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Abstract

A functional and reliable Health Information System (HIS) is vital for data-based decision-making in public health. Here we
describe the assessment of data processes and general HIS principles by adapting a global approach to three cities. The
assessments supported the data strategy of the CARDIOA4cities initiative in each city aiming to improve urban population
health by increasing the use of cardiovascular disease (CVD) data to inform decision-making. We aimed to explore data
collection processes and entities, data availability and quality as well as data ownership and sharing regarding a set of
identified key performance indicators (KPIs). KPIs were based on a global theory of change (ToC) and a global evaluation
and indicator framework and were tailored to each location. By first assessing existing sources and processes regarding
data, recommendations for changes and improvements are sure to build on current circumstances. To map the data,
existing data collection, analysis and storage processes were investigated. A flow chart was created to visualize the data
pathways and challenges for each system and findings were compared across cities to document differences and simi-
larities. Data quality and interoperability of various separate systems were the most prominent challenges for all HISs.
The observed dvata quality issues originated from incorrect, missing and incomplete data and were connected to the
misunderstanding of indicators, incomplete data input forms or the lack of a systematic data routine in the workflow.
Harmonization of the HISs to ensure interoperability can facilitate data collection and analysis of health data and can
provide a solid basis for health management decision-making. Based on the presented HIS cases, we recommend to
examine, map and verify current processes when conducting a HIS assessment, to visualize findings and to gauge the
interest of government entities to ensure political support.

1 Introduction

Health information is one of the six building blocks of a comprehensive health system according to the World Health
Organization (WHO) framework for action [1]. A health information system (HIS) refers to a paper-based or electronic
system designed to capture, transmit and manage healthcare data. The Global Observatory for eHealth 2015 survey
reported that 66% of 125 surveyed countries have a HIS policy or strategy in place [2]. A well-maintained, functional
and reliable HIS contains complete and trustworthy data that can be readily analysed and used for data-based decision-
making and the development and implementation of sustainable health interventions. The timely availability of accurate
public health data is therefore vital [3]. Unfortunately, routine health data is often outdated, inconsistent and incomplete
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[4]. Generally speaking, quality data should come from a reliable source, be accessible to relevant stakeholders, be deliv-
ered timely, and be relevant and consistent, accurate and complete [5]. However, several pre-requisites for using data to
inform policy decisions such as the access to information, the skill to interpret and use that information adequately as
well as the relevance to consider local evidence may be insufficient [6]. To ensure data quality and the use of evidence,
sufficient data literacy as well as enhanced technical tools are needed [7].

Particularly in the context of the world’s leading cause of death, cardiovascular disease (CVD), evidence-based actions
are crucial to address the burden at scale. CVDs killed approximately 17.9 million people in 2019 with three quarters of
these deaths occurring in low and middle-income countries (LMICs) [8-10].

Within its broad strategy to improve cardiovascular population health, the CARDIOA4Cities approach aspires to catalyse
the use of CVD data to inform health system decision-making and integrate data-generating digital innovations into
existing HISs [11]. The CARDIOACities approach builds on six pillars: quality of Care, early Access, policy Reform, Data
and digital technology, Intersectoral collaboration, and local Ownership. From 2018 to 2020, CARDIOACities validated
its approach and demonstrated increases in hypertension control after 1-2 years of implementation in Sao Paulo (from
12-3 to 31-2%), Dakar (from 6-7 to 19-4%) and Ulaanbaatar (from 3-1 to 19-7%) [12]. This resulted in an estimated aversion
of 3.3-12.8% of strokes and 3.0-12.0% of coronary heart disease (CHD) events [13]. In 2021, the approach added the
measurement of further CVD target risk factors such as diabetes type Il (blood sugar), dyslipidaemia (LDL-cholesterol)
and obesity (BMI).

CARDIOA4Cities applies solutions tailored to local needs alongside rigorous monitoring and evaluation (M&E) activities
that generate data to inform data-based decision-making. Before improved approaches can be integrated into an HIS,
it is key to map, understand and analyse current processes regarding data collection, storage and quality control [14].
Where the HIS contain several parallel sub-systems, their interoperability needs to be explored. In view of applying the
CARDIOA4Cities approach in various settings worldwide, a rapid assessment of the baseline conditions regarding HIS and
CVD data flows was conducted in three cities: Dakar, Senegal; Sdo Paulo, Brazil and Ho Chi Minh City (HCMC), Vietnam to
get an overview of existing HIS and CVD data flows and identify gaps and challenges. The three locations were chosen
as previous initiatives on CVDs and urban health had been implemented there by the same funding organization, strong
partnerships had been established, and they are geographically diverse.

This manuscript outlines a global approach of assessing data processes and HIS principles. It describes the local
adaptation of this methodology to the three selected cities and the findings of the analysis. The discussion contextual-
izes the findings within minimum structures needed to monitor and evaluate the cascade of care of the CV risk factor
hypertension (i.e., screening, diagnosis, treatment and control) under the perspective of sustainable implementation of
data-based decision-making.

2 Methods

The CARDIOACities initiative established a global theory of change (ToC) and a global evaluation and indicator framework
to monitor progress, outcomes and impact [15] Fig 1. This provided the starting point for adapted indicator lists includ-
ing key performance indicators (KPI) tailored to each location. KPIs included CV risk factors such as hypertension, high
blood sugar (blood glucose or HbA1c), high low-density lipoprotein (LDL) cholesterol, and high body mass index (BMI).

In this context, the assessment of the local HIS aimed to explore data collection processes and entities, data availability
and quality as well as data ownership and sharing regarding the identified KPIs. Further objectives of characterizing the
HIS were (i) to establish a common understanding with local partners on KPIs and the feasibility of collecting them in
the existing HIS, (ii) to explore the potential for integration of different sub-systems and (iii) to inform the development
of an evaluation framework.

In each location, relevant stakeholders from public and private institutions were identified. To carry out data map-
ping, existing data collection, analysis and storage processes were investigated through desk research and stakeholder
interviews and by conducting field visits to health facilities. Aggregated and individual-level data sources were mapped
considering the KPIs. Those sources comprised paper-based and electronic data from health facilities, health systems
data, and data collected by private entities. Each data source was further described with properties such as the collect-
ing entity, the frequency of collection, details on reporting (frequency, recipient) as well as who owns the data and who
has access toit.
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Fig. 1 Steps taken in the performance of this assessment

In Dakar and Sao Paulo, business process maps were produced through a social network analysis using the Bizagi
software. They provided additional insights on hypertension data-related processes by identifying relevant local data
systems and helped to further refine the routine data collection flowchart in these locations.

In all locations, a flow chart was created to visualize the data pathways from collection to analysis, storage, and use.
Data gaps were identified with reference to the local evaluation framework. Data quality was assessed using a stand-
ardized data quality checklist that looks at accessibility, timeliness, relevance, consistency, accuracy and completeness.
For each factor, between 1 and 6 specific indicators were created. Each indicator received a score from 0 to 4 (0=No
answer/Not applicable (NA), 1=Not present, needs to be developed, 2=Needs a lot of strengthening, 3=Needs some
strengthening, 4 =Satisfactory, no action needed). Representatives from institutions owning, processing or hosting these
data were consulted at various stages to fill any knowledge gaps and verify the gathered information. Based on these
investigations and the flow charts, challenges on each system level (community, regional, national) were identified and
discussed with local stakeholders.

Findings were compared across cities to document differences and similarities that would indicate minimal require-
ments for tracking cascade of care data of CV risk factors longitudinally and to assess requirements for the sustainable
application of data-based decision-making, for example with the support of digital tools.

In each location, a local partner organization supported and advised on the iterative process of conducting the
assessment and carried out networking activities with stakeholders: IntraHealth in Dakar, Instituto Tellus in Sdo Paulo,
and PATH in HCMC.

3 Results

3.1 Dakar, Senegal

3.1.1 Background and status of HIS

DHIS2 (District Health Information Software 2), which was introduced in Senegal in 2010 to collect data on infectious
diseases, has been the official national Routine Health Information System (RHIS) since 2016 [16, 17]. DHIS2 is a free, open
source health information management system that is extensively used in LMICs for the collection of data on infectious
diseases [18].In 2018, IntraHealth started to collect individual level data on hypertension. Before that, no NCD data was
collected in a systematic way in Senegal. In 2021, the MoH decided to integrate NCD (hypertension, diabetes and several
other chronic diseases) data collection into DHIS2. It developed its own set of NCD indicators (including hypertension
indicators) and set up the technical processes of DHIS2 to enable data entry and management.

3.1.2 Data collection and governance

Blood pressure data collection using DHIS2 was piloted jointly by the MoH and the Cardio4Dakar team in a selected
number of health facilities of Dakar during the last quarter of 2021. The MoH also set up a parallel data collection
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system and appointed NCD focal points in district health management teams to systematically analyse the data
system in collaboration with the local partner organization of CARDIO4Cities. For both Q1 and Q2 2022, a com-
parison between DHIS2 data and “actively collected” data showed substantial underreporting of cases in DHIS2
although reporting increased over time, suggesting a learning curve for providers. The use of hypertension data for
decision-making has remained limited to formulating health-facility specific recommendations for improvement of
performance.

The flow chart maps the NCD data collection system following integration into DHIS2 (2022 onwards) (Fig. 2). A list of
the most relevant data sources on CV risk factors informing the cascade of care in Dakar is given in Table 1.

3.1.3 Data flow and quality

The primary sources for filling DHIS2 data are paper-based registries with several intermediate aggregation steps. Health
workers screen patients for hypertension and enter results into paper-based consultation registries at health facility level.
Hypertension data for each indicator noted in the consultation registries is tallied in monthly paper-based reports. The
tallied results are eventually reported by indicator in a paper-based monthly SNIS (National Sanitary Service, Service
National de I'Information Sanitaire) report, which is then entered into the DHIS2 system. The main issues regarding data
quality are accuracy due to the many intermediary steps and completeness.

3.2 Sao Paulo, Brazil
3.2.1 Background and status of HIS

Public health in Sdo Paulo is largely managed by social organizations (Organizacao Social de saude, OSS), that are man-
dated by and contractually bound to the Sao Paulo Municipal Health Authorities (SMS-SP). Each OSS has its own HIS.
The social network analysis showed that the HIS landscape in Sdo Paulo is extensive and highly fragmented and that
there are no communication channels or interlinkages between the different sub-systems used in parallel. To promote
interoperability between the systems, the eSaudeSP application, a digital HIS platform implemented by the SMS-SP,
that consolidates all personal health information for an individual user, is being developed locally. ESatideSP is part of a
bigger project called Avanca Saude that aims to modernize the health systems and is funded by the International Devel-
opment Bank (IDB) in partnership with the Sdo Paulo Municipal Health Department. eSaudeSP includes an electronic
platform that offers patients access to personalized health services and information, and a web-based platform where
health professionals can offer remote health assistance. This web-based platform already hosts two tools developed by
the CARDIO initiative in Sdo Paulo, namely the cardiovascular risk stratification application and the self-care pact form
(Plano de Autocuidado Pactuado—PAP). The SMS-SP in collaboration with the local partner organization of CARDIO4Ci-
ties, established a solution to accelerate detection of cardiovascular risk factors. By integrating interoperability, this solu-
tion also constitutes a first integration of clinical indicators, outcome values and health system performance indicators.

3.2.2 Data collection and governance

Public and private data sources on NCD risk factors that were either directly accessed by the local partner institution
or through the Ministry of Health or the Sdo Paulo Municipal Health Department were considered for the flow chart
(Fig. 3). They include paper-based medical records and digital applications from primary health centers as well as digital
inpatient, mortality and outpatient information systems that are maintained by hospitals. The majority of the data is
collected, transmitted and stored electronically, for example in excel files. An integrated healthcare management system
called SIGA used by public health care facilities organizes and controls the flow of patients through different levels of
the health system. Frequency of reporting and exact definition of indicators of interest (hypertension, blood sugar, LDL-
cholesterol, BMI), for example absolute numbers, rates or frequencies, vary as well depending on the system. Different
types of software and data formats are used. Data collected by public health facilities and OSS is reported to the federal
Ministry of Health or the Sdo Paulo Municipal Health Department. A list of the most relevant data sources and of who
owns them is given in Table 2.
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Fig.2 Routine health data flow in Dakar, Senegal, from 2022 onwards, valid July 2023. CHW Community Health Worker, DLMNT Division de
la lutte contre les maladies non transmissibles, NCD department of MSAS

3.2.3 Data flow and quality

The social network analysis listed potentially relevant local data systems, but none of them were interacting or sharing
data. A “data lake” is being created within eSaudeSP with the objective to connect the data across the systems. A data
lake is a centralized repository designed to store, process, and secure large amounts of structured, semistructured, and
unstructured data [19].This project was still too preliminary to be reviewed for the present publication. While data was
considered to be accurate, consistency was rather low due to several data sources, data was difficult to access, not deliv-
ered in time and incomplete. The data mapping exercise found relevant indicators in the local HIS, but some databases
had not been updated in the last 8 + years and were therefore not considered useful.

3.3 Ho Chi Minh City, Vietnam
3.3.1 Background and status of HIS

In HCMC, the HCMC Center for Disease Control (HCDC) collects, reviews, and archives NCD data from health facilities at
district and provincial level that are under HCDC management. The HCDC reports the data to the HCMC Department of
Health (DoH) and simultaneously to the Pasteur Institute. The HCMC Pasteur Institute is a public institution that gives
technical guidance on disease control, conducts research and outbreak investigations and trains health staff. It aggregates
NCD data from 20 provincial Centres for Disease Control (CDC) and delivers it to the General Department of Preventive
Medicine (GDPM) at the MoH, which uses it for monitoring and guidance on NCD prevention and control. The GDPM
is a department of the MoH, which specializes on implementing legal regulations in the field of preventive medicine.

3.3.2 Data collection and governance

CVD data on hypertension, blood sugar, LDL-cholesterol and BMI are all at least partially collected in an aggregated format
using templates provided by the HCDC. Screening and treatment data on CVDs are collected in Commune Health Stations
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APS: Primary Care (Atengao Primaria), OSS: social health organizations (organizagbes sociais de saude),
CEINFO: epidemiology and information coordination (coordenagaode epidemiolgia e informagéo); SMS: municipal
health department (secretaria municipal de saude)

Fig.3 Health data flow in Sdo Paulo, before applying the CARDIO approach, valid until the implementation of eSatude (planned for 2024)
and the Screening Corner (April 2023). APS Primary Care (Atencao Primdria), OSS social health organizations (organizacdes sociais de satde),
CEINFO epidemiology and information coordination (coordenacaode epidemiolgia e informacgao), SMS municipal health department (secre-
taria municipal de satde)

(CHS) and reported in an aggregated format to the district health centres (DHC) on a quarterly basis for reviewing, merg-
ing with their service data and reporting to the HCDC. Public and private hospitals and clinics at provincial and district
levels also report their data to the HCDC including screening, diagnosis, treatment and control data (Fig. 4). However,
reporting of CVD data from hospitals and clinics to the HCDC relies on the willingness of the staff. The CHSs, DHCs, and
the hospitals/clinics own the data they generate. A list of the most relevant NCD data sources in HCMC is given in Table 3.

The HCDC is mandated by the government to carry out regular data collection and supervision visits in all CHSs. An
official dispatch issued by the GDPM provides guidance for NCD prevention and control including screening, diagnosis,
treatment, and mortality.

Commune Health Station Level  District Level Provincial Level National Level
Quarterly reporting of L Quarterly reporting of Reporting by Provincial
aggregated data by CHS aggregated data by DHCs Public and Private

Hospitals/Clinics

- . - Technical guidance and
Reporting by District Public HCMC Center for Disease NCD data collection by

and Erivate . "] Control HCMC Pasteur Institute
Hospitals/Clinics

General Department of
Preventive Medicine /
Ministry of Health

HCMC Department of
Health

CHS: commune health station, DHC: district health centre; HCMC: Ho Chi Minh City; NCD: non-
communicable diseases

Fig.4 Health data flow in Ho Chi Minh City, Vietnam, valid July 2023. CHS commune health station, DHC district health centre, HCMC Ho Chi
Minh City, NCD non-communicable diseases
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3.3.3 Data flow and quality

Depending on the district, a distinct paper-based form or software is used for data collection of individual patient data.
For reporting, data is aggregated at the level of the health facility and passed on to the HCDC in a standardized format,
thereby harmonizing HIS formats by requiring the health workers of each facility to aggregate the data from their HIS
into the required format. This process is error-prone as there are no guidelines and no regular supervision. Data quality
was not systematically assessed in HCMC as no data was collected there.

3.4 Comparative summary

Table 4 provides an overview of current processes, needs and challenges regarding routine data collection in the three
cities based on the HIS assessment. It shows which of the key indicators outlined by CARDIO are not routinely collected
by the current system. Challenges included for example incomplete data sources, redundant indicators, fragmented
systems, overlapping processes and poor data quality. Although the situation is different in each location, there are
similarities, for example, data on LDL-cholesterol and BMI are unavailable key indicators everywhere. This comparison
served as a basis to inform data collection activities.

4 Discussion

This manuscript presents an approach of assessing the most relevant data processes and HIS related to NCD risk fac-
tors in three cities. The similarities between the three settings were limited. In all three locations, the focus of currently
existing NCD data collection activities were on hypertension with a secondary emphasis on diabetes. Data quality was
usually low for a variety of reasons such as multiple, often manual processing steps, incomplete data sources or parallel
systems with differing indicator definitions.

4.1 Comparison across cities

In Dakar, the MoH has adopted an active role in promoting data collection to monitor disease indicators over time,
although initially this pertained mainly to infectious disease indicators. Using lessons learnt from the data collection on
hypertension indicators, the government actively conducted NCD data integration into the existing DHIS2 system. Thus,
in Dakar, the initiative has been promoting and supporting an ongoing process that is led by the government and aims
to integrate NCD data collection into a centralized system. This represents an ideal setting for establishing a sustainable,
uniform HIS that is led by the authorities and supported by the CARDIOA4Cities initiative and through the local partner
organization. A possibility for data harmonization is the recently introduced e-tracker which may, in the future, allow elec-
tronic hypertension patient files to be established nationwide (personal communication by local partner). The e-tracker
is the DHIS2 app for individual-level or case-based transactional data. It supports data collection, case monitoring and
follow-up, analysis and reporting within the DHIS2 system.

In Sdo Paulo, different public and private stakeholders are involved at all levels of the health system. Many different
data collection systems for CVD data exist, but no interoperability layers or communication channels could be identified.
Statements by local experts emphasized that the commitment and support of the SMS-SP is needed to integrate and
streamline the different systems. The highly fragmented governance of the different sub-systems, each managed by a
different social organization, makes this integration particularly challenging. ESaiideSP shows great potential for serv-
ing as an interoperable tool to integrate different HISs as one of its elements is a clinical repository that collects patient
information directly from various data systems in real-time. ESatideSP has already been widely adopted to manage the
COVID-19 and other vaccination programs, and is the main HIS for neonatal care in the municipality. Its integrated func-
tionality of telehealth appointments that allow patients to access medical care remotely from a smartphone application
is expected to drive adoption of the eSaudeSP platform even further (personal communication by local partner).

In HCMC, the HIS constitutes of several parallel paper-based and electronic systems. At the CHS level, different formats
for data collection through HIS, logbooks, and reporting templates cause challenges for data reconciliation. Depending
on the district, a distinct paper-based form or software is used for data collection of individual patient data. Collection of
aggregated data is organized and carried out by HCDC staff, making government support indispensable when it comes
to harmonization. This centralized system with the HCDC driving and controlling all major decisions seems predestined
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to implement a uniform electronic data collection tool across all districts. Aligning forms and software would lead to a
better overview, easier data flow and standardized data exchange as well as ensuring comparability of data.

4.2 Key challenges: data quality and interoperability

To enable usage of an HIS as an integral tool to inform policy or population health decision-making requires different
elements to be in place [3]. Data quality and interoperability are the ones that stand out most when comparing across
the three case studies.

4.2.1 Data quality

Even with routine data collection systems in place in Dakar and HCMC, data quality was generally considered to be low.
Quality issues originated from incorrect, missing and underreported data and are connected to the misunderstanding
of indicators, incomplete data input forms or the lack of a systematic data routine in the workflow. In some cases the
primary sources were paper-based registries which require several aggregation steps. Even if data was aggregated at
the level of the health facility and passed on in a standardized format, manual aggregation led to errors resulting in lack
of trust in the data.

The introduction of a short-term parallel approach to data collection and standardized aggregation may be an oppor-
tunity to address data quality issues. However, these parallel systems for comparison should be short-term only and used
to enable sustainable long-term solutions through a capacity building and change process.

Capacity building in combination with establishing clear data governance and accountability is crucial to improve
data quality [7, 20]. High staff turnover may lead to loss of skills and knowledge, making regular refresher trainings indis-
pensable [21]. Concrete and practical approaches for data collection, aggregation and reporting as well as data quality
control should be included in trainings. Clear governance and accountability for data quality needs to be reinforced. This
may include regular supervision visits, assignment of specific responsibilities to the team members, with clear visibility of
impact of data quality and a joint understanding and overview over the importance for the health system [14]. Additional
human and financial resources need to be considered when adding responsibilities to already stretched health staff. It
may also be necessary to adjust job descriptions or add incentives to perform additional tasks. Replacing paper-based
processes with digital technologies can help to improve data quality by avoiding manual processing steps and media
disruption, which both may cause errors, delays and additional costs. The implementation of an electronic innovation/
software needs to be closely coordinated with existing work practices [18]. A transition period where paper-based and
electronic processes are used in parallel may increase the workload, requiring more resources [14]. Additionally, elec-
tronic processes may introduce new threats to patient safety through security leaks, which must be considered during
development and implementation [14].

4.2.2 Interoperability

According to the Healthcare Information and Management System Society, interoperability is the ability of different
information systems, devices and applications to access, exchange, integrate and cooperatively use data in a coordinated
manner [22]. Fragmented systems have often emerged in response to a variety of concrete needs without being rooted
in an overarching long-term strategic design leading to limited interoperability. Indicator definitions and data collec-
tion processes can differ. Harmonization of the HIS may provide a solid basis for health management decision-making
and can support improvements in patient and health system outcomes [4]. It may also include the integration into one
interoperability layer. Different electronic databases can be linked and the data collated [4, 20]. Harmonization facilitates
data collection and analysis of health data [4], and is critical to getting an overview of population health for decision-
making in an efficient manner [20]. One single interoperability layer prevents information gaps and reduces redundant
data collection and costs [23]. Fast Healthcare Interoperability Resources (FHIR) may help standardize data to facilitate
interoperability [24]. It would also be advisable to develop a holistic approach to achieve data interoperability linking
high quality data from heterogeneous sources, similar to the mechanism that has previously been described for data
from loT medical devices [25]. Regarding data access and ownership, it is key to define who needs the data for decision-
making. This also asks for communication and collaboration between different actors of the public and private sector,
depending on the nature of local HIS providers [26].
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There are some limitations to this work worth mentioning: No data was collected in HCMC and therefore data qual-
ity was not systematically assessed there. Due to the wide fragmentation of data sources in Sdo Paulo, the list provided
may be incomplete. Including stakeholders from diverse backgrounds (for example health workers, governmental
and non-governmental organizations involved in the health sector, digital health specialists) helps to create a list
that is as complete as possible. Applying this approach in another location may yield different results from the cities
mentioned here as HIS are very diverse. Minimizing assumptions in the beginning is necessary to avoid preconceived
opinions and miss out on unexpected findings.

We started by defining common, clear and mutually agreed upon indicators that were adapted to local contexts
[15]. They served as references for benchmarking the documented HIS in terms of data sources and format, collection
and reporting processes as well as ownership and storage. A platform such as the newly developed CrowdHEALTH
that uses big data management mechanisms may help to analyze the potential for interoperability between systems
and provide solutions for data harmonization [27]. To lay the foundation for sustainable health interventions such as
emerging digital technologies and design new health policies, the PolicyCLOUD, an extensible framework that allows
the exploitation and management of policy-relevant data flows may serve as a supporting tool [28].

5 Conclusions and recommendations

Based on the presented HIS case studies, we recommend some basic principles for future investigations of HIS in the
context of population health and data-based decision making. We direct our recommendations at various potentially
interested target groups: for example scientists in the field of health systems research or digital transformation, NGOs
working on local health systems or on NCDs, or policy makers and governmental institutions interested in refining
their NCD strategies and looking to perform a baseline assessment of their current HIS.

Local, real-life knowledge—The local context needs to be examined and current processes mapped and verified
in an iterative approach. Key to understanding the HIS in any setting is an extensive and solid network of contacts
among involved local stakeholders. Not only are local idiosyncrasies often not obvious to external observers but
the actual situation may not correspond to the official set-up. Local collaborators are needed to contextualize and
verify any assembled information.

Visualizing findings —To visualize interconnections in fragmented HIS brings transparency and a possibility to dis-
cuss with stakeholders. Interoperability layers should be explored to facilitate data exchange and lower costs. Using
Process Mapping Tools such as Bizagi is helpful for visualizing complex systems as well as for identifying interoper-
ability layers and bottlenecks.

Political support—The support of government entities is needed for system integration and driving data-based
decision making. Gauging the interest of responsible government agencies early on is advantageous for a thorough
assessment, especially if structures are centralized. Readiness for aligning to methods already in place to strengthen
the HIS is important for a successful collaboration.

Concluding from the evidence presented here, optimizing the use of data for decision-making in health systems
remains a case-by-case exercise. A harmonized HIS providing high quality data that is used by authorities for decision-
making may seem like the gold standard in any context, but the extent to which this is feasible and desirable as well
as the steps taken to reach this goal can differ greatly from place to place.
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