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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 iden-
tify 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 imple-
mentation science theory, framework or model in the delivery of the intervention. Data extracted related to the spe-
cific 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 manu-
scripts that reported on 14 studies were included in the final extraction. The most frequently reported systems meth-
ods 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 operation-
alise alignment and improve implementation of systems thinking approaches.

Review protocol registration PROSPERO CRD42021250419.
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Contribution to the literature

+ 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 inter-
ventions 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 implemen-
tation 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, politi-
cal 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 incorpo-
rates methodologies with a common goal of understand-
ing complexity [6]. Properties of complex systems include
emergence, which is the collective behaviours of the sys-
tem, outcomes that would not be produced by individual
components alone [7]. Complex systems are also adap-
tive and change behaviour in response to their current
environment, therefore changes to a system are likely to
create further adaptive responses from within the sys-
tem [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 work-
ing with systems, an emphasis is placed on the ‘whole’
and the importance interactions between components is
observed and managed where possible [9, 10]. Many sys-
tems methods (e.g. stock and flow diagram, causal loop
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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], ini-
tiatives 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 differ-
ent systems methods that may be relevant to population
health interventions [21, 22]. A recent review of system
dynamics and agent-based models describes the expan-
sion 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 recog-
nition of the potential of systems-oriented implementa-
tion 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 implemen-
tation 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 sci-
ence and systems science, the dynamic properties inher-
ent within complex systems need to be considered [29].
Some implementation science theories, frameworks and
models (TFMs) may more easily facilitate such adapta-
tion. 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 out-
comes [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 implemen-
tation 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 align-
ment between implementation science and systems
science, the dynamic properties inherent within com-
plex systems need to be considered [29]. The potential
for combining the two sciences of implementation and
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systems has previously been identified [30]. North-
ridge [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-compo-
nent 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 under-
stand the determinants that influence implementation
(determinants frameworks); and to evaluate implemen-
tation outcomes (evaluation frameworks) [26]. A sys-
tems 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 prac-
tice. Gerritsen reported on the use of Group Model
Building (a method within community-based system
dynamics) [31] to promote fruit and vegetable con-
sumption in a multi-cultural low-income commu-
nity 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 ech-
oed by several authors [33, 34]. The Lancet Commis-
sion 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 sci-
ence constructs within the same study, to deliver popu-
lation 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 PROS-
PERO (CRD42021250419) and follows the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
sis (PRISMA) guidelines [35].
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Search strategy
A systematic search was conducted of the online data-
bases 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 ini-
tial 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 con-
cepts of: health promotion, obesity, population health,
community AND systems science or complexity terms
AND implementation science terminology AND frame-
works, models or approaches. The full search terms can
be found in Additional file 1.

Studies were included in this review if they were pub-
lished in English, and the:

1. study reported on primary or secondary preven-
tion 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, work-
place, sports club, community health or other; and

3. manuscript explicitly stated that the study used a sys-
tems thinking approach; and

4. manuscript described the implementation of an
intervention either through an explicit implementa-
tion 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 condi-
tion that is not generally considered preventable; or

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

All titles and abstracts were screened twice. One
author (JW) screened all titles and abstracts. The sec-
ond 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 screen-
ing 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 manu-
scripts) 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 screen-
ing 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 qual-
ity 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 manu-
scripts, 7940 were excluded based on inclusion/exclusion
criteria. Full-text review of the remaining 320 manu-
scripts meant 303 were excluded, leaving 17 manuscripts.
The 17 manuscripts reported on 14 studies. Three stud-
ies were described in both a design manuscript and an
implementation manuscript which were combined to
ascertain the systems and implementation science meth-
ods utilised in the studies [38].
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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 stud-
ies 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 chil-
dren (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, inter-
vention duration, issue addressed, target population and
study design.

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 interconnec-
tions 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).

Consequently, few studies reported using specific sys-
tems 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 empha-
sis 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].
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Fig. 1 PRISMA diagram

A broad spread of implementation TFMs were used
in the studies. Overall included studies used 11 process
frameworks, 5 evaluation frameworks and 1 determi-
nants 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, mobili-
sation, 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 exer-
cise [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 com-
munities 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.



Page 6 of 15

(2023) 21:85

Whelan et al. Health Research Policy and Systems

Apns ase)
SPOY1aW PaxI

aneleND

aA1eIeND

SpoyIaW paxi

Apnis a5eD) spoyIaw PaxIN

SpoYIaW PaXIN

SPOYIaW PaXIN

[BLIY P3]|0J1UOD PasiLIOpuUe)
1915N]2> 9bpam-paddais e uo
Buipiodal Apnis anieend

(sobe
|[B) SaUNWIWIOD 210UI
uej|esisny snouabipul

sabe ||y

O«XQHCOU uoiesnps9
Z1-¥) S3U9pNIs 0YdS

uaIpIy>

uaIpIiy>

A1IN23s poo4

uon
-Uanald 35e3sIp dluoIyD
uonuaAaid Alsaqo

S|00YDS Ul Y33y 3]0y

Yiesy
|00YDS (4o Auxa|dwod)

uon
-uanaid A1Isaqo pooyp|iyd

uon
-uanaid Aysaqo pooypliyd

uon
-uanaid Aysaqo pooypliyd

(s1p9K G)
€10Z-600¢

(s1eaf G)
910¢—¢l0c¢

(s1eak 9)
910¢-110C

[s1eak €]
610C¢-£10¢

(s1eaf 7)
610¢-810¢

(s1eaf g)
910¢-600¢

[GEESe)]
¥10¢-600¢

(182K G'1) £102-910¢

sanuNwW

-WOoD 310Wai Ue|essny

snouabipul Ul A11IN2as

pooy 0} yoeoidde waisAs

poo} v :|oo) buluueid pooy

ellesisny  poob sy Jo Juswdojpnsg

S9WO021N0 uopowold
yijeay uayibuans oy
2IN1ONJISBLU| (WISAS
uonuanald e buipjing

uonuaA3ld paseg
-AHUNWWOD) Ul 13SPUIA
SWASAS e Bbuidojenag

[9POW PIYD S|OYM

‘AUNWIUWIOD) 3]OYAN ‘|00YDS

3|0y 3y 01 saydeoiddy

MoN Pue 13|00

S|00YdS AuijeaH ayL

:uolie|suel] 0} Yydleasay

YiesH |0oYas

9OURAPY 01 SaNIUNWILWIOD)

Buizijiqo 104 so1ueuAQg

S91E1G PRAUUN  WLISAS paseg-Alunuiwiod

eljeisny

SAI1RNIU| UONUSASI]
Ausaqo pooypliyd paseg
-AIUNWWIoD v UleIsNS pue
3[edS 01 JNWH4-34 Buisn
:9buey> bunebedoiy

uon

-uanald A11Sago pooyp|iyd
paseq-AluNwwod pue
BuUIY) SWSISAS UdaMIaq
UOoNDSIUI 9Y1 1Y
—oAeRul 0-1-¢-§

[s¥]

S10Z “[e 19 @quIod3|quilg
DLIOIIA J9Y19b0]

AY3|DaH Salpnis paibjal 3ip
q120z pup 01707 biagsuag
[ir7]

qlzoz “|e 18 bisgsusg
DLIOIIIN J2Y19b0]

AY3|DaH :Salpnis paibjal aip
G120z pup 01707 b12qsuag
[e¥] elTOT Biagsuag

$alpnis pajvjal
aID [|]auind pup pipjjpg
[2¥] 020t "|e 39 ||]puing

$a|pnIs paipjai
3ID [jauing pup pipjjog
[£1]1020C "2 18 piejjeg

3dODS seipnis paipjai
2ID Apauuay pup pauly
[L¥] 6107 '|e 12 Apauusy|

IdODS Salpnis paipjal
2D Apauuay pup pauly

[0¥]1 910T "2 18 pawy

[6€]1 6102 "B 12 J9pUd|lY

ubisap Apnis

uonejndod 3ab1e]

passaippy

anss| yyjeaH uone|ndod UOIUSAISIUI JO UohRINg

epeued) 3AI| 243 BuipuyAepn
Alsago pooy

-p|Iyd Uo uonde Ayunul

-Wwo> 10§ 921eid ojul bul

BI[RIISNY  {UIYL SUISISAS Bupiejsues|
Anuno> AL

ai Apnis

ublisap Apnis pue ‘uoneindod 1a61e) ‘Passaippe aNss| Yeay ‘UoReIND UOIIUSAISIUL ‘A13UNOD ‘BJ3} IOYIN. [S3IPNIS Papn|du| | djqeL



Page 7 of 15

(2023) 21:85

Whelan et al. Health Research Policy and Systems

aA1ReND

Apnis ase)
aA1e[_ND

Apnis ased

Spoy1aW paxipy
(S91UNWWIOD 331Y1 3Y3 JO
yoea oy sisAjeue (oL
-]3WOID0S J0) 3I10MI3U
-9]0ym pazijiin Apnis ay |
ubisap

Apnig, :sa1e1s 1dudsnuely
9A1R}[eND

ApnN1s 9582 9A}
-eledWw o)) SpoyIsw paxiy

Apnis aseD) spoyiaw Paxin

Apnis 958D SPOYIaW PaxI

Spoy1aW paxipy

sabe ||

sbe A1epuodss pue
Arewnd - ualpiyd

sieak G1-71

sabe ||y

s3|iuiey

(BUUSIA Ul SIBSA INOJ IO S|
jooyds Arewld — a10u)
ualp|iyd [ooyds Alewlld

s1eak | -9 uaIp|iyd

pa9jisealq 0}
YSIM OYM SIBYIOW

uonuanald A1saqo

sjooyds AyijeaH

yinok jo
Buiag|jam pue yiesH

Alunwiwod ul
swelboud (Yyeay) paseq
-92U9pIAS Jo uoneidepy

S9583SIP
IUOIYD JO UOIUIASI

|ooyds bunowolid yijesH

uon
-uanald A1sago pooypliyd

A|puauy buipasfisealg

(s1eK ¥7)
1 10Z-800¢

(s1eak /)
£00¢ -100¢

(s1eaf g)
Gloc-110C

(s1pak €)
¢L0z-010¢

(zz0z 01 bulobuo
UOIUSAIRIUI ‘SIRIA €)
910C -¥10¢

(s1pak 7)
600¢—-800¢

(s1eaf 1)
810¢-G10¢

(s1eaf 7)
810¢-/10¢

wopbury pauun

wopbury pauun

$91PIS PaluUN

$101G paluN

puejeaz maN

eIISNY

wopbury pauun

0DIX3|A| pue BUBYD

pue|buj ul

swwelboid sumo|
AyijeaH ays ul uonuaaaid
A1S9g0 03 saydeoidde
[PIUSWIUOIIAUD PISeq-SUIa)
-sAs ur dnoeid pue Ao1jod
'A103Y] {UOlIe|SURI) Ul 1507

S3|BAA Ul
Y3{eaH JO [9PO [e2160]023
-[e1Dos e bunuswa|dw|

SPOY1aW SWDISAS 92143 JO
uoned|dde ased :uonuaA
-J21ul uonowoid Yiesy
x39|dwod e buiien|eay

sbumas

Aunwiwod ui sweiboid
Pa5eQ-92USPIAD JO UON
-eluawa|dwl pue uopeu
-lw3ssIp 1oddns 01 SyJom
-19u Jauonndeld buipjing

ZN s3ljlwe4 AyijeaH jo uon
-BN[PAD 3] WO} SUOSSI)
:2bueyd swa1sAs ybnoiyy
S9NIUNUWIWIOD Ul uoh
-usnald buuayibuang

Apnis 9sed ueny

-SNy Ue WOJ} 1UJe3| SUOSSI)|
K103y Auxadwod Jo

Sua| ay1 ybnolyy uon
-eyuswajdul uopowold
Yijeay |ooyos jo saseyd

Apnis ased,yoeoidde
WR1SAS-3j0ym, e :A11S9q0
pooyppiy> 9f3oe1 01
uoluLAIIUI 10|Id paseq
-A1UNWWoD e Jo 1dedul|

SisAleuy sAemyied 1oedw|
awiweIbold v ijom
Alpuaiiq buipsspseslg
Bulwodag, soop MoH

[€5] #10T “[2 13 eupines

[¢S1010T "8 19 ||emuioy

[LS] 6107 “[e 13 sesoy

[0s]
/102 “|e 12 ueypeuewey

[6%7] 0Z0T “[e 12 UOSaY1ey

(8] 1 10T 4aswialy

[£¥]
020t "|e 32 Agspen

[9¥] 610¢ “[e 13 1upoNng

ol

Gl

143

€l

cl

ubisap Apnis

uone|ndod 1ab.e]

passaippy
anss| yjjeaH uonejndoyd

UOIlUAAJ}UI JO uonRINg

Anuno>

ML

ai Apms

(panunuod) L ajqey



Page 8 of 15

(2023) 21:85

Whelan et al. Health Research Policy and Systems

Spoy1aW paxipy

uon
ualpyD  -uaaaid Al1sago pooyp|iyd

(s1eak €)
C10z-010¢

$1PIS PaluN

A11S900 pooy

-pJiyd ssaippe 01 yoeoidde
SUIR)SAS e :9A11BI0gE||0D
b1 AY1esH obaig ues

[#S] €10T “le1o seduas /|

ubisap Apnis

passaippy
uone|ndod abie]  anss| yyesaH uonejndod

UOIlU3AJI}UI JO uoBRINg

Anuno>

ML

aifpms

(panunuod) L ajqey



Page 9 of 15

(2023) 21:85

Whelan et al. Health Research Policy and Systems

(Slomaulely uonen|ead) siskjeue skemyied 1dedul suwwelbold

(omawely ss320.d) (J00) PISIASP Joyine) |00 Bujuueld POo- pooD)

(SJomaulely ss9201d) (S9IAISS
uewnH yijeaH Jo 1dag uenoldip) apinb uoleluswa|du 199uuo)) poo4 AyiesH

(lomauwely
$59201d) [9POW (DDSAA) PIIUD BJOYM ANUNWILIOD BIOYM 'IOOUDS SJOUYM SYL

(SJOMIUIBI UOIIBN|BAS)—XIOMIUIRI) |N|Y-TY UO PIseq—|apoWl JNYY4-IY
(}domawely ssa001d) yiomawiel) 10edwl 9AI1D3||0D)

(S}domawely ssa101d) yomawely (V1Y) UORIe 01 9bpajmouy

(Jomaulel) uolen|eAsd)- (abpajmouy Jo

abueydxe ‘suoiduleyd Jo uonesijiqou ‘uolierdepe ‘sa2inosas ‘butulel/buiyoeod
/uol1ell|De) Juswiabebus ‘Yoeay) JNVY4-3Y 918210 01 ApN1s a1 Ul pagLISIp
|9POW UOMIR[SUBIY 3DP3|MOUY SY3 UM [9pOW IAY-TY Y1 paidepe Apnis Siy|

(}Jomawlel) uoien[eAd pue ssadoid) uoneyuawadu Jo
uol1eN|eAS pUR UOolRIUSWS|dWI UO S1ybisul aAlelenb apiacid 01 (UuewysSIH
-191504) ,9bUeYD SWSISAS SAITBUWLIOJSURI] JO SIUSUOAUIOD [BIIUSSST, PAsSN sloyiny

zdr; Ijlgeureisns pue 1oeduwi sy Usyibuails o}

sawwelbold pue sadijod buninsal Jo skemyied 10edwi pue SWSIURYIIW [esned
puBISISPUN 0} PI3U Y1 PUE SW1SAS aAldePE X3|dWO0D JO IX3IUO0D Y3 UIYIM
90UBIDS UoleIuaWR|dul Ul papunoib st A|pusatli4 buipasjisealg buluodag,

GG'd;$9ABYSQ 1l MOY PUB WS1SAS 91 JO 2IN1BU 341 JO SBPa|MOUy JISy)

p|ING Aj[EIUSWIBIDUI SISPIOYSYRIS SISAjeue pue uoIssndsIp Jo ssao0.d sy ybnoay
usWaAcId Wl [erusWIDUl do1s-Aq -da1s aAsIyDe 01 ‘Uoide pue Buluueld ‘Jusw
-ssasse Alojedidied Jo 9pAd Buiobuo painioniis e ybnoiyl Juswaroidull
Aujenb BuiasIyoe Uo sNd0j 9yl I soydeoidde W1SAS 9591 JO SUOISISUIOD VY,

weJbelp dooj |esned

wielbeip Moy pue 3203s v/

(Uos|IA pue suyofop

-7 'ybneg) }I0MaUIeI) UOIIUSASIG 95BISIJ DIUOIYD) JO) SLS1SAS Bulusyibua.is
(92UBIDS UOIIUSARIJ Ul 92U3|[99XF JO 241UdD) [9POU 2BURYD SWISAS

sdoo| 3oeqpas) pue sabexul| [esned Jlayi ‘siied sy usamiaqg sdiys

-uoneal ay1 bunybiybiy pue ‘sued paie|jost aYi Ueyl 1ayiel 3joym ay1 1e bupool
sasiseydwa 1eyy ‘swajqoid xajduwod buiajos Joy yoeoidde ue s| Bupuiyl SWa1sAS
[6G] @sn joyodJe |Njwiey pue ‘Buyows 1a1p Jood ‘Alandeur [ediskyd

9A0Jdwl 01 SUOIIUSAISIUI PR1DSUUODIIUI PUB PR1SDRYIINUI BIA SUOIIEZIURDIO [9AS)
-A1UNWWOD JO UONRAIIDE 3Y1 Palinbal 1eyl ydeoidde waisAs Jo ajoym xajduod)
(85]

uoIe|0s! Ul sped ay 1e bupjoo| A poo3IsIapun 3g J0uUed YdIym ‘9joym buiuon
-duny e 01 diysuone|al Jisyl pue suied WaisAs U9am1aq SUOIIIDUUODISIUL 9YL YUIM
PaUISDUOD SI 1eY) BUIA|OS WR]qold JO pOYIaW B S| BuIyUIy) SWD1SAS

sIsAjeue 31omiau |e1dos

SWIRISAS xo|dwod buibueyd pue buipueisiapun

Ul sailUNWWod buibebus 1oy

yoeoudde Aioreddiied e sl—(sgD) SOIWBUAD W1SAS paseg-Alunuuod)

¢d,Ausago pooypyiyd jo

SasNned [e2160]029-01205 X3|dUW 0D 9Y) 01 95U0dsal SAI1D3YS Ue 3¢ 01 UsA0Id Sey
10edW] 9AI13][0D pue Yoieasal Alojeddinied paseg-Alunwiwod jo sajdiduld pue
Bupjuiyl swaisAs ul papunoib yoeoidde buipjing-Auoeded jo adAr siy,

|d

sa|dipud yoieasas A1ojedppinied pue Buryuiyl SWa1sAs Ul papunoib aAleniul uon
-uanaid A1IS9GO pooyp|Iyd PaSeG-A1IUNWIWIOD JUSUOdUI0D-11NW ‘[BI0IISS-NW P,
'Se yJom s3I saqUDsap 1dudsnuew ay |

2bUBYD [9A}-AHUNWIWIOD/[AS]-SWIISAS

sBuIMSS plJOm-|eas ul pajusws|dwl 21e 1eyl suonn|os aandepe buias

-Inw ‘lusuodwod-ijnw | saydeoidde swiaisAs, aiinbai swajqoud [e1dos xa|dwod

Bulp|ing |opow dnoin

uaIp|iys Jo

Yijeay ay1 anoldul 01 SHIOYD AHUNUWIUIOD JO SJOYM JO UOIIBN|BAS ‘UOIIRIuUSUI
-9|dwi ‘JuawdolaAdp aY3 10} SOIWRUAD W1sAS A1oledidiied paseg-Alunwiuiod)

[9%] 610Z “|e 13 1uPdNg

[S¥] 510C “[e 19 equiod3|quilig

[7¥] A120 “[e 19 B1agsuag

[ev] eLz0C Biagsuag

Apnis eLoIA Jayiebo] AyieaH
[c¥] 020T “[e 313 Jjpuingd
[£11020C "2 12 pie|leg
APN1s,plIyD 3oy ‘AHunwiiod)
3]OYA '[00YDS SJOUAN, BYL

[L¥] 6102 '|e 12 Apauuay
[0¥] 910T “[e 32 pawy
Apnis 3d0DS YL

[6€1 610 “[e 13 J9pud|ly

(s195deIq
uj) 340MaWel) 3OUIIDS UolRIUAWI|dW] UOIIBN|EAS J0 JUBUIWIS)P ‘ssad0id
e S11113Y19YyMm pue [apow ‘yiomawely ‘K109y | 93ualds uonejuswsajdwy

poyiawi Jo ‘|9pow ‘ssadoud ‘uondidssp aduaids wsAS

aifpms

paiodal

[9pow Jo siomaulel) K10y} uopelusws|dwi pue sidudsnuew papniaul Jo sioyine ayy Aq papiroid se spoyiaw JO UORUSAISIUL SW1SAS JO adA} ‘swiaisAs jo uopiuyag g ajqeL



Page 10 of 15

(2023) 21:85

Whelan et al. Health Research Policy and Systems

(Jeapun)
papiroid sem ylomawely buipinb
BUIYDIRISAO OU ‘SyJoMmaWeL) Palidjaid UMO 11341 pasiiin swieal uoljowoid yijeaH

(Jomawely ssaooud) sajdpund Jaieyd
eMBJO UO Pseq 3I0MaWel) [PUOIIRU SWSYDS S|O0YDS AU3BSH JO HIOMISN YSISM

(3loMaUlely UoIIeN|eAd pUe $s9204d)—(Spasu

UMO JI3y1 0} passnfpe Alunwiwod yoed) “uoieiuswa|dul spinb 01 pasn sem

(VNS PUB \SA ‘gIND) UOI1eN|eAS [BIUSLIAO[RASP UJN] Ul PUB S40M S3IUNLIWOD Y1
apIinb 01'(a1ay paniodal 1ou ybnoyije) padojaasp sem abueypd Jo A10ayl

Opomawely
$s9201d) yIomawield (13ed) uonejsuel] abpajmouy 01 yoeoiddy Aioredidnied

(lomaulely ssad01d) eLOIDIA JaYy1ab0] AyijesH woly pardepe sajdpund uanag
(Spomauely ssad0id)
W15AS YieaH buons e 1oy sy20|g buip|ing OHM Wolj padepe syoojq buip|ing aAl4

Oomawely ss3301d) (SdH OHM) S|00YDS BUOWOld Y3 [BSH—OHAM

(10M3UIRI) UOIIEN|BAS) SIOMBWIRL -4

:s1an9] Auande [edisAyd asealdul pue 131p Ul sjuswaAoidull

91€11|1DB) 0} JOPIO Ul SJUSWUOIIAUS [e1D0S pue }jing ay3 buideysas jo aouey
-Jodwl ay3 passans 1odal sy Jejnoped uj [19] 95IN02 3j| 31 INOYOBNOIYL S|aAI)
3|dinw 1e ‘syueuluRIap 3|dinw 1361e1 pjnom yoeoidde , paseq-suiaisAs, e
4oNgG/ e 19 puejing Ul papiAcid uoniuyap swaisAs sy 03 siajal ydudsnuew siy |
7Ly d,Weay Jo |ppow

|eD160]033-[B1D0S Y1 PUE J91IBYD BMELIQ) 9Y1 Y10G SULIOJUI DU UIyl SLIS1ISAS,
spoyiaw pue ‘sydaduod ‘sadipund ‘9aualds Ayxe|duod pue

BujuIyl SW21SAS UO paseq yoeoidde uoen|eas ue suodai 1duosnuew oy
g¢¢ d;abueyp Jo 35IN0d 3Y3 UIaA0H 0}

SI9P|OYMELS JO JUWabebUS aADe salinbal pue ‘Stulodmala Areuldidsipsuely
S9DBIQUUD ‘UOIDRISIUI JIBY] S31edIdRUE ‘Sluau0dWod JUaIalip Buowe suoln
-D9UU0D SISPISUOD BuBUIYl SWISAS, [09] UILIS|IN pUe Moydsia Jad se sauya(g

(uon

-UdAJIIUI SWI1SAS e se buipjing A1peded) yoeoidde suiaisAs paseg-Alunwiuiod)
abueyd

9o110e1d pue bunieys abpajmous| 1oy sdiysuolieal [e1D0s Jo aouelodwi oyl
S9OP3IMOUNDE PUR UOIIUSAISIUI SWS1SAS B se Bulp|ing Aloeded sauysg

UOIUSAIRIUI 2BURYD-SUWI1SAS B Se pagldsag

Ulley pae|ai-|oyod[e WO) 931 pue

931) oW ‘aAnoe AjjedisAyd aq ‘sad1o0yd pooy poob axew o3 ajdoad ajgeus 0y
UOI1DB USALIP-92USPIAS YBNnoiyl waisAs uonuaraid yieay ayi usyibuaiis o1 Auu
-NWWOD 3y} Ul Aeemuapun uonoe Bupsixa Uo Spjing 3| "9seasip J1uoiyd JuaAaid 03
uoneziuebio pue diysiapes| Aunwwod buluayibuais oy ydeoidde abueyd
SWIDISAS B S33e) UDIYM SAN | POPUNJ-IUSUILISAOD B S| 7N Saljiwed Ay1jesH

Bumes jooyds e ul ydeoidde swaisAs v

[2n3)

|OOUDS Y} WO PAYSINBUNSIP ‘[9AS] WSISAS B SB UDS SEM [9AS] UI00ISSE|D 3y |
‘PaUYIP die SWR1SASgNs pue sw1sAs—Apnis ayi suidiapun Aloaya A1xajdwod

7'd -abueyd swiaisAs wi1-buo| ‘s|geureisns noge buuqg oy Aem paiesbaiul ue ul
19412601 Y40M 01 MOY 3I0MISU B SB 9PIDSP PUB SUOIDE Jaibe sispjoyaxeis bul
Sj1om Jo Aem 3|qIxaly pue diueuAp ‘buiobuo ue ybnoayl Axs|dwod 01 spuodsal

yoeoidde swia1sAs ajoym [e20] B, ‘UoIIUYSp pur|bu UieaH dIignd 2yl sxdopy

[€6] 710 “|e 19 eupnes

(¢S] 010T " 32 []PML3I0Y

[1S]1610¢ "8 12 sesoy

[0S] £10T "2 13 UeypeURWRY

[6¥7] 070T "2 12 UOSayiey

[8F] 1 LOT aswiany

[£¥] 0Z0T "2 32 AgspeD

(s39)drIq
uj) 40MaWel) 3OUIIDS UolRIUAWI|dW] UOIIEN|.AS J0 JURUIWISIP ‘ssad0id
e S| 11 J9YIayM pue [9pow iomawely ‘K103y] 3dU3IdS uoneudwa|dw|

poyiawi Jo ‘|9pow ‘ssadoud ‘uondidssap aduaids waisAs

aifpms

(panunuod) g ajqey



Page 11 of 15

(2023) 21:85

Whelan et al. Health Research Policy and Systems

(Jomauely syueuILLIRIDP) 3sI24axT Buiddeyy ABarens
(}lomawely ssadoid) 10y-Apnis-og-ueld

18 "d;(sdnoib-gns uonendod

abenbue| pue |einy N sS0IdE) Yoral aA_Y pue ‘(sbuinas Auew 10edw) 03 3|eds 03
14ybNoIg 9G UL UOIIUSAIDIUI UB) 3|GR[eDS (S2UO MaU Jo uondope bulobuo pue
apew sabueypd Jo 92uUL1sIsIad) S|GeUIRISNS 91 1eYL SUOIUSAISIUL 9|gISes) Ul

1|NSa1 01 PaJiNbal aq [|IM 3BY1 S10133S pue SWa1SAS buoule suonoesaiul pasodoid
QUIWIR1SP 01 ‘suadxe Alunwiwod buipnpul ‘yoeosdde Areuldidsipninui e sazijian,
palinbal JI pasaye salb

-91RJ1S pUR Paziubodai 3¢ Ued $91691R.1S UOIIUSAISIUI JO $90USNDISUOD Papusl
-Ujun pue papualul eyl 0s 2In10Id 3JOYM 31 995 01 J9PJO Ul 2163111 UOIIUSA
-191ul Bujuue(d Ul AHUNWIWOD € JO $D11SHR10BIPYD PUE 1X21UO0D S} J0j SIUNODJE,
ALUNWWIOD JBY1 Ul JUSWUOIIAUD JISY3 PUE S|ENPIAIPUI 9U1 U99MISG Pue ‘Alunw
-W0D 91 Ul SI01D9S JUISIP US9MIS] (UOIIRIBS1UI) SUONDSUUODIIUI PUR SUOH
-DRJI1UI UO SN0 01 $31631e13S UOIUDAIRIUL SUBISaP A1D1dXs, :ydeoidde swaisAs v

[¥5] €10¢ "[e 32 sedias

(s39deIq
up) JAoMaWely 3OUSIDS UoleIudWI|dwi UoEeN|BAS 10 JUBUIWLIR)BP ‘ssad04d
e S13119Y19YyM pue [apow “yiomawely ‘A109Y ] 93uaIdS uonejuswajdwy

poyiawi Jo ‘[9pow ‘ssad0.d ‘uondudsap a3uaids waisks

al Apnis

(penunuod) ZajqeL



Whelan et al. Health Research Policy and Systems (2023) 21:85

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 manu-
scripts) 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 sys-
tems method used in more than one study [17, 39] and
RE-AIM the only TEM 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 con-
firms this remains the case, and aligns with the call for
more systematic reporting of intervention studies that
utilise systems approaches [62]. Our findings also sup-
port opportunities to build on and strengthen exist-
ing theoretical approaches, rather than invent new and
untested frameworks [63]. Where Northridge [30] sought
to enhance implementation science through the addi-
tion 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, commu-
nity 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 evolu-
tion 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
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been applied to either individual behaviour change pro-
grams 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 system-
atic review of whole systems approaches to complex pub-
lic health problems that found few programs had utilised
systems approaches in the study design, implementation
and evaluation; and rarely conceptualised implementa-
tion from a systems perspective [70]. We concur with
Foster-Fishman that systems change requires adopt-
ing 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 ‘pol-
icy’ 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 infrastruc-
ture, 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 appro-
priate implementation science guidance.

When implementing systems interventions, imple-
mentation requires more than just effectiveness plan-
ning, but also the anticipation of, and engagement with,
a range of contexts, stakeholders and potential conse-
quences [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-compo-
nent approach. A positive signpost for future integra-
tion 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, Glas-
gow 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 over-
arching framework aligns with the interactive nature
of systems through its non-linear approach to imple-
mentation and inclusion of improvement cycles. These
advances in implementation science articulate promise
for enhanced guidance for the implementation of systems
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interventions, aligns with multiple calls to integrate
implementation and system science approaches [32, 53],
and acknowledges the potential within the field of imple-
mentation 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 inno-
vative trial designs such as stepped wedge designs [73]
and hybrid Type II designs [74] may assist in the combi-
nation of systems and implementation sciences by ena-
bling efficacy testing of both the systems intervention
and the implementation strategies. Future trials, using
various combinations of systems thinking and implemen-
tation science methods, would assist in identifying a ‘pre-
ferred’ 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 poten-
tial to optimise the intrinsic overlap in these two scien-
tific 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 implementa-
tion science approach in public health prevention inter-
vention 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 sys-
tems thinking was emerging. Similarly, we defined imple-
mentation science theoretical approaches broadly to
maximise the capture of all manuscripts using any theo-
retically 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

Page 13 of 15

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 interven-
tions. Based on this review, we are unable to recommend
the most promising combination of systems thinking
methods and implementation science TFMs as the com-
bination of these fields remains underdeveloped. We join
the call for consistency of language, definition and guid-
ance on the use and reporting of an integrated systems
and implementation science approach for public health
prevention interventions.
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