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Abstract: The burden of type 2 diabetes mellitus (T2DM) and hypertension (HTN) has increased
worldwide in recent decades, particularly in low- and middle-income countries (LMICs). In these
countries, health systems often struggle to provide effective health care services for the management
of chronic conditions. We have developed a study protocol with the aim of conducting a realist
review to delve into the complexities behind the management of T2DM and HTN in LMICs. First, we
have developed a causal loop diagram (CLD) serving as the initial program theory to represent the
health system drivers associated with the effective (or ineffective) management of T2DM and HTN.
Next, we will search, select, appraise, extract and analyze the relevant evidence. This evidence will
be used to refine and extend the initial program theory to transform it into a middle-range program
theory. This will then be verified through Group Model Building (GMB) sessions. The evidence
will be summarized applying RAMESES (Realist And MEta-narrative Evidence Syntheses: Evolving
Standards). In combining a systems thinking approach with a realist approach to program evaluation,
we aim to unravel the mechanisms that govern the management of T2DM and HTN, and the relation
between health system-related factors, which lead to outcomes, in different contexts.

Keywords: realist approach; systems thinking; health care services; type 2 diabetes; hypertension;

low- and middle-income countries

1. Introduction

Over the last few decades, there has been a marked escalation in the prevalence of
diabetes mellitus (DM), largely driven by a continuous rise in the incidence of type 2 DM
(T2DM) cases. In 2021, there were around 537 million people aged between 20 to 79 years
with DM globally, and 80% of this population resided in low- and middle-income countries
(LMICs) [1,2]. DM and hypertension (HTN) are tightly interlinked because of similar risk
factors. Moreover, there is substantial overlap between the cardiovascular disease (CVD)
complications of DM and HTN [3]. HTN occurs in over 50% of diabetics and is a major
contributor to both micro-vascular and macro-vascular disease in DM. Around 40% of
people over the age of 25 years have HTN and two thirds of them live in LMICs [4]. Patients
who have both DM and HTN have a four times higher risk of developing CVD compared
to individuals who are non-diabetic and normotensive [5].
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Although the burden of T2DM and HTN has been increasing, the control of these
conditions remains unsatisfactory in many LMIC contexts [6,7]. This highlights the fun-
damental need for the provision of integrated and effective healthcare services for these
conditions. In response, there have been efforts to initiate approaches at the primary care
settings [8] and integrated programs to address the concurrent management of T2DM
and HTN. However, the provision of efficient and effective healthcare services for chronic
conditions depends on numerous entities and factors within a complex and adaptive
health system.

To further disentangle and better understand the mechanisms that drive behaviors and
outcomes in complex systems, a set of holistic and dynamic approaches is essential. Systems
thinking can help to unravel complex issues and explain dynamic non-linear behaviors. It
involves a specific way of thinking to uncover the underlying causes of problems through
a set of tools [9,10]. Causal loop diagrams (CLDs) are one of the powerful systems thinking
tools that can be used to visualize and model the various interactions among system parts
and the cause—effect linkages to address problems. The CLD structure comprises system
elements (variables), and elucidates the polarities of links between elements, non-linear
relationships, feedback loops and time delays. Feedback loops are considered a key element
in CLDs as their identification helps us to visualize certain structural drivers for behavior
that stakeholders want to promote or destabilize. Feedback loops are considered to be either
reinforcing or balancing loops. A reinforcing loop is characterized by a self-reinforcing,
amplified behavior, which explains directional change through growth or decline over time,
perpetuating desirable (virtuous) or undesirable (vicious) cycles of action. A balancing loop
exhibits stabilizing behavior over time, directing the loop to an equilibrium state [9,11,12].
CLDs provide valuable insight for key stakeholders by the visualization of complex system
behavior [13], including the identification of drivers for problematic system behavior and
leverage points, which can be targeted to produce desired system outcomes [14]. One
source of data for the development of CLDs is secondary data, such as evidence identified
through systematic or realist reviews [15].

A realist synthesis is a research approach that considers the implementation of complex
intervention programs, taking into account the various mechanisms that lead to outcomes
across different contexts [16,17]. It involves identifying, unpacking and understanding
underlying mechanisms and exploring how intervention programs work under certain
conditions, corresponding to the Context-Mechanism—Outcome (C-M-O) configuration.
The underlying mechanism is a fundamental entity that generates specific outcomes in par-
ticular contexts. It encompasses the components of a program and the way that individuals
respond to and interact with these components. Contexts are the factors in the environment
of a program such as cultural norms, demographics and individual and organizational
characteristics that may activate or deactivate the mechanisms and affect the outcomes.
Understanding the interaction and relationship between the context and mechanisms is
vital to explain how and why the program works. Outcomes are intended or unintended
results according to context-mechanism interactions, e.g., the effectiveness of a program
and health outcomes [18].

The realist synthesis begins with the development of an initial program theory that
explains how a complex phenomenon works. The initial program theory should identify
the key mechanisms and how they interact with each other to produce the outcomes. Once
the initial theory has been developed, a full review of the evidence is conducted with
the aim to test the hypotheses generated by the theoretical framework, and to refine it to
propose a revised theoretical framework (the middle-range program theory) [19-21].

In this study, we will combine the ability of realist reviews to identify the evidence-
based mechanisms of health system behavior, with a system thinking method such as
CLD, to better visualize and capture complex system phenomena. We hope to further
understand the key health providers-related system factors (supply side) and the response
of patient-related system factors (demand side) with regard to the management of T2DM
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and HTN, including the identification of mechanisms that may facilitate or hinder the
control of blood sugar and blood pressure outcomes in these populations.

Thus, we will try to address questions regarding “what works (supply side), for
whom (demand side), how (the underlying mechanisms) and under what circumstances
(different contexts).

More specifically, we will seek to answer the following questions:

What are the key characteristics of the management of T2DM and HTN in LMICs?
What programs have been implemented for the management of T2DM and/or HTN
in LMICs?

e  What are the mechanisms of T2DM and/or HTN management that lead to outcomes
in different contexts?

2. Materials and Methods

The study will be conducted in several steps following Pawson et al.’s methodol-
ogy [21], namely, (1) articulating the initial program theory, (2) searching for evidence,
(3) selection and appraising documents, (4) extraction of data and data analysis, (5) synthe-
sis of findings and (6) developing a middle range theory.

We have categorized the steps of the realist review in the three following phases:

First phase: conceptualization of the initial program theory to address the complexity
of T2DM and HTN management in LMICs using a CLD.

Second phase: search, selection, appraisal, extraction of evidence regarding programs
for T2DM and HTN management in LMICs.

Third phase: analysis of data and development of the middle range theory, i.e., a
revised CLD and then validation through Group Model Building (GMB) sessions.

2.1. First Phase: Conceptualization of the Initial Program Theory to Address the Complexity of
T2DM and HTN Management in LMICs Using a CLD

We have developed a CLD as the initial program theory based on the research team'’s
prior knowledge and preliminary review of evidence on barriers of T2DM and HTN
healthcare services’ management in LMICs. We mapped out the causal structures using
Vensim (Figure 1). The preliminary reviewed evidence was mainly qualitative studies on
perspectives of patients and healthcare providers regarding the management of T2DM
and HTN in LMICs (Appendix A, Table A1). We categorized our initial findings into two
categories (1) demand side: patient-related system factors, and (2) supply side: healthcare
providers-related system factors (Table 1).

Table 1. Drivers of T2DM and HTN treatment based on the preliminary gathered evidence.

Categories

Drivers Examples

Awareness Awareness of population affected by T2DM and HTN

Patients adopting treatment procedure

Patient-related system factors Acceptability Patients” willingness to attend the health facilities
(demand side) Seeking care Seeking for alternative sources such as herbal medicine and private care
Aff s Financial burden due to medications and medical supplies, examination
ordability pyy ]
fees, healthcare visits and transportation fees
Lack of essential clinical facilities for DM care
Availabili Out of stock of medicines and supplies
ty Shortage of equipment and laboratory services
Shortage and/or turnover of healthcare workers
Accessibility Distance from health facilities (geographical distance)
Healt}11 Ca.rcff Providers related system factors Knowledee Knowledge of healthcare professionals on DM and HTN care
(supply side) & Providing patients with sufficient information
Compliance Compliance of health professionals to clinical guidelines
Timeliness Long waiting time due to providers” work load
Integration Discontinuity between health center and district facilities

Fragmented healthcare pathways and referrals
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Figure 1. Conceptual CLD (the initial program theory) for the management of T2DM and HTN,
showing the cause—effects relations between supply side (in black) and demand side (in navy blue)
that create reinforcing (R) and balancing (B) feedback loops (tick arrows).

2.2. Second Phase: Search, Selection, Appraisal, Extraction of Evidence Regarding Programs for
T2DM and HTN Management in LMICs

The following phases will be conducted according to Paswson and colleagues’ method-
ology for a realist review. Pawson and colleagues assert that the process of a realist review
should be rigorous and transparent. However, a realist review is more iterative and could
be more challenging from a methodological standpoint [17,20]. Thus, in order to make
the process of the realist review in this study rigorous and transparent, the review will
be reported according to the Realist And Meta-narrative Evidence Syntheses (RAMESES)
standards [22,23].

2.2.1. Search for Studies

The search strategy will be developed with the assistance of an information specialist
and using the combination of medical subject headings (MeSH) and keywords. A range
of terms related to T2DM and HTN care such as “healthcare services”, “program”, “care
model”, “type 2 diabetes”, “hypertension”, and their synonyms is searched. The search will
be restricted to studies conducted in LMICs according to the World Bank. The electronic
databases including MEDLINE (PubMed), the Cochrane Central Register of Control Trials
(CENTRAL), Web of Science (Core collection), Embase will be searched. In addition,
reference lists from reviewed publications, in order to identify further appropriate and
relevant publications, will be searched. The search will include articles published in the
last 10 years, from 2013 to 2023, and various types of studies, including descriptive studies,
experimental and quasi-experimental studies such as randomized controlled trials (RCTs),
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non-randomized controlled trials and controlled before and after studies, observational
studies such as cross-sectional, qualitative and mixed methods and case studies.

2.2.2. Selection and Appraisal:

Studies with the following criteria will be included in the review:

The criteria for inclusion of studies in the review are mentioned here. A system level
program targeting healthcare services for management of T2DM and/or HTN incorporat-
ing at least two components from WHO health system building blocks including health
workforce, medical products, technologies, health information systems, leadership and
governance, financing [24]. The program must be implemented in primary and secondary
healthcare facilities. It must target adults with T2DM and/or HTN living in LMICs who
receive health care services at the health facilities and from key stakeholders such as health-
care professionals providing healthcare services at health facilities for T2DM and/or HTN
in LMICs. People with conditions other than T2DM and/or HTN in LMICs, people who
are not directly involved in T2DM and/or HTN care services at health facilities, and people
from high-income countries (HICs) are excluded.

Moreover, the included evidence also must describe mechanisms. A mechanism is
the interaction between the components of a program that determines a specific outcome
in different LMIC contexts. Accordingly, we include descriptive studies, which describe
mechanisms that lead to the management of T2DM and /or HTN. We also extract outcomes
from analytical studies about the clinical effectiveness of programs (blood sugar and blood
pressure control).

Next, the included evidence will be appraised before the extraction of data. In terms
of the appraisal of the quality of, relevance and validity of research articles, we will use
the Critical Appraisal Skills Program (CASP) checklist for each peer-reviewed study [25].
Two reviewers will be involved in the quality assessment. Any disagreements between the
two reviewers will be discussed and resolved by consensus. When consensus cannot be
reached, a third reviewer will support the process.

2.2.3. Extraction of Data

All literature will be exported to the reference manager Endnote X9 and then Covi-
dence, where the duplicates are removed. The initial screening will be conducted based on
the titles and abstracts. Then, full-text screening of extracted data will be assessed according
to inclusion and exclusion criteria. Two independent authors will screen full texts to deter-
mine their eligibility for the inclusion criteria. The last author will assist in resolving any
disagreement through a third review and after discussion with the review team. Studies
which are in accordance with the inclusion and exclusion criteria will be included in the
final list. Data will be exported to a Microsoft Excel 2022 spreadsheet. We will capture
information on general study characteristics such as the title, authors, publication year,
study setting, study period, study population, methods, types of programs, description
of mechanisms, contexts and outcomes related to management of T2DM and HTN. More
specifically, a study must describe at least two components representing different WHO
health system building blocks so that we can extract the interactions between the compo-
nents, denoted as mechanisms. (e.g., shifting of healthcare tasks to lay healthcare workers
to address the shortage of physicians, the use of mobile health technologies for activities
such as patient counseling and medication adherence to improve access). In addition, a
study must identify outcomes (e.g., blood glucose and blood pressure control) and possibly
the contexts (e.g., lay healthcare workers potentially understanding the cultural dynamics
of a particular setting, the organizational dynamics of healthcare providers).

2.3. Analysis of Data and Development of the Middle Range Theory, i.e., a Revised CLD and then
Validation through Group Model Building (GMB) Sessions

The data analysis will create the middle-range program theory to identify what works,
for whom, how and under what circumstances. The eligible evidence will be examined to
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find out how categorized programs and mechanisms related to the management of T2DM
and HTN affect the cause—effects in the initial program theory. An iterative and explanatory
approach to the synthesis of the data will be adopted. We will use a thematic synthesis
of descriptive studies [26]. The middle-range program theory according to analysis and
interpretation of the eligible literature will be drawn in the revised CLD.

The constructed CLD requires a validation to mitigate potential unconscious bias.
Validation can be carried out through stakeholder dialogue, Group Model Building (GMB)
sessions, and using secondary sources such as organization reports or policy documents [15].
Furthermore, the link between context and mechanisms and outcomes is essential for guid-
ing policy makers in making effective and targeted decisions that enhance interventions [13].
Therefore, the modified CLD as a middle-range theory can be adapted in LMIC settings
based on context-specific variations. The differences across countries may arise from socio-
economic status, socio-demographic characteristics, political, cultural and organizational
situations and other contextual factors. Considering the key relationship between context
and mechanisms, Group Model Building (GMB) is an appropriate approach in various
settings to adjust the theoretical CLD. GMB is a participatory and collaborative technique
through actively engaging people in the modeling process [27]. The insights and feedback
gained from participants during the sessions will adapt, refine and shape the causal loop
diagram. In this study, we will validate and adapt the theoretical CLD through GMB
sessions with key related stakeholders including healthcare professionals and patients with
T2DM, HTN and both conditions in the context of Iran’s health system (Isfahan province).

3. Expected Results

This protocol describes the steps of a realist review to unpack the complexity of
healthcare services’ provision for T2DM and HTN in LMICs. The combination of a realist
review and CLD is an appropriate way to explore the complexity and dynamics of the
management of non-communicable diseases. Adopting a holistic and systemic lens will
enable us to obtain a rich understanding of the cause—effect drivers that impede or facilitated
the control of T2DM and/or HTN by addressing questions on “how”, “why” and “under
what circumstances”, according to Context-Mechanism—Outcome (CMO).

We will extract the components of a program, mechanisms resulting from the interac-
tion of the program components, and the outcomes of the management of T2DM and HTN
in different contexts in LMICs. We expect to have a categorization of the implemented
programs in LMICs for both conditions (integrated T2DM and HTN programs) and spe-
cific programs for each condition. Furthermore, we will identify the commonalities and
differences across the mechanisms, based on extracting the components linked to the WHO
building blocks in various LMICs, and highlight the contextual variations. Particularly,
we will capture the mechanisms that are likely to function similarly in different contexts.
Thus, the similar patterns (causal mechanisms) across different LMIC settings will be char-
acterized. We will then develop a refined CLD, which will include the mechanisms for
effective (or ineffective) T2DM management, HTN management, and similar mechanisms
for both conditions. The modified theoretical CLD will have the flexibility to be applied
in different LMIC settings. Through participatory model building workshops involving
key stakeholders, the model will be verified and adjusted based on the problem at hand
and the variation in social, demographical, economic and cultural characteristics. In this
study, the findings of the review will be adjusted in the context of Isfahan province, Iran, as
a LMIC setting, through organizing GMB workshops where key stakeholders related to
DM and HTN care will participate.

Author Contributions: Conceptualization, FE., R.C., ET. and D.C.M.; methodology, FE., R.C. and
D.C; software, FE.; formal analysis, EE., R.C., ET. and D.C.M,; investigation, FE., R.C. and D.C.M.;
resources, F.E., R.C. and D.C.M.; data curation, EE.; writing—original draft preparation, FE.; writing—
review and editing, EE., R.C., ET.,, G.F. and D.C.M.; visualization, F.E.; supervision, FT., G.F. and
D.C.M.; project administration, F.E.; All authors have read and agreed to the published version of
the manuscript.
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Appendix A

Table A1l. Studies on factors related to the management of diabetes and/or hypertension in LMICs.

Reference Title Target Condition Study Setting Study Type Year
Bayked, Workneh and Sufferings of its consequences; patients
Kahissay, 2022 with Type 2 diabetes mellitus in North-East Diabetes Ethiopia Qualitative study 2022
[28] Ethiopia, A qualitative investigation
Beran. 2015 The Impact of Health Systems on Diabetes Low- and Lower
[2(’)] Care in Low and Lower Middle Diabetes Middle-Income Literature review 2015
Income Countries Countries
L Constraints faced by urban poor in
Bholam[%]a 1, 2013 managing diabetes care: patients’ Diabetes India Qualitative study 2013
: perspectives from South India
Birabwa, Bwambale, Waiswa Quality and barriers of outpatient diabetes
and Mayega, 2019 care in rural health facilities in Uganda—a Diabetes Uganda Qualitative study 2019
[31] mixed methods study
Qualitative study of pathways to care
Chary [estgl" 2023 among adults with diabetes in Diabetes Guatemala Qualitative study 2023
rural Guatemala
Challenges and opportunities in the
Chukwuma, Gong, Latypova continuity of care for hypertension: a
and Fraser-Hurt, 2019 mixed-methods study embedded in a Hypertension Tajikistan Mixed methods study 2019
[33] primary health care intervention
in Tajikistan
Deké(e’z};ﬁ; Hillgzsiizﬂ;gif;nd A mixed-methods needs assessment of Diabetes and
y ’ adult diabetes mellitus (type II) and . Belize Mixed methods study 2017
[34] h X . X hypertension
ypertension care in Toledo, Belize
Hypertension in Guatemala’s Public
Fort et al., 2021 Primary Care System: A Needs Assessment . -
[35] Using the Health System Building Hypertension Guatemala Qualitative study 2021
Blocks Framework
Hypertension in an Emergency Department
Galson et al., 2023 Population in Moshi, Tanzania; A . . .
[36] Qualitative Study of Barriers to Hypertension Tanzania Qualitative study 2023
Hypertension Control
Gyawali, Ferrario, van Challenges in diabetes mellitus type 2
Teijlingen and Kallestrup, 2016 8es ! o ype Diabetes Nepal Literature review 2016
[37] management in Nepal: a literature review
A Mixed Methods Multicenter Study on the
Habebo et al., 2022 Capabilities, Barriers, and Opportunities for . - .
[38] Diabetes Screening and Management in the Diabetes Ethiopia Mixed methods study 2022
Public Health System of Southern Ethiopia
Barriers to the provision of
Kamvura et al., 2022 non-communicable disease care in Diabetes, hypertension, . L
[39] Zimbabwe: a qualitative study of primary and depression Zimbabwe Qualitative study 2022
health care nurses
Karachaliou, Simatos and The Challenges in the Development of
Simatou, 2020 Diabetes Prevention and Care Models in Diabetes Low-income countries Literature review 2020
[40] Low-Income Settings
Kebede, Hailu, Kabeta and Fact:llltators and batrrlfers forI Iegl'rl}]; dfetectlgn Diabet 4
Mulugeta, 2023 and management of type Il diabetes an rabetes an Ethiopia Qualitative study 2023

[41]

hypertension, Sidama Regional State,
Ethiopia: a qualitative study

hypertension
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Table A1. Cont.
Reference Title Target Condition Study Setting Study Type Year
Patients” experiences on accessing health
Legido-Quigley et al., 2019 care services for management of . Bangladesh, Pakistan A
[42] hypertension in rural Bangladesh, Pakistan Hypertension and Sri Lanka Qualitative study 2019
and Sri Lanka: A qualitative study
Lewis and Newell, 2014 Patients’ perspectives of care for type 2 . -
[43] diabetes in Bangladesh —a qualitative study Diabetes Bangladesh Qualitative study 2014
Mendenball nd Noris 2015 Disbetescare among urban womenin Diabetes Soweto,South Africa  Qualitaive study 2015
Mohseni et al., 2020 Challenges of managing diabetes in Iran: . -
[45] meta-synthesis of qualitative studies Diabetes Tran Qualitative study 2020
A qualitative study of the experiences of
Murphy, Chuma, Mathews, sel?—ar:\eair;derrr;\oetrll\t,Ztrl:cr)\nfoilieaf{)eecttilcv:nd Diabetes and
Steyn and Levitt, 2015 8 X 8 cia X . South Africa Qualitative study 2015
[46] hypertensive patients attending public hypertension
sector primary health care services in
South Africa
Factors Influencing Compliance and Health
Musinguzi et al., 2018 Seeking Behaviour for Hypertension in . -
g (7] Muk(g)no and Buikwe ir}:%gan da: A Hypertension Uganda Qualitative study 2018
Qualitative Study
Mwangome, Geubbels, Klatser Perceptions on diabetes care provision
and Dieleman, 2017 among health providers in rural Tanzania: a Diabetes Tanzania Qualitative study 2017
[48] qualitative study
Nang et al.. 2019 Patients’ and healthcare providers’
g [49] v perspectives of diabetes management in Diabetes Cambodia Qualitative study 2019
Cambodia: a qualitative study
Managing diabetes mellitus with
Pati et al., 2021 comorbidities in primary healthcare Diabetes with . -
[50] facilities in urban settings: a qualitative comorbidities India Qualitative study 2021
study among physicians in Odisha, India
Pati, van den Akker, Schellevis, Management of diabetes patients with Diabetes with
Sahoo and Burgers, 2023 comorbidity in primary care: a abe ES diti India Mixed methods study 2023
[51] mixed-method study in Odisha, India comorbidities
Patient perspectives on hypertension
Perera F;za]l" 2019 management in health system of Sri Lanka: Hypertension Sri Lanka Qualitative Study 2019
’ a qualitative study
. . Patients’ experiences on accessing health
Q]L; ﬁi&?ggiﬁégeﬁga/ care services for management of Hvpertension Bangladesh, Pakistan Qualitative Stud 2019
[42] ! hypertension in rural Bangladesh, Pakistan yp and Sri Lanka y
and Sri Lanka: A qualitative study
Patient trust and positive attitudes hypertensmp (HTN),
Sato et al., 2023 L. X . diabetes mellitus (DM), . L
53] maximize non-communicable diseases and HTN/DM Tanzania Qualitative Study 2023
- management in rural Tanzania L
comorbidity
Determinants of Treatment Adherence and
Sharma et al., 2023 Health Qutcomes in Patients Wlth Type2 Diabetes and . -
[54] Diabetes and Hypertension in a hypertension India Qualitative Study 2023
. Low-Income Urban Agglomerate in Delhi,
India: A Qualitative Study
Barriers and Facilitators to nurse
Vedantha[r;:]t al, 2016 Management of Hypertension: a Hypertension Kenya Qualitative Study 2016
o Qualitative analysis from Western Kenya
Factors associated with the uptake of
. national essential public health service .
Xiong F; :]1" 2023 package for hypertension and type-2 113 1abi:e; aini China Mixed methods study 2023
i diabetes management in China’s primary ypertensio
health care system: a mixed-methods study
Hypertension management in rural
Yan et:;j' 2017 primary care facﬁt;fﬁ;gSZambla: amixed Hypertension Zambia Mixed methods study 2017
study
Challenges to hypertension and diabetes
Chang et al., 2019 management in rural Uganda: a qualitative Diabetes and L
[58] study with patients, village health team hypertension Uganda Qualitative study 2019
members, and health care professionals
Diabetes in Mexico: cost and management . .
Barquera et al., 2013 of diabetes and its complications and Diabetes Mexico L‘ferat‘?m review of 2013
[59] quantitative data

challenges for health policy
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