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ABSTRACT

Background: Learning Health Systems (LHSs) enhance the integration of research and health
service delivery by generating timely, contextually relevant evidence to guide decision-making
and continuous improvement. Although various LHS frameworks exist, practical guidance for
operationalising LHSs to support the implementation of health interventions remains limited.
This systematic review aimed to consolidate existing guidance to identify the supportive
infrastructure (pillars) and improvement processes (steps) required to improve the
implementation (including scale up or sustainment) of health programs, policies, or practices.
Methods: We systematically searched five academic databases and grey literature sources for
documents describing LHSs, as well as process models, guidelines, or tools for improving
implementation, scale-up, or sustainment of health interventions. Title, abstract, and full-text
screening were conducted independently by two reviewers. Data were synthesi sed separately for
pillars and steps. Framework synthesis was used as the first analytic stage to identify pillars and
steps, starting with a codebook informed by an existing LHS framework and refined iteratively
throughout the coding process. Thematic Synthesis was then used to identify patterns and
concepts within each pillar and step.

Findings: From 12,151 records and 25 websites, 96 unique guidance documents were included.
Six Pillars were identified as important to operationalise LHS improvement processes: 1-Interest
holder engagement, 2-Workforce development and capacity, 3-Evidence surveillance and
synthesis, 4-Data collection and management, 5-Governance and organisational processes, and
6-Cross-cutting infrastructure. The improvement process was comprised of 10 ‘ Steps’ across
three LHS phases: Phase 1) Knowledge to Practice -ldentify and understand the problem; Decide

and plan for action; Assess and build capacity; Pilot; Phase 2) Practice to Data - Execute the
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action; Collect data; Monitor and respond; Phase 3) Data to Knowledge- Analyse and evaluate,
Disseminate; and Decide (continue, adapt, or cease improvement efforts). Despite the diversity
in purpose and context across included documents, the consolidated steps and pillars were
conceptually consistent, suggesting a shared foundation. Some contextual variation in emphasis
and operationalisation was noted, particularly among guidance focused on scale-up or
sustainment.

Conclusions: Thisreview synthesised diverse guidance to consolidate LHS pillars and
improvement steps to better implement, scale or sustain health interventions. The findings offer a
structured yet adaptable approach for operationalising LHSs focused on implementation, scale-
up, and sustainment. These findings will inform forthcoming WHO guidance and support efforts

to strengthen health systems through more systematic and responsive use of evidence.

KEYWORDS: Learning Health System; Implementation; Scale-up; Sustainment; Evidence

Synthesis; Framework Synthesis
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INTRODUCTION

Interventionsto alleviate much of the health burdens experienced by health systems and
communities exist™?. Key impediments to its rapid translation into routine practice include the
slow, fragmented processes of transferring evidence from ‘researchers’ to ‘end-users ® as well as
apersistent lack of contextually relevant, actionable evidence to inform ‘how to’ best implement
and sustain interventions in real-world settings®. Addressing these issues requires a fundamental
shift in how evidence is produced and applied to enable timely responses to current and
emerging health challenges.

International reviews aimed at strengthening health systems and improving research translation
have called for better integration of the research and health system enterprises >”. In Australia,
the vision of the landmark McKeon review’, for example, was one where researchis“ ...fully
embedded in all aspects of healthcare to deliver: 'Better Health Through Research' and achieve
the aspiration for Australia to build and maintain the world's best and most efficient health
system” . It recommends - like those undertaken prior by the United States (US) National
Institutes of Health® and the United Kingdom'’ s Office for Strategic Co-ordination of Health
Research® - areorientation of health systems to better generate and apply health research to
improve the quality and outcomes through targeted funding, workforce development, investment
in critical research infrastructure, and other strategies.

Learning Health Systems (LHSs) provide a framework by which this could be achieved. LHSs
were initially proposed as away of improving health system performance and impact by the US
National Institute of Medicinein 2007°. They are defined as systems where “...science,
informatics, incentives, and culture are aligned for continuous improvement and innovation, with

best practices seamlessly embedded in the delivery process and new knowledge captured as an
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83 integral by-product of the delivery experience” °. In an LHS, health services generate the
84  evidencethey need to address their own priorities, with the knowledge created immediately
85 avallablefor decision-making to continuously improve health services and their impact.
86 Interest in LHSs asavehicle for improvement is growing. Publications on LHSs have increased
87  markedly over the past decade™, and governments made significant investmentsin infrastructure
88  toreorient health systems toward models of health care aligned with LHS principles. This
89  momentum has been accompanied by the emergence of numerous frameworks and conceptual
90 modes of LHSs. While these frameworks vary, they consistently emphasi se the importance of
91 foundational ‘pillars —such as supportive infrastructure, capabilities, culture and leadership -
92  and continuous, cyclical improvement processes that leverage these pillarsto drive data-
93  informed healthcare'®.
94  Nonetheless, fully operational LHSs remain relatively rare, and their establishment continues to
95 present aconsderable challenge. Despite the existence of arange of LHS frameworks, there
96 havebeen calls for more practical, operational guidance to support their development and
97  functionality.” Given that health systems and services are ultimately responsible for the
98 implementation of health policies, programs, and practices, LHSs offer a promising approach to
99 generating and applying contextually relevant evidence on how best they can do so. Indeed, they
100 offer apotentially transformative means of advancing both implementation science and
101  strengthening health systems and improving patient and population health outcomes®.
102 Inthis context, we conducted areview to inform the development of World Health Organization
103  (WHO) guidance to support the adoption of implementation focused LHSs. This work
104  complements ongoing efforts by WHO and its Evidence-informed Policy Network (EVIPNet) to

105  assist Member States in promoting the systematic and transparent use of evidencein policy™. In
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106  thisreview, we focus on synthesis and consolidation of existing LHS frameworks, and models
107  and guidance documents that aim to generate and apply evidence to improve the implementation,
108 and/or scale-up, and/or sustainment of health interventions (policy, practice, program).

109  Our specific aims were:

110 1. Pillars Objective: (A) to identify the infrastructure, expertise, and resources (pillars)

111 recommended to support and enable implementation focussed improvement processes —
112 (e.g., ‘steps'); and (B) to describe the core e ements or functions within identified pillars.
113 2. Steps Objective: (A) to describe the steps or stages recommended to improve the

114 implementation (and/or scale-up or sustainment) of health programs, policies, or practice;
115 and (B) to characterise the core actions or activities associated with each identified step.
116

117 METHODS

118 Protocol and registration

119  Thisreview was conducted in accordance with Cochrane best practice methods'” and reported
120 following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
121 2020 guidelines'®. The review protocol was prospectively registered on Open Science

122  Framework (doi: 10.17605/0OSF.10/V4JRC). The protocol was developed by ateam of Australia-
123  based implementation and behavioural science researchers, with input of the WHO and a WHO
124  convened Editorial Board of international experts established to support the devel opment of
125  evidence-based guidance.

126  Eligibility criteria

127 Table 1l detailsthereview digibility criteria.

128  Typesof documents
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129  Weincluded documents that described an LHS process, or process model, guideline, or tool (i.e.,
130 guidance) intended to improve the quality of implementation, scale-up, and/or sustainment of
131 hedlthinterventions. Guidance was defined as a structured and deliberate description of a process
132  to enhance the impact of a health service, policy, practice, or program —typically presented in a
133  seriesof steps or stages that may or may not be linear'®?. Full length documents — defined as
134  those containing substantive narrative content”— were eligible for inclusion. Abstracts,

135 conference proceedings, and letters were excluded. There were no language restrictions; articles
136  published in languages other than English, French, Portuguese, Polish, or Spanish (spoken by
137  members of the research team) were translated using Google Translate.

138 Typesof guidance

139  Guidance documents were included if they intended to: i) improve the extent, quality, scale or
140 completeness of the implementation of an intervention or LHS, or ii) sustain such improvements.
141  Thisincluded guidance to achieve ongoing incremental improvements in the implementation of
142  interventions (e.g., quality improvement processes) and guidance aimed at supporting

143  implementation at scale. Guidance must have been relevant to a health or public health service,
144  policy, practice, or program. Documents were excluded if they (i) focused solely on a specific
145  condition (e.g., diabetes management plans), (ii) were developed for use outside of health or

146  public health systems (e.g., in manufacturing or agriculture), or (iii) described implementation
147  support activities without a structured process (e.g., training or communication of research

148  findings).

149

150 Tablel. Eligibility criteria

Criterion Definition (eligible)
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Types of e Full-length peer reviewed publication or grey literature
documents e Describing a process model, guideline, or tool for improving the
quality of implementation, scale-up, and/or sustainment of health
interventions or LHS
Guidance e Dédliberate description of aprocess to improve theimpact of a health
service, policy, practice, or program (intervention)
e Dédliberate description of aprocess or approach to implement an LHS
e Dédliberate description of how to achieve ongoing incremental
Improvements in the implementation of interventions, such as quality
improvement processes
¢ Reevant to aheath or public health service, policy, practice, or
program.
Settings e Applicable at anational, subnational/regional or facility level
Health ¢ Non-condition specific
condition
Language e Norestrictions
Date e Norestrictions

151

152  Search methodsfor identification of studies

153  We searched for publications from the last 10 years, although older studies were included if
154  digible and identified through backward citation searching (described below).

155 Electronic searches
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156  We searched the academic databases MEDLINE (Ovid), PsycINFO (Ovid), and EMBASE

157  (Ovid) in April 2024. Search terms were informed by terminology used in Doherty et al. for
158  implementation research® and by terms related to LHSs™ from the Canadian Health Libraries
159  Association identified on the Inter TASC Information Specialists Sub-Group Search Filter

160  Resource®™. A research design filter was applied to exclude citations of research trials™. The full
161  search strategy isdetailed in Supplementary File 1. Eligible documents were also drawn from a
162  recent systematic review and consolidation of adaptation frameworks®, as well as any adaptation
163 frameworks published since that review.

164  Searching other resources

165 Inconsultation with field experts, we developed alist of key websites to search, including

166  departments within the WHO and other relevant agencies that develop or disseminate guidance
167  to support the implementation or improvement of health services at local, national, or global
168 levels (Supplementary File 2).

169 Backwards citation searching

170 If an digible document cited a more complete version of the guidance, efforts were made to
171 locate and include the more comprehensive document in place of the less detailed source.

172  Data collection and analysis

173  Selection of studies

174  After removing duplicates using Endnote and Covidence, title and abstract screening was

175  undertaken independently by two reviewers (SMc, HT, LC, MW, CBI, SG, CBa, KB, MD, BM,
176  RH, NN) using Covidence systematic review software®. Full-text articles were retrieved for all
177  publications deemed potentially eligible. Two members of the research team independently

178  assessed the full texts for inclusion and extracted information from the eligible studies (SMc, HT,
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179 LC, MW, LW, CBa, KB, MD). Disagreements regarding eligibility were resolved through

180  discussion and, when necessary, consultation with athird reviewer.

181 Data extraction and management

182 Datafrom all included studies were extracted by one review author and checked for accuracy by
183 asecond reviewer (SMc, HT, LC, MD, MF, MW, SG, KB, CBa). Any discrepancies were

184  resolved through consensus or consultation with athird reviewer (SMc, HT, LC, MD, MF, MW,
185 SG, KB, CBa). A bespoke data extraction form was devel oped and piloted by two reviewers to

186  ensure consistency and usability. Data were extracted into two broad categories:

187 e Characteristics of guidance:

188 o Citation information including name, details, year published.

189 o Kaey attributes including intended World Income Level of the country the

190 guidance originated in, stated purpose, intended audience, the discipline in which
191 it originated, and at what level implementation is occurring.

192 e Details of the steps/phases including the number of steps, the listed steps and definitions,
193 whether the process included a defined endpoint or was continuous, and whether the
194 process was linear or non-linear.

195 Data synthesis

196  Synthesis methods were informed by the RETREAT criteria for selecting a qualitative evidence
197  synthesis approach®’ and aligned with the objectives of this review. NVivo software (v14)% was
198  used for data management, coding, syntheses, and sensitivity analyses. Separate synthesis

199  processes were undertaken for the Pillars and Steps objectives by two coding teams, under the
200 direction of an experienced qualitative researcher (CL). To provide an LHS foundation, the

201  codebooks for syntheses were structured based on the LHS Framework by Wolfenden et al® —

10
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202  which was developed based on areview of LHS frameworks by Menear et al* and
203  recommendations for LHSs focused on implementation.

204  Pillars. Framework synthesis*®

was used to identify the infrastructure, expertise, and resources
205  (pillars) recommended to support and enable implementation focussed improvement processes
206  (Objective 1A). The foundation of Framework Synthesisis a strong starting codebook to guide
207  thecoding process. The six pillar domains from Wolfenden et al.’s LHS framework® provided
208  thepreliminary codebook. All identified guidance documents were coded, starting with the

209 preliminary codebook which was then iteratively developed. A four-person coding team (MW,
210 SG, CL, LW) extracted content including text, table extracts, and figures, though preference was
211  given to narrative content when content was duplicated across formats. Ten frameworks were
212 initially double-coded to refine the codebook and support inter-coder consistency. Remaining
213 frameworks were single-coded and independently checked by a second coder. Discrepancies
214  wereresolved through discussion or escalated to athird coder if needed. The coding team met
215 regularly to review and iteratively refine the codebook. A final review and data cleaning were
216  conducted by the synthesis lead (CL).

217  Thematic synthesis™ was then used to describe the core elements or functions within each

218 identified pillar (Objective 1B). The synthesislead (CL) analysed the coded content within each
219 Pillar to inductively develop themes reflecting specific elements or functions. Original guidance
220  document sources were revisited for clarification where needed, and final themes — presented as
221  narrative summaries within each Pillar — were discussed and confirmed through team consensus.

222  Steps. Framework synthesis®™®

was used to synthesise the steps or stages suggested by eligible
223  guidance documentsto improve the implementation of evidence-informed health programs,

224  policies, or practice (Objective 2A). The three phases of the LHS Framework by Wolfenden et

11
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225 a® (Phase 1) Knowledge to Practice; Phase 2) Practice to Data; and Phase 3) Datato

226  Knowledge) formed the codebook. Because the phases are quite broad, additional structure was
227  added to the starting codebook. One team member (SMc) first charted the steps described in the
228  first 50 eigible guidance documentsin Excel, mapping them against the LHS phases and

229  identifying broad step categories. Thisinitial mapping was checked by another team member
230 (HT) and the output of this process formed the preliminary codebook. A team of four coders
231  (SMc, HT, LC, CB) then followed a smilar process to that used for Pillars synthesis: an initial
232  ten guidance documents were double-coded, followed by single-coding with independent checks.
233  Theteam met regularly to iteratively adapt the codebook, and the synthesislead (CL) completed
234  final checksand data cleaning.

235  Thematic Synthesis® was then used to characterise the core actions or activities described within
236  each finalised step (Objective 2B). Aswith Fillars, this was undertaken by the synthesis lead
237 (CL) and involved inductive thematic coding of the content assigned to each finalised step to
238 identify themes. Guidance documents were revisited where necessary for clarity, and the themes
239  werefinalised through team consensus. These discussions also prompted a deductive search for
240  actionsor activities that are commonly associated with each step but may not have emerged

241  through the inductive process. This served as a quality assurance check to ensure amore

242  complete and robust synthesis.

243  Senditivity analyses (Coding comparison). NVivo software was used to compare coding for
244  Stepsand Pillars based on the key attributes extracted (see Data Extraction section).

245  Quantitative coding comparison. NVivo's cross-tab query function was used to calculate the
246  proportion of frameworks, grouped by key attributes, that contributed to each Step or Fillar.

247  Three members of the team (CL, SMc, HT) visually inspected how much each subtype of a key

12
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248  attribute contributed to the coding of Steps and Pillars, exploring whether any subtypes

249  disproportionately influenced certain Steps or Pillars. For example, whether frameworks from
250 low and middle income countries were under- or over-represented in coding compared with high
251  income countries. This served as a quality check for relative representation across types of

252  frameworks.

253  Qualitative coding comparison. NVivo framework matrices were used to explore the qualitative
254  content coded to each Step or Pillar by framework for the following attributes of interest: World
255  Income Leve of the country in which the guidance originated (low and middle income country
256  versus high income country); Level of implementation (national or state palicy, regulation, or
257 law versuslocal or organisational policy, program, guideline); and purpose of the framework
258  (implementation versus scale-up versus sustainability). This thematic analysis, by the synthesis
259 lead, allowed identification of where steps or pillars may need to be operationalised differently
260 according to different attributes. These analyses explored the question: does an LHS pillar or
261  step have different functions or activities across countries of different income levels (high vs low
262  and middle income); when undertaken at different levels of implementation (e.g., national versus
263 local); or used for adifferent purpose (e.g., implementation versus sustainment)?

264

265 RESULTS

266  Our search identified 12,151 unique documents and 25 websites. Following screening, 168

267  documents describing 96 guidance processes, models, or tools were included in this review.

268  Supplementary file 3 provides details of each guidance document, including label,

269 characteristics, and complete citation. Figure 1 displays the PRISMA flow diagram.

270

13
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271 >>>>>>>>insert Figure 1 here<<<<<<<<

272  Figurel. PRISMA flow diagram

273

274  Characteristics of included framewor ks

275  Most included documents (n=81; 84%) originated from high income country contexts, while a
276  smaller number were applied in low- and middle-income country contexts (n=7; 7%) or in both
277  (n=7; 7%). One (1%) did not include any information to determine the context in which it was
278  applied. The majority were developed within the disciplines of health and public health (n=66;
279  69%), and the primary purpose for most guidance was implementation (n=68; 71%). Intended
280  end users were predominantly clinicians (n=45; 47%) or multidisciplinary professionals (n=32;
281  33%). The number of stepsoutlined in each framework ranged from three to 24, with a mode of
282  fiveand amedian of six steps. Most frameworks were designed for implementation at the

283  organisational policy level (n=63; 66%), while 22 (23%) were applied at both the national/state
284  and local/organisational policy levels and the remaining 11 (11%) at the national/state level.
285  Summary characteristics of guidance documents are detailed in Table 2.

286

287 Table 2. Summary characteristics of included guidance documents

CHARACTERISTIC DETAILS
Y ear published Range: 1947-2024
Mode: 2024
Number of steps Range: 2-24
Mode: 5
Applied in low- and middle- | Yes. 16 (17%)
income country No: 80 (83%)
Country income level High-income country: 81 (84%)
Low- and middle-income country: 7 (7%)
Both: 7 (7%)
No information: 1 (1%)
Purpose of guidance Implementation: 68 (71%)

14
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Scale-up: 7 (7%)

Sustainment: 3 (3%)

LHS: 11 (12%)

Adaptation: (2%)

Equity: (2%)

De-adoption/implementation: (2%)
Multiples: (2%)

Intended audience Clinicians: 45 (47%)

Multiple: 32 (33%)
Governments/policymakers: 6 (6%)

Public health practitioners: 5 (5%)
Academics: 3 (3%)

Businesspeople: 3 (3%)

School teachers: 1 (1%)

Implementation support practitioners: 1 (1%)
Discipline of origin Learning Health Systems:. 7 (7%)
Implementation Science: 15 (16%)

Health & Public Health: 66 (69%)
Business/Engineering: 6 (6%)

Unclear: 2 (2%)

Level of implementation National or State policy, regulation, law: 11 (11%)
Local or organisational policy, program, guideline: 63 (66%)
Both: 22 (23%)

288

289  Objective l: Pillars

290 Figure 2 displays the resulting LHS for implementation, scale-up, and sustainment. The pillars
291 datasynthesisidentified six Pillars used to support and enable improvement processes. The
292  coding presence for each Pillar across all guidance documents can be found in Supplementary
293 File4.

294  Pillar 1 (Interest holder engagement) are the strategies and supports used involve a diversity of
295  people and organisations with the necessary knowledge and skills, expertise and experience
296 needed for LHS activities. This pillar encompasses consultation, and collaboration and

297  partnerships. Pillar 2 (Workforce development and capacity) are the systems and structures
298 necessary to build, strengthen, and sustain the capacity and capability of personnel involved in

299  operationalising LHSs, including activities related to its pillars and improvement processes
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300 (cycles). This might involve mentoring schemes, training mechanisms, and human resource

301 daffinginitiatives. Pillar 3 (Evidence surveillance and synthesis) are the systems, structures, and
302  processes used to identify, monitor, and integrate relevant evidence, that may have been

303 generated outsde of the LHS, with that generated within it to inform decision-making. This

304 includesinfrastructure needed to search, manage, and synthesise different forms of research from
305 multiple and varied sources. Pillar 4 (Data collection and management) are the systems and

306 methods used to capture, process, and apply primary data, and includes (routine) data collection,
307 management and analysisinfrastructure. Pillar 5 (Governance and organisational processes) are
308 the structures, standards, culture, and leadership needed for the effective stewardship,

309  operationalisation and coordination of LHS activities. Thisincludes formal reporting,

310 accountability and data governance processes, and regulations and standards to ensure safe and
311 ethical conduct and manage risk. Pillar 6 (Cross-cutting infrastructure) extends across multiple
312  Pillars, encompassing Communication systems (information flow into, within, and out of an

313 organisation); People, expertise and learning (the people involved in operationalisation); Funding
314  and resources (financial, material, and structural supports); and Tools (specific instruments or
315 resources). Table 3 provides an overview of each Pillar and details of its core elements.

316

317  >>>>>>>>insert Figure 2 here<<<<<<<<

318 Figure2. Learning Health System for implementation, scale-up, and sustainment

319

16


https://doi.org/10.1101/2025.09.24.25336590
http://creativecommons.org/licenses/by-nc/4.0/

320

Table 3. Rillars used to support a Learning Health System improvement cycle (steps)

1. INTEREST HOLDER ENGAGEMENT
Strategies to solicit the involvement of diverse people (see Pillar 6) with the necessary knowledge, skills, and experience needed to support the
LHS activities. In particular, this supports decision making and serves as a bridge between research and practice.

Consultation

A structured process of gaining insight from interest holders, experts, consumers, or end-users to inform step activities. This may involve
feedback mechanisms, expert reviews, facilitated discussions, and iterative engagement. Experts are often consulted at key points in the
framework where technical expertise is needed.

Collaboration and partnerships

The strategic bringing together of diverse interest holders (e.g., policy-makers, researchers, practitioners, technical experts, and equity-relevant
groups) necessary to support the framework. Engagement can be formal or informal, involving collaboration (co-creation, co-design, co-
production) and coordination across all or specific LHS steps. Emphasis is placed on reciprocity and community-level insight to ensure relevance
and LHS success.

2. WORKFORCE DEVELOPMENT AND CAPACITY
The systems and structures necessary to build, strengthen, and sustain the capacity and capability of personnel involved in operationalizing the
framework. This includes mentoring structures, training mechanisms, and HR staffing initiatives.

Mentoring structures
Structures designed to support the mentorship of personnel, typically involving a leader or someone in a position of authority, who guides,
coaches, and/or leads by example to influence practices and behaviours.

Training mechanisms

Systems and processes designed to build the capacity of personnel, encompassing: (i) education to enhance understanding and motivation, and
(i) training to develop specific skills needed to operationalize one or more steps. These may be part of ongoing professional development or
tailored education programs, commonly delivered via workshops, formal courses, expert facilitators, or train-the-trainer approaches. Various
personnel may be targeted (e.g., front-line staff, data handlers, end-users) with an emphasis on the teams required to operationalize the steps.

HR staffing initiatives

Initiatives related to the recruitment and management of staff. This includes recruitment (e.g., position descriptions and selection criteria to
ensure the necessary skills), contracting for expertise, and designating specific positions. It also encompasses ongoing staff management (e.g.,
supervision, work environments) and strategies for recognition and reward to retain and motivate personnel.

3. EVIDENCE SURVEILLANCE AND SYNTHESIS
The systems, structures, and processes used to identify, monitor, and integrate relevant evidence to inform decision-making. This includes
surveillance mechanisms for tracking emerging data and synthesis methods for evaluating and consolidating information from multiple sources.

Evidence surveillance infrastructure
The infrastructure used to continuously identify, track, and monitor relevant secondary data and research that is available. This includes
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searches for systematic reviews, policy reports, national guidelines, and grey literature, often queried through online databases and platforms
(e.g., MEDLINE, Cochrane, PubMed).

Evidence synthesis infrastructure

The infrastructure used to synthesize secondary evidence, integrating data from various sources, including scientific literature, policy reports,
and grey literature, to inform decision making. Tools and methods such as systematic reviews, meta-analyses, and qualitative synthesis are often
employed, along with supports that facilitate this collation (e.g., collaboration with research experts, librarians, automated screening tools).

4. DATA COLLECTION AND MANAGEMENT
The systems and methods used to access, capture, process, and use primary data.

Data collection infrastructure

The infrastructure used to gather data as the primary evidence source for a given step. This may involve existing data sources (e.g., health
records, national surveys) or newly established data sources (e.g., needs assessments, qualitative inquiries). Infrastructure is required to ensure
data for a broad range of outcomes can be collected (e.g., measures of effect, process measures, cost etc).

Data collection infrastructure may include those needed for the conduct of experimental studies (e.g., clinical trial infrastructure to support
randomized controlled trials implementation trials) as well as routine tracking and interest holder-reported data (e.g., participant surveys), with
an emphasis on both qualitative and quantitative approaches. Ideally, infrastructure allows data collection to occur in a timely, ongoing, valid
and reliable way, at minimal cost. Established methods for routinely collected data (such as electronic health records) are commonly used in
many LHS.

Data management and analysis infrastructure

The infrastructure used for secure storage and analysis (e.g., statistical methods, comparisons, or evaluations) to generate insights and support
decision making. This includes hardware, software or other platforms to support linkage of data across different data collection platforms and
sites; and informatic infrastructure to process and support interpretation of complex data inputs (e.g., Artificial Intelligence) It may also enable
real-time feedback mechanisms and data quality monitoring to enhance usability and reliability of primary evidence.

5. GOVERNANCE AND ORGANIZATIONAL PROCESSES
The structures, standards, culture, and leadership of an organization that ensure the effective operationalization and coordination of activities.

Organizational structures

The formal design and structure of an organization, including governance, decision making and accountability, defined roles and responsibilities,
and operational procedures to support the implementation of LHS activities. Structures should be efficient, transparent, adaptable to change,
and inclusive of interest holders (Pillar 5).

Culture and leadership

Culture - The shared values, goals, beliefs, and norms that shape daily practices, interactions, behaviours, and perceptions within an
organization. A culture conducive to the LHS supports a shared vision, fosters learning and knowledge sharing, promotes continuous
improvement, and emphasizes reciprocity, teamwork, and collaboration among staff. Culture is strongly influenced by leadership — those
individuals or teams who support, enable, or actively drive the LHS, either as part of their existing role or through designated responsibility.
Effective leadership is characterized by attributes such as authority, influence, interpersonal and communication skills, and the ability to
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motivate and inspire others.

Regulations and standards

Existing, modified, or newly developed regulations, policies, guidelines, and/or standards to support operationalisation of the LHS. These are
applicable across various levels, including legislative, system, and organizational contexts. Examples include ethical guidelines and processes,
patient privacy provisions and medico-legal protections, financial policies, terms of reference, and data governance and safety standards.

6. CROSS-CUTTING INFRASTRUCTURE

The infrastructure that extends across multiple Pillars, including Communication systems; People, expertise, and learning; Funding and
resources; and Tools. While they may not be explicitly present in every Pillar, they have the potential to influence and enable functions across
various Pillars.

Communication systems

The continuous flow of information into, within, and out of an organization. Information intake involves gathering insights e.g., via research,
listening to interest holders, and leveraging networks. Dissemination can occur external to the organization (e.g., publications, reports,
presentations, media, and social connections); and/or internally (e.g., dashboards, leadership, team dialogue, staff training, and marketing
strategies).

There is an emphasis on formal meetings with operational personnel, as well as multi-directional communication channels, such as feedback
loops, to ensure that information is not only shared but also acted upon.

People, expertise and learning

The people, individuals and/or groups - collectively referred to in some instances as the "learning community" - involved in the
operationalization of the framework. These can be existing entities supported to take on LHS responsibilities or newly established for this
purpose. People are strategically chosen to ensure the right expertise and insight are available, encompassing a broad range of roles, such as
academics, researchers, frontline staff, funders, end-users (including clinicians, providers, patients, and consumers), champions, change agents,
and administrative and technical support. Engagement extends to local and community levels to ensure contextual relevance of the framework.
People may be formally united into a group for driving the framework, such as multidisciplinary teams, taskforces, or advisory committees.

Funding and resources

The financial, material, and structural supports required to operationalize the framework. Funding includes internal and/or external investments,
such as research grants and local funding streams, and in-kind support. Resources encompass essential elements such as adequate time,
technologies, physical space, and technical resources required for specialized activities. Where appropriate, incentives, both monetary and
nonmonetary (e.g., recognition and reward), may also play a role in the engagement of people (as above).

Tools

Specific instruments or resources used to operationalize a particular step or function within the LHS. These may include project plans, decision
aids, or data-related tools, as well as frameworks (e.g., theoretical frameworks) or guidelines (e.g., best practice guidance) that guide activities.
Tools can be pre-existing or developed specifically for the LHS.
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322 Objective 2: Steps

323 The steps data synthesis identified ten Steps across a three-phase LHS improvement cycle. Table
324 4 provides an overview of each Step and details of its core actions and activities. The coding
325  presencefor Steps across all guidance documents can be found in Supplementary File 5.

326
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Table 4. Steps used across a three-phase Learning Health System improvement cycle

PHASE | - KNOWLEDGE TO PRACTICE

1.1 IDENTIFY AND UNDERSTAND THE PROBLEM

Identify the problem
The process begins by identifying the problem/s or areas requiring improvement. This can be approached in two ways:
¢ Deductively, if an implementation, scale-up, or sustainment ‘problem’ has already been identified, gather evidence to confirm the
issue and establish a baseline.
* Inductively, if a problem has not yet been brought to attention, gather evidence to identify an opportunity for improvement.

Evidence for problem identification or confirmation can be acquired through various approaches:
¢ Engage with key interest holders (e.g., staff, end-users, and decision-makers) through discussion, consultation, or formal research. This
can help to identify issues and to guide the problem identification process (e.g., providing insight on potential data sources) (Pillar 5).
e Collect and analyse relevant data from existing sources, such as medical records, performance metrics, or other routinely collected
data. If available data is insufficient, conduct targeted data collection to fill in gaps (Pillar 1).
e Review the broader evidence-base, including existing research, standards, guidelines, and current practices (Pillar 4). This helps
identify specific gaps or problems and assess whether recommended practices are being followed or if areas require improvement.

Understand the problem
Clearly define the problem in terms of what it is (the issue to address), where it occurs (the context), and who is involved (the key decision
makers, interest holders, or target groups). If >1 problem has been identified, prioritisation may be required. Gather information to understand
the context and conditions surrounding the identified problem (Pillar 1). This provides the foundation for subsequent steps. Key factors to
understand may include:

¢ Contextual factors that could influence improvement efforts;

e QOrganisational strengths and weaknesses that can drive or hinder improvement efforts; and

e Knowledge/perspectives/behaviours of interest holders regarding the problem (Pillar 5).
Formal situational analysis approaches such as needs assessments and Strength, Weakness, Opportunity, Threat (SWOT) analyses can be used
to gain a comprehensive understanding of key contextual factors. Qualitative insights are especially valuable in capturing real-world experiences
and providing a deeper understanding from interest holders (Pillar 5). Supplement local data by consulting experts and exploring the broader
evidence base (e.g., peer-reviewed literature, grey literature) to identify barriers, facilitators, and successful strategies used in similar contexts
(Pillar 5).

1.2 DECIDE AND PLAN FOR ACTION

Define the scope
Establish the aims and objectives of the improvement effort, clearly defining what the project intends to accomplish. Detail the operational
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parameters for the improvement effort. Doing so can help focus resources on a feasible area of impact, ensuring the project remains realistic
and achievable within the available resources and time frame

Develop an improvement strategy
Determine the most appropriate course of action to achieve the aims and objectives. This requires the development of an improvement
strategy and a plan to action it. The improvement strategy should be evidence-based, feasible, practical, and appropriate within the context
identified in Step 1.1. Developing an improvement strategy involves:
i.  Involvement of relevant interest holders in the strategy development and decision-making process, for example, through co-design
processes (Pillar 5);

ii. Using local or other data and research evidence to identify factors (e.g., barriers) that may impede achievement of the targeted
outcomes of the improvement effort, that is, enhanced implementation, scale-up, and improvement (Pillars 1 and 5);

iii. Reviewing the evidence-base for effective strategies that may overcome identified barriers. This should focus on peer reviewed
research (e.g., systematic reviews) and best practice guidelines, but may also incorporate the findings of other relevant local
evaluations (Pillar 4).

iv.  Using information gathered, and appropriate theory-based frameworks, to develop an improvement strategy to enhance
implementation, scale-up, or sustainment of the intervention. The development process may involve the adaptation and/or tailoring
of the intervention (or implementation, scale-up, or sustainment strategies) to ensure it is feasible, practical, acceptable, and
appropriate for the context identified in Step 1.1. This should be documented in an improvement logic model.

Plan for action

Develop a detailed plan to operationalise the improvement strategy and its evaluation. It should include key actions, timelines, necessary
infrastructure, governance and organisational processes, including clear articulation of roles and responsibilities of involved parties; leadership
and accountability mechanisms (Pillar 3); resources (e.g., funding, expertise); and communication processes (Pillar 6).

The plan should describe specific details related to the delivery or implementation of the improvement strategy (and intervention), and a
protocol for related evaluation activities in Phase Il and lll, such as: the outcome measures used to assess whether the goals and objectives of
the improvement strategies have been achieved; how this data will be collected, managed, and analysed (in Step 2.3); and how the findings will
be evaluated, inform decision making (Step 3.2), and disseminated (Step 3.3).

Identify a team
Identify a team to drive improvement efforts - an operational group or designated personnel responsible for executing improvement activities

and their evaluation. This team may be overseen or guided by an existing organisational structure, or a project specific steering or advisory
committee, providing strategic direction, expertise and mechanism of accountability. Key approaches to establishing a team could include:
e The use of an existing team for this purpose (e.g., existing quality improvement team);
e Formation of a subgroup within an existing organisation entity or structure; or
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e Establish an entirely new team, which may require recruiting new personnel and/or realigning or redistributing responsibilities among
existing staff, and establishing roles, responsibilities, reporting and accountability mechanisms.

Team membership should be strategically aligned with the objectives and scope of the improvement effort, with consideration given to: the
required expertise (often multidisciplinary); member credibility and influence; relevance of experience; contextual knowledge, and;
commitment to the improvement objectives (Pillar 6). Leadership is a critical element of successful improvement efforts and extends beyond
competent stewardship of the improvement team, to developing a supportive team culture, and modelling an explicit commitment to the
improvement effort, values, objectives and outcomes (Pillar 3). Strategies to identify and constitute an effective team include:
e Assess existing teams — evaluate whether a currently existing team has the necessary characteristics and responsibilities. Determine if
additional roles need to be filled (Pillar 6).
¢ New hires — recruit team members with the specific skills, experience, credibility, perspectives or knowledge required for the
improvement effort (Pillar 2).
e Training and education — provide training or development opportunities for current staff to equip them with the necessary skills
required by a team (Step 1.3) (Pillar 2).
e Consulting or contracting — bring in external expertise through consultants or contractors when specialised skills are required (Pillar 6)
e Engage interest holders — as below (Pillar 5).

Engage interest holders
Identify key interest holders (Pillar 5 and Pillar 6) who hold influence over systems and processes that may determine the success of the

improvement effort. Interest holders provide valuable insights; can provide team access to requisite skills or expertise; and mobilise resources
to support the improvement process. This often begins with identifying the relevant groups or individuals who ‘hold an interest’ in the effort.
This can be undertaken using formal processes such as interest holder analyses or actor mapping. Some interest holders may have been
consulted in earlier Steps, contributing to problem identification and/or context assessment (Step 1.1). Broadly, key interest holders to consider
include:
¢ Those with the ability to influence decisions (e.g., policy-makers)
e Those from the population, services, setting or context where the need for change is identified, encompassing:
o Those who are responsible for implementing or delivering health services (e.g., clinicians, practitioners, health service providers)
o Those who receive the intervention, experience intended outcomes or otherwise affected by the initiatives (e.g., end-users,
consumers, patients)
o Leaders, change agents, or champions who can facilitate change, influence peers, and advocate for the action/intervention/change
o Priority populations (e.g., underserved or historically marginalised groups).

At a minimum, establishing connections (Pillar 5) and communication systems (Pillar 6) with interest holders is essential. Building respectful,
trusting and more meaningful partnerships early is recommended. Formal engagement can take various forms, including:
¢ Inclusion in the operational team,
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¢ Participation in advisory groups or steering committees, and/or
¢ Involvement in co-designing strategies (as above), piloting new initiatives (Step 1.4), or providing ongoing feedback during the process
(Step 2.2).

1.3 ASSESS AND BUILD CAPACITY

Ensure that the foundational elements and pre-conditions for successful execution of the action plan are in place.

Assess capacity and identify gaps

First, assess capacity and capability, for improvement among key individuals, organisations, or entities engaged in the execution of the
improvement strategies. This includes assessment of individual factors (e.g., knowledge), organisational factors (e.g., ‘organisational readiness’),
broader system characteristics, and the accessibility and availability of the required infrastructure to operationalise the improvement strategy.
Environmental scans and other processes can be useful to help identify organisations, infrastructure or resources that could support
improvement efforts. Identify capacity or capability gaps found through the process.

Build capacity
Actively work to address identified gaps. This could occur through targeted professional development or training, strategic recruitment,

contracting or commissioning specific expertise or infrastructure, forming new partnerships or other means.

Key considerations include:

e Human capacity and capability (Pillar 2) — Teams and personnel should have the skills, knowledge, motivation, and buy-in to support
implementation. Building human capacity and capability may involve recruiting staff with relevant expertise, engaging external experts
for guidance, or providing training and professional development opportunities.

e Supportive culture and leadership (Pillar 3) — A workplace environment that fosters engagement, continuous learning, use of data,
accountability, and sustained effort. Building supportive culture and leadership may be facilitated through organisational
transparency, good governance and communication, securing leadership support and advocacy for improvement across levels of a
system, aligning organisational vision with improvement goals, and reinforcing the purpose and benefits of the effort.

¢ Material and structural supports (Pillar 3) — Ensuring the necessary resources (e.g., technologies, space, materials) are in place.
Building material and structural support may involve access to appropriate equipment, software, or digital tools, or strengthening and
re-aligning systems and processes to support data collection and analysis activities.

1.4 PILOT (Optional)

Ideally, seek to pilot or pre-test the improvement strategy and its processes before full execution in Phase 2 to identify areas for improvement
and allow refinement to maximise its potential beneficial impacts.

Piloting would typically be undertaken on a smaller scale than planned when at full operation (e.g., within a single hospital or network) or might
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focus on pre-testing specific elements of the improvement strategy (e.g., materials, delivery methods).

This may involve formal pilot research and evaluation or informal assessments. Involving the interest holders in this Step may foster early
engagement, input and buy-in. Key indicators often examined during piloting include assessments of feasibility and acceptability (is the strategy
suitable and well-received by those involved); its potential impacts (is the strategy showing early signs of achieving its intended
outcomes/objectives); as well as processes and organisational factors (what are the unidentified operational, structural, and contextual factors
impacting improvement that may need to be addressed). If the intervention or improvement strategy has been tailored (in Step 1.5) to enhance
contextual fit, piloting can also confirm the appropriateness of such adaptations.

PHASE Il - PRACTICE TO DATA

2.1 EXECUTE THE ACTION

Execute the plan for action (improvement strategy) from Step 1.2. This will require the co-ordinated mobilisation of actions within the
improvement team and of other interest holders or organisations engaged in strategy co-ordination or delivery. Too, the transition of focus of
the improvement team, associated governance structures (Pillar 3) and communication processes (Pillar 6) from planning to an execution phase
is required. While the focus of this step is on the execution of the improvement strategy with fidelity; flexibility and responsiveness to
unanticipated challenges, or changes in context is required (Step 2.2).

2.2 COLLECT DATA

Collect data to enable evaluation of the improvement strategy (Pillar 1). Whether existing, modified, or newly developed, measures of key
improvement outcomes should be sufficiently valid for their intended purpose.

Data collection should be purposeful, ensuring it is timely (near real time), conducted by appropriate personnel (Pillar 6), and comprehensive —
capturing key outcome measures aligned with the goals and objectives identified in Phase 1 and to guide ongoing improvement. Both
qualitative and quantitative data are important.

Key outcome measures for consideration include:

i. Effect orimpact (i.e., data to assess overall success of the strategy in improving implementation, scale-up or sustainment; or any
adverse or unintended effects)

ii. Process measures (i.e., data to understand how well the strategy was delivered (fidelity), who it reached and what contextual factors
may have influenced this)

iii. Determinants/Mechanisms of effect (i.e., data to identify how the strategy worked or was effective such as its impacts on addressing
targeted individual, organisational or system barriers or outcome determinants)

iv. Experiences and perspectives of individuals or groups involved (i.e. data to describe the experience of those affected by the strategy
such as satisfaction or acceptability)

v. Efficiency and costs of the strategy (i.e., data enabling economic evaluations to determine the absolute costs, cost effectiveness or
efficiency of the strategy)
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vi. Other outcomes deemed pertinent (e.g., sustainability, differences between sub-groups).

2.3 MONITOR AND RESPOND

Even with thorough planning and preparation in Phase |, significant challenges are often encountered early in improvement efforts. Mechanisms
should be in place to monitor and quickly identify such issues, appraise risks and prioritise a response (Pillar 3). Addressing such issues early can
minimise disruption and prevent these from more systemically undermining improvement efforts. Systems to monitor for such issues could be
either:
e Formal - The establishment of formal data collection systems to assess and appraise key strategy implementation processes (or
responses to them) (Pillarl).
¢ Informal - Remaining attentive to insights or feedback from the team or interest holders regarding what is not working, allowing for
quicker responses to emerging issues (Pillar 5 and Pillar 6).

PHASE 11l - DATA TO KNOWLEDGE

3.1 ANALYSE AND EVALUATE

Analyse Phase 2 data (Pillar 1). Comprehensive analyses support robust strategy evaluations and generates new insights for further
improvement. Analyses should be pre-planned, and based on the improvement efforts aims and objectives (Step 1.5). The primary purpose of
analysis of Phase 2 data is to assess the extent to which the improvement effort achieved its objectives in enhancing implementation, scale-up
and/or sustainment of the targeted intervention. Insights gathered through analysis of process can support the interpretation of strategy
effects, for example, by identifying if the strategy was indeed executed as intended, who it reached and how it was received.

Importantly, analyses of Phase 2 data can identify how the improvement strategy can be improved. For example, understanding the
mechanisms of the improvement strategy (how it did or did not work) enables the introduction of future strategy elements that target factors
found to be positively associated with effectiveness (determinants); and/or the discarding of strategy elements targeting factors that are not.
Capturing the perspectives of those engaged or impacted by an improvement effort can aid adaptations that may strengthen strategy
acceptability or satisfaction and increase ongoing engagement. Finally, analysis of costs data can help with decisions to optimise the impacts of
improvement efforts given fixed or finite resources.

The effects of an improvement strategy are unlikely to be uniform across the health service or system where it is introduced, and so
examination of differences in such effects across different patient, organisational, or system characteristics (e.g., subgroup analyses) is
suggested to ensure improvement efforts do not generate or exacerbate inequities.

Some questions for consideration:
i. Did it have the intended impact/succeed in its objectives? (Effect or impact)
ii. Was the improvement strategy delivered as it was intended? Who did it reach? (Process measures)
iii. What were the key determinants of the effects observed from the implementation strategy? (Mechanisms of effect)
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iv. What are the experiences and perspectives of those individuals or groups involved? How did they engage with the strategy?
(Experiences and perspectives)

v. What was the associated cost? (Cost)

vi. Were the benefits observed equitable? (Other outcomes)

This information is helpful to determine the value of efforts and provide information for next steps, including informing interest holders (Step
3.2) and determining how best to move forward (Step 3.3).

3.2 DISSEMINATE

Share findings and insights through appropriate communication channels (Pillar 6), considering the setting, goals, and objectives of the
improvement efforts. The form of communication (source, content, mode) should be tailored to the targeted audience and be aligned with the
communication purpose. This may include to:

e Enhance implementation, scale-up or sustainment of the intervention by building awareness and knowledge of those involved in: i)
intervention delivery (e.g., clinicians); ii) the execution of the implementation strategy (e.g., interest holders); or iii) others who can
influence it (policy-makers and other decision makers)

* Feedback findings internally with interest holders and through governance structures (Pillar 5) to ensure accountability; build capacity
and strengthen relationships (targeting individuals and teams involved in the process).

¢ Share knowledge broadly, to support and inform decision making of interest holders (including the public), or other health services
and systems seeking to improve implementation, scale-up or sustainment of similar interventions. The findings should also be
disseminated to researchers to contribute to the collective evidence-base.

3.3 DECIDE

Reflect on the findings from Step 3.1 and any feedback from Step 3.2 and determine how best to move forward. Even following comprehensive
analyses of program data, synthesising, and interpreting findings across different outcomes and data sources is complex. In many cases
uncertainty may remain. A range of interest holders should be engaged in sense making and interpretation of evaluation findings.

The use of structured processes is suggested to ensure decisions are made using the appropriate program data and analysis (Pillar 1), with
consideration of appropriate external evidence (Pillar 4), and with input from all relevant interest holders (Pillar 5).
Broadly, decisions will need to be made regarding whether to:

e Cease the improvement effort. Cessation of improvement effort may be due to: a) the improvement strategy having achieved desired
outcomes in sufficiently enhancing implementation, scale-up or sustainment. In such instances, health services or systems may seek to
monitor key outcomes (Pillar 1) to ensure such improvements do not erode over time. b) the improvement strategy not having
adequately enhanced implementation, scale-up or sustainment, but further modification of the improvement strategy (e.g., via
engaging in another improvement cycle) is considered unlikely to yield improvements of sufficient magnitude to warrant the
investment; c) there was evidence of potential harmful or adverse effect or risk to patients, interest holders, health services or the
health system.
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e Continue the improvement efforts to further enhance beneficial impacts to patients, services or the health system. This could include
transitioning the focus of the improvement effort, for example, from implementation to scale-up; or from improving the effectiveness
of the strategy to enhancing its contextual fit, efficiency, acceptability, or reducing its costs. Continuation of improvement efforts will
draw on opportunities identified for improvement following analysis of data in Step 3.1, and its interpretation. Ongoing improvement
cycles will benefit from the existence of infrastructure, partnerships, evidence and other activities developed and undertaken prior,
particularly those in Phase 1. As such, it may not be necessary to replicate all ‘steps’ for each following improvement cycle.

e Start a new cycle to implement, scale-up or sustain a different evidence-based intervention.
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328 Phase 1) Knowledgeto Practice, comprised four steps. Step 1.1 (Identify and understand the
329 problem) involves the use of evidenceto identify problem or areas requiring improvement,

330 understanding itsimpacts and context. Step 1.2 (Decide and plan for action) includes developing
331 anevidence-based strategy to address the identified problem; creating a detailed plan to

332  operationalise the strategy and its evaluation, and identifying ateam and interest holdersto drive
333  improvement efforts. Step 1.3 (Assess and build capacity) involves assessing capacity and

334  capability to execute the action plan, and then actively working to address identified gaps —

335  building capacity of theteam, interest holders, and systems. Step 1.4 (Pilot) is an optional step, if
336 feasible, and involves piloting or pre-testing the improvement strategy (activities to better

337 implement, scale or sustain) and its processes before full execution, providing an opportunity to
338  make refinements.

339  Phase 2) Practice to Data, comprised three steps. Step 2.1 (Execute the action) involves

340 mobilising the team and supporting infrastructure to execute the action/improvement strategy.
341  Step 2.2 (Collect data) involves collecting data to enable evaluation of the improvement strategy
342  toassessor interpret itsimpacts. Step 2.3 (Monitor and respond) entails monitoring and quickly
343  responding to any challenges or issues that are encountered when executing the improvement
344  dtrategy.

345

346  Phase 3) Datato Knowledge, comprised three steps. Step 3.1 (Analyse and evaluate) involves
347 analysing the collected data to assess the extent to which the improvement effort achieved its
348  objectives. Thisdatais used to identify opportunities to further improve the strategy. Step 3.2

349 (Disseminate) involves sharing the findings and insights internally or more broadly. Step 3.3
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350 (Decide) involves reflecting on the findings and deciding how best to move forward — whether to
351 cease, continue (by initiating another cycle), or shift the focus of the improvement effort.

352  Senditivity analyses

353  Quantitative coding comparison

354  Supplementary File 6 (Pillars) and 7 (Steps) display the results of the Crosstab Queries. As

355  expected, dight variation in coding presence across Steps reflected the diverse nature and

356  purpose of the guidance documents. For instance, some guidance focused heavily on early-phase
357 planning (Phase 1; e.g., intervention design and preparation) while providing limited or no detail
358  on subsequent phases. The highest coding presence was observed in Step 1.2 (Decide and plan
359 for action; 99%), followed by Step 1.3 (Assess and build capacity; 58%). The lowest presence
360 wasfor Step 2.3 (Monitor and respond; 14%) which was rarely identified in guidance documents
361 asadistinct step. However, this activity was commonly noted in general recommendations or
362  embedded within other steps, indicating its perceived importance despite limited explicit

363 labelling.

364  When examined by framework characteristic, Step 1.1 (Identify and understand the problem)
365  showed higher coding presencein local or organisational guidance (62%) compared to national
366 or state-leve guidance (27%). In other areas, meaningful comparisons were limited due to small
367 samplesizes; for example, only seven guidance documents originated from low- and middle-
368 income countries, and only three were intended primarily for academic audiences. Some coding
369  absences were also conceptually appropriate; for example, frameworks focused on scale-up or
370 sustainability often did not include Step 1.1, as these phases typically assume that the problem

371 hasalready been identified.
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372  For thePillars, Pillar 6 (Cross-cutting infrastructure) had the highest coding presence,

373  particularly for Communication systems (76%) and People and expertise (78%). Other highly
374  represented Pillarsincluded Pillar 5 (Governance and organisational processes; 83%) and Pillar 1
375  (Interest holder engagement; 70%). One observed difference was that Pillar 3 (Evidence

376  surveillance and synthesis) was more commonly coded in national, or state-level guidance

377  documents compared to local or organisational ones (82% vs 43%). Again, comparisons by

378  framework characteristics were limited by small denominators.

379  Oveadl, the proportion of coded content for each Step and Pillar was relatively consistent across
380  guidance documents with different characteristics. While some variability was observed, there
381  were no notable outliers or dominant patterns. This suggests a balanced contribution from the
382 diverserange of frameworks included in the review. This lends confidence that the final

383  synthesiswas not disproportionately influenced by any framework subtype and reflects a broad
384  andinclusive representation of perspectives.

385  Qualitative coding comparison

386 Thefina Stepsand Pillars were consistently applicable across al guidance subtypes, indicating
387  strong coherence and relevance despite the diverse guidance documents. This suggests that we
388 have captured a shared conceptual foundation underpinning guidance for improving

389 implementation, scale-up, and sustainment of health interventions. While the overall structure of
390 the Stepsand Pillars was broadly transferable, the analysis also revealed nuanced differencesin
391 how they were applied or emphasised within certain subtypes of guidance. These distinctions
392  were not observed between guidance documents by income setting (low- and middle-income
393  country vs. high income country). Instead, distinctions were more evident across guidance

394  subtypes, particularly based on the intended purpose of the guidance (e.g., scale-up or

31


https://doi.org/10.1101/2025.09.24.25336590
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.09.24.25336590; this version posted September 27, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC 4.0 International license .

395 sustainability) or its policy orientation (e.g., national or state policy versus local or organisational
396  poalicy).

397 For example, while the content of the Steps and Pillars was largely consistent across national or
398 statepolicy and local or organisational policy guidance, a notable difference emerged in the
399  sequencing of activities. In some local/organisational policy guidance documents, the process
400  began with the identification or establishment of an operational team (e.g., Adapted Intervention
401  Mapping [AIM] in schools*) to support implementation strategy selection and use in healthcare
402  settings™, which then drove subsequent planning and implementation activities. This reflects one
403  of the more challenging stepsto place in a standardised sequence and is discussed further in the
404  main discussion section.

405  Guidance documents focused specifically on scale-up often elaborated on or emphasised

406  particular activities and structural considerations. These included the use of scalability

407  assessments, distinguishing between different types of scale-up (e.g., vertical versus horizontal),
408 and accounting for multiple organisational levelsinvolved in scaling efforts (e.g., adopting units
409 and scale-up entities). As aresult, outcome measures and corresponding data systems (Pillar 1)
410 wererequired to span both individual implementing units and system-wide levels. These

411  documents also highlighted the broader implications of scale-up for personnel, underscoring the
412  need for expanded interest holder engagement and enhanced team capacity (Pillars 5 and 6).
413

414  Similarly, guidance focused on sustainment placed greater emphasis on actions to assess and
415  build infrastructure that could be supported over the long term (all Fillars). Thisincluded

416  evaluating the availability of systems (data, training, communication etc.) and supports that

417  could be maintained with existing resources of target organisations or settings. In particular,
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418  sustainment guidance emphasi sed the importance of robust data collection systems capable of
419  ongoing monitoring (Pillar 1), highlighting that one-off assessments are typically insufficient for
420  measuring sustainability outcomes.

421  Across both scale-up and sustainment guidance, working within and across resource-constrained
422  settings was a common consideration. These documents frequently recommended strategies to
423  optimise existing infrastructure, leverage partnerships, and build capacity using available

424 resources. Thisreinforces the broader principle - reflected throughout our synthesis and

425  eaborated in the Discussion section - that effective improvement activities are not solely about
426  following prescribed steps but requires tailoring actions to context, including the realities of

427  resource availability and system readiness.

428 DISCUSSION

429  Thiscomprehensive systematic review draws together LHS approaches to improvement with
430  explicit synthesis of guidance to support the implementation, scale-up, and sustainment of

431  evidence-informed health policies and interventions. We developed a consolidated guidance that
432  comprises six pillarsthat provide the infrastructure, capacity, and expertise to support ongoing
433  improvement activities. It also identified ten sequential yet flexible steps, organised across three
434  LHS phases which comprised the continuous improvement process. It is hoped the work will
435  contribute to the strengthening of health systems by supporting their generation and application
436  of implementation (inclusive of scale-up and sustainment) research to more rapidly improve the
437  safety and quality of healthcare, patient outcomes and community health.

438

439 A range of excellent LHS frameworks have been published®**. These tend to focus on

440  descriptions of the core infrastructure, or pillars needed to support improvement and ongoing
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441  learning. For example, Reid et al*! conceptualised an LHS as an engine with learning gears (such
442  asimplementation and evaluation) and factors such as leadership and funding providing the “fuel”
443  needed for the gears to produce equity-centred outcomes. It also identifies several “moderators’
444  and “brakes’ that can restrict or even impede such outcomes. Similarly, Menear et a*? proposed
445  aconceptual framework for value-creating LHSs that integrates four main dimensions — core
446  values, pillars, processes, and outcomes. Their framework highlights seven pillars that support
447  LHSfunctionality: scientific, social, technological, policy, legal, ethical, and socio-political

448 infrastructure. These pillars are underpinned by core values such as transparency, equity, and
449  collaboration, and are critical to enabling the learning processes that connect data to knowledge
450 and action. Such ‘pillars’ provide an environment conducive to emergent learning, feedback and
451  improvement within health systems. We saw value in consolidating such guidance and found
452  remarkable consistenciesin the attributes and functions of pillars across a diverse range of LHSs,
453  and guidance documents. Such findings are similar to other recent reviews of LHS frameworks'®.
454  LHSframeworks provide less guidance, however, on the actual process of improvement - that is,
455  the specific steps needed to enhance healthcare. Our review sought to address this gap by

456  synthesising the steps recommended by process models of three important and distinct outcomes
457  that help maximise theimpact of evidence-based healthcare: implementation, scale-up, and

458  sustainment. It is often suggested that each of these outcomes are considered across each phase
459  of animprovement process. For example, sustainment should be considered when selecting an
460 intervention to implement, and in the process of implementation. We are not aware, however, of
461  guidance that has attempted to bring these together. While the application of the process may
462  differ, such asthe specific barriers, strategies employed to address them, or measures used to

463  assess outcomes, we found little differences in the broad steps or process reported in documents
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464  reviewed between those with an emphasis on implementation, scale-up or sustainment. We

465 bdievethisisuseful contribution, offering a structured, but cons stent approach to improvement.
466  Importantly, the processis also not intended to be static. In alignment with the continuous nature
467  of LHS, it can be re-applied over time to support different stages of improvement — from initial
468 implementation through to scale up or sustainment. In this way, it offers both common process
469 and practical flexibility for strengthening evidence-informed practice in dynamic, real-world
470  settings.

471  Our findings closely align with the theoretical domains of evidence-informed policy-making
472  (EIP) institutionalisation described by Kuchenmuller et al*®. Their framework identifies six

473 domains essential for embedding evidence use within policy systems: governance, standards and
474  routinised processes, partnership, collective action and support, leadership and commitment;
475  resources, and culture. These domains map closaly onto our identified Pillars. However, while
476  the EIP institutionalisation framework primarily conceptualises these domains as structural and
477  cultural mechanismsthat confer legitimacy and sustain evidence use, our synthesis focuses on
478  their practical operationalisation within LHSs, specifically in relation to implementation, scale-
479  up, and sustainment of health interventions. In particular, our findings place emphasis on the
480 systemsand processes needed to generate new practice-based evidence, with dedicated Pillars
481 for data systems and evidence synthesis. Such elements are not foregrounded in Kuchenmdiller et
482  al.’sframework®, which assumes the availability of existing evidence for use. This focus on
483  evidence generation, aswell as use, underscores the dual role of LHSs as both users and

484  producers of evidence. Additionally, while Kuchenmdiller et a. frame institutionalisation as a
485  process unfolding in stages, our findings describe a cyclical, practice-oriented improvement

486  process, comprising actionable steps. These two perspectives - the institutionalisation of
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487  evidence use and the operationalisation of implementation improvement cycles - offer

488 complementary pathways toward strengthening LHSs. Future research could explore how these
489  perspectives can beintegrated to support durable, evidence-informed health systems globally.
490

491  Synthesising the steps or stages across guidance documents was a complex process. Unlike the
492  pillars, which do not follow a prescribed order, the steps were typically presented as sequential
493  activitieswith variation in how different guidance documents presented this sequence. Some did
494  not present any explicit ordering at all. Despite this challenge, we were able to generate a

495  coherent and comprehensive set of steps through iterative coding processes and remaining

496  grounded in the overall objectives and intended users of the review. In cases where ambiguity
497  existed, we prioritised placement that aligned with the practical needs of policy-makers and

498 targeted end users. To enhance usability and relevance across settings, we deliberately kept the
499  steps broad. In some cases, this meant including several key actions (i.e., sub-steps) within a
500 single step, to better reflect the fluid and often non-linear nature of real-world improvement

501  processes.

502

503 The Phase 1 steps were especially challenging to position. For example, the identification and
504  establishment of an operational team appeared at various points across guidance documents. In
505 some cases, it was presented more as a pillar — a resource either assumed to be already present or
506 meant to be established outside of the guidance application. For example, the Competitive

507 Intelligence Process described a network of people (including executives and those with

508 designated positions) as an infrastructure to operationalise the process, but not as step within the

509 processitself ¥. Another challenge was interest holder identification and engagement — this was
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510 arecurring activity across all phases of the guidance. As such, we addressed this aspect by

511 including it within Step 1.2 as well as within one of the six pillars, recognising its importance as
512  aninfrastructure across the entire improvement process. We aso included the key interest

513 holder-related information and activities within respective steps — for example, engaging interest
514  holdersto help identify and understand the problem (Step 1.1), and the formal identification of
515 interest holders needed for improvement activities as part of planning in Step 1.2. Despite

516 challengesin synthesis, the overarching LHS phases™ provided a highly useful structure for
517 organising the steps. These phases were unchanged from the outset of synthesis, offering a strong
518 scaffold for coding and Situating the diverse improvement activities described acrossthe

519 guidance documents.

520 A number of methodological strengths of the review are worth noting. The coding process was
521  primarily inductive, allowing for findings to emerge directly from the source data, supported by
522  strong LHS-based codebooks and a collaborative coding team. Where gaps or inconsi stencies
523  arose, deductive searches and peer discussions were used to clarify concepts and validate

524  emerging interpretations. This experience highlights the value in having content expertise within
525 thecoding team and involved across the synthesis process, to identify potential gaps and ensure
526  thorough coding. All coded data were reviewed by at least three members of the research team:
527 origina coders, secondary reviewers, and athird reviewer during the final data cleaning process.
528 Thisensured ahigh level of consistency and rigor.

529  Unliketraditional reviews and syntheses that appraise the quality of included documentsto

530 determine the strength of the evidence base, our approach treated all included guidance

531  documents equally. Given the purpose of thisreview, we did not apply differential weighting

532  based on document quality or comprehensiveness. Instead, all documents were reviewed in full,
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533 and al relevant content was extracted, regardless of whether a document provided a

534 comprehensive framework or focused on a single component (e.g., strategy development or

535 evauation). While some documents contributed more coded content than others, this did not lead
536  togreater influence on the results. The final steps and pillars were formed using an iterative,
537 team-based synthesis process, using the breadth of relevant guidance across all included

538  documents.

539 However, the comprehensive nature of steps and pillars also presents a potential limitation. At
540 first glance, the steps and pillars may appear complex or even infeasible, particularly for settings
541  with limited resources or capacity. Y et thisreflectsits purpose: to present athorough version of
542  what LHSs focused on implementation, scale-up, and sustainment can entail. Importantly, the
543 review findings do not assume that all components must be enacted in full, and while the ‘ steps
544  arepresented linearly, in complex adaptive systems like healthcare, we acknowledge thiswill
545 rarely be the case. The application of findings from this review will be different by setting and
546  context; the steps and pillars should be interpreted and tailored to the context in which they are
547  applied. Thistension between ideal and feasibleis not unique to our synthesis - most individual
548  guidance documentsincluded in thisreview explicitly acknowledged the challenges posed by
549  contextual constraints and resourcing limitations. For example, the IDEAS (Integrate, Design,
550 Assess, and Share) framework drew attention to the variability of its application based on

551  resource constraints %,

552  Nonetheless, there are likely to be challenges in operationalising comprehensive LHSs consistent
553  with the steps and pillars describe in this review. *. Health systems operate within complex,

554  resource-constrained environments, and establishing and sustaining multi-disciplinary teams,

555  building the necessary infrastructure, and embedding continuous learning cycles into routine

38


https://doi.org/10.1101/2025.09.24.25336590
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.09.24.25336590; this version posted September 27, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC 4.0 International license .

556  practice can be resource- and time-intensive. It may also require shiftsin culture, processes, and
557 roles. Many of the included guidance documents acknowledged the importance of a supportive
558 organisational culture in enabling reorientation for improvement efforts. For example, the LHS
559  Architectural Framework emphasised the need for internal alignment and a culture of inquiry to
560 embed continuous learning into routine operations™. For academics and public health researchers,
561 it also represents anew way of working®, one that requires closer, ongoing partnerships and a
562  willingness to adapt timelines and traditional processes. Potential risksinclude insufficient

563 leadership buy-in, fragmented data systems, or alack of resourcing to enact the full cycle.

564  The potential for health systems to improve the quality and impact of healthcare is unrealised.
565 Thereare arange of challenges to developing learning health systems, even in high income

566  countries and well-resourced healthcare organisations. This review sought to facilitate the

567 development of LHSs by consolidating diverse guidance, to enhance the generation and

568 application of research to support better implementation, scale-up and sustainment of effective
569 hedlth interventions. Here we provide key findings of our synthesis. The WHO will soon publish
570 apractical guideto support to help operationalise LHSs. Further efforts should focus on testing
571  and refining the framework in real world contexts to further strengthen its relevance and impact.
572
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