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Abstract

Electronic health records (EHR) are increasingly recognised as critical digital infrastructure for integrated,
patient-centred care in the context of rising multimorbidity. In low-resource settings, national EHRs may
also support locally driven learning to improve adaptive care across chronic conditions. However, there is
limited empirical evidence on whether and how these systems enable learning within routine care in ways
that inform broader system adaptation. We conducted a qualitative multi-method assessment of Impilo,
Zimbabwe's national EHR, to examine its capacity to support learning for integrated multimorbidity care
at primary care level, using HIV-hypertension as a tracer condition pair. Guided by Friedman’s socio-
technical infrastructure model as the analytical framework and Learning Health Systems (LHS) theory as
the interpretive framework, data were drawn from documentary review, ethnographic observation,

patient journey mapping, and interviews with frontline health workers and key stakeholders.

Frontline learning for person-centred multimorbidity care was actively generated through interpretation
of patient trajectories, experiential adjustment, and coordination across HIV and hypertension services
using both the EHR and paper-based artefacts such as registers and patient booklets. However, this
learning remained largely encounter-bound and weakly stabilised. Impilo did not routinely provide usable
longitudinal patient views, practice-facing analytic tools, or institutionalised mechanisms for collective
reflection required to support integrated multimorbidity care. Consequently, learning was largely confined
to incremental adjustment within existing workflows, with limited capacity to inform broader changes to

care pathways, routines, or system design.

These findings suggest that the principal barrier to developing LHS is not the absence of data or frontline
learning capacity, but the lack of socio-technical arrangements that enable learning to stabilise and inform
system adaptation. Digitalisation alone is insufficient to support adaptive multimorbidity care. Co-
production with frontline health workers may provide a pathway for aligning digital system design with

routine care realities.
Author summary

Electronic health records are increasingly used to support integrated care for people living with multiple
long-term conditions, including HIV and hypertension. However, they practically remain organised around
single diseases and reporting requirements, limiting their ability to support coordinated, person-centred
care. We studied Zimbabwe's national electronic health record system, Impilo, to understand how it
supports integrated HIV and hypertension care in primary healthcare settings. We found that frontline
health workers routinely generated practical knowledge by interpreting patient histories, coordinating
care across services, and combining paper and electronic records to maintain continuity of care. However,
much of this learning remained informal and tied to individual patient encounters because the system did
not routinely provide longitudinal patient views, coordinated follow-up, or integrated information across

conditions. Our findings suggest that the main challenge is not a lack of data, digital systems, or frontline
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expertise, but the limited ability of current systems to support learning and adaptation for multimorbidity
care. Involving frontline health workers in the design and improvement of electronic health records may

help create more integrated, learning-oriented health systems.

1. Introduction and Background
In low-resource settings experiencing rapid epidemiological transition, non-communicable diseases
(NCDs) are increasingly prevalent(1) and often co-occur with persisting chronic infectious conditions such
as HIV (2). Across Africa, this convergence has led to rising multimorbidity—the coexistence of >2 chronic
conditions—which has emerged a critical pressure point for many health systems in the region(3).
Zimbabwe reflects these trends. Among its large, ageing population of people living with HIV (PLHIV), HIV-
hypertension has become the most prevalent and pressing multimorbidity cluster(4). Recent large-scale
screening of over 120,000 individuals across four districts revealed that 48% of PLHIV also had

hypertension. (5)

Growing recognition of multimorbidity has accelerated initiatives to deliver integrated, person-centred
chronic care, widely thought to be necessary for responding to this complexity (6). Within such pushes,
digital health interventions - including electronic health records (EHRs), telehealth, mobile applications,
and remote monitoring (7) - are expected to support decentralisation and task-sharing, integrated
decision-support, longitudinal follow-up, and improved service delivery. However, despite growing
investment in digital health infrastructure across Africa, health systems remain unable to effectively utilize
these tools to meet the complex needs of patients living with chronic conditions and multimorbidity (8,9).
More data are being collected, yet little of this information is meaningfully used to support care and

improvement at the point of service delivery(10,11).

Our previous work in Zimbabwe has reframed multimorbidity not simply as a clustering of diseases but as
a manifestation of a deeper structural mismatch between rigid, disease-centred policies and guidelines
within vertically organised health systems and the complex, evolving realities of patient care (12). From
this perspective, multimorbidity exposes a more fundamental challenge: health systems struggle to learn
from and adapt to changing patterns of disease and care needs (12). This challenge is most acute at the
frontline, where health workers and patients themselves must respond to increasing complexity while
managing long-term care with limited resources(13). Despite incremental, programme-driven efforts
integrate HIV and NCD services over the last decade, patients continue to navigate fragmented pathways,
often within the same facilities(14). Digital tools that could support integration and ease this burden
remain underutilised, because they are not designed to support reflection, coordination, and decision-
making in everyday clinical practice (2,15). These challenges are further compounded by externally
funded, vertically-structured disease control programmes, which prioritise reporting and upward

accountability over local learning and adaptation(2,12).


https://doi.org/10.64898/2026.07.16.26357920
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.07.16.26357920; this version posted July 19, 2026. 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
It is made available unde‘r):r%eél-lg)\/(' 4.0 International license .

LHS offer a conceptual horizon for health system transformation. Although the concept originated in high-
income settings, it is increasingly relevant for African health systems confronting complexity,
fragmentation, and extractive knowledge systems that often undermine meaningful and sustainable
integration.(11,16). Elements of these principles have already been practised, often through quality
improvement initiatives implemented at facility, district, or programme level, though not always
recognised or developed as formal LHS approaches. LHS are characterised by the continuous generation
and use of knowledge to improve services and system functions through embedded feedback loops,
collective reflection, and iterative adaptation (11,17). They depend on accessible, real-time data and, by
extension, on information systems such as EHR (18). While national digital health strategies increasingly
position EHRs as foundational to LHS, there remains limited empirical evidence on whether—and how—

existing national EHRs in low- and middle-income countries support cumulative, deliberative learning in

routine care(19,20).

For EHRs to support learning, they must do more than store clinical data. Foundational LHS scholarship
conceptualises digital infrastructure as a core enabler of continuous improvement rather than merely a
repository of patient records (21). Similarly, one of the most significant systematic review by of LHS
Enticott et al, upon which this research draws, reached the conclusion that EHR-enabled learning depends
on the ability to transform routine clinical data into actionable knowledge that can inform care and system
improvement (16). To support such learning, EHRs must enable whole-person patient views, longitudinal
patient trajectories, cross-condition visibility, coordinated care and follow-up, and information that
supports reflection and continuous improvement. The importance of whole-person representations is well
established within patient-centred care and EHR design literature, which argues that digital systems
should support understanding of patients as whole persons rather than collections of discrete
conditions(22). Likewise, integrated care frameworks emphasise the need for longitudinal information
sharing, care coordination, and visibility across providers and conditions to support continuity of care (23)
. However, while these functions are discussed across the LHS, patient-centred care, integrated care, and
digital health literatures, they are rarely considered collectively as the informational foundation required
for learning-oriented multimorbidity care. Consequently, there remains limited empirical understanding
of whether existing national EHR systems in low-resource settings possess these capabilities, and how

their presence or absence shapes frontline learning and service delivery.

In Zimbabwe, national investment in digital health has increased in recent years, most notably through
the development of the EHR (15,24). Using HIV-hypertension multimorbidity as a critical test case, this
study assesses whether and how Impilo enables or constraints the emergence of sustained structured
learning processes in everyday clinical practice. Specifically, it asks: Is learning to improve multimorbidity
care possible within this system, and why? Rather than treating Impilo as a standalone software artefact,
this study situates it within the broader socio-technical system, linking infrastructural capacity to frontline

learning dynamics. In doing so, it conceptualises EHRs not simply as reporting tools, but as core
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infrastructure for learning. While grounded in Zimbabwe, the challenges identified reflect wider patterns
across African health systems seeking to move from data accumulation to adaptive, learning-oriented care

(14).
This study addresses these questions through three main objectives:

1. To analyse national health information strategies, policies, and governance arrangement, and
assess how the conceptualisation, design, and deployment of the Impilo EHR enable or constrain

integrated multimorbidity care.

2. Toexamine the technical architecture, operational ecosystem, and everyday use of the Impilo EHR
at the frontline focusing on data capture, usability, analytic support, and feedback mechanisms

for multimorbidity management.

3. To evaluate the extent to which the Impilo EHR enables or inhibits the core functions of a LHS at

the point of care in the context of person-centred HIV-hypertension multimorbidity.
2. Materials and Methods

2.1 Study Design

This mixed-methods study addressed each of the above objectives using:

1. A targeted review of context-specific empirical research, national policies and technical
documents shaping health information systems, including Impilo (Objective 1);

2. A structured appraisal of Impilo’s technical architecture and everyday use at the point of care
using ethnographic patient journey mapping and wider facility observation (Objectives 2 and 3);
and

3. Semi-structured interviews with system actors spanning service delivery, management, and

technical oversight (Objectives 2 and 3).

Together, these components enabled triangulation between formal system design, technical functionality,
and lived experience of system use. This study is reported in accordance with the Standards for Reporting
Qualitative Research (SRQR) guideline. Given the multi-method qualitative design incorporating
documentary review, ethnographic observation, patient journey mapping, and semi-structured
interviews, SRQR was considered the most appropriate reporting framework (25). The completed SRQR

checklist is provided as Supporting Information (S1 Checklist).

Reflexivity was considered throughout the study. Several members of the research team had prior
professional relationships with participants through their involvement in national digital health, health
systems strengthening, and multimorbidity initiatives in Zimbabwe. The multidisciplinary team included

clinicians, health systems researchers, epidemiologists, digital health practitioners, and implementation
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scientists. Regular analytic discussions were used to reflect on how these professional backgrounds and

existing relationships might influence data collection, interpretation, and conclusions.

2.2 Study Setting

Data collection aimed to take a whole-health system perspective to capture the multidimensional role of
Impilo EHR but was empirically anchored in two urban public-sector “learning facilities”: one in
Chitungwiza and one in Bulawayo. Like all primary care services in Zimbabwe, both are nurse-led, doctor-

supported primary clinics. Fig 1

Harare (Chitungwiza)

y Bulawayo

Figure 1:0ptiMul study settings and primary care learning sites in the metropolitan provinces of Harare
and Bulawayo

While recent national guidance has been developed to promote integration of NCD services for PLHIV,
both clinics retain the legacy of standalone HIV treatment units (known as “opportunistic infection’(Ol)
departments) and outpatient departments (OPD) where NCDs are seen. Clinic 1 (Chitungwiza) had, in
addition to an OPD, a dedicated ‘chronic clinic’ where patients established on treatment for NCDs were
seen; in Clinic 2 (Bulawayo), patients with NCDs were seen in the general OPD. These facilities selected on
the basis of being among the earliest adopters of the national EHR (26), and are classified as "EHR-

optimized’ sites, as well as being ones that had taken part in recent NCD screening initiatives (5).
Impilo EHR

Impilo is the MoHCC flagship, standards-based, interoperable national EHR, conceived to replace
fragmented paper-based registration, clinical documentation and reporting with a unified patient-centric
record that supports continuity of care, routine programme monitoring, and surveillance initially for HIV
and TB epidemic control, while strengthening the timeliness and quality of strategic information for
decision-making. In theory, it is ideally placed to support integrate, adaptive learning to improve
multimorbidity care. Its development began in 2015, with an initial pilot in 2016 (emerging in part to

address the limitations of the earlier HIV-focused EPMS, including lack of inter-facility connectivity and
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the inability to assemble a deduplicated whole-patient record), and implementation for national scale-up
commenced on 29 September 2022 (15). National scale-up has been supported through PEPFAR financing
alongside explicit Government of Zimbabwe co-investment and stewardship, signalling substantial
domestic ownership of the platform. The platform has expanded modularly, beginning with “core”
workflow components (e.g., client registration and general consultation) and priority HIV/TB functionality
(HIV testing services and HIV care and treatment/ART, plus TB), then broadening into wider PHC and MCH
service areas; by version 1.3 it comprises 27 modules, with 23 in production (including the Chronic Care
module) and additional modules sequenced for deployment across 2025-2026 (19). As of 2025, Impilo
had been deployed to 1,254 facilities across all ten provinces, reflecting both substantial reach and the
ongoing, phased nature of full digitisation. The current chronic module which is under the Outpatients

(Fig 2), does not yet have sophisticated longitudinal patient management features especially when

compared to the ART modules and it also does not cater for multiple chronic conditions.

() Eastlea FHS vi45 = FULL INTERNET CONNECTIVITY v/ # Home ~ Workspaces ~ gt Reports ~

Impils

Welcome to Impilo

Empowering Healthcare in Zimbabwe through Modern Technology and Innovation

Quick Access

Jump 1o your most used workspaces

B B0 Br=o D= s L s @

| el g vt O e ese @

You have any questions, issues, or feedback please contact Support via Impilo bot on

+263 71 956 2985

Fig 2. Screenshot of the Impilo electronic health record landing page illustrating the patient management
interface used within Zimbabwe's national health information system.

Compared with many LMIC digital health programmes that remain fragmented across disease-specific
platforms, pilot implementations, or vendor-dependent architectures, Impilo represents a comparatively
ambitious attempt to establish a nationally coordinated, standards-based and government-owned EHR
infrastructure at scale (15,20). In this respect, Zimbabwe has charted a relatively distinctive pathway in
Sub-Saharan Africa through sustained Ministry stewardship, national interoperability ambitions, and
progressive modular expansion within the public health system(19). However, as observed in several
donor-supported digital health transitions in LMICs, implementation priorities have remained strongly

shaped by vertical HIV programme imperatives and reporting needs (2). While this orientation accelerated
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national scale-up, it also meant that longitudinal multimorbidity management and cross-condition
learning functionalities evolved more slowly than HIV programme capabilities.This combination of strong
national infrastructure ambition alongside persistent programme-specific optimisation makes Impilo an

important case through which to examine the conditions under which national EHRs can, or fail to,

function as infrastructures for LHS in multimorbidity care.

2.3 Participant selection
Participants were purposively selected to capture diverse, information-rich perspectives across the socio-
technical ecosystem of digital health and multimorbidity care, including actors involved in policy,
implementation, clinical delivery, and system governance (28) Consistent with Palinkas et al., this
approach enabled the deliberate inclusion of participants with specific knowledge, experience, and roles
considered critical for understanding the co-production and implementation of an EHR-supported LHS
within complex real-world settings . Building on a prior situational analysis of multimorbidity preparedness
in Zimbabwe (29),participants were included across four groups: facility-based actors (nurses, clinicians,
data clerks, and facility managers); district- and national-level programme personnel responsible for HIV,
NCDs, and digital health governance; technical partners involved in the design and deployment of Impilo;
and expert patients living with multimorbidity who interacted with Impilo-supported services. Inclusion
was restricted to individuals directly involved in EHR use, governance, or multimorbidity care, including

expert patients. Individuals outside these domains and those under 18 years of age were excluded.

2.4 Conceptual framework

This study was guided by a two-panel conceptual framework (Fig 2) that enabled assessment of whether
Zimbabwe Impilo EHR, considered within its broader NHIS ecosystem, possesses the socio-technical
capabilities required to support learning-oriented multimorbidity care. The framework was developed in
response to growing recognition that effective multimorbidity care depends on the ability of health
information systems to capture, generate, integrate, and process patient information to support

continuous adaptation of clinical practice and service delivery.
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Fig 3. Conceptual framework for assessing multimorbidity information capability and LHS potential within Zimbabwe's digital health infrastructure. Sources: Panel A

adapted from Friedman et al. (2022/2025); Panel B reproduced from Dixon et al. (2026).
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Panel A presents the assessment framework developed for this study. We adapted Friedman et al.’s
socio-technical infrastructure model for LHS (18). Within this perspective, we conceptualised Impilo
EHR not simply as a repository of patient data, but as part of a socio-technical infrastructure capable
of enabling learning through the generation and use of routine health information. We selected
Friedman's framework because the study sought to assess whether the foundational capabilities
required for learning exist within the health information system, rather than evaluate implementation
success, technology adoption, or routine information system performance. While alternative
frameworks such as HOT-Fit and PRISM have been widely applied in digital health and health
information systems asessment, they focus primarily on organisational fit, system utilisation, and
determinants of data use (30,31). In contrast, we saw that Friedman's framework explicitly
conceptualises the socio-technical services required to support learning, making it particularly suited

to our objective of examining the infrastructural foundations of learning-oriented multimorbidity care.

We selected five of Friedman's ten infrastructural domains aligned to digital infrastructure required
for learning to occur: (i) capturing practice as structured data, (ii) storing information in usable
repositories, (iii) governing and enabling access to information, (iv) transforming data into actionable
knowledge, and (v) returning knowledge to practice. These five domains formed the primary analytical
lens through which policy documents, strategic plans, technical artefacts, and frontline clinical
practices were examined. The assessment focused on whether Zimbabwe's Impilo EHR possesses the
capabilities required to generate information that supports multimorbidity care, including whole-
person patient views, longitudinal patient trajectories, cross-condition visibility, coordinated care and

follow-up, and data-driven clinical decision-making.

Panel B presents the interpretation framework and is adopted from Dixon et al.(2) under CC BY licence
, Which builds on the LHS framework developed by Sheikh and Abimbola through the World Health
Organisation Alliance for Health Policy and Systems Research (17). We selected this framework
because we sought not only to assess whether infrastructure capable of supporting learning exists, but
also to understand how learning emerges within routine multimorbidity care. Unlike Friedman's
framework, which focuses on the socio-technical prerequisites for learning, the WHO LHS framework
provides an interpretive lens for examining how information is translated into deliberation, action, and
adaptation within health systems. Drawing on LHS theory, the framework conceptualises learning as
the interaction between information, deliberation, and action across single-, double-, and triple-loop
learning processes. It therefore provided us with the interpretive scaffolding to assess whether
information generated through Zimbabwe's health information infrastructure could support learning

and adaptation at clinical, organisational, and system levels

Taken together, Panels A and B provide a structured approach for examining the relationship between

digital health infrastructure and learning-oriented multimorbidity care. Building on evidence that a
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small set of information artefacts can have disproportionate value in translating data into action at the
frontline(21,32,33), we incorporated these outputs as a conceptual bridge linking the two panels. The
bridge represents what we termed learning-oriented information capability—the informational
conditions through which socio-technical infrastructure may enable health system learning. In this
study, the concept is operationalised through five outputs: whole-person patient views, longitudinal
patient trajectories, cross-condition visibility, coordinated care and follow-up, and data-driven
decision-making for continuous improvement (16). It therefore provides the conceptual link between
the socio-technical capabilities assessed in Panel A and the learning processes interpreted through the

LHS framework in Panel B.

2.5 Data sources and data collection

Four primary sources of data (documentary review, Semi-structured interviews, ethnographic patient
journey maps and participant observation) are used to assess the readiness of Zimbabwe's Impilo
within its broader digital health infrastructure. Data were collected by a team that included a clinical
academic and strategic information specialist (ED), a medical anthropologist (JD), a junior social
scientist (FM), and research assistant (KC), supported by all other authors. Table 1 below summarizes

the data collection and characteristics of respondents.

Table 1:Participant demographics and activity breakdown

Participant category In-depth Participant Patient Total

interviews observation  journeys

People living with multimorbidity 11 11 11
People living with HIV only 6 6 6
People living with hypertension only 6 6 6
Health professionals (Clinics 1 and 2) 7 4 11
Decision makers within national MoHCC 5 - 4
Health informatics experts 2 - - 2
Technical partners/NGOs 3 - - 3
City Health Department (Bulawayo and 2 1 - 3

Chitungwiza)
Grand total 19 28 23 46

*Participants enrolled for patient journeys were the same ones that were observed during care.

2.5.1 Document and policy review

We conducted a documentary review of national digital health policies, strategies, and technical

documents relevant to the design and implementation of the Impilo EHR and the management of
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multimorbidity in Zimbabwe. The review followed the READ (Ready materials, Extract data, Analyse
data, Distil) approach for desk-based document analysis (34). The READ approach was appropriate
because it provides a structured yet flexible method for systematically interrogating policy and
technical documents to generate contextual insights relevant to complex health systems and

implementation processes and at the same time enabled the critical trustworthiness criteria(34).

We identified documents between March 2018 and December 2025 from the Ministry of Health and
Child Care, technical and implementing partners, and academic sources known to have influenced
multimorbidity/EHR policy and thinking in Zimbabwe. An initial pool of over 40 documents was
screened for relevance, resulting in a final analytic set of 13 documents selected for in-depth analysis.
These documents were categorised into digital health core documents, programme and clinical
guidance, system-level governance materials, and empirical research (S2 Table). Selected EHR
validation workshop reports were included to examine how register-validation processes informed
EHR design and release decisions. To support transparency and rigour, documents were managed using
an agreed file-naming convention, and decisions regarding document inclusion and categorisation
were discussed through peer debriefing and member checking with senior researchers, consistent with

recommended approaches to enhancing trustworthiness in qualitative document analysis(35).

2.5.2 System appraisal through patient journey and facility ethnography

We conducted a bottom-up system appraisal of the Impilo EHR to examine how its architecture and
functionality supported the management of patients with multimorbidity. Following written informed
consent, we undertook patient journey mapping (n=23), and concurrent facility-based observation at
Clinic 1 and Clinic 2. Patient journeys were mapped by shadowing consenting patients (and, in one
case, a treatment supporter) as they navigated routine service delivery points, including registration,
clinical consultation, medication dispensing, and follow-up scheduling. Patient journey mapping was
selected because it enables detailed examination of how patients, providers, and information systems
interact across care pathways, making visible temporal delays, workflow fragmentation, and gaps in
continuity of care that are often obscured in conventional workflow assessments(36). We utilized the
service blueprinting approach(37) to construct time-stamped, three-lane maps documenting the
patient experience, frontline clinical workflow, and associated data flows simultaneously, enabling
examination of how clinical encounters and EHR documentation intersected in routine multimorbidity
care(see fig 3). Observation durations ranged from approximately two to seven hours per journey,

allowing documentation of both single-service visits and more complex, multi-service care trajectories.
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Fig 4. Example patient journey map illustrating interactions between patients, health workers, paper-
based records, and electronic systems during routine HIV and hypertension care. (see S1 Figure for an

example annotated patient journey map)

In parallel, observational fieldnotes were recorded on how care processes unfolded in practice,
including the use of paper tools, informal coordination, and routine problem-solving by staff. For this
article, analysis focused on how these care pathways and associated learning activities were mediated

by EHR, with findings triangulated against documentary and interview data.

2.5.3 Semi-structured interviews

We conducted semi-structured interviews to examine how the Impilo EHR was designed, governed,
and used in relation to multimorbidity across different levels of the health system (see table 1 for
Interviewee characteristics summary). Participants were purposively sampled across system
governance, programme management, technical coordination, and frontline service delivery. In total,
19 health system actors were interviewed. Drawing on methodological experience from the previous
KnowM study (2), interviews were used to elicit role-specific accounts of how digital health
infrastructure supported—or constrained—information use, coordination, and learning in routine

care.

This multi-actor sampling strategy enabled examination of how learning, decision-making, and digital

health practices were distributed across different levels of the health system (38). National and above-
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site actors were primarily based in Harare, with additional representation linked to Bulawayo, while
facility-based interviews were conducted across clinics in Bulawayo and Chitungwiza. Written informed

consent was obtained prior to participation.

Interview topic guides were structured around participants’ roles within the health system and
covered processes for recording, accessing, and sharing HIV and hypertension information; use of
digital and paper-based workflows across programmes and services; and routine practices related to
reporting, analytics, and decision-support features. Interviews were conducted by members of the
study team in private settings at participants’ workplaces or remotely via secure virtual platforms,
depending on feasibility and participant preference. Interviews were audio-recorded with permission,
transcribed verbatim, and anonymised. Interview duration varied according to participant role and

availability, and scheduling was arranged to minimise disruption to routine service delivery.

2.6 Data Analysis

Documentary data were analysed using matrix-based framework analysis(38,39). We read all included
documents in full and systematically indexed their content against the five domains. Evidence was
charted into an Excel-based analytic matrix, with documents treated as analytic cases and the five
domains as categories for comparison. For each document-domain combination, we recorded: (a)
where relevant evidence appeared within the document (section and page reference); (b) a concise
descriptive summary of how the domain was addressed; and (c) analytic memos reflecting implications
for integrated, person-centred multimorbidity care. To enhance transparency and analytic consistency,
descriptive extraction was distinguished from interpretive commentary, with interpretations recorded

separately through analytic memos and discussed iteratively within the research team.

To support cross-document comparison and pattern recognition, we applied a simple three-point
heuristic scale (0 = absent; 1 = mentioned; 2 = operationalised) to each document-domain
combination. These readiness scores were assigned through an iterative analytic process led by the
first author, with a purposively selected subset of documents independently reviewed by a senior
anthropologist and health systems researcher (JD). Discrepancies were discussed iteratively to reach
analytic consensus, consistent with recommended approaches for enhancing credibility, dependability,
and analytic trustworthiness in thematic analysis(35). This scoring was used descriptively rather than
as a measure of system performance. The completed documentary matrix was retained as a primary
analytic output and subsequently imported into NVivo as secondary data to support triangulation with
interview and observation findings. Table 2 summarises how Friedman's infrastructural domains were

operationalised to guide coding and analysis across documentary, interview, and observational data.
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Table 2. Deductive analytic framework for examining socio-technical infrastructure and learning in

routine care

Analytic focus | Infrastructural | Learning cycle | Analytic focus in routine practice
(practice- service orientation
facing]
Longitudinal Data capture Information How patient-level information on multiple
record and chronic conditions is recorded during routine
access in encounters, including timing, completeness,
practice and reliance on paper-based artefacts
Data Information Whether information from HIV, OPD, NCD,
repositories & pharmacy, and laboratory services is
interoperability assembled into a usable longitudinal
representation in everyday practice
Data access & Information How information is accessed, shared, or
governance restricted across cadres and services, and how
role-based access shapes continuity of care
Translation of | Analytic tools Deliberation Whether routine data support sense-making
information & feedback by frontline teams, including prospective
into visibility, patient lists, or shared review of care
knowledge trajectories
Translation of | Knowledge- Action How interpreted information informs
knowledge directed coordination, prioritisation, and adaptation of
into action interventions care across conditions in routine practice
Visibility and Cross-cutting Information - | Whether learning-informed actions and
accumulation | (across Deliberation adaptations are rendered visible in routine
of learning services) - Action data in ways that allow learning to

accumulate, travel, or be reused over time

“From Friedman et al. * From Dixon et al.

Audio-recorded interviews were transferred to a secure shared OneDrive, transcribed verbatim,
translated into English where necessary, and imported into NVivo 15 for analysis. Field notes recorded
on encrypted devices were used to contextualise interview findings. An initial deductive coding
framework, informed by the documentary review, focused on how information systems were enacted
in practice, including longitudinal patient records, information access and exchange, and the visibility
of patient care trajectories. Coding explored how Impilo and paper-based systems supported or
constrained multimorbidity care, how information moved across services and cadres, and how routine
documentation practices shaped care visibility. Documentary review matrices were imported into
NVivo as secondary data to facilitate triangulation and interpretation of findings against identified

infrastructural strengths and gaps.

To examine how these infrastructural conditions translated into learning in practice, findings from the
socio-technical analysis were interpreted through the concept of learning-oriented information
capability, which served as the analytical bridge between the Friedman framework and the LHS

framework proposed by Abimbola and Sheikh(17). This enabled assessment of whether existing socio-
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technical arrangements generated the forms of information required to support learning across actors,
encounters, and organisational levels. The LHS framework was then applied analytically rather than as
a coding structure to interpret observed interactions between information, deliberation, and action in
routine care, including how data were interpreted by frontline actors, how this interpretation informed
action, and whether learning accumulated over time. Rather than assessing the presence or absence
of a functioning LHS, the analysis focused on describing how learning-related activities were organised

in practice and where learning processes became fragmented.

Alongside deductive analysis(39), inductive coding was undertaken to capture themes that were not
fully specified in the initial framework. These included informal workarounds, experiential and
reflective learning by frontline staff, reliance on patient-held artefacts, and organisational or socio-
cultural factors influencing system use. Inductive codes were iteratively reviewed and examined in
relation to deductive categories and learning processes, enabling refinement of interpretations while

preserving a coherent analytic structure.

2.7 Ethics

The study was approved by the Medical Research Council of Zimbabwe ethics clearance MRCZ/A/3315.
Institutional Review Board of the London School of Hygiene and Tropical Medicine, LSHTM Ethics Ref:
32628. Informed written consent was obtained for all subjects interviewed or observed in accordance
with the research protocol. Data anonymisation, and confidentiality followed LSHTM guidance. Written

informed consent was obtained from all participants prior to interview or observation
3. Results

3.1 Documentary Review

3.1.1 Cross-domain distribution of LHS features

Documentary findings reveal uneven and largely partial specification of socio-technical infrastructure
elements required to support an multimorbidity-oriented LHS across national policy, governance,
programme, and evaluative documents. Across the thirteen documents (see S2 Table for documents
included in documentary review), socio-technical readiness remained uneven and largely partial across

domains (Table 3).

Table 3:Distribution of readiness scores by socio-technical domain (n = 13 documents)

Socio-technical infrastructure | Readiness score = | Readiness score = 1 | Readiness score = 2

domain 0 (absent) (partially specified) | (fully
operationalised)

Data capture 3 7 0

Data repositories and 2 8 0

interoperability

Access and governance 1 9 0

Analytics and feedback 1 9 0
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Knowledge-directed 5 5 0
interventions
Data capture was the most consistently addressed domain, though primarily focused on

documentation and reporting for single-disease programmes, particularly HIV and TB, rather than
integrated multimorbidity care. Access and governance showed comparatively stronger specification
through formal oversight and coordination structures. In contrast, interoperability across disease
modules was weakly articulated, with no operationalised mechanisms for longitudinal patient records.
Although analytics and feedback functions were frequently referenced, these were largely framed
around aggregate reporting rather than real-time clinical learning. Knowledge-directed interventions
were the least developed domain, remaining mostly absent or conceptual. Overall, the findings suggest
relatively strong policy intent but limited operational infrastructure for routine learning and person-

centred multimorbidity care.

3.1.2 Specification of Frontline System User Involvement

Across the documentary corpus, the involvement of frontline system users in the design, adaptation,
or iterative refinement of digital health infrastructure was weakly articulated, even at the level of
stated intent. While several documents acknowledged the importance of data use, integration, or
learning in principle, few specified how frontline users were expected to participate in shaping system
functionalities or adapting infrastructure in routine practice. No document described fully
operationalised arrangements for user involvement across all socio-technical domains, with

infrastructure most partially specified rather than embedded in everyday workflows.

This pattern was most evident in the domains of data capture and access and governance, where
documents primarily positioned frontline workers as implementers of predefined documentation,
reporting, and oversight arrangements. In contrast, knowledge-directed interventions were least
consistently addressed, with several documents making no reference to mechanisms through which
users might shape decision support or learning processes. References to analytics and feedback, as
well as data repositories and interoperability, were predominantly framed in relation to institutional
reporting or integration objectives, with limited articulation of routine, user-oriented feedback,
reflection, or system adaptation. Notably, more explicit accounts of frontline user involvement were
largely confined to context-specific research studies rather than embedded within national policy or

governance documents.

3.2 Patient journeys

We observed 23 patient journeys involving adults receiving care for one or more long-term conditions,
including HIV, hypertension, diabetes, cancer, and opportunistic infections. Participant characteristics
are presented in S4 Table. Most observed journeys (17/23; 74%) involved multimorbidity, most
commonly HIV and hypertension. Patient journey mapping provided formative empirical insight into
how patients and healthcare providers navigated care within and across visits, enabling us to "see"

18


https://doi.org/10.64898/2026.07.16.26357920
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.07.16.26357920; this version posted July 19, 2026. 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 4.0 International license .

and understand the patient experience as a basis for identifying opportunities for health system

improvement(36) .

Table 4:Quantitative summary of observed patient journeys (n = 23)

Descriptive characteristic*

Observed summary

Sex

16 female (70%); 7 male (30%)

Age (years)

Median 49; range 37-76

Number of clinically relevant ongoing 1-3
conditions per patient

Patients with one condition 6 (26%)
Patients with two conditions 15 (65%)
Patients with three conditions 2 (9%)

Service entry points used

Ol clinic; OPD/general consultation; Family Health
Services/chronic clinic; pharmacy; VIAC

Journeys involving >2 service points 19 (83%)
Journeys involving 23 service points 11 (48%)
Number of queues joined per journey Range 0-7

Duration of observed visits

17 minutes to ~8 hours

at any point

Journeys involving a caregiver or 4 (17%)
treatment supporter
Journeys where the EHR was accessed | 19 (83%)

Journeys relying on paper records at

23 (100%)

point of care

*All statistics are descriptive summaries of directly observed patient journeys; no inference to
population-level prevalence is intended. Conditions were counted clinically where they were
documented as diagnosed, actively treated, repeatedly monitored, investigated, or influential in care
decisions during the observed journey.

As shown in Table 4, patients presented with one to three clinically relevant ongoing conditions, with
nearly two-thirds (65%) having two conditions and a further 9% having three. Care commonly involved
movement across multiple service points, with 83% of journeys traversing two or more services and
almost half involving three or more. Patients encountered between zero and seven queues during a
single visit and observed visit durations ranged from 17 minutes to approximately eight hours.
Although the EHR was accessed during most journeys (83%), all journeys relied on paper records at

some point in the care process. Four journeys involved a caregiver or treatment supporter. Collectively,

19


https://doi.org/10.64898/2026.07.16.26357920
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.07.16.26357920; this version posted July 19, 2026. 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 4.0 International license .

these observations illustrate the complexity of routine multimorbidity care and the continued
coexistence of electronic and paper-based information systems, requiring patients and providers to

navigate fragmented care pathways across multiple services.

3.3 Recording, Organising, and Using Information for care and learning.

Facility-based observations extended the patient journey findings by elucidating how providers
handled patient information. How they recorded, organised, and circulated it within routine service
workflows, particularly where multiple services and condition-specific registers intersected. These
observations made visible how digital and paper-based records were generated and distributed across
departments from the outset. Interviews with fourteen system actors across national and facility levels
further illuminated how these capture, storage, utilization and coordination practices were
understood, navigated, and rationalised within the broader health system, providing explanatory
whole system depth for the patterns observed in routine care. The five domains of Friedman's socio-

technical domains informed these observations.

3.3.1 Capturing practice as Data: Point-of-care record capture and retrieval

The entry point into any LHS is data capture which is the first of the five Friedman’s socio-technical

domains used in this research.
Tools and instruments for capturing performance

Across both learning sites, performance was recorded through a combination of paper artefacts
(patient-held cards and facility registers) and the Impilo EHR as patients navigated multiple service
delivery points (Table 4; S4 Table). No single instrument captured patient information across conditions
or over time. For example, patients receiving hypertension care through Family Health Services were
managed primarily using paper-based records (e.g. STM-01, STM-02 and STM-06), whereas patients
entering HIV or Ol services were first registered in the Impilo EHR before additional information was
recorded in paper-based HIV booklets and clinic registers (e.g. NKT-09, NKT-10 and STM-07). Among
patients with multimorbidity, information was commonly recorded across multiple paper and
electronic systems during the same visit. For example, one patient with both HIV and hypertension
was first registered in the EHR before being referred to OPD for hypertension management, where
additional clinical information was documented separately in paper records (NKT-11). Similar patterns
were observed across the patient journeys, with information distributed across multiple recording

tools rather than captured within a single longitudinal patient record.

The chronic care module in Impilo, intended to capture hypertension information, was not linked to
reception (the universal patient entry point) and had to be accessed separately. It did not support
navigation across chronic conditions or provide a unified longitudinal view of patients across HIV and

NCD modules. A senior nurse described the intended functionality:
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“We are looking forward to a vision where when | enter the patient’s name, the chronic
care module should be there... so that | can navigate and check whether that patient is
taking their medications well, when is their ART visit, when is their visit for NCDs. So at the

moment... we can't see that." (HCW_01)

National stakeholders similarly described the original intention for Impilo as a longitudinal patient-

centred system. One participant involved in its conceptualisation explained that it was intended to:

“There was an existing solution... not necessarily a patient-centric system... then the discussion
was around making it... a holistic patient management and decision support system”.

(Decisionmaker 05)

Observations at Clinic 1 showed that hypertension screening, assessment and counselling were
routinely documented but recording focused on prescribed data fields. Detailed counselling, clinical

reasoning, escalation decisions and coordination across services were not routinely captured.
Timing and fidelity of performance capture

The timing of documentation further shaped how patient management was recorded. Interviews and
observations showed that electronic documentation was frequently separated from clinical care, with
data entered after consultations and often from different physical locations. One healthcare worker

explained:

“You have to go that side to enter the client... because we don't have access to Wi-Fi here...
Somebody has to move from here to go and enter them, or we ask someone to do us a favour

to enter them, but they ve got other duties." (HCW_02)

Observations confirmed that electronic entry was commonly sequenced after patient consultations.
At Clinic 2, high patient throughput and queue-based workflows prioritised patient flow, with
documentation occurring in parallel or retrospectively. Patient journeys similarly showed that
information was sometimes entered after clinical decisions had already been made, resulting in

delayed or incomplete electronic records.
Capturing multimorbidity complexity

Across both sites, providers described relying on patient-held records and verbal exchange to identify
coexisting conditions. During one consultation, a patient receiving long-term HIV care mentioned

elevated blood pressure only as the consultation was concluding. The attending nurse remarked:

" Because the EHR, the electronic records only shows that this patient has a chronic disease
when you open the consultation module, but when you open the HIV module, it's not... No. It's

even invisible there, so you have to go back out... and back through”. (HCW_03)
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Observations similarly showed that recognition of multimorbidity frequently depended on patient
disclosure or patient-held artefacts rather than integrated electronic records. Patient journeys
consistently demonstrated that information about coexisting conditions was distributed across paper
records, separate electronic modules and repeated clinical encounters. Previous observations,
treatment decisions and follow-up plans were not routinely visible during subsequent consultations.
Overall, routine documentation reliably captured programme-specific observations and
measurements but less consistently recorded coordination, clinical reasoning and interactions across

multiple chronic conditions.

3.3.2 Storage of information in repositories

Beyond the point of care, patient information was not stored as a single longitudinal record. OPD,
HIV/OI, chronic care, pharmacy and laboratory services each generated separate records, with no
unified repository representing patient care across conditions. Senior EHR technical leadership

explained that this architecture reflected the system’s original deployment model:

““Each facility that was receiving the solution was receiving a physical server... it was
implementing in a distributed approach because of the issues of power and connectivity within

the country." (TechPartner_03_Har)

Consequently, patient information remained primarily facility-based, with central visibility dependent
on manual extraction and synchronisation rather than routine real-time access. At facility level, this

was experienced as fragmented information across disease modules. As one facility lead explained,

“For the electronic health records, there's no integration. The chronic disease, they have their
own module, the HIV, they have their own module, so it’s up to the clinicians to know that this

patient is also this chronic disease." (HCW_03)

The absence of an integrated repository also limited visibility of multimorbidity at population level.

Another participant noted:

"Actually, chronic care has gotten WORSE since going paperless... they were following up the
patients, but since the EHR version barely exists, they re not and forgetting to follow up".

(HCW_05)

Observations and patient journeys similarly showed that paper records were not routinely
incorporated into electronic repositories, and information recorded in separate modules was not

automatically assembled into a longitudinal patient record. As another clinician observed:

“It’s “hypertension, hypertension, hypertension'... we're not seeing the diabetes, there's a

gap..." (HCW_05)
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3.3.3 Governed access to data for decision making

Documentary review showed well-defined governance arrangements, including role-based access
control, documented authorisation procedures, audit logging, secure authentication and regular
access reviews. These arrangements primarily emphasised security, accountability and managerial
oversight. At facility level, however, governed access was experienced mainly through reporting

responsibilities rather than cross-condition clinical visibility.

Governance was evident in routine supervision of data quality and completeness. A Sister in Charge

described reviewing tablet entries to ensure:

“Every field has been filled”
and mentoring staff where chronic diagnoses had been omitted, noting that
"Those patients do not appear.”" (HCW_01)

Governance was therefore embedded not only in policy but in routine supervisory practice. However,
access to information for clinical decision-making remained strongly role-bound and sequential.
Observations showed care organised as task-specific activities—registration, consultation, dispensing,
and data entry—each tied to designated users and devices. Connectivity constraints further shaped

access. As one healthcare worker explained:

“You have to go that side to enter the client... because we don't have access to that module

here” (HCW_02)

Patient journeys similarly showed that clinically relevant information recorded at one point of care was
not consistently visible across subsequent service points during the same visit. Consequently,
governed access supported accountability and reporting but was less aligned with the information

needs of integrated clinical decision-making.

3.3.4 Data to knowledge: limited patient level prospective sense-making

Across both learning sites, information systems did not routinely generate prospective outputs such
as integrated patient line lists, synchronised appointments or shared reminders for patients with
multimorbidity. Knowledge about patient status therefore emerged primarily during clinical

encounters rather than from accumulated longitudinal data. A senior facility lead explained:

"A line list... means planning for proper care not haphazardly... need glucometer sticks,

BP... to deliver the supermarket approach that patients expect.” (HCW_05)

While the EHR generated programme-specific registers, these did not routinely provide integrated
views of patients with multiple chronic conditions. Recognition of multimorbidity therefore depended

on patient disclosure, clinician recall or manual cross-checking. Observations and patient journeys
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similarly showed that longitudinal patient information was reconstructed through patient-held
records, clinical hand-offs and retrospective review rather than retrieved from a single electronic

record.

At facility level, aggregate reports were routinely reviewed during monthly programme meetings,
particularly for HIV services. EHR outputs and paper registers were reconciled, and performance
against programme targets discussed. These deliberations focused primarily on programme-specific
indicators, with limited attention to patients with multiple chronic conditions. Similar programme-
specific review structures were observed at district and city level. Reflecting on this organisational

context, one national stakeholder explained:

"What then came through over the years was verticalization... taking one area of knowledge,
one disease condition, then you say, strictly stick to this because that's what is funded."

(Decisionmaker_02)

Knowledge generation therefore depended largely on individual initiative and retrospective review. As

one clinician described:

“When you finish your job, run your own report and see what you have done... then you start

to see the missing pieces." (HCW_06).

Overall, patient-level knowledge remained largely encounter-based, while routine system outputs

primarily supported programme-specific reporting.

3.3.5 Knowledge to performance: adaptive and experiential action.

Knowledge generated during patient encounters routinely informed clinical action. Across both
learning sites, providers adapted care through counselling, referral, treatment adjustment and
prioritisation based on information assembled during consultations. Observations showed that
recognised clinical risks were managed according to established protocols. For example, elevated
blood pressure prompted immediate treatment and repeat measurement before further clinical

decisions were made.

Interview data similarly showed that clinicians frequently compensated for limited system visibility by

actively seeking additional information. As one clinician explained:

"If you have a functioning chronic register... patient should feel their nurse is there... but

it’s not if you have to ask all the basic information again”. (HCW_05)

Patient journeys reinforced these observations. Clinical actions were commonly informed by
information reconstructed from patient-held records, questioning and consultation findings rather
than from integrated electronic records. Although care was adapted during individual encounters,
these adaptations were not consistently visible during subsequent visits or across service points.
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Knowledge use also depended on individual initiative. As one clinician described:

“When you finish your job, run your own report and see what you have done... then you

start to see the missing pieces." (HCW_06)

Overall, knowledge informed routine clinical action, but adaptive practices remained largely
encounter-based and individually enacted rather than consistently embedded within longitudinal

electronic records.

4. Discussion

Amid rising multimorbidity globally, EHRs are increasingly positioned as critical infrastructure for
supporting integrated, person-centred care and enabling health systems to learn from routine practice
(40). This expectation is particularly important in resource-constrained settings, where routine data
represent one of the few scalable resources available for responding to growing clinical complexity.
Using Zimbabwe's national Impilo EHR as a case study, we examined whether existing digital health
infrastructure supports the conditions required for learning-oriented multimorbidity care. Rather than
evaluating system performance alone, which has already been done (15,19) this study explored how
socio-technical arrangements around Impilo EHR design, deployment and utilization shape the
emergence of learning in routine care(18). We identified a disconnect between policy aspirations for
integrated, patient-centred care and the information capabilities available to support such care in
practice. These findings suggest that the challenge is not simply the presence or absence of digital
infrastructure, but the extent to which it enables learning across patients, providers, services, and

organisational levels.

The sections that follow examine this finding in greater depth. We first consider the predominance of
single-loop learning in routine care, before exploring learning-oriented information capability as a
bridge between digital infrastructure and learning processes. We then examine how frontline
providers compensate for these limitations through workarounds and finally consider co-production

as a mechanism for strengthening learning-oriented multimorbidity care.

4.1 Learning in routine care occurs, but is predominantly single loop

Across the selected primary care settings with relatively advanced EHR use, a consistent pattern
emerged: frontline providers continuously used individual clinical guidelines to interpret patient
information, coordinate care across services, and adapt clinical decisions within existing organisational
and resource constraints. In this sense, learning was clearly occurring. However, that learning remains
largely embedded within individual encounters and local problem-solving rather than being
systematically captured, shared, or accumulated across the wider health system. (2). Patients
frequently acted as the primary carriers of continuity through disclosure, treatment histories, and

paper-based records, enabling providers to reconstruct fragmented care trajectories. While these
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practices supported ongoing care, they also revealed the extent to which learning depended on
individual actors rather than institutionalised information processes. As a result, opportunities for
cross-condition learning and adaptation were rarely translated into organisational memory or system-

wide improvement.

Viewed through our adapted LHS framework, these findings are most consistent with single-loop
learning, whereby providers adjust actions within existing routines but rarely influence the underlying
structures, assumptions, or pathways through which care is organised (17). Although learning emerged
through interactions between information, deliberation, and action(11), it was not routinely converted
into cumulative, shareable, and actionable knowledge capable of informing broader adaptation. This
finding echoes wider LHS scholarship showing that the generation of data alone does not produce
learning(16); rather, learning depends on socio-technical arrangements that enable knowledge to
circulate across individuals, services, and organisational levels. As Friedman et al., argue, the challenge,
therefore, was not an absence of learning, but the limited capacity of existing information

infrastructure to transform local learning into a collective system resource.(18).

4.2 Learning-oriented information capability: the missing between socio-technical infrastructure

and learning?

A central finding of this study is that although policy and system design documentation envisioned
integrated, patient-centred records within the Impilo EHR (19), the system was not able to generate
the forms of information required for enabling double loop learning for multimorbidity care. These
include whole-patient summaries, synchronised patient line lists, prospective review schedules, and
other tools that support care across conditions rather than reproducing disease-specific workflows
(32). In this sense, Impilo EHR demonstrates constrained learning-oriented information capability. We
define learning-oriented information capability as the ability of health information infrastructure to
generate, organise, and make visible information that supports collective interpretation, coordination,
feedback, and improvement across time and organisational levels. This definition is derived from well-
respected scholarship on LHS and quality improvement that that emphasises the importance of

information infrastructures in supporting collective sensemaking and adaptation (41-44).

These findings suggest that learning-oriented information capability may provide a useful analytical
bridge between socio-technical infrastructure and LHS processes. While socio-technical frameworks
describe the infrastructures required to generate and manage information (45), and LHS frameworks
explain how learning emerges through interactions between information, deliberation, and action
(16,17), the informational conditions linking these domains have received less explicit attention. Our
findings indicate that the ability to generate whole-person patient views, longitudinal trajectories,
cross-condition visibility, coordinated follow-up, and practice-facing information may represent

important preconditions for learning-oriented multimorbidity care.

26


https://doi.org/10.64898/2026.07.16.26357920
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.64898/2026.07.16.26357920; this version posted July 19, 2026. 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 4.0 International license .

4.3 Workarounds as frontline health workers sustaining fragmented care architectures

There is growing recognition that effective multimorbidity care requires not only service integration
but also person-centred approaches that respond to the needs of individuals living with multiple
chronic conditions. Programmes such as INTE-Africa have demonstrated the feasibility and benefits of
integrating HIV and NCD services, contributing to broader policy and programmatic efforts to move
beyond disease-specific models of care(6). However, our findings suggest that less attention has been
paid to the routine information capabilities required to support integrated, person-centred care in

everyday clinical practice.

The patient journeys examined in this study revealed that frontline providers were already attempting
to deliver integrated, person-centred care. Clinicians routinely constructed whole-person
understandings of patients by eliciting histories across conditions, reconciling information from
multiple sources, coordinating across services, and adapting care to evolving patient circumstances.
Yet these activities were rarely supported by the underlying information infrastructure. Instead,
providers relied on paper artefacts, informal communication, and retrospective review of their own
documentation to maintain continuity of care. In effect, frontline providers became the primary
mechanism through which fragmented information, services, and care pathways were brought

together.

These efforts gave rise to workarounds through which providers sought to compensate for the limited
learning-oriented information capability described above. Workarounds therefore function as
diagnostic signals of socio-technical misalignment. They reveal a system in which the aspiration for
integrated, person-centred multimorbidity care increasingly exceeds the information capabilities
available to support it. Similar patterns have been observed in other resource-constrained settings,
where EHR systems expose or amplify workflow misalignments and require users to compensate
through informal practices rather than benefiting from redesigned, learning-oriented processes

(47,48).

From the perspective of Abimbola and Sheikh's LHS framework, this represents a missed opportunity
for double-loop learning(17). All the ingredients were there. Frontline providers routinely generated
insights from multimorbidity encounters, care coordination challenges, and fragmented patient
journeys. These experiences provided a rich source of information about the limitations of existing
disease-specific approaches to care and the practical requirements of integrated, person-centred
service delivery. However, such insights were rarely translated into forms of information that could be
accumulated, shared, and deliberated upon across organisational levels, something critical for single
loop learning to evolve into double loop learning. A missed opportunity for the health system to use
frontline experience to question and adapt the assumptions, approaches and verticalized

arrangements currently underpinning multimorbidity care.
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4.4 Reconnecting learning and system design: co-production as a mechanism.

These findings have important implications for the development of Learning Health Systems in
resource-constrained settings at a time when the need for adaptive approaches to multimorbidity care
has never been greater. Across many LMICs, rising burdens of chronic disease alongside HIV are
coinciding with growing recognition that health systems must become more capable of learning from
routine practice and adapting to changing needs(2). Recent reductions in external funding have further
reinforced the importance of locally owned, sustainable approaches to health system strengthening,
increasing interest among governments and Ministries of Health in learning, adaptation, and self-

reliance as core system capabilities(49).

Viewed from this perspective, the gap identified in this study represents a significant opportunity. The
principal constraint was not the absence of data, digital infrastructure, or frontline learning capacity.
Rather, it was the limited ability of existing socio-technical arrangements to transform routine
experience into information that could support collective reflection, coordinated action, and system-
level adaptation. Importantly, Zimbabwe is well positioned to address this challenge. Unlike many
externally developed digital health platforms, Impilo is nationally owned, locally developed, and
continues to evolve. The ongoing development of its chronic care module therefore provides a rare
opportunity to embed learning-oriented information capability within the architecture of the system

itself (26).

Evidence from digital health and implementation science shows that involving frontline actors in
defining these elements improves alignment with practice and supports cumulative learning(50,51).
Reconnecting frontline learning to system design through co-production therefore represents a
promising pathway for addressing the socio-technical misalignments identified in this study. By
involving users throughout the design, development, and iterative refinement process, co-production
can help ensure that digital systems generate the longitudinal patient views, coordinated workflows,
cross-condition visibility, and practice-facing information required to support learning-oriented
multimorbidity care(52,53). To synthesise these findings, Table 2 summarises the principal socio-
technical constraints identified in this study and the corresponding co-production-enabled responses

relevant to strengthening longitudinal, learning-oriented multimorbidity care.
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Table 5: How co-production reorients digital system design for multimorbidity care

Dominant design orientation in
the existing system

How this manifested in routine multimorbidity care

What co-production reorients

Disease-specific programme
architectures

Patients navigated parallel HIV, hypertension, and other
chronic pathways with fragmented records and duplicated
encounters

Design shifts toward a unified chronic care “space” organised
around whole-patient continuity

Reporting-oriented data
structures

Data supported programme accountability more than
longitudinal clinical care

Frontline actors prioritised practice-facing tools such as
shared review lists, longitudinal summaries, and coordinated
follow-up

Top-down system configuration

Frontline staff relied on workarounds, memory, and informal
coordination to sustain care

Experiential frontline knowledge becomes a core input into
workflow and system design

Separate disease scheduling
systems

Patients attended multiple unsynchronised visits despite
stable chronic conditions

Follow-up logic redesigned around coordinated
multimorbidity care pathways

Modular visibility boundaries

Providers could not easily see all active chronic conditions,
medicines, or referrals together

Co-production prioritised longitudinal multimorbidity visibility
across services and encounters

Retrospective and duplicated
data capture

Clinicians balanced patient care with parallel paper and EHR
documentation burdens

Workflows redesigned around capture-once, reuse-many-
times principles aligned with routine care

Static development processes

Persistent mismatch between evolving care realities and
digital tools

Iterative refinement and frontline validation embedded into
system evolution

Programme-centred reporting
logic

Patients became represented as separate diseases rather than
whole persons

Analytics redesigned to support person-level multimorbidity
visibility and learning

Separation of technical design
from everyday care realities

Learning remained localised, informal, and difficult to
translate into system adaptation

Co-production reconnects frontline learning with ongoing
system redesign and adaptation
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5. Conclusion

This study showed that although Zimbabwe's national EHR was conceived as a patient-centred system,
it currently lacks the capacity to generate the integrated, longitudinal, and cross-condition information
required to support learning-oriented multimorbidity care. The principal constraint lies not in data
availability, digital infrastructure, or frontline learning capacity, but in the system’s limited ability to
transform routine clinical information into a resource for collective reflection, coordinated action, and
adaptation. As a result, learning remains largely encounter-bound, with limited capacity to inform
broader system change. For African countries investing in national EHRs, the challenge is not simply to
digitise care, but to design systems that generate the informational foundations for whole-person care,
continuous learning, and adaptation. Without such alignment, digital systems risk reinforcing existing
silos; with it, they may become important enablers of integrated, adaptive care in contexts of rising
multimorbidity and constrained resources. These findings suggest that information capability may
represent a critical bridge between socio-technical infrastructure and Learning Health System
processes. Co-production offers a practical pathway for achieving this by connecting frontline

experience to system design and governance.

6. Strengths and Limitations

Strengths of this study include purposive selection of analytically rich sites, prolonged engagement in
the field, and triangulation across observations, interviews, and documentary sources. However, the
analysis was limited to two learning sites and on Impilo as the dominant national EHR. As such, findings
are analytically rather than statistically, generalisable and may not capture learning dynamics in
parallel or locally adapted systems. The study was diagnostic rather than evaluative, focusing on the
conditions that enable or constrain learning rather than on system performance. Future research
should assess how co-produced EHR modifications, including longitudinal and analytic artefacts,

support collective sensemaking and system-level adaptation.
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