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Abstract. The growing challenges of healthcare systems pose a unique opportunity
to leverage evidence-based digital health interventions. The WHO's SMART
(Standards-based, Machine-readable, Adaptive, Requirements-based, and Testable)
guidelines represent a significant advancement in this domain. This paper aims to
summarize SMART guidelines authoring and implementation process, drawing on
a comprehensive literature analysis. Our findings highlight critical success factors
for national implementation, including stakeholder engagement, customization to
local contexts, and leveraging international standards and digital technologies. We
conclude with recommendations for countries aiming to implement WHO SMART
guidelines, underscoring the need for a multi-disciplinary approach and the potential
challenges to be navigated.
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1. Introduction

In the rapidly evolving landscape of global health, the digital transformation of health
systems has emerged as a potential tool to help solve many challenges. Recognizing the
potential of digital health technologies, the World Health Organization (WHO) has
developed a comprehensive Global Digital Health Strategy [1]. This strategy aims to
empower nations with digital health tools to improve the health and well-being of their
populations, aligning with the goal of achieving universal health coverage and
responding to the health emergencies of the 21st century. Building on this foundational
strategy, the WHO, in collaboration with the G20, launched the Global Digital Health
Initiative (GDHI) [2] that foster international collaboration in digital health, promote the
exchange of best practices, and support the implementation of digital health solutions
across countries, thereby advancing the digital transformation of health systems globally.
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The WHO Digital Implementation Investment Guide (DIIG) also orients member states
towards planning, costing, and implementing digital health interventions within a digital
health enterprise. Amidst these global efforts, a critical challenge remains: the need for
standardization and resource reutilization to ensure that digital health interventions are
not only effective but also scalable and sustainable. To address this, the WHO advocates
for the SMART (Standards-based, Machine-readable, Adaptive, Requirements-based,
and Testable) Guidelines approach [3]. This framework is designed to standardize health
guidelines in a way that facilitates their implementation across different health systems.
By leveraging the WHO SMART approach, countries can enhance the interoperability
of health data, improve the quality and accessibility of healthcare services, and accelerate
the realization of health system improvements through digital technologies [4].

This framework enhances clinical and epidemiological guideline development and
digital healthcare transformation through a structured five-layer approach. This
technique ensures that dynamic and evolving guidelines are effectively integrated into
digital healthcare systems. The purpose of our paper is to perform a review of the
available literature about this WHO initiative for each layer.

2. Methods

We employed a narrative review methodology to synthesize literature on the authoring
and implementation of WHO SMART guidelines, focusing on sources published after
2010. The literature search utilized databases such as PubMed, Google Scholar, and
direct database searches, encompassing both peer-reviewed and gray literature in
English. Keywords included "WHO SMART guidelines," "computable guidelines,"
"public health informatics," and "DAK", among other variations. Our selection criteria
prioritized documents that detailed the authoring, adaptation, and implementation of
SMART guidelines, with an emphasis on practical applications and challenges faced.
Each document was critically assessed for its relevance, credibility, and scientific rigor
to ensure a robust analysis.

3. Results

Our comprehensive literature search yielded 12 peer-reviewed articles and several pieces
of gray literature, including policy documents, white papers, and reports from recognized
health organizations. Due to space constraints, not every paper is cited. We divided the
evidence following the L1 to L5 layers identified in this approach, as seen in Figure 1.

Progressive layers across SMART Guideline components
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Figure 1. WHO SMART Guidelines L1 to L5 layers (credit: WHO) [3]
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The L1 or Narrative layer represents the foundational step where traditional
guidelines are enhanced to support digital transformation. It emphasizes the need for
uniquely identifying and indexing recommendations that evolve over time. For example,
to build the WHO's antenatal care guidelines, the project team collated the most up to
date evidence and structured the narrative to allow traceability in subsequent steps and
versions [4,5,6].

The second layer (L2, Operational) focuses on translating WHO recommendations
into standardized requirements for digital systems, through the creation of dedicated
Digital Adaptation Kits (DAK) [6]. WHO has developed a standard operating procedure
[7] to set consistencies and alignment in the DAK development process. An example is
the HIV DAK [8], which outlines the documentation needed for HIV programs digital
tool development, ensuring that health interventions align with WHO standards. This
layer bridges the gap between health program managers and software developers,
ensuring that digital solutions are grounded in WHO's evidence-based recommendations.
Including standardized classifications and terminologies ensures conceptual equivalence
and consistency across digital systems [9]. The L2 outcome can be used to inform
software development and implementation without a unique format [10,11,12].

At the L3 or Computable layer, recommendations are translated into HL7 FHIR
specifications and Clinical Quality Language (CQL) to encode decision logic. The
translation of L2 DAK to L3 is a highly demanding process, both in the standard
knowledge as in the attention to details of the clinical situations. A dedicated team of
subject matter experts, business analysts, clinical terminologists, and FHIR experts can
take this job to the next level [13]. The digital certificates implementation guide (DDCC
IG) [14] expressed the complexities faced when trying to set a FHIR IG for COVID-19
certificates creation and exchange globally.

The L4 or Executable layer covers reference applications and services, meaning
fully functional software applications and/or services that accurately represent WHO
recommendations. General mobile or web applications are being developed, and their
integration of the FHIR and CQL logic through mechanisms like the Android SDK or
CDSHooks allows for code reutilization. They serve as generic starting points for
localization, addressing user and health system needs while ensuring data and
calculations are embedded within interoperability standards. Integrating these solutions
within national digital health platforms [15] is a goal to avoid siloed approaches. The
WHO digital ANC module [11,12,16] is an example of a L4 implementation which
allows health workers to manage their patients' records with highlighted features like
alerts for specific actions, a task list to summarize potentially missed opportunities and
additional informative materials for health workers regarding nutrition counseling.

The final layer (L5) is intended to leverage big data and analytics to support
precision health, optimizing recommendations for individual or population outcomes.
This advanced approach allows an iterative review of global recommendations based on
real word data. We did not find published evidence related to this layer.

4. Discussion and Conclusions

WHO SMART Guidelines are a provocative and innovative approach that should be
discussed and enhanced both at the global and national levels, promoting distributed
projects to gather evidence for supporting its widespread use. Ongoing research in Africa
and Asia aims to assess DAK implementation impact on healthcare services [12,17].
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There are other methodologies and frameworks aimed at transitioning narrative
guidelines into clinical decision support (CDS) systems. Arden Syntax (using FHIR as
the data model), Clinical Quality Language, FHIR Clinical Reasoning, US SMART
(Substitutable Medical Applications, Reusable Technologies) on FHIR, and CDS Hooks
[18], among other CDS engines and tools have been developed and applied in Electronic
Health Records. Our research also highlighted comparable efforts like the Centers for
Disease Control and Prevention’s (CDC) Adapting Clinical Guidelines for the Digital
Age (ACQ) initiative [19] which promoted a holistic and multidisciplinary approach:
established a 12-phase integrated process and model for development and
implementation of written and computable guidelines; created and balloted the FHIR
Clinical Guidelines Implementation Guide (CPG-on-FHIR 1G); among other activities.
This CDC-led initiative tried to review and improve the entire system of guideline
development and implementation, and then applied the improved approach to specific
guidelines. Conversely, the WHO SMART Guidelines approach started applying it to a
single domain (antenatal care) [5,6,11,12,16], and then extrapolated the outcomes and
lessons learned to the subsequent use cases. The NICE Computable Implementation
Guidance project [20] initially tried to create technical implementation standards, but
lately focused instead on an intermediate logical model based on the WHO DAK to build
technology-neutral specifications of NICE recommendations.

WHO L2 and L3 products usually cover 80% of the general use cases, and should
be localized to fulfill countries' needs. The practical application of these methodologies
in country-specific contexts, as evidenced in Rwanda and Zambia, showcases the
effectiveness of a structured adaptation process [11]. It also emphasizes the necessity of
collaborative engagement between health sectors for the successful implementation of
digital health care protocols.

Using HL7 FHIR in the SMART Guideline approach might seem to initially limit
its adoptability due to the scarcity of trained workforce in LMIC settings, therefore
globally scalable educational initiatives should be supported. On the contrary, it is a
strength, as similar approaches are being carried out both in high and low-middle-income
countries, then the investments and advancements that support one context could help
leapfrog many technical difficulties in the other, and vice versa.

Finally, WHO Smart Guidelines have taken a top-down approach with a small
amount of global narrative guidelines being transitioned to digital, and afterwards locally
adapted and implemented. The huge amount of non-SMART narrative guidelines being
created in parallel at WHO, regional offices and member states, might require a different
middle-out or bottom-up approach, sharing the methodology and training capabilities for
different countries and stakeholders to face such processes on their own. Including a
SMART Guidelines statement on current WHO narrative guidelines might help sharing
the long-term vision with the broader public health community.

Our review underscores the relationship between technological capabilities,
stakeholders’ engagement, and supportive policies in the successful authoring and
implementation of WHO SMART guidelines. While technological barriers and restricted
digital health standards literacy pose significant challenges, tailored strategies are crucial
for addressing these obstacles. There is a necessity of robust infrastructure as national
digital health platforms, with policies explicitly supporting the integration of WHO
SMART guidelines into national health systems. Moreover, this review reveals a
significant opportunity for future research, particularly in tracking the long-term effects
of WHO SMART guidelines on health outcomes and system efficiencies.
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