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Background

The evidence on development of a health data exchange (HDX) in India is lacking, both in
terms of the use of data for patient care (use) and aggregate data use (reuse) to improve
maternal health services and programs. This study describes the requirements and
proposes an HDX model development, focused on the adoption and use of design

standardization.

Methods

A landscape analysis was conducted through a literature review to understand the
existing HDX models. A qualitative case study focusing on a tertiary care state
government hospital in India was performed. Twenty key informants were selected
through purposive sampling and virtual interviews were undertaken. A mix of deductive
and primarily inductive data analysis was conducted using the NVIVO 12.0 software.

Findings

Following an iterative design process and based on the essential requirements suggested
by the key informants, an inter-organizational HDX scheme was developed. The HDX
model leverages the electronic health records to enable the use of data for patient care,
and use of aggregate patient data to support management and administrative decisions at
the institutional, state-wide and national levels. The model describes how to balance the
inter-organizational and intra-organizational data exchange needs. Integrating systems
at the local level with those at the state and the national level was identified as one of the

key components of this process.

Conclusions

The patient-level data is critical for the delivery of best attainable health care. At the
same time, the aggregate data is critical, especially in the domain of decision-making and
global health. The development of a versatile HDX model is a pre-requisite for a
successful use and reuse of data, by ensuring that no functionality is lost and that the

data is used in the best way possible.

Electronic health records (EHRs) are essential to a health
services-oriented digital health framework! that strength-
ens health systems and improves the access, equity, safety,
and quality of health services. However, the uptake of EHRs
has been limited, despite the World Health Organization
(WHO) publishing an EHR manual for lower- and middle-in-
come countries (LMICs) more than a decade ago.2 National
EHRs are a high priority in high-income countries and there
has been broad adoption of EHRs across different levels of
healthcare service delivery in these countries. However, the
development and use of modern EHR systems in LMICs are
nascent or nonexistent.3 EHRs enable the capture, analysis,
use, and exchange of patient-level data for both patient care

and population health management.415 Yet, LMICs have
limited capacity for health data exchange (HDX) across or-
ganizational boundaries.® A recent report by the WHO and
United Nations Children’s Fund highlights the limited or
absence of data exchange capabilities in LMICs.” Interna-
tional donors and governments are increasingly prioritizing
investments to support the use of patient data captured in
EHRs for patient care and their reuse in the aggregate form
for program management. For example, the national digi-
tal health blueprint (NDHB) of the Government of India de-
scribes the vision for developing a digital infrastructure that
will facilitate the collection, exchange, and use of patient
and aggregate health data across the country.8 The World
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Bank’s World Development Report 2021 reiterates the im-
portance of the use and reuse of data for development ef-
forts, including for public health emergencies such as the
COVID-19 pandemic.? However, the evidence needed to en-
able HDX at national and subnational levels in India to sup-
port data use for healthcare service delivery and reuse for
program management is lacking and is compounded by the
scarcity of research evidence on the use and reuse of data
(Figure 1).10

The objectives of this study were to propose an HDX
model for improved maternal health service delivery and
program management at hospital, state, and national lev-
els. The study focused on two research questions, namely
what are the essential design and development require-
ments, and how will the model enable HDX to support the
use and reuse of data for improved maternal health service
delivery and program management at hospital, state, and
national levels?

METHODS
STUDY SETTING

A tertiary care state government hospital (TSGH) in India
was selected as the case study site. State government hos-
pitals are the foundational component of the expected HDX
exchange envisioned at the national level in the country.
National- and state-level health leadership offered their
support for the study, which proved critical for data collec-
tion given the focus on a public health setting and in light
of the COVID-19 pandemic.

STUDY DESIGN AND ETHICS

A qualitative study design was used to document health
data needs, systems, processes, roles, and responsibilities
to enable HDX for improved maternal health service de-
livery (antenatal care, childbirth, and postnatal care) and
program management at the hospital, state, and national
levels. The study was designed to examine and document
data systems and processes inside and outside the hospi-
tals, with a primary focus on the TSGH. The study did not
explore an individual event or cultural phenomenon or de-
velop a theory!l12 as the case study design was ap-
plied.13-15 Moreover, the study did not compare the TSGH
selected with another TSGH inside or outside the state in
which the case study was conducted. Last, the study did not
investigate HDX implementation or how HDX can support
educational and research requirements of the TSGH. A sin-
gle case study was adequate to collect the data required to
answer the research questions and was feasible within the
available time and funding constraints. The Institutional
Review Board (IRB) of the University of North Carolina at
Chapel Hill provided the study with a notification of exemp-
tion from further review (IRB number:19-3200).

SAMPLING PLAN

A total of 20 key informants were purposively selected for
interviews based on their expertise, experience, and will-
ingness to share insights and opinions relevant to the study
objective. The selection process included creating a list of
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Figure 1. Data use for patient care coordination and
reuse of patient data for program, operations,
policy, and population health decision making.

national-, state-, and hospital-level stakeholders following
a review of organizational hierarchy documents and con-
sultation with EHR and health systems experts at national,
state, and hospital levels. These experts were not included
in the study sample. When conducting an interview-based
study that has specific research questions, the experience of
most qualitative researchers has been that little new infor-
mation is generated after interviewing more than 20 peo-
ple.16 Because purposive sampling focuses on identifying
“information-rich” key informants, a total of 20 partici-
pants were purposively selected for the key informant inter-
views (KlIs).17

DATA COLLECTION INSTRUMENT

A KII guide in English and Hindi was developed and tested
with three informants other than the key informants to en-
sure questions were aligned with the research objectives
and appropriate to the study setting in addition to aligning
the terms and concepts used in the guide with how it was
used in practice. The KII guide was administered to gather
information on the essential design and development re-
quirements for an HDX. KIIs are appropriate for collecting
detailed information from key informants with diverse
backgrounds and opinions, and they allow for in-depth and
probing questions.!4 The interviews created a favorable en-
vironment for open conversations about sensitive topics in
a one-on-one setting.

DATA COLLECTION AND ANALYSIS

The KliIs were conducted virtually between April and July
2020 using the Microsoft Skype application to call intervie-
wees on the telephone. The interactive data analysis model
of Miles and Huberman (1994) was adapted to guide the
qualitative data analysis.!8 The model describes analysis
as three concurrent flows of activity: data condensation,
data display, and conclusion drawing/verification. The three
concurrent activities indicate that qualitative data analysis
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is a continuous, iterative process. The qualitative data
analysis used a combination of deductive and inductive
analysis; general inductive analysis predominated. The de-
ductive analysis was guided by key themes identified from
the research questions. Two researchers independently re-
viewed and coded the 20 KII transcripts and identified ap-
propriate themes and discrepancies were addressed through
weekly consultations. They were not limited by predefined
themes. The first researcher was the investigator and the
second had experience and expertise in conducting qualita-
tive research in the Indian state of Uttarakhand. The final
data analysis was conducted using NVIVO 12.0 software.

RESULTS

The study findings are presented under the following sub-
sections: HDX model development process; HDX barriers
and enablers; HDX model; HDX to support the use and
reuse of data; HDX for efficient data collection and report-
ing; integration with registries for clinical care; and inte-
gration with research registries.

HDX MODEL DEVELOPMENT PROCESS

Model development followed a systematic and iterative de-
sign process. The steps involved the review of available lit-
erature, an initial exploration with key informants, and in-
depth qualitative data collection to develop and draft the
HDX model. The draft model was presented for review and
feedback to two key stakeholders during a one-to-one video
conference meeting. One meeting was conducted with a for-
mer government national maternal and child health pro-
gram expert. The second stakeholder was a senior hospital
administrator who also had clinical responsibilities.

HDX BARRIERS AND ENABLERS

The case study findings showed that the systems, processes,
and stakeholder roles and responsibilities associated with
data collection, storage, reporting, and use were unclear
and fragmented. Multiple government programs, such as
the National Health Mission, a national health program,
Janani Suraksha Yojana (JSY)—a safe-motherhood pro-
gram—and Ayushman Bharat-Pradhan Mantri Jan Arogya Yo-
jana (PMJAY), a national health insurance program, were
collecting data from the TSGH in parallel. Moreover, the
findings revealed duplication of effort in the collection,
storage, and sharing of individual and aggregate data in the
hospital and with outside government agencies and depart-
ments. Patient health records were captured in disparate
systems during registration, admission, billing, and transfer
(RADT); in inpatient care coordination and procedures; and
in external interactions with providers and other healthcare
stakeholders. The current EHR system and processes added
to the burden of the clinical and administrative workforce.
Patient health records were used by clinical providers to
plan and deliver healthcare services, and patient data were
used by administrators, insurance providers, and financial
incentive programs to track the delivery of services (in-
cluding financial incentives) and to measure health pro-
gram coverage across different population groups. The ag-

gregated patient and administrative data were used for
operational, administrative, policy, and program manage-
ment decisions. The results highlight the importance of
standardizing clinical workflows, defining minimum EHR
data requirements, and establishing data collection, report-
ing and exchange standards. As one key informant (K 1)
mentioned:

“T use data to determine the clinical, research, and teach-
ing workload and deploy the staff accordingly.”

Affirming the benefit of EHRs for both patients and
providers, one key informant (K 5) said:

“It will be easy for them and will be easy for us. So, patient
will not have to carry health records all the time. If there is
a concern from [an]other hospital, they can easily see what
happened. If there is a complication in delivery and the
patient comes to you after two years, you have the record
to see what happened and how it was treated. If they do
not come, they can take the record wherever they want to

go. »

The findings showed that that many different types of
data were collected during a patient’s interactions with
clinical providers and other healthcare professionals in the
hospital. Table 1 shows that the EHRs included information
on patient demographics, diagnosis, problem lists, family
history, allergies, immunizations, medications, procedures,
laboratory data, vital signs, past medical history, radiology
reports, and utilization. Social data, such as income level
and education, were also captured because they confirm a
patient’s eligibility for health insurance.

HDX MODEL

The model presented in Figure 2 shows how different work-
flows in the hospital can be connected through an EHR
network to create an EHR for a patient by adopting and
using standardization by design—from the beginning—as
described in the Electronic Health Record (EHR) Standards
for India (2016). As shown in Figure 2, the EHR network in-
tegrates data from administrative, billing, clinical, nursing,
laboratory, pharmacy, and radiology systems in which pa-
tient data are captured. A key informant (K 8) said:

“So, the main thing is that the data are with us. We have
all these data we can connect them. If you are patient
7273, all the labs that we have done, and CT-scan for that
patient and other data are in our computers, we can con-
nect them and the patient has the unique identification
number, we can transfer them. We can do it systemati-
cally. So, for example, we start with pathology and then we
start transferring the image in one system.”

The model also shows how de-identified aggregate data
can be extracted from the EHRs using export, transform,
and load (ETL) processes for reporting and different deci-
sion-making purposes in the hospital and at state and na-
tional levels. Aggregate data can be stored in a state-level
data warehouse. In addition, the model shows how EHRs
can be exchanged with other healthcare networks through a
state HDX which is part of the national health information
architecture. The HDX model discussed in this paper offers
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Table 1. EHR data types in the hospital

# Data type Example

1 Demographics age, sex/gender, race

2 Diagnoses diagnosis, severity, medical history

3 Problem list active diagnosis, resolved diagnosis

4 Medical history past procedures, diagnoses, medication, lab, radiology
5 Family history familial disorders, risk factors

6 Allergies food and medication allergy

7 Immunization DTaP,HepB

8 Medications prescriptions written, [FA

9 Procedures inpatient, outpatient

10 Lab orders/values CBC results, HbA1C levels

11 Vital signs BMI (weight and height), blood pressure, body temperature
12 Radiology reports radiology, pathology, and other reports

13 Utilization cost, hospitalization

14 Social data income level, education

15 Discharge summary inpatient summary report

BMI = Body Mass Index; CBC = Complete Blood Count; DTaP = Diphtheria, Tetanus, & acellular Pertussis; HbAlc = Hemoglobin Alc; HepB = Hepatitis B; IFA = Iron Folic Acid

Hospital-patient encounter
generates: data

External provider network

Administration (RADT) Coordination of -
care S
- HDX
Cd
Health insurance/billing 4 Health Ila,’,
-
ad ETL (Export, transform, and load)
Clinical A
Electronic De-identified
> aggregate data

health record

Nursing Electronic health record (data warehouse)
network (integrates data
from systems capturing l,
Laboratory patient data)
Hospital operation
and management
Radiology
Pharmacy
Data reporting and sharing Data reporting and sharing
with state-evel with national-level
departments/agencies departments/agencies

Figure 2. The proposed HDX model.

a bottom-up and user-centered (providers are the primary and promoting the use of data for decision making. For ex-
users) HDX development model. The hospital is the main ample, Aadhar (Unique Identification) has become a de facto
focus, which can positively impact the adoption and use standard for accessing public services. A key informant (K
of EHRs. The model assumes that the EHR development 18) said:

process will adopt the standards recommended in the na-
tional EHR guidance document of India. The adoption of
standards is critical for ensuring data quality, facilitating
data harmonization and integration across different EHRs,

“I mean everything in India, which has succeeded to any
level, it has happened when the demand was created from
[the] bottom. And I am not referring to iPhones. I am talk-
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ing about Aadhar system. Why did I get my Aadhar done?
Why should I stand in line and you will get this? One of
this is benefits. The other one is that once I have Aadhar
no more all this JHANJAT OF YE PAPER LAAO VO PAPER
LAAO (trouble of bringing this paper and that paper doc-
ument). I will just give my Aadhar ID, and I am done.”

HDX TO SUPPORT USE AND REUSE OF DATA

The HDX model is expected to facilitate the operationaliza-
tion of the HDX vision proposed for the federated health
information architecture of India. As a foundational com-
ponent of the HDX, EHRs will enable the use of data for
patient care and will support management and adminis-
trative decisions at the hospital, state, and national levels.
Our findings show that interorganizational data exchange
requirements were not well defined or well documented.
They are often confounded with intraorganizational data
exchange, which can result in report-led data collection and
sharing rather than focusing on the use of data for decision
making. The HDX model presents how to balance interor-
ganizational and intraorganizational data exchange and the
varying data use needs.

HDX FOR EFFICIENT DATA COLLECTION AND REPORTING

Figure 3 shows how the proposed interorganizational HDX
can improve data collection and reporting efficiency, and
enable patients to control and manage their health records.
Data collected through patient encounters are accessed and
used by hospital administrators, and by JSY and PMJAY
teams. They also feed into the state health services dash-
board, in addition to reporting to the state health agency
and the state health mission. The EHR will allow individual
patients to access their health records and store them in
the MyHealth portal. Last, the hospital can allow patients
to use the My Hospital Online Registration System (ORS)
for scheduling appointments at the hospital once the TSGH
completes the onboarding process.

INTEGRATION WITH REGISTRIES FOR CLINICAL CARE

The findings highlight that the national government is
working to create national registries, such as a doctor reg-
istry, a health facility registry, and a registry for unique
health IDs. The model allows the linking, integration, and
merging into relevant registries. In addition, the personal
health records proposed under the National Digital Health
Mission (NDHM), a national initiative to create the inte-
grated digital health infrastructure of India, may leverage
data contained in EHRs by integrating with the EHR to allow
for real-time or near real-time data exchange, or by linking
with the EHR to allow periodic transfers of data into the
registries. The decision about whether and how to incorpo-
rate data from EHRs is complex and should be guided by
many factors, including the purpose and scope of the reg-
istries and the availability of the necessary data elements
in an EHR. The TSGH may also create internal registries for
diseases and other public health purposes, which can lever-
age EHRs by deploying ETL processes. Figure 4 shows the
proposed approach to integrating EHRs with internal and
national registries to facilitate clinical care.

Uttarakhand
Health
Services
Dashboard
Aggregate Data My Hospital
Warehouse ORS
Electronic Health
Record
Hospital I5Y  |——p|  StateHealth
Mission
My Health
Record i
Hospital PMJAY SHA/PMIAY

Coordination

Figure 3. HDX for efficient data collection and
reporting.
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Figure 4. Integration with registries for clinical care.

One of the shortcomings of this research was that the
study did not focus on exploring and describing the per-
spectives of researchers and educators given the scope and
time limitations. Therefore, use of EHR data for research
did not emerge as an important theme. However, key infor-
mants did mention research because it is one of the respon-
sibilities of clinicians who are involved in clinical research
and practice, given that the hospital is associated with a
medical college.

Highlighting the value of EHRs for research, a key infor-
mant (K 8) said:

“It takes more than a year for a resident doctor to collect
data for research work, which is an important requirement
of the post-graduate education. Availability of and access
to electronic health data will make life easier.”

INTEGRATION WITH RESEARCH REGISTRIES

Figure 5 shows how EHR development at the TSGH can
strengthen the use of clinical data for research purposes by
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facilitating the creation of a research registry. A research
registry can harness available data systems for health insur-
ance, drugs, and surveys (e.g., a national family and health
survey), and it can integrate with lab and patient-generated
data in the future.

To support the use of data captured in EHRs for clinical,
administrative, and program management purposes, a
health data governance framework is required. As one of the
key informants (K 20) said:

“What we try to do before we digitize data, we created a le-
gal framework for data privacy. So, we have drafted some-
thing called [the] digital information security bill. So, as
per the act, the right of data resides with that person. So, if
you are going to a hospital for consultation, lab test, etc.,
the data belong to that patient. Which means that if the
hospital decides to do anything with the data other than
providing care for that patient, it requires permission from
the patient.”

The development of EHRs at the TSGH, and their poten-
tial implications for integration with research and clinical
care registries, will be guided by appropriate data gover-
nance regulatory frameworks, such as the Digital Informa-
tion Security in Health Care Act (DISHA) 2018. The purpose
of the DISHA is to provide a regulatory framework for the
generation, collection, storage, analysis, transmission, and
ownership of patient health data and personally identifiable
information. Once implemented, the DISHA will allow the
extraction of data from EHRs for care coordination, pro-
gram management, and research purposes in a safe and se-
cure way.

DISCUSSION

Recent digital health strategy and guidance documents
published by international organizations promote the
adoption of digital health technologies, such as EHRs, to
facilitate patient-centered care delivery and data exchange
for program management and policy development.l920
There is a global focus on the use and reuse of data, as
highlighted in the World Bank’s World Development Report
2021. EHRs are one of the key pillars for achieving the vision
of a national HDX that includes state- and facility-level
HDX capacity. Although an effective and efficient electronic
HDX is an important health system strengthening goal for
most countries, there is wide variation in what countries
have been able to achieve, especially in LMICs like India.2!
The HDX model presented here shows how different
workflows in hospitals can be connected through an EHR
network to create an EHR for a patient. The EHR network
can integrate patient data from administrative, billing, clin-
ical, nursing, laboratory, pharmacy, and radiology systems.
The model overcomes barriers associated with fragmented
data collection systems and processes, care coordination,
data quality, and access to patient health records. Moreover,
it can reduce the data entry burden on hospital staff and
enable clinical providers to plan and deliver healthcare ser-
vices. The model also shows how de-identified aggregate
data can be extracted from the EHR through ETL processes
for reporting and different decision-making purposes in the
hospital and at state and national levels. Aggregate data can
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Figure 5. Integration with research registry at the
TSGH.

be stored in a state-level data warehouse. In addition, the
model presents how EHR data can be exchanged with other
healthcare networks through a state-level HDX proposed in
the federated health information architecture of India. The
model allows the linking, integration, and merging into a
registry because the NDHM has proposed the creation of a
health ID, a doctor registry, and a facility registry. The per-
sonal health records proposed under the NDHM may lever-
age data contained in EHRs by integrating with the EHR
network to allow for real-time or near real-time data ex-
change and by linking with the EHR network to allow the
periodic transfers of data into the registry. The decision
about whether and how to incorporate data from EHRs is
complex and should be guided by many factors, including
the purpose and scope of the registry and the availability
of the necessary data elements in an EHR. The proposed
model offers hospitals a focused EHR development model
that can positively impact the adoption and use of EHRs
by overcoming information system design barriers and con-
tribute to improved data quality and data use.22

The study findings and the proposed HDX model fulfill
the requirements for a health information exchange (HIE)
outlined in a recent study,2! which compared the status of
HIEs in six countries, including India. The study used ex-
emplar HIE scenarios focusing on the transfer of care and
referral, and mentioned that HIE requires electronic med-
ical record systems or other systems to gather clinical in-
formation (at both the point of capture and at the recipi-
ent organizations), incentives, secure networks for HIE, and
appropriate policy and regulatory environments. The study
showed that India had partial or inconsistent implemen-
tation of systems and processes for capturing and shar-
ing health information, legal and ethical frameworks, and
that it had only minimally implemented incentives and se-
cure networks for electronic HIE (Figure 6). Although the
HDX model fulfills the requirements for an HIE, it is im-
portant to highlight that tertiary care hospitals in a state
and across the states vary in their technical and financial
capacity, healthcare priorities, patient demography and so-

Journal of Global Health Reports 6


https://www.joghr.org/article/24949-standard-health-data-exchange-model-enables-the-use-and-reuse-of-data-to-improve-maternal-health-programs-and-services-a-case-study-from-india/attachment/63447.jpg

Standard health data exchange model enables the use and reuse of data to improve maternal health programs and services: a...

s'::fd:;::;oﬁ::m :::Ilﬁ':el:;:o?;a:ﬁm Incentives for Secure medium for  Legal and ethical
SATLEES LR exchange exist exchange framework exist
China o0 [ X ] ® o0 L
England [ 1 T ] [ 1 1] L 1 ) [ 1 1] [ 1 X ]
India L 1] L 1 ] L ] L] o0
Scotland (X X ] [ 1] 00 (11} L X X ]
Switzerland L1 [ 1 ] o0 [ 1 1] [ 1 T ]
United States [ 1 T ] [ 1 1] [ ] [ 1 ] aee

Dots indicates the the extent to which these requirements have been met in each country,
3= Fully implemented 2=Partial or inconsistent implementation 1= Very little implementation 0 =

Absent

Figure 6. Requirements for clinical information exchange and their status in six countries.

cioeconomic status, and data use cultures.23 The HDX im-
plementation framework must address organizational,
technological, cultural, social, economic, and political di-
mensions, which often drive or hamper the development,
use, and governance of EHRs and HDX.24

The findings of our study are aligned with research stud-
ies that emphasize the importance of robust processes to
generate functional requirements to design, deploy, and
evaluate systems; functional issues are at the core of the
success or failure of electronic medical record systems.24:25
Moreover, the proposed model showcases how to apply the
principles of federated architecture, which requires that
health data and applications at the state level hold patient
data at the point of care in a system of record, and is reliant
on state-level data fiduciaries and the exchange of health
information through links with the facility and national lev-
els.8

CONCLUSIONS

As India continues to expand its digital heath infrastructure
to facilitate inter-organizational health data exchange, the
development and implementation of an HDX must build ef-
ficiency in data management and support the use of data
for quality healthcare delivery and continuous program im-
provement. The continuous quality improvement in patient
care and programs will depend on how EHRs are under-
stood, designed, governed, and scaled in the national HDX.
Therefore, aligning EHR development strategies around a
common HDX framework, as exemplified by the NDHB of
India, will be valuable because it offers policy and financial
incentives to achieve the goal of inter-organizational HDX
at national, state, and facility levels. The results will also
enable researchers to validate and/or modify the model
when developing inter-organizational HDX and will guide
future research in this domain.

ACKNOWLEDGMENTS

The authors are thankful to the Ph.D. dissertation commit-
tee members for their guidance, support, and constructive
feedback throughout the research study.

FUNDING
The study did not receive any funding.
AUTHORSHIP CONTRIBUTIONS

The authors contributed substantially to the study, from
conception and design through its conclusion. Their contri-
butions include analysis and review of the resulting data,
and the composition and critical review of the article to en-
sure the integrity of its intellectual content. The authors
have provided final approval of the manuscript to be sub-
mitted.

COMPETING INTERESTS

The authors completed the Unified Competing Interest
form at www.icmje.org/coi_disclosure.pdf (available upon
request from the corresponding author) and declare no
competing or conflicts of interest with this study.

CORRESPONDENCE TO:

Manish Kumar, Ph.D.

Carolina Population Center | University of North Carolina-
Chapel Hill

123 W Franklin St, Suite 330, 3" Floor, Chapel Hill, North
Carolina, United States of America 27516

Email: manishk@unc.edu

Submitted: May 09, 2021 GMT, Accepted: June 11, 2021 GMT

Journal of Global Health Reports 7


https://www.joghr.org/article/24949-standard-health-data-exchange-model-enables-the-use-and-reuse-of-data-to-improve-maternal-health-programs-and-services-a-case-study-from-india/attachment/63448.jpg
http://www.icmje.org/coi_disclosure.pdf
mailto:manishk@unc.edu

Standard health data exchange model enables the use and reuse of data to improve maternal health programs and services: a...

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-
mons.org/licenses/by/4.0/legalcode for more information.

Journal of Global Health Reports



Standard health data exchange model enables the use and reuse of data to improve maternal health programs and services: a...

REFERENCES

1. Liaw ST, Zhou R, Ansari S, Gao J. A digital health
profile & maturity assessment toolkit: cocreation and
testing in the Pacific Islands. ] Am Med Inform Assoc.

2021;28(3):494-503. doi:10.1093/jamia/ocaa255

2. World Health Organization. Regional Office for the
Western Pacific. Electronic Health Records: Manual for
Developing Countries. WHO Regional Office for the
Western Pacific; 2006.

3. World Health Organization. Global Diffusion of
EHealth: Making Universal Health Coverage Achievable.
Report of the Third Global Survey on EHealth. World
Health Organization; 2016.

4. Syzdykova A, Malta A, Zolfo M, Diro E, Oliveira JL.
Open-source electronic health record systems for
low-resource settings: systematic review. JMIR Med
Inform. 2017;5(4):e44. doi:10.2196/medinform.8131

5. Jawhari B, Ludwick D, Keenan L, Zakus D, Hayward
R. Benefits and challenges of EMR implementations
in low resource settings: a state-of-the-art review.
BMC Med Inform Decis Mak. 2016;16(1). doi:10.1186/s
12911-016-0354-8

6. Kirk K, McLain T, Dakouo SP, Abuna T, Sripad P.
Introduction of digital reporting platform to integrate
community-level data into health information
systems is feasible and acceptable among various
community health stakeholders: A mixed-methods
pilot study in Mopti. ] Glob Health. 2021;11:07003. do
i:10.7189/jogh.11.07003

7. World Health Organization (WHO) and United
Nations Children’s Fund (UNICEF). Protect the
Progress: Rise, Refocus and Recover. 2020 Progress
Report on the Every Woman Every Child Global Strategy
for Women’s, Children’s and Adolescents’ Health
(2016-2030. WHO and UNICEF; 2020.

8. Ministry of Health and Family Welfare (MOHFW),
Government of India. National Digital Health
Blueprint. MOHFW; 2019.

9. World Bank. World Development Report 2021: Data
for Better Lives. World Bank; 2021.

10. Pasquetto IV, Randles BM, Borgman CL. On the
reuse of scientific data. Data Sci J. 2017;16:1-9. doi:1
0.5334/dsj-2017-008

11. Khan S. Qualitative research method: grounded
theory. Int ] Bus Manag. 2014;9(11):224-233. doi:10.5
539/ijbm.von11p224

12. Mcleod R, Laws K. Case study and grounded
theory: sharing some alternative qualitative research
methodologies with systems professionals. Published
online 2004. https://www.semanticscholar.org/paper.
Case-study-and-grounded-theory-%3A-Sharing-som
e-with-McLeod-Laws/0c9984659342d356f4dbdf5dcOf
€7732c18fa936

13. Creswell JW. Qualitative Inquiry and Research
Design: Choosing among Five Approaches. SAGE
Publications; 2013.

14. Creswell JW, Poth CN. Qualitative Inquiry and
Research Design: Choosing among Five Approaches.
SAGE; 2018.

15. Mfinanga FA, Mrosso RM, Bishibura S. Comparing
case study and grounded theory as qualitative
research approaches. Int J Latest Res Humanit Soc Sci
(IILRHSS). 2019;2(5):51-56.

16. Green ], Thorogood N. Qualitative Methods for
Health Research. SAGE Publications; 2004.

17. Palinkas LA, Horwitz SM, Green CA, Wisdom JP,
Duan N, Hoagwood K. Purposeful sampling for
qualitative data collection and analysis in mixed
method implementation research. Adm Policy Ment
Health. 2015;42(5):533-544. doi:10.1007/s10488-01

3-0528-y

18. Miles MB, Huberman AM. Qualitative Data
Analysis: An Expanded Sourcebook. Sage; 1994.

19. African Union. The digital transformation strategy
for Africa (2020-2030. Published 2020. https://www.s
outhsouth-galaxy.org/publications/the-digital-transf
ormation-strategy-for-africa-2020-2030

20. World Health Organization (WHO). Digital
Implementation Investment Guide: Integrating Digital
Interventions into Health Programmes. WHO; 2020.

21. Payne TH, Lovis C, Gutteridge C, et al. Status of
health information exchange: a comparison of six
countries. / Glob Health. 2019;9(2):204279. doi:10.718

9/jogh.09.020427

22. Kumar M, Gotz D, Nutley T, Smith JB. Research
gaps in routine health information system design
barriers to data quality and use in low- and middle-
income countries: a literature review. Int | Health
Plann Manage. 2018;33(1):e1-€9. doi:10.1002/hpm.24
47

Journal of Global Health Reports


https://doi.org/10.1093/jamia/ocaa255
https://doi.org/10.2196/medinform.8131
https://doi.org/10.1186/s12911-016-0354-8
https://doi.org/10.1186/s12911-016-0354-8
https://doi.org/10.7189/jogh.11.07003
https://doi.org/10.7189/jogh.11.07003
https://doi.org/10.5334/dsj-2017-008
https://doi.org/10.5334/dsj-2017-008
https://doi.org/10.5539/ijbm.v9n11p224
https://doi.org/10.5539/ijbm.v9n11p224
https://www.semanticscholar.org/paper/Case-study-and-grounded-theory-%3A-Sharing-some-with-McLeod-Laws/0c9984659342d356f4dbdf5dc0fc7732c18fa936
https://www.semanticscholar.org/paper/Case-study-and-grounded-theory-%3A-Sharing-some-with-McLeod-Laws/0c9984659342d356f4dbdf5dc0fc7732c18fa936
https://www.semanticscholar.org/paper/Case-study-and-grounded-theory-%3A-Sharing-some-with-McLeod-Laws/0c9984659342d356f4dbdf5dc0fc7732c18fa936
https://www.semanticscholar.org/paper/Case-study-and-grounded-theory-%3A-Sharing-some-with-McLeod-Laws/0c9984659342d356f4dbdf5dc0fc7732c18fa936
https://doi.org/10.1007/s10488-013-0528-y
https://doi.org/10.1007/s10488-013-0528-y
https://www.southsouth-galaxy.org/publications/the-digital-transformation-strategy-for-africa-2020-2030/
https://www.southsouth-galaxy.org/publications/the-digital-transformation-strategy-for-africa-2020-2030/
https://www.southsouth-galaxy.org/publications/the-digital-transformation-strategy-for-africa-2020-2030/
https://doi.org/10.7189/jogh.09.020427
https://doi.org/10.7189/jogh.09.020427
https://doi.org/10.1002/hpm.2447
https://doi.org/10.1002/hpm.2447

Standard health data exchange model enables the use and reuse of data to improve maternal health programs and services: a...

23. Aqil A, Lippeveld T, Hozumi D. PRISM framework:
a paradigm shift for designing, strengthening and
evaluating routine health information systems.
Health Policy Plan. 2009;24(3):217-228. doi:10.1093/h

eapol/czp010

24. Fritz F, Tilahun B, Dugas M. Success criteria for
electronic medical record implementations in low-
resource settings: a systematic review. ] Am Med
Informatics Assoc. 2015;22(2):479-488. doi:10.1093/ja
mia/ocu038

25. Brender ], Talmon ], de Keizer N, Nykdnen P,
Rigby M, Ammenwerth E. STARE-HI - statement on
reporting of evaluation studies in health informatics:
explanation and elaboration. Appl Clin Inform.
2013;4(3):331-358. doi:10.4338/aci-2013-04-ra-0024

Journal of Global Health Reports

10


https://doi.org/10.1093/heapol/czp010
https://doi.org/10.1093/heapol/czp010
https://doi.org/10.1093/jamia/ocu038
https://doi.org/10.1093/jamia/ocu038
https://doi.org/10.4338/aci-2013-04-ra-0024

	Background
	Methods
	Findings
	Conclusions
	METHODS
	Study setting
	Study design and ethics
	Sampling plan
	Data collection instrument
	Data collection and analysis

	RESULTS
	HDX model development process
	HDX barriers and enablers
	HDX model
	HDX to support use and reuse of data
	HDX for efficient data collection and reporting
	Integration with registries for clinical care
	Integration with research registries

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Funding
	Authorship contributions
	Competing interests
	Correspondence to:

	References

