aimed to identify and synthesise the peer-reviewed literature that has reported the combined use of systems thinking approaches and implementation science constructs (within the same study), to deliver population health interventions.

Methods
A systematic literature search of peer-reviewed original research was conducted across six databases from 2009 to 2021. Journal manuscripts were included if they: (1) reported on a population health study conducted in a community, (2) reported the use of a systems method in the design of the intervention, and (3) used an implementation science theory, framework or model in the delivery of the intervention. Data extracted related to the specific systems methods and definitions and implementation science constructs used. The Mixed Methods Appraisal Tool (MMAT) was used to assess study quality.

Results
Of the 9086 manuscripts returned, 320 manuscripts were included for full-text review. Of these, 17 manuscripts that reported on 14 studies were included in the final extraction. The most frequently reported systems methods were a ‘whole of community systems approach’ (n = 4/14) and ‘community-based system dynamics’ (n = 2/14). Nineteen different implementation science theories, frameworks and models were used for intervention delivery, with RE-AIM being the only framework used in more than one study.

Conclusion
There are few published peer-reviewed studies using systems thinking and implementation science for designing and delivering population health interventions. An exploration of synergies is worthwhile to operationalise alignment and improve implementation of systems thinking approaches.
Review protocol registration PROSPERO CRD42021250419.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12961-023-01023-4.
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	Research has called for the adoption of systems approaches to tackle complex problems, however there is limited understanding of ‘how to’ implement solutions designed using systems science.

	Multiple studies have reported the use of systems methods in the design of interventions, but few have yet incorporated implementation science into the delivery of the intervention.

	Although we found some scientific evidence of interventions combining both implementation science and systems science, there was no clear guidance on the role implementation science could play and how these two sciences can best be utilised together.

	These findings contribute to recognized gaps in the literature, including the potential of implementation science to contribute significantly to the implementation of systems approaches to addressing complex problems.





Background
Non-communicable diseases (NCDs) are responsible for almost 70% of all deaths worldwide [1]. Many of these deaths are preventable if causal modifiable risk factors, such as tobacco use, physical inactivity and unhealthy diets were addressed [2]. Relationships between drivers for NCDs (e.g. individual, environmental, societal, political etc.) are complex and dynamic, leading to calls for the adoption of a systems thinking approach [3, 4]. Systems thinking approaches extend socioecological model (SEM) approaches by promoting work across multiple levels of the SEM and actively engaging feedback loops, time delays and seeking effective intervention points [5].
Systems science is a broad field of study that incorporates methodologies with a common goal of understanding complexity [6]. Properties of complex systems include emergence, which is the collective behaviours of the system, outcomes that would not be produced by individual components alone [7]. Complex systems are also adaptive and change behaviour in response to their current environment, therefore changes to a system are likely to create further adaptive responses from within the system [8]. Systems utilise feedback, this circular causality leads to multiple elements within a system impacting others in a circular way, causing self-reinforcing or self-correcting system behaviours [8]. Therefore when working with systems, an emphasis is placed on the ‘whole’ and the importance interactions between components is observed and managed where possible [9, 10]. Many systems methods (e.g. stock and flow diagram, causal loop diagram, systems dynamics modelling etc.) [6], facilitate this enhanced understanding of systems components and their interrelationships, and some methods also assist in the identification of solutions [11] and where resources are best placed to facilitate systems change [12–14].
Systems thinking approaches are increasingly being used in population health, particularly in community health and wellbeing [10, 15]. These efforts have targeted outcomes including determinants of obesity [16], initiatives related to school health [17], fruit and vegetable intake in children [18], policy options for tobacco control [19], and mental health [20]. There are over 25 different systems methods that may be relevant to population health interventions [21, 22]. A recent review of system dynamics and agent-based models describes the expansion of modelling into population health over the last 10 years [23], but only four of these models mentioned the term ‘implementation’, and, in each case, this related to policy implementation [23]. There is emerging recognition of the potential of systems-oriented implementation research [24].
Implementation science, as the study of methods to promote the systematic uptake of research into practice [27], has potential to provide guidance to the implementation of systems approaches [25, 28], through theoretical constructs that provide into successful implementation [27]. Historically, an implementation science ‘evidence to practice’ journey has been depicted as a linear process; however this does not align with the theory and practice of systems approaches to address complex problems [29]. To enhance the alignment between implementation science and systems science, the dynamic properties inherent within complex systems need to be considered [29]. Some implementation science theories, frameworks and models (TFMs) may more easily facilitate such adaptation. Overall TFMs have three broad aims: to describe and/or guide the process of translating research into practice; to understand the determinants that influence implementation; and to evaluate implementation outcomes [27]. A systems intervention, like any intervention, may require one or more types of these TFMs to guide the evidence to full implementation.
Within implementation science, over 150 TFMs exist, with less than a quarter being utilised within ‘system’ change interventions [28]. Historically, an implementation science ‘evidence to practice’ journey has been depicted as a linear process, however this does not align with the theory and practice of systems approaches to address complex problems [29]. To enhance the alignment between implementation science and systems science, the dynamic properties inherent within complex systems need to be considered [29]. The potential for combining the two sciences of implementation and systems has previously been identified [30]. Northridge [30] sought to enhance implementation science through the addition of best principles from systems science, e.g. problem modelling, important elements vs quantifiable elements, boundaries and a multi-component approach. Some TFMs may more easily facilitate such adaptation. Overall TFMs have three broad aims: to describe and/or guide the process of translating research into practice (process frameworks); to understand the determinants that influence implementation (determinants frameworks); and to evaluate implementation outcomes (evaluation frameworks) [26]. A systems intervention, like any intervention, may require one or more types of frameworks to guide the evidence to full implementation.
Interventions have reported a disconnect between systems thinking and implementation science in practice. Gerritsen reported on the use of Group Model Building (a method within community-based system dynamics) [31] to promote fruit and vegetable consumption in a multi-cultural low-income community in West Auckland, New Zealand. GMB helped the community identify community-led (e.g., bottom up) actions for implementation, but did not report on how that implementation would occur [18]. Gerritsen et al. have reported that more work needs to be done to ensure that the implementation aspects are given due consideration in the design phase of GMB research [32]. This difficulty in implementing interventions designed using various systems methods has been echoed by several authors [33, 34]. The Lancet Commission on Obesity noted that poor implementation limits the effectiveness of community interventions, ‘and a greater application of implementation science might help overcome these barriers’ [4].
This review aimed to identify and synthesise the peer-reviewed literature that has reported the combined use of systems thinking approaches and implementation science constructs within the same study, to deliver population health interventions. The purpose was to inform enhanced intervention planning and research through combining the strengths of both implementation and systems science together in real-world applications. This review asks: What systems thinking and implementation science approaches have been used in combination to deliver population health interventions?

Methods
This review was prospectively registered with PROSPERO (CRD42021250419) and follows the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [35].
Search strategy
A systematic search was conducted of the online databases of Ovid Medline, Embase, Cochrane Central; and within the EBSCO Host platform: ERIC, PsycInfo and CINAHL for peer-reviewed studies published in English. The search included articles from 1 January 2009 to date of search–15 March 2021. The year 2009 was chosen as the starting point to align with the initial work of the intervention-level framework [36], the first published attempt to operationalise the systems science work by Donella Meadows on places to act in a system for public health interventions [13]. A research librarian assisted with the development, testing and subsequent translation of the search terms across the multiple databases used. Search terms explored concepts of: health promotion, obesity, population health, community AND systems science or complexity terms AND implementation science terminology AND frameworks, models or approaches. The full search terms can be found in Additional file 1.
Studies were included in this review if they were published in English, and the:	1.
study reported on primary or secondary prevention specifically related to the uptake, adoption or implementation of a health promotion intervention, innovation or initiative or evidence-based practice, process, policy (hereafter ‘intervention’) related to healthy eating, physical activity, tobacco control, alcohol and other drugs, or mental health; and

 

	2.
intervention took place in one or more community settings or whole of community: e.g. school, workplace, sports club, community health or other; and

 

	3.
manuscript explicitly stated that the study used a systems thinking approach; and

 

	4.
manuscript described the implementation of an intervention either through an explicit implementation science framework, model or theory; or via an author’s own implementation plan or theory.

 




In the reporting of results, the terms ‘intervention’, ‘innovation’, ‘initiative’ or ‘evidence-based practice’ are collectively referred to as ‘interventions’.
Studies were excluded if the study:	1.
related to ‘treatment’ of a pre-existing medical condition that is not generally considered preventable; or

 

	2.
was conducted in controlled settings, e.g., prisons or hospitals.

 





Study selection
All titles and abstracts were screened twice. One author (JW) screened all titles and abstracts. The second screening was shared between co-authors (PF, KB, TBR, EM, PL, CS, CB) and discrepancies on inclusion were resolved by CB. All full text articles were screened twice. JW screened all full texts and the second screening was shared between co-authors (PF, KB, EM, PL, CS). Conflicts were resolved by discussion with the two reviewers. Where agreement was not reached (n = 2), CB resolved outstanding conflicts.

Data extraction
Data extraction on the remaining 14 studies (17 manuscripts) was conducted by one author (JW) with the second review shared between co-authors (MB, TBR, KB, PF, PL, CS). PF and JW conducted consensus where disagreement arose between JW and the second data extractor.
The data extraction template collated data on the use of systems science in the design of the study and on the use of implementation science in the implementation of the study as reported by the author of each manuscript. Data extracted included the public health issue addressed, the use of systems terminology, definitions and methods used, study design, and specific implementation science TFMs applied. (Additional file 2).

Quality appraisal
The Mixed Methods Assessment Tool (MMAT) [37] was applied to all included manuscripts by two co-authors (JW (all), PF, MB, KB, CS, PL, TBR). MMAT was deemed suitable due to its versatility in appraising varying study designs, including qualitative, quantitative and mixed methods. All included studies met the two screening questions of MMAT which are: 1. Are there clear research questions? and 2. Do the collected data allow to address the research questions?, and then were appraised according to study design criteria. Unlike other quality appraisal tools, the MMAT discourages the use of an overall score (Additional file 3).


Results
The search returned 9086 manuscripts, of which 826 were duplicates (Fig. 1). Of the remaining 8260 manuscripts, 7940 were excluded based on inclusion/exclusion criteria. Full-text review of the remaining 320 manuscripts meant 303 were excluded, leaving 17 manuscripts. The 17 manuscripts reported on 14 studies. Three studies were described in both a design manuscript and an implementation manuscript which were combined to ascertain the systems and implementation science methods utilised in the studies [38].[image: ]
Fig. 1PRISMA diagram


Of 14 included studies, three studies were conducted in Australia, four studies in the United States, three studies in the United Kingdom, and one study each of Canada, Austria, Ghana and Mexico, and New Zealand. Of the included studies, 30% reported an intervention duration of two years or less, 50% reported between three- and five-years duration, and 20% reported on studies that lasted six years or more. Thirty percent (30%) of studies aimed to promote health in schools, 30% to prevent childhood obesity, 20% to prevent chronic diseases, and others aimed to promote breastfeeding and food security, general community health and adaptation of evidence-based health programs. Most studies (60%) targeted children (0 to 18 years), 20% targeted all ages, and one study targeted mothers who wished to breastfeed. In terms of study design, 65% utilised mixed methods and 35% were qualitative studies.
Table 1 provides a summary of the studies included in this review, the first author, title, date of publication, country within which the study was conducted, intervention duration, issue addressed, target population and study design.Table 1Included studies: author, title, country, intervention duration, health issue addressed, target population, and study design


	 	Study ID
	Title
	Country
	Duration of intervention
	Population Health Issue Addressed
	Target population
	Study design

	1
	Allender et al., 2019 [39]
	Translating systems thinking into practice for community action on childhood obesity
	Australia
	2016–2017 (1.5 years)
	Childhood obesity prevention
	Children
	Qualitative study reporting on a stepped-wedge cluster randomised controlled trial

	2
	Amed et al., 2016 [40]
Amed and Kennedy are related studies: SCOPE
	Wayfinding the live 5–2-1–0 initiative—At the intersection between systems thinking and community-based childhood obesity prevention
	Canada
	2009–2014
(6 years)
	Childhood obesity prevention
	Children
	Mixed methods

	3
	Kennedy et al. 2019 [41]
Amed and Kennedy are related studies: SCOPE
	Propagating Change: Using RE-FRAME to Scale and Sustain A Community-Based Childhood Obesity Prevention Initiative
	2009–2016
(8 years)
	Childhood obesity prevention
	Mixed methods

	4
	Ballard et al., 2020 [17]
Ballard and Purnell are related studies
	Community-Based System Dynamics for Mobilizing Communities to Advance School Health
	United States
	2018–2019
(2 years)
	(Complexity of) School health
	School students (K-12 education context)
	Mixed methods Case study

	5
	Purnell et al., 2020 [42]
Ballard and Purnell are related studies
	Research to Translation: The Healthy Schools Toolkit and New Approaches to the Whole School, Whole Community, Whole Child Model
	2017–2019
[3 years]
	Whole health in schools
	Mixed methods

	6
	Bensberg 2021a [43]
Bensberg 2021a and 2021b are related studies: Healthy Together Victoria
	Developing a Systems Mindset in Community-Based Prevention
	Australia
	2011–2016
(6 years)
	Obesity prevention
Chronic disease prevention
	All ages
	Qualitative

	6
	Bensberg et al., 2021b
[44]
Bensberg 2021a and 2021b are related studies: Healthy Together Victoria
	Building a prevention system: Infrastructure to strengthen health promotion outcomes
	2012–2016
(5 years)
	Qualitative

	7
	Brimblecombe et al., 2015 [45]
	Development of the good food planning tool: A food system approach to food security in indigenous Australian remote communities
	Australia
	2009–2013
(5 years)
	Food security
	Indigenous Australian remote communities (all ages)
	Mixed methods
Case study

	8
	Buccini et al., 2019 [46]
	How does "Becoming Breastfeeding Friendly" work? A Programme Impact Pathways Analysis
	Ghana and Mexico
	2017–2018
(2 years)
	Breastfeeding friendly
	Mothers who wish to breastfeed
	Mixed methods

	9
	Gadsby et al., 2020
[47]
	Impact of a community-based pilot intervention to tackle childhood obesity: a 'whole-system approach' case study
	United Kingdom
	2015–2018
(4 years)
	Childhood obesity prevention
	Children 6-11 years
	Mixed methods Case study

	11
	Kremser, 2011 [48]
	Phases of school health promotion implementation through the lens of complexity theory: lessons learnt from an Austrian case study
	Austria
	2008–2009
(2 years)
	Health promoting school
	Primary school children (note – primary school is for four years in Vienna)
	Mixed methods Case study

	12
	Matheson et al., 2020 [49]
	Strengthening prevention in communities through systems change: lessons from the evaluation of Healthy Families NZ
	New Zealand
	2014 – 2016
(3 years, intervention ongoing to 2022)
	Prevention of chronic diseases
	Families
	Mixed methods Comparative case study

	13
	Ramanadhan et al., 2017 [50]
	Building practitioner networks to support dissemination and implementation of evidence-based programs in community settings
	United States
	2010–2012
(3 years)
	Adaptation of evidence-based (health) programs in community
	All ages
	Qualitative
Manuscript states: ‘Study design’
The study utilized whole-network (or sociometric) analysis for each of the three communities)

	14
	Rosas et al., 2019 [51]
	Evaluating a complex health promotion intervention: case application of three systems methods
	United States
	2011–2015
(5 years)
	Health and wellbeing of youth
	12–15 years
	Mixed methods
Case study

	15
	Rothwell et al., 2010 [52]
	Implementing a Social-Ecological Model of Health in Wales
	United Kingdom
	2001- 2007
(7 years)
	Healthy schools
	Children – primary and secondary age
	Qualitative
Case study

	16
	Sautkina et al., 2014 [53]
	Lost in translation? Theory, policy and practice in systems-based environmental approaches to obesity prevention in the Healthy Towns programme in England
	United Kingdom
	2008–2011
(4 years)
	Obesity prevention
	All ages
	Qualitative

	17
	Serpas et al., 2013 [54]
	San Diego Healthy Weight Collaborative: a systems approach to address childhood obesity
	United States
	2010–2012
(3 years)
	Childhood obesity prevention
	Children
	Mixed methods




The term ‘systems’ was used loosely across the studies (Table 2) which made it difficult to describe what systems approaches looked like in practice. Two studies reported on a multi-component, multi-setting intervention (The Scope Study) grounded on a systems approach [40, 41]. Four explicitly noted the importance of interconnections and relationships within the system under study [43, 44, 54, 55] for example, ….. Related terms were also used loosely. For example, three studies used ‘complexity’ to describe their systems approach [46–48]. Complexity was described as a self-organising system whose ‘whole is not simply a sum of its parts’ (48p.138), or a need to understand the causal mechanisms and impact pathways of policies and programmes [46] or more generally as ‘complex adaptive systems that help to explain particular problematic situations and identify ways in which they might be improved’ ([47], p. 2).Table 2Definition of systems, type of systems intervention or methods as provided by the authors of included manuscripts and implementation theory framework or model reported


	Study ID
	System science description, process, model, or method
	Implementation Science Theory, framework, model and whether it is a process, determinant or evaluation implementation science framework (in brackets)

	Allender et al., 2019 [39]
	Community-based participatory system dynamics for the development, implementation, evaluation of whole of community efforts to improve the health of children
Group model building
	Authors used ‘Essential components of transformative systems change’ (Foster-Fishmann) to provide qualitative insights on implementation and evaluation of implementation (process and evaluation framework)

	The SCOPE study
Amed et al., 2016 [40]
Kennedy et al. 2019 [41]
	Complex social problems require 'systems approaches'; multi-component, multi-setting adaptive solutions that are implemented in real-world settings
Systems-level/community-level change
The manuscript describes its work as:
'a multi-sectoral, multi-component community-based childhood obesity prevention initiative grounded in systems thinking and participatory research principles' p.1
'This type of capacity-building approach grounded in systems thinking and principles of community-based participatory research and collective impact has proven to be an effective response to the complex socio-ecological causes of childhood obesity.' p.2
	This study adapted the RE-AIM model with the knowledge translation model described in the study to create RE-FRAME (Reach, engagement, facilitation/coaching/training, resources, adaptation, mobilisation of champions, exchange of knowledge) -(evaluation framework)
Knowledge to action (KTA) framework (process framework)
Collective impact framework (process framework)
RE-FRAME model—based on RE-AIM framework—(evaluation framework)

	The ‘Whole School, Whole Community, Whole Child’ study
Ballard et al., 2020 [17]
Purnell et al., 2020 [42]
	Community-based system dynamics (CBSD)—is a participatory approach for engaging communities in
understanding and changing complex systems
Social network analysis
	The Whole School, Whole Community, Whole Child (WSCC) model (process framework)

	Healthy Together Victoria study
Bensberg 2021a [43]
Bensberg et al., 2021b [44]
	Systems thinking is a method of problem solving that is concerned with the interconnections between system parts and their relationship to a functioning whole, which cannot be understood by looking at the parts in isolation [58]
Complex whole of system approach that required the activation of community-level organizations via multifaceted and interconnected interventions to improve physical inactivity, poor diet, smoking, and harmful alcohol use [59]
Systems thinking is an approach for solving complex problems, that emphasises looking at the whole rather than the isolated parts, and highlighting the relationships between the parts, their causal linkages and feedback loops
Systems change model (Centre of Excellence in Prevention Science)
Strengthening Systems for Chronic Disease Prevention framework (Baugh, Littlejohns and Wilson)
A stock and flow diagram
A causal loop diagram
	Healthy Food Connect implementation guide (Victorian Dept. of Health Human Services) (process framework)

	Brimblecombe et al., 2015 [45]
	‘A cornerstone of these system approaches is the focus on achieving quality improvement through a structured ongoing cycle of participatory assessment, planning and action, to achieve step- by-step incremental improvement. Through this process of discussion and analysis stakeholders incrementally build their knowledge of the nature of the system and how it behaves.’ p.55
	Good Food Planning Tool (author devised tool) (process framework)

	Buccini et al., 2019 [46]
	‘Becoming Breastfeeding Friendly is grounded in implementation science within the context of complex adaptive systems and the need to understand causal mechanisms and impact pathways of resulting policies and programmes to strengthen its impact and sustainability globally.']p.2
	Programme impact pathways analysis (evaluation framework)

	Gadsby et al., 2020 [47]
	Adopts the Public Health England definition, ‘a local whole systems approach responds to complexity through an ongoing, dynamic and flexible way of working…stakeholders agree actions and decide as a network how to work together in an integrated way to bring about sustainable, long-term systems change’. p.2
	RE-AIM framework (evaluation framework)

	Kremser, 2011 [48]
	Complexity theory underpins the study—systems and subsystems are defined. The classroom level was seen as a system level, distinguished from the school level
A systems approach in a school setting
	WHO—Health Promoting Schools (WHO_HPS) (process framework)

	Matheson et al., 2020 [49]
	Healthy Families NZ is a government-funded initiative which takes a systems change approach to strengthening community leadership and organization to prevent chronic disease. It builds on existing action underway in the community to strengthen the health prevention system through evidence-driven action to enable people to make good food choices, be physically active, smoke free and free from alcohol-related harm
Described as a systems-change intervention
	Five building blocks adapted from WHO Building Blocks for a Strong Health System (process framework)
Seven principles adapted from Healthy Together Victoria (process framework)

	Ramanadhan et al., 2017 [50]
	Defines capacity building as a systems intervention and acknowledges the importance of social relationships for knowledge sharing and practice change
Community-based systems approach (capacity building as a systems intervention)
	Participatory Approach to Knowledge Translation (PaKT) Framework (process framework)

	Rosas et al., 2019 [51]
	Defines as per Leischow and Milstein [60] ‘Systems thinking considers connections among different components, anticipates their interaction, embraces transdisciplinary viewpoints, and requires active engagement of stakeholders to govern the course of change.’ p. 338
The manuscript reports an evaluation approach based on systems thinking and complexity science, principles, concepts, and methods
	A theory of change was developed (although not reported here), to guide the communities work, and in turn developmental evaluation (GMB, VSM and SNA) was used to guide implementation. (Each community adjusted to their own needs)—(process and evaluation framework)

	Rothwell et al., 2010 [52]
	‘Systems thinking informs both the Ottawa charter and the social-ecological model of health’ p. 472
	Welsh Network of Healthy Schools Scheme national framework based on Ottawa Charter principles (process framework)

	Sautkina et al., 2014 [53]
	This manuscript refers to the systems definition provided in Butland et al.,’Such a “systems-based” approach would target multiple determinants, at multiple levels throughout the life course [61]. In particular, the report stressed the importance of reshaping the built and social environments in order to facilitate improvements in diet and increase physical activity levels.’
	Health promotion teams utilised their own preferred frameworks, no overarching guiding framework was provided
(unclear)

	Serpas et al., 2013 [54]
	A systems approach: ‘explicitly designs intervention strategies to focus on interactions and interconnections (integration) between different sectors in the community, and between the individuals and their environment in that community 
‘accounts for the context and characteristics of a community in planning intervention strategies in order to see the whole picture so that intended and unintended consequences of intervention strategies can be recognized and strategies altered if required
‘utilizes a multidisciplinary approach, including community experts, to determine proposed interactions among systems and sectors that will be required to result in feasible interventions that are sustainable (persistence of changes made and ongoing adoption of new ones); scalable (an intervention can be brought to scale to impact many settings); and have reach (across cultural and language population sub-groups).’p. 81
	Plan-Do-Study-Act (process framework)
Strategy Mapping Exercise (determinants framework)




Consequently, few studies reported using specific systems methods. Three studies reported using community-based system dynamics and group model building [17, 39, 42]. Others were more generic, referring to a systems approach to strengthening community leadership [49], a community-based systems approach with an emphasis on capacity building [50], and a whole of community systems approach [47]. The Scope Study described their multi-component intervention as a ‘modest and early effort’ to incorporate systems approaches within obesity prevention [40, 41]. Contextually, some studies operated at a broad whole of community systems level [39, 47], while others considered the classroom within a school as a ‘system’ [17, 48].
A broad spread of implementation TFMs were used in the studies. Overall included studies used 11 process frameworks, 5 evaluation frameworks and 1 determinants framework (these do not add to 14 because some studies used multiple frameworks). The RE-AIM (reach, effectiveness, adoption, implementation, maintenance) evaluation framework was used in two studies [40, 47]. One of these studies adapted RE-AIM, to include reach, engagement, facilitation, resources, adaptation, mobilisation, and exchange, and re-named to RE-FRAME [40, 41]. One study paired RE-FRAME with the Knowledge-to-Action framework [40, 41]. A different study paired The Plan-Do-Study-Act with a strategy mapping exercise [54]. Other authors used frameworks developed from peak bodies, such as the Health Promoting Schools’ Framework [56], and the Building Blocks for a Strong Health System [57]. One author described a guide for implementation of a systems approach, where local communities developed their own independent methods of implementation [53]. Three of the 14 studies combined two TFMs to guide different stages of implementation. There was no single implementation science framework or set of TFMs favoured to guide the implementation of interventions designed using systems science.
Where authors described the use of both systems and implementation science constructs, these were used in collaboration, systems science was used in the design of the study, implementation science was used to guide real-world implementation of the designed study.

Discussion
This systematic review identified 14 studies (17 manuscripts) that used a combination of systems thinking approaches and implementation science TFMs to design and deliver health promotion interventions. There was no consistency in the definition of systems science, or the systems methods applied in the studies and a broad spread of TFMs was reported. CBSD was the only systems method used in more than one study [17, 39] and RE-AIM the only TFM used in more than one study, albeit in a substantially modified form in one of these two studies [40, 41, 47].
Braithwaite, in a 2018 opinion piece, stated that “the two sciences of complexity and implementation need not be mutually exclusive, though they have been largely seen and treated as such” ([29], p. 6). Our review confirms this remains the case, and aligns with the call for more systematic reporting of intervention studies that utilise systems approaches [62]. Our findings also support opportunities to build on and strengthen existing theoretical approaches, rather than invent new and untested frameworks [63]. Where Northridge [30] sought to enhance implementation science through the addition of best principles from systems science, our review sought to identify insights from published literature on ways to improve the implementation of systems science approaches to prevention through the incorporation of implementation science TFMs.
A previous review of TFMs used in prevention and/or management of cancer and other chronic diseases classified 159 TFMs against the socio-ecological model (SEM) of health: individual, organisational, community and system [28]. Of these, only 17% (n = 27) were deemed to impact the systems level of the SEM, although the term ‘system’ was not defined in the review. Highly cited implementation science TFMs were included such as Social Cognitive Theory [64], Social Leaning Theory [65], Transtheoretical Model of Behaviour Change [66], PRECEDE-PROCEED [67] and Plan-Do-Study-Act [68]. Other TFMs were also included that were less well known or were specifically designed to fit an intervention. Of these, the Plan-Do-Study-Act was the only framework that also appeared in both the SEM review [28] and our review. This limited overlap is likely due to the evolution of systems science, with earlier iterations of the SEM referring to this outer layer as ‘policy’ or ‘social’, rather than ‘systems’. Additionally, most TFMs have historically been applied to either individual behaviour change programs or settings [28], leaving it unclear which TFMs are best suited to a systems approach for community-based prevention intervention.
Many of the included manuscripts did not clearly define ‘systems’ nor clearly articulate the system method used in the study. This observation aligns with a systematic review of whole systems approaches to complex public health problems that found few programs had utilised systems approaches in the study design, implementation and evaluation; and rarely conceptualised implementation from a systems perspective [70]. We concur with Foster-Fishman that systems change requires adopting systems beyond a general definition and adopting a change framework is critical to guide true systems change systemically, rather than within a specific part of the system. For example, there remains tension that ‘policy’ can be misinterpreted as a systems approach, when policy alone may impact only one area of the system and should usually be partnered with other systemic actions [69], such as appropriate resourcing, enabling infrastructure, appropriate skills and knowledge. Without such wrap-around support, a policy is unlikely to have the reach required for a whole of system change. Inadequate framing of ‘systems’ may complicate the choice of appropriate implementation science guidance.
When implementing systems interventions, implementation requires more than just effectiveness planning, but also the anticipation of, and engagement with, a range of contexts, stakeholders and potential consequences [29]. Northridge [30] provided insights from systems science that could enhance implementation science, concepts such as, e.g. problem modelling, the inclusion of important elements rather than quantifiable elements, boundary identification and a multi-component approach. A positive signpost for future integration of the fields of implementation science and systems science is reported modification of TFMs to enhance their applications to complex intervention and systems approaches. In a recent 20-year review of RE-AIM, Glasgow et al. identified one of the future directions for the RE-AIM framework was to incorporate system concepts such as unintended consequences [71]. Such extension of a widely used framework to overtly embrace systems concepts is encouraging. Other wholistic frameworks are constantly evolving to specifically address systems change, such as the Active Implementation Frameworks developed by Fixsen and colleagues [72]. This overarching framework aligns with the interactive nature of systems through its non-linear approach to implementation and inclusion of improvement cycles. These advances in implementation science articulate promise for enhanced guidance for the implementation of systems interventions, aligns with multiple calls to integrate implementation and system science approaches [32, 53], and acknowledges the potential within the field of implementation science as noted in the Lancet’s Commission on Obesity [4].
Future research
Future studies that utilise systems thinking approaches should more clearly define terminology and specify the systems method employed within the study. Recent innovative trial designs such as stepped wedge designs [73] and hybrid Type II designs [74] may assist in the combination of systems and implementation sciences by enabling efficacy testing of both the systems intervention and the implementation strategies. Future trials, using various combinations of systems thinking and implementation science methods, would assist in identifying a ‘preferred’ combination of these approaches for population health prevention interventions.
Although GMB and RE-AIM were the most identified methods and frameworks within this review, there were too few studies to recommend these methods either alone or in combination to close this gap. Instead, there exists great potential for future research to interrogate the use of clearly defined systems methodologies and implementation science theoretical approaches to enable cyclical implementation. Such a combination has potential to optimise the intrinsic overlap in these two scientific disciplines and identify aligned theories and practice.

Strengths and limitations
To our knowledge, this is the first systematic review to explore the use of an integrated systems and implementation science approach in public health prevention intervention design and delivery. This review demonstrates there is little practical guidance to date on how best to implement systems approaches for population health. The review included all manuscripts that identified the use of systems—therefore avoiding bias for any preferred systems methodology and including studies where systems thinking was emerging. Similarly, we defined implementation science theoretical approaches broadly to maximise the capture of all manuscripts using any theoretically informed approach to implementation.
Heterogeneity of definitions of both systems science and implementation science means it was difficult to draw conclusions from existing manuscripts as to what the ‘best’ combination of these sciences might be. We limited our review to peer-reviewed literature therefore case studies may exist in the grey literature that were not captured by this review.
The heterogeneity of ‘systems’ terminology means it is possible that some work that draws from principles of systems thinking without using explicit terminology may have not been included in our review. Consequently we were unable to obtain practical guidance on how to apply these dual approaches of systems and implementation sciences.


Conclusions
To date there is limited alignment between systems thinking and implementation science approaches in the design and delivery of public health prevention interventions. Based on this review, we are unable to recommend the most promising combination of systems thinking methods and implementation science TFMs as the combination of these fields remains underdeveloped. We join the call for consistency of language, definition and guidance on the use and reporting of an integrated systems and implementation science approach for public health prevention interventions.
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