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COMMENTARY

Learning health systems and evidence 
ecosystems: a perspective on the future 
of evidence‑based medicine 
and evidence‑based guideline development
D. Rajit1, A. Johnson2, E. Callander1,2,3, H. Teede1,2,4 and J. Enticott1,2*    

Abstract 

Despite forming the cornerstone of modern clinical practice for decades, implementation of evidence-based medi-
cine at scale remains a crucial challenge for health systems. As a result, there has been a growing need for concep-
tual models to better contextualise and pragmatize the use of evidence-based medicine, particularly in tandem 
with patient-centred care. In this commentary, we highlight the emergence of the learning health system as one 
such model and analyse its potential role in pragmatizing both evidence-based medicine and patient-centred care. 
We apply the learning health system lens to contextualise the key activity of evidence-based guideline development 
and implementation, and highlight how current inefficiencies and bottlenecks in the evidence synthesis phase of evi-
dence-based guideline development threaten downstream adherence. Lastly, we introduce the evidence ecosystem 
as a complementary model to learning health systems, and propose how innovative developments from the evi-
dence ecosystem may be integrated with learning health systems to better enable health impact at speed and scale.

Keywords  Learning health systems, Evidence ecosystems, Evidence-based medicine, Person-centred care, Evidence-
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Introduction
Evidence-based medicine (EBM) is the de  facto lens 
through which modern healthcare is delivered, intend-
ing to “integrate individual clinician expertise and 
patient values with the best external evidence” [1]. First 

conceived as a suite of methods and tools to systematize 
the critical appraisal of the medical literature and stand-
ardize clinical education and practice [2], EBM’s 40-year 
track record includes numerous successes in public 
health, and a historic role in shaping the way an entire 
generation of clinicians and researchers would deal with 
research evidence, for example, through the adoption of 
large bibliographic databases such as MEDLINE [3], and 
methodologies and tools such as systematic search strat-
egies [4] and systematic review production [5] that now 
form the backbone of modern evidence synthesis.

However, EBM as a movement has continued to expe-
rience its fair share of barriers to system-wide adop-
tion. Historically limited guidance on how best to 
integrate “patient values” within clinical decision-mak-
ing and research have led to perceived tensions with 
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person-centred care [13]. Traditionally, hierarchical 
stances on the “best external evidence” which upholds 
the randomized controlled trial (RCT) as the gold stand-
ard have led to downstream challenges in evidence-based 
guideline adherence [6], especially in cases of complex 
morbidity and diverse patient groups [7]. Continued inef-
ficiencies in evidence synthesis [8], exacerbated by ongo-
ing concerns with research waste [9] and integrity [10], 
also threaten to delay evidence-based responses to health 
system shocks, as exemplified by the ongoing coronavirus 
disease 2019 (COVID-19) epidemic [8, 9].

As a result, there has been growing interest in models 
to better contextualize and integrate the use of EBM in 
tandem with person-centred care at a whole-of-system 
level, whilst promoting efficient and timely evidence syn-
thesis. As a solution, we discuss the learning health sys-
tem (LHS) and how innovative developments from the 
evidence ecosystem may be integrated to address these 
challenges, improve the resilience of learning health sys-
tems and better enable health impact at speed and scale.

Learning health systems: towards integrating EBM 
and person‑centred care
Learning health systems are models for health systems 
where people, technology and culture are aligned to 
enable cyclical, data-driven healthcare improvement, or 
‘learning’, at scale [11], with diverse examples across the 
world now beginning to demonstrate measurable impact 
[12]. As a meta-framework, or a framework-of-frame-
works, the LHS thus contextualises and broadens what 
constitutes ‘evidence’ in evidence-based clinical practice; 
alongside recognizing the need to marry the research-
based, evidence-based practice of the EBM tradition with 
contextualized, practice-based evidence stemming from 
frontline clinician experience and person-centred care, 
data and lastly, implementation, as illustrated in Fig. 1.

Thus, evidence from stakeholders is generated through 
deep engagement with relevant stakeholders, including 
consumers, practitioners, service managers, administra-
tors and other bodies. Delphi approaches [13] and living 
labs [14] are used to capture stakeholder need, co-design 
interventions and determine priorities, which are then 
incorporated into downstream evidence generation 
such as integrating patient-reported outcome measures 
(PROMs) and patient-reported experience measures 
(PREMS) into trial design [15]. Evidence from research, 
now informed with evidence from stakeholders, is then 
generated through the traditional tools of EBM such as 
systematic reviews [16], evidence-based guideline devel-
opment [17] and the Grading of Recommendations, 
Assessment, Development and Evaluations (GRADE) 
[18] framework. Evidence from practice and data is elic-
ited through real-time clinical data such as electronic 

health records [19], and evidence from implementation 
is then captured via relevant implementation science 
frameworks [20] which are applied towards adopting, 
sustaining and evaluating change. Unmet need surfaced 
at this point is solicited again as evidence from stake-
holders, and the cycle continues as the emergent, learn-
ing health cycle (Outer Ring in Fig.  1), with knowledge 
comprising evidence from stakeholders and research, 
influencing changes in practice (K2P), changes in practice 
leading to changes in data (P2D) as captured through evi-
dence from data, and changes in data consequently lead-
ing to changes in knowledge (D2K), as captured through 
evidence from implementation.

As such, the learning health system framework is ideal 
for addressing problems related to evidence-based guide-
line development and implementation. Designed to aid 
in clinical decision-making, evidence-based guidelines 
(EBGs) are crucial in minimising clinical variation and 
promoting value-based care. However, the historical 
implementation and adherence of guidelines has been 
highly fraught with challenges, with a recent meta-review 
[6] indicating a potential for lack of practical relevance of 
guidelines when produced. Firstly for patients, for exam-
ple, due to language and literacy barriers; and secondly 
to the health professional, due to factors such as the per-
ceived lack of credible evidence within the guidelines 
[6]. Insufficient sociotechnical infrastructure to support 
guideline implementation is also a barrier, such as a lack 
of clear leadership or implementation champion, along-
side resource constraints preventing practitioners from 
keeping up to date with the guidelines [6].

In response, the learning health system can be used 
to contextualise the process of EBG development and 
implementation (Table 1), addressing issues of relevance 
at multiple levels. Firstly, further upstream during the 
first three phases  of EBG development  which includes 
establishing the scope of the EBG (Phase 1), undertak-
ing the systematic review of evidence (Phase 2), and for-
mulating evidence based guidance (Phase 3), by explicity 
positioning evidence from stakeholders such as priori-
tised clinical questions and outcomes as key evidence to 
consider during EBG scoping. This ensures alignment 
early in the process, helping ensure that downstream sys-
tematic review production and evidence synthesis during 
phase 2 addresses the questions that matter to stake-
holder; and recommendations formulated during phase 
3 are evidence-based, patient-centred and once informed 
by frameworks such as the GRADE Feasibility, Cost 
Acceptability, and Ethnicity (FACE) approach [21], ready 
for dissemination and implementation.

Secondly, the LHS can help address issues downstream 
during the implementation phase (phase 4) of EBG devel-
opment by providing a whole-of-system framework that 
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Fig. 1  All relevant sources of evidence (Stakeholders, research, data and implementation) within a LHS, contextualised within the learning health 
cycle (outermost ring)

Table 1  LHS evidence quadrants mapped against the various phases of EBG development

LHS evidence quadrant EBG development phase Example activity

Evidence from stakeholders Phase 1: Establish GDG and scope The development of the 2018 International PCOS Guidelines 
involved extensive engagement with 3500 stakeholders 
in partnerships, surveys and workshops to set priorities 
and rank outcomes of importance for guideline inclusion [25]

Evidence from research Phase 2: Systematic review of evidence
Phase 3: Formulate guidance

The development of the 2018 International PCOS Guidelines 
featured the production of 19 systematic reviews for more 
than 65 clinical questions [25]

Evidence from data Phase 4: Disseminate, implement, evaluate and update Evaluation of the 2018 International PCOS Guideline imple-
mentation into practice has evaluated alignment of practice 
with recommendations, as well as alignment of patient 
and healthcare provider satisfaction with care, to inform 
ongoing improvement [23], thus informing model of care 
framework being scaled internationally

Evidence from implementation Phase 4: Disseminate, implement, evaluate and update In the 2018 International PCOS evidence-based guidelines, 
a free accessible patient app, ASKPCOS, was co-designed 
with patients and has been implemented with more 
than 37 000 women in 186 countries [24]
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removes the traditional silos separating EBG develop-
ment from implementation and evaluation. Given that 
guideline consumers, implementers and developers have 
been involved in EBG development up to this point, the 
co-design of strategies to implement, disseminate and 
evaluate can occur in a more seamless manner through 
embedding recommendations in different mediums 
appropriate for context. For example, surfacing guide-
lines through evidence from data by developing digi-
tally structured guidelines that may be integrated into 
electronic health records [22], utilising changes in data 
reflecting changes in practice over time due to guideline 
implementation as a way to evolve models of care [23], 
and developing patient-centred apps to improve patient 
education and present recommendations in a way that 
resonates with healthcare consumers [24].

However, whilst the LHS provides a theoretical frame-
work to better integrate EBG development into the 
health system as a valuable mechanism to align the pri-
orities of EBM and patient-centred care, practical bottle-
necks remain, particularly in ensuring the currency of the 
systematic reviews that are necessary within EBG devel-
opment. Clinical questions elicited from stakeholder 
engagement during phase I of EBG development can 
amount to more than 60 after priority setting [17], with 
each clinical question potentially requiring a systematic 
review in phase 2. This process presents the most time-
consuming part of EBG development, with the average 
systematic review requiring just over a year (67 weeks on 
average [26]) to complete, and costing US$ 141 194.80 per 
review [27]. However, with the ongoing pace of research 
evidence generation, estimates have indicated that 7% of 
systematic reviews are out of date upon publication, with 
at least 23% needing to be updated within 2  years [28], 
thus raising questions surrounding the ongoing sustain-
ability of current, mostly manual methods of evidence 
synthesis, and ultimately posing systematic risks to the 
sustainability of current evidence-based guidelines.

The evidence ecosystem and evidence synthesis 
automation: addressing temporal bottlenecks 
in EBG development
Fortunately, the past decade has also heralded the notion 
of the evidence ecosystem in a bid to better under-
stand such risks, that is, the recognition for the need of 
a whole-of-system lens to study the drivers and contex-
tual relationships that shape how evidence is generated, 
synthesized and translated. Within this, an emergent and 
vibrant research community has emerged to develop new 
tools and methodologies to address the aforementioned 
bottlenecks and flaws in evidence synthesis. There has 
been a distinct shift, particularly over the course of the 
COVID-19 epidemic, towards more agile, continuously 

updated forms of evidence [29], with the rise of the liv-
ing map [30] and living guideline [31] promising to better 
close the temporal gap between evidence generation and 
synthesis.

Technological enablers have also emerged to support 
such forms of evidence. The automation of systematic 
reviews has now spawned a new subfield of its own, with 
annual conferences and hackathons [32] that are potent 
generators of new ideas and tools to better streamline 
the evidence synthesis processes, with increasing evi-
dence indicating significant savings in effort and cost 
[33]. Automated title and abstract screening is rapidly 
maturing, with data extraction an ongoing area of active 
research [34]. In addition, the rise of mega bibliographic 
databases such as OpenAlex [35] aggregate academic 
databases such as PubMed and Scopus and preprint serv-
ers such as ArXiV and MedRXiv and now promise cen-
tralized, programmatic access to the majority of research 
evidence, further paving the way for truly automated, 
living forms of evidence and seamless, almost real-time 
integration into health system infrastructure.

Collectively, these developments represent an emerg-
ing blueprint and growing consensus [36] for the future 
infrastructure and standards of research evidence syn-
thesis in learning health systems. Concerted efforts, part-
nerships and standards built on open science principles 
must now be developed to ensure the continued devel-
opment and adoption of innovative tools and methods 
within the evidence ecosystem at large. This is especially 
required if learning health systems are to fulfil their 
promise of finally closing the loop on evidence-based 
practice and practice-based evidence to drive sustained, 
scalable impact.

Conclusion
It is evident that much of the social and technological 
headwinds that accelerated the adoption of EBM in the 
1980s are still front and centre with the emergence of the 
learning health system and evidence ecosystem. Specifi-
cally, (i) the ongoing big data revolution and the resur-
gence of artificial intelligence research, alongside (ii) the 
urgent need to balance evidence-based rigour at a pop-
ulation scale whilst remaining sensitive to the complex 
needs of the individual patient. The LHS and evidence 
ecosystem thus pose complementary approaches in capi-
talizing on these headwinds towards paving the way for 
continued evolution and improvement of healthcare in a 
complex dynamic system.

The LHS offers a way forward for clinical practice 
that recognizes the validity of many sources of evidence 
including stakeholders’ priorities. The evidence ecosys-
tem within the LHS offers a vehicle by which the tradi-
tional tools of EBM may be configured and improved 
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upon to improve efficiencies and bring evidence genera-
tion and synthesis closer to the world of evidence imple-
mentation, translation and use. Both seek to consolidate 
the great advances across fields such as artificial intelli-
gence, evidence-based medicine, person-centred care, 
implementation science and many other areas to drive 
health system change. The opportunity now is for lead-
ers and stakeholders to come together and co-deliver the 
pathways, infrastructure and enablers to operational-
ise these frameworks and deliver health benefits for the 
community, as the ultimate funder and beneficiary of 
both research and healthcare.
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