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Abstract

Background: The health system (HS) is characterized by its complexity and the interconnectivity of its various components, which
can lead to unpredictable outcomes when faced with changes in the environment. Understanding these interactions is crucial for
effective management and improvement of the system. To navigate this complexity, this study emphasizes the importance of adopting
a real-world perspective and utilizing system modeling techniques. These approaches allow for a thorough analysis of the current state
of the HS and enable the testing of different policy alternatives to identify potential improvements. Ultimately, the aim of the research
is to pinpoint the key components and drivers within the HS. By modeling the dynamics of these elements, the study aims to provide
insights that can inform better decision-making and enhance the overall effectiveness of health care delivery.

Methods: We designed a mixed methods study in 4 phases, consisting of sequential quantitative and qualitative analyses. In the first
phase, to create a comprehensive and holistic view, we will identify key variables and indicators in the HS within the framework of the
Balanced Scorecard framework (BSC), which includes population & population health; service delivery; financing; growth &
development; and governance & leadership, through a review of documents and a scoping review. In the second and third phases of the
study, using a foresight and systemic approach, expert opinions will be purposefully gathered through cross-impact analysis (CIA) and
scenario writing to identify key drivers and levers of Iran's HS and obtain compatible future scenarios. Finally, in the quantitative
phase of the study, based on the outputs of the previous phases, a dynamic model of the HS will be designed in the Vensim software,
and the current situation along with other possible scenarios for the system will be examined for a period of 10 years.

Conclusion: It is anticipated that the results of this study could offer a methodological foundation for formulating the health
component of the Islamic Republic of Iran’s economic, social, and cultural development plan, intended for use by the Ministry of
Health, Treatment, and Medical Education.

Keywords: Systems Analyses, Systems Approach, Systems Thinking, System Dynamics Analysis, Complexity Analyses

Conflicts of Interest: None declared
Funding: This study is part of a doctoral dissertation funded by an internal grant from Kerman University of Medical Sciences. The study did not receive any external
financial support.

*This work has been published under CC BY-NC-SA 4.0 license.
Copyright© Iran University of Medical Sciences

Cite this article as: Emami M, Haghdoost AA, Yazdi-Feyzabadi V, Khedmati Morasae E, Mehrolhassani MH. A Study Protocol for the Macro-
analysis of Iran's Health System with System Dynamics Approach. Med J Islam Repub Iran. 2025 (16 Jul);39:95. https://doi.org/10.47176/mjiri.39.95

Corresponding author: Dr Mohammad Hossein Mehrolhassani, mhmhealth@kmu.ac.ir T What is “alrea dy known” in this topic:

Health systems (HS) are intricate social constructs that respond
unpredictably to changes in their environment. To effectively
predict their behavior, a thorough analysis of both the HS and its
external factors is essential. Numerous studies have systematically
examined each of the various HS issues.
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framework, which takes into account various dimensions of the HS.
The cross-impact analysis method plays a crucial role in this
framework by assessing the dependencies and influences among key
components of the system. By visualizing these relationships in a
diagram, it becomes easier to understand how different elements
interact and affect one another.

Dynamic system modeling further enhances this understanding by
creating stock and flow diagrams that quantify the HS's dynamics.
By equating these diagrams, the model can predict the system's state
over time. This comprehensive modeling approach allows for better
forecasting and management of HSs, ultimately leading to improved
outcomes.
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Introduction

Improving public health is the primary goal of govern-
ment policy in every country, regardless of its level of
economic development, although public health signifi-
cantly impacts economic competitiveness; healthier indi-
viduals possess greater physical and mental capabilities,
are more productive and creative, and contribute to the
economic growth of society (1).

A health system encompasses a wide array of organiza-
tions, institutions, resources, and individuals dedicated to
enhancing health outcomes. This system operates through
a blend of public health strategies and healthcare facilities
that cater to personal health needs, involving both gov-
ernmental and nongovernmental entities. To effectively
deliver health services, the system must provide preven-
tive, promotional, curative, and rehabilitative care. These
interventions should be accountable and equitable, ensur-
ing that individuals are treated with dignity. The success
of a health system relies on its ability to integrate various
components, including staff, funding, information, sup-
plies, and transportation, while maintaining effective
communication and overall strategic direction (2).

Health systems (HSs) face issues such as sharply rising
costs associated with safety, quality, and equity; an aging
population; epidemiological changes; and increased public
awareness and expectations (3). Therefore, this sector
must continuously strive to improve performance, provide
services, and operate according to community needs to
sustain itself (4). Enhancing the performance of HSs re-
quires systematic examination of information-based per-
formance and thorough analysis of these systems to design
effective strategies (3). Consequently, many countries at
various levels of development interact with the World
Health Organization (WHO) to improve their HS perfor-
mance by exchanging ideas and experiences in key areas
to refine and adjust their development programs (5). In
this context, the WHO states that although no HS is per-
fect, understanding the system in its current form allows
us to gain a comprehensive picture of how it functions and
the interactions of its components in maintaining health
(6).

The foundational structure of Iran’s HS was initiated in
1905 and underwent formal institutionalization with the
establishment of the Ministry of Health in 1941. This
structure evolved further with the creation of the Ministry
of Health and Welfare in 1975. In response to persistent
public health challenges and suboptimal health indicators
compared with international standards, the Iranian gov-
ernment implemented a nationwide health network in
1983, grounded in the principles of primary health care
(PHC). Subsequently, in 1985, stewardship of the national
health system was officially assigned to the Ministry of
Health, Treatment, and Medical Education (MoHME),
consolidating health service delivery with medical educa-
tion and policy oversight.

At the provincial level, medical sciences universities are
responsible for both delivering health services and training
human resources in the healthcare sector. Iran’s HS is

2 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2025 (16 Jul); 39:95.

structured around a network of urban and rural health cen-
ters, each serving designated populations and providing
services across the 3 levels of disease prevention. When
necessary, patients are referred from these centers to spe-
cialized and subspecialty hospitals. Although this network
was originally designed to address the country’s major
health issues, it has faced ongoing challenges related to its
structure, processes, and overall performance since its
inception (7). Key issues include limited economic access
to healthcare for certain population groups, a lack of ap-
plied data and research to support policy-making, insuffi-
cient intersectoral coordination, and weak management at
both the network and referral system levels (8). Conduct-
ing a thorough review and analysis of the system presents
a valuable opportunity to identify emerging needs and
effectively address existing gaps (7).

HSs represent prototypical human organizations that in-
tegrate diverse professional roles and disciplinary domains
within highly complex and dynamic operational contexts.
Their behavior is shaped by nonlinear interactions, adap-
tive self-organization, and emergent properties, all of
which underscore the inherent complexity of managing
such systems (9). To examine the complexity of the HS
and its changes in accordance with community needs and
environmental conditions, comprehensive and evidence-
based understanding and analysis of the HS is essential to
evaluate all functions and operations concerning objec-
tives in a holistic and coherent view. Various frameworks,
methods, and tools have been proposed, among which the
Balanced Scorecard framework (BSC) is an effective tool
for considering and comprehensively evaluating perfor-
mance while taking into account different dimensions and
parameters (10). To put it differently, the BSC is the supe-
rior and most thorough framework across four dimen-
sions: financial, internal processes, growth and learning,
and customer. It provides crucial insights into both inter-
nal and external factors affecting the organization and its
success (11).

While the BSC offers a holistic framework for assessing
performance and exploring causal linkages among organi-
zational dimensions, its application within HSs presents
greater complexity due to their dynamic and multifaceted
nature. As a result, there has been a notable surge in
scholarly interest over the past 2 decades in areas such as
systems thinking, complex adaptive systems, and systems
science within the HS. Despite this growing body of lit-
erature, the majority originates from high-income coun-
tries, highlighting a significant gap in the application and
exploration of these concepts in low- and middle-income
settings. Most existing studies emphasize conceptual de-
velopment or the use of systems thinking as a means to
enhance HS performance (12).

Beyond the importance of adopting a comprehensive
performance framework such as the BSC and embracing a
systems-oriented perspective, strategic decision-making
and foresight planning have also emerged as critical areas
of focus among HS stakeholders (13). In HSs, a set of
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factors that are not always predictable influences out-
comes. Therefore, to understand the future and create a
sense of control and stability, scenario analysis and the
use of other predictive tools for strategic planning are rec-
ommended (14).

Creating scenarios allows for the reexamination of the
structure and boundaries of the existing HS and also helps
understand the nature and role of stakeholders in pursuing
sustainable HSs. By synthesizing the results of key uncer-
tainties, a set of scenarios emerges that indicates that fu-
ture HSs may differ significantly from current states,
thereby enhancing policymakers' and stakeholders' under-
standing of this area. Consequently, scenarios can elevate
the understanding of policymakers and planners regarding
the HS's governance uncertainties and provide insights for
managing these uncertainties through the transformation
of existing systems (15).

A growing body of research in Iran has applied the sys-
tem dynamics (SD) approach to various domains within
the HS, highlighting the relevance and versatility of this
methodology. For instance, Mehrjerdi (2012) conducted a
study exploring the interrelated effects of body weight,
dietary behavior, physical activity, body fat percentage,
medication use, and associated health conditions (16).
Another investigation focused on modeling the dynamic
interactions between production and pricing mechanisms
in the pharmaceutical sector (17). In addition, Baibordy et
al developed a SD-based model to evaluate and enhance
human resource productivity within the HS of East Azer-
baijan province (18). Bastan et al (2018) examined occu-
pational health and safety management, uncovering com-
plex feedback mechanisms through causal loop analysis
(19). Yousefinejad et al analyzed the insurance sector,
highlighting potential future deficits in insurance funds
and challenges in financing medical expenses (20).

Collectively, the reviewed studies highlight the increas-
ing recognition of systems thinking within health research,
with dynamic modeling emerging as a vital tool for ana-
lyzing, understanding, and addressing complex health-
related challenges. By utilizing data and identifying key
variables, researchers have been able to conduct experi-
ments and evaluate policy options, leading to the devel-
opment of scenarios aimed at improving health outcomes.
This methodological rigor underscores the potential of SD
to inform decision-making in the HS.

What sets the current project apart is its integration of
the BSC framework, which allows for a comprehensive
examination of the HS's dimensions. As a result, consider-
ing the role of governance in achieving health on the one
hand, and the complex nature of HSs and the necessity of
adopting a comprehensive, systemic, and forward-looking
perspective to enhance HS performance on the other hand,
it is suggested to use a combination of CIA scenario writ-
ing methods based on SD within the framework of the
fourth generation BSC. This approach would not only
allow for macro and systemic analysis of the HS but also
facilitate future-oriented decision-making, strategy formu-
lation, and its operationalization, thereby laying the
groundwork for developing HS programs in each country.

Methods

Study Design

This study adopts a sequential transformative mixed-
methods design, structured into 4 distinct phases.

In the initial phase, key macro-level variables pertinent
to the HS are identified through a comprehensive scoping
review and document analysis. These variables are subse-
quently classified using the BSC framework to ensure
systematic categorization.

During the second phase, the previously identified vari-
ables are transformed into a structured questionnaire for-
mat and distributed among academic experts and profes-
sionals with specialized knowledge in HS-related issues
and dimensions. Concurrently, by utilizing the CIA meth-
od within the MICMAC software environment, the driv-
ing forces and uncertainties influencing Iran’s HS are de-
termined, alongside mapping their interdependencies.

In the third phase, potential and desirable future scenar-
ios are constructed based on the level of significance and
uncertainty associated with leverage and driving variables.
This is achieved through the application of Scenario Wiz-
ard software, which facilitates scenario development
grounded in expert input and systemic relationships.

Finally, in the fourth phase, a system dynamics model is
developed using Vensim software. This quantitative mod-
eling process incorporates causal relationships between
variables derived from earlier phases and aligns them with
the objectives outlined in the sixth national health devel-
opment program. The model aims to simulate both current
and ideal states of the HS across various plausible scenar-
ios over a 10-year horizon (see Figure 1 and Appendix 1
for further details).

Research Methods

In this study, the BSC framework has been used to iden-
tify and categorize key components in each of the dimen-
sions of the HS while considering the causal relations be-
tween them.

The BSC, introduced by Kaplan and Norton in 1992,
has been the most important tool for strategy implementa-
tion over the past decade and has evolved through 4 gen-
erations over time. In the first generation, the multitude of
defined indicators was the main challenge of this model,
which was addressed in the second generation. The abun-
dance of indicators and the lack of dependency and causal
relationships between them posed a challenge in the sec-
ond generation of the BSC, which was resolved with the
introduction of the third generation and the emergence of
strategy-oriented concepts, strategy maps, and strategic
alignment. However, the biggest challenge organizations
faced in implementing the BSC was the inability to opera-
tionalize and somehow link strategies with organizational
operations, a challenge that was also addressed in the
fourth generation. The strategy map in the fourth genera-
tion defines a coherent architecture of strategies and solu-
tions across different perspectives, along with illustrating
the causal relationships between them (21).

According to the BSC framework and dimensions of the
HS, a proposed comprehensive model for monitoring and
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Figure 1. Study phases according to different stages of dynamic system design

evaluation of the system was extracted, aiming to enhance
communication and provide a clear context for planning,
implementation, and supervision within the HS. The mod-
el comprises 5 key components: governance and leader-
ship, population health, service delivery, financing, and
infrastructure (growth & development). Each component
plays a crucial role in the overall functionality and effec-
tiveness of the HS (10).

The method is designed based on phases and stages of
study, beginning with a document review stage. During
this stage, relevant documents, laws, regulations, reports,
and programs related to the operational domain of the HS
are examined to identify the influencing variables and
indicators in each dimension of the BSC, which are then
analyzed content-wise.

During the scoping review stage, articles are retrieved
from selected databases using predefined search strategies
(Appendix 2). The process of identifying keywords begins
with selecting highly relevant terms, which are then ex-
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panded by incorporating synonyms and related concepts
associated with SD in HSs, informed by expert input and
supplementary online searches. Following the initial
search within the defined time frame, duplicate records are
removed using EndNote, and irrelevant studies are ex-
cluded based on title and abstract screening. The remain-
ing articles are classified into 3 categories based on their
relevance to the research topic: fully relevant, partially
relevant, and irrelevant. Full texts of the fully and partially
relevant articles are reviewed to confirm their alignment
with the study objectives, and key insights from each are
extracted and organized. To ensure consistency and mini-
mize inter-rater variability, the initial screening and re-
view process is conducted by a single reviewer. Each se-
lected article is then carefully analyzed to identify key
concepts. Data from the included studies are analyzed
using a framework analysis approach. A 2017 study, for
instance, offers a BSC framework for HS performance
monitoring, adapted from the WHO’s global model (10).
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After completing the data extraction table, two researchers
independently code the data and identify emerging
themes. Any disagreements in coding or thematic classifi-
cation are resolved through group discussions with the full
research team to achieve consensus.

In the second phase of the study, experts with signifi-
cant experience in systemic health management will be
selected through purposive sampling. These individuals
will be selected based on academic experience (more than
ten years of experience, academic rank of associate pro-
fessor or higher) and executive experience (employment at
the national and provincial levels in various departments
of the system). The aim is to gather diverse perspectives
from 12 knowledgeable experts who are willing to partici-
pate in the research.

In this phase, the CIA method will be used to collect
and analyze data, which is considered part of soft systems
thinking approaches. CIA is a very useful tool for qualita-
tively analyzing complex issues and identifies those varia-
bles that play a significant and notable role in the system's
future development (22). Thus, the application of systems
thinking—through the analysis of interrelationships
among health system components and their contextual
influences, as well as the assessment of cross-impacts—
enables a comprehensive evaluation of the potential out-
comes of policies and interventions (23).

This phase will be designed and implemented in three
stages. In the first stage, a list of key variables derived
from the scoping review and examination of documents is
compiled. In the second stage, the identified variables will
be presented to experts in the form of a questionnaire for
scoring. The questionnaire will be designed to include
criteria such as “data reliability,” “measurability,” “data
availability,” and “clarity of the factor,” aimed at facilitat-
ing the selection and prioritization of key components.
These will be rated using a 5-point Likert scale (1 = very
low, 2 = low, 3 = moderate, 4 = high, 5 = very high). In
addition, two other dimensions— “level of importance”
and “degree of ambiguity or unpredictability of the fac-
tor”—will be assessed on a 10-point scale, in order to
evaluate their influence on the future achievement of
community health in Iran and the associated uncertainty
surrounding these factors.

In parallel with the completion of the questionnaire, and
based on the number of identified key variables, a cross-
impact matrix will be constructed in Excel. This matrix
will be populated through a series of structured expert
meetings conducted in multiple rounds. During these ses-
sions, participants will be asked to assess the influence of
each variable (row) on every other variable (column) by
assigning a score ranging from 0 to 3. In this scoring sys-
tem, O indicates no impact, 1 denotes a weak impact, 2
reflects a moderate impact, and 3 represents a strong im-
pact.

Subsequently, the completed cross-impact matrix will
be imported into the MicMac software. This tool allows
for the analysis of both direct and indirect relationships
among variables. In addition to mapping direct interac-
tions, MicMac utilizes a specialized algorithm to deter-
mine the strategic positioning of each variable within

maps of direct and indirect influence. In the third stage of
the analysis, variables exhibiting both high significance
(with a Likert score >7) and considerable uncertainty
(with a score above or near 5) will be identified. Specifi-
cally, variables located in the upper-left quadrant and
above the diagonal in the lower-left quadrant of the Mic-
Mac influence map—often referred to as secondary lev-
ers—will be selected. These key driving forces will then
be transferred into the Scenario Wizard software for sce-
nario development in the next phase of the study.

Within the Scenario Wizard software, the mutual influ-
ence of different uncertainty/driving force alternatives is
evaluated, and through statistical analysis, coherent and
plausible future scenarios for the system under study are
generated. The software utilizes a Cross-Impact Balance
(CIB) matrix, which is populated using expert input from
the health sector. Experts assign scores ranging from -3 to
+3, where -3 represents a strong constraining influence, -2
indicates a moderate limiting effect, -1 reflects a weak
negative influence, 0 denotes no influence, +1 signifies a
weak positive effect, +2 represents a moderate reinforcing
effect, and +3 indicates a strong reinforcing impact. Ulti-
mately, the final scores from the participants will yield
compatible future scenarios in the health domain, and the
validity of the outputs will be assessed by referring to ex-
pert opinions. In writing the scenarios, efforts will be
made to utilize qualitative insights from experts to sys-
tematically analyze the status of each driver and the key
factors related to that driver within the context of each
identified scenario, utilizing the qualitative opinions and
insights of experts.

In the fourth phase of the study, system thinking and
dynamic systems modeling methods will be used. Data
collection for this model will involve secondary data from
surveys, articles, and expert meetings, with the analysis
conducted using Vensim software.

Systems thinking offers a novel perspective for analyz-
ing complex phenomena and integrates a diverse array of
tools and methodologies. In the health sector, certain sys-
tem-oriented practices—such as cross-sectoral and inter-
disciplinary collaboration—have already been adopted to
some extent and institutionalized to varying degrees. Con-
sequently, systems thinking serves as a valuable frame-
work for enhancing HSs and evaluating strategic interven-
tions (24). Among the most important systems thinking
approaches that have significant applications in the health
sector is complexity theory (25, 26). Within this frame-
work, dynamic systems modeling emerges as an appropri-
ate approach for tackling the dynamic complexity inherent
in numerous public health challenges. The dynamic sys-
tems approach involves developing computer simulation
models that depict accumulation and feedback processes,
allowing for systematic testing of effective policies (27).
The goal of dynamic systems is to provide a conceptual
model with the structure of complex systems for managers
so they can intervene to ensure behavior aligns with objec-
tives (28). Given that the complexity of interactions
among all dimensions of the HS is evident to everyone
today, addressing these challenges is essential for achiev-
ing an efficient and effective HS. Modeling systems with
http://mjiri.ilums.ac.ir
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new dynamic modeling techniques that consider many key
variables in measurement and analysis is of great im-
portance (29).

In this study, the findings from the second and third
phases, along with indicators associated with the health
development program, will serve as the basis for con-
structing stock-and-flow diagrams and developing the
dynamic systems model. Once the stock-and-flow struc-
tures are established, mathematical equations correspond-
ing to the variables will be formulated using the general
structure outlined below. Subsequently, the HS dynamic
model will be implemented.

Xi(t+dt)= Xi(t)+Ri(t)-Ro(t))dt

In other words,

X=INTEG(R;-R,, X(0))

. X: stock variable

. Ri: input rate variable to the stock variable

. Ro: output rate variable from the stock variable
. X(0): initial value of the stock variable

The study will explore various simulations, considering
both desirable and undesirable scenarios to assess poten-
tial changes in health indicators during a decade. These
changes will be informed by existing research and discus-
sions held during Focus Group Discussions (FGDs).

Finally, the model will project the future state of Iran's
HS during ten years, comparing the current situation with
various scenarios. The outcomes will be presented through
tables and graphs, providing a clear visualization of the
expected changes in health indicators based on the simula-
tions conducted.

Quality Assurance

This study focuses on establishing trustworthiness by
adhering to Lincoln and Guba's assessment criteria, which
emphasize the importance of credibility and dependability
in research. The researchers are committed to executing
the four phases of the study meticulously to ensure that
the findings are reliable and valid.

To maintain objectivity, the researchers strive to gather
information without bias or personal influence, aligning
their efforts with the overarching goals of the research.
This commitment to impartiality is crucial for producing
credible results that can be trusted by stakeholders.

The outcomes of this study will culminate in the devel-
opment of information software and a dashboard that can
be utilized across various levels, including national, pro-
vincial, and regional. This practical application under-
scores the significance of the research in contributing val-
uable tools for decision-making and analysis.

Discussion

This study sought to develop a comprehensive, analyti-
cal, and forward-looking framework for Iran’s HS strategy
and methodology by encompassing all key components
and functions—namely, financing, resource generation,
service provision, and governance. Recognizing the com-
plex, ambiguous, and uncertain nature of the HS and the
necessity for a holistic perspective, the research adopts a
futures-oriented and systems-based approach. Its objective
is to generate concrete representations and credible, di-
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verse narratives of plausible and coherent future scenarios
for Iran’s HS. With the necessary features for adopting a
futures-oriented and systemic approach to the research
topic, including complexity, ambiguity, uncertainty, and
the need for holism, the study aims to provide tangible
images and credible, diverse narratives of potential and
consistent future scenarios for the HS in Iran. Thus, it is
expected that this study will identify the driving variables
and key uncertainties in Iran's HS within the BSC frame-
work, and based on this, extract probable and desirable
scenarios in the system. Subsequently, by designing a dy-
namic system model, the current and ideal states will be
illustrated over 10 years. It is hoped that the output of this
study will provide a roadmap for changing and improving
the performance of the HS for the MoHME. In addition,
the status of each component in each diagram, while being
influenced by other system components, can help the poli-
cymaker to obtain policy alternatives to improve the sys-
tem status, or the dynamic environment produced in this
software can act as an information dashboard to measure
the indicators and policies considered by the policymaker.

This study emphasizes the importance of ethical consid-
erations, particularly in protecting the intellectual property
of the researchers during the scoping review phase. The
authors have adhered to ethical standards by avoiding pla-
giarism, dual publication, and ensuring the integrity of
data without distortion or fabrication in the initial phase of
the study.

Ethical Considerations

This study emphasizes the importance of ethical consid-
erations, particularly in protecting the intellectual property
of the researchers during the scoping review phase. The
authors have adhered to ethical standards by avoiding pla-
giarism, dual publication, and ensuring the integrity of
data without distortion or fabrication in the initial phase of
the study.

Coordination efforts were made to schedule meetings
and secure consent from participants for recording ses-
sions, highlighting the importance of transparency and
participant involvement. This process is crucial for foster-
ing trust and ensuring that participants are fully informed
about the research's purpose and nature.

Confidentiality is a key focus, with measures in place to
protect participants' personal details and opinions. The
researchers are committed to maintaining respect for par-
ticipants' rights and ensuring that their information re-
mains confidential throughout the study.

Study Limitations

The research on identifying influential components and
their interrelationships within the HS is currently lacking
both nationally and internationally. To address this gap,
the study will involve a thorough review of the existing
literature on each dimension of the HS, followed by focus
group discussions to explore the relationships among these
components using the BSC framework.

Access to relevant research may be limited due to po-
tential restrictions on databases and journals not included
in the MoHME's subscriptions. This limitation could hin-
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der the ability to obtain critical articles that are essential
for a comprehensive understanding of the HS components
and their interactions.

The complexity of the study's fourth phase, which in-
volves modeling a dynamic system, may lead to challeng-
es such as errors and interruptions in the work process. To
mitigate these issues, the research team plans to consult
with experts in SD and seek online training to enhance
their understanding and execution of the modeling pro-
cess.

Conclusion

This study aims to identify the key drivers and their
complex interrelationships within Iran’s HS, while con-
sidering national contextual factors and developmental
goals. Using system dynamics modeling via Vensim soft-
ware, the research provides policymakers with a robust
analytical tool to assess, prioritize, and implement targeted
health interventions and policies in a systematic and in-
formed manner.

Additionally, the integration of a real-time monitoring
dashboard strengthens decision-making capacity by ena-
bling continuous tracking of critical health indicators and
simulating the potential impacts of various policy alterna-
tives. This innovation promotes more agile, evidence-
based, and adaptive HS planning, thereby enhancing the
system’s ability to respond effectively to evolving public
health challenges.
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Appendix 1. Study protocol for macro analysis of the Iranian HS with a systems approach

Expected Output Data analysis method Data source and collection Theoretical Frame-
method work/General Research
Methodology at Each
Stage
1 .Determining the main indi- Content analysis method Review of laws, regula- Document Review Stage | Phase
cators of the HS in the Popula- tions, reports and programs one One
tion and Population Health related to the functional
Dimension, area of health
2 .Determining the main indi-
cators of the HS in the Service
Delivery Dimension,
3 .Determining the main indi-
cators of the HS in the growth
and development
/infrastructures dimension
4 .Determining the main indi-
cators of the HS in the financ-
ing dimension,
5 .Determining the main indi-
cators of the HS in the dimen-
sion of governance and lead-
ership (stewardship),
1 .Determining the main vari- Framework analysis method Articles searched in the Scoping Review Stage
ables/components of the HS in period 1975-2020 based on two
the Population and Population selected strategies from the
Health Dimension; sites in question
2 .Determining the main vari-
ables/components of the HS in
Service Delivery Dimension;
3 .Determining the main vari-
ables/components of the HS in
the growth and development
/infrastructures dimension,
4 .Determining the main vari-
ables/components of the HS in
the financing dimension,
5 .Determining the main vari-
ables/components of the HS in
the dimension of governance
and leadership (stewardship),
1. Extraction of key drivers Questionnaire scoring based on 1. Developing a question- Cross Impact Analysis Phase Two
and uncertainties in the Irani- Likert scale and completing the naire and completing it XCIA(
an HS matrix based on the degree of based on a survey of ex-
2. Identification of the sus- influence and impact of variables perts
tainability status of the Iranian and analyzing the output of the 2. Completing the cross-
HS MicMac software based on the impact matrix in Excel
location of variables in the map of | software based on a survey
direct and indirect impacts of experts and entering it in
the MicMac software
Extraction of compatible Completing the CIB matrix based Completing the cross- Scenario development Phase Three
future scenarios in the HS on the degree of influence and impact-balance (CIB)
impact of each of the uncertain- matrix in Scenario Wizard
ty/driving alternatives on each software based on a survey
other of experts
1. Simulation of the current Dynamic modeling of the Iranian Designing stock and flow Dynamic modeling of Phase Four
state of the Iranian HS in the HS in each of the BSC dimensions diagrams in the Vensim the Iranian HS
next ten years and comparison in each view of the software, per- software
with other possible situa- forming mathematical equations
tions/scenarios and, as a re- for each variable based on second-
sult, the possibility of chang- ary data and a survey of experts
ing and improving the situa- and simulating the base state of the
tion system between 2021-2031 and
simulating different states of the
system based on a survey of ex-
perts
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Appendix 2. Structured search method of databases and findings obtained in preliminary search based on the names of the studied databases

Keywords

Database name

(dynamic OR dynamics OR “system dynamics” OR "Dynamic model" OR "Nonlinear Dynamics" OR "Complex sys-
tem") AND ("health center" OR "medical services" OR Hospitals OR "medical institution" OR "clinic" OR infirmary
OR sanatorium OR "nursing home" OR "convalescent home" OR "Health system" OR hospice) AND (financing OR
"financial performance" OR "financial ratio" OR "financial affairs" OR funding OR resource generation OR subsidy
OR health information system OR financial OR “human resources” OR "financial state" OR "cash flow" OR budget
OR cost OR payments OR “equipment & drugs” OR “leadership & governance” OR “health services delivery” OR
“health provision” OR stewardship OR “consumer health” OR “population health”)

Scopus

(dynamic OR dynamics OR “system dynamics” OR "Dynamic model" OR "Nonlinear Dynamics" OR "Complex sys-
tem") AND ("health center" OR "medical services" OR Hospitals OR "medical institution" OR "clinic" OR infirmary
OR sanatorium OR "nursing home" OR "convalescent home" OR "Health system" OR hospice) AND (financing OR
"financial performance" OR "financial ratio" OR "financial affairs" OR funding OR resource generation OR subsidy
OR health information system OR financial OR “human resources” OR "financial state" OR "cash flow" OR budget
OR cost OR payments OR “equipment & drugs” OR “leadership & governance” OR “health services delivery” OR
“health provision” OR stewardship OR “consumer health” OR “population health™)

Web of Science

(dynamic OR dynamics OR “system dynamics” OR "Dynamic model" OR "Nonlinear Dynamics" OR "Complex sys-
tem") AND ("health center" OR "medical services" OR Hospitals OR "medical institution" OR "clinic" OR infirmary
OR sanatorium OR "nursing home" OR "convalescent home" OR "Health system" OR hospice) AND (financing OR
"financial performance" OR "financial ratio" OR "financial affairs" OR funding OR "fesource generation” OR subsidy
OR 'health information system ”OR financial OR “human resources” OR "financial state" OR "cash flow" OR budget
OR cost OR payments OR “equipment & drugs” OR “leadership & governance” OR “health services delivery” OR
“health provision” OR stewardship OR “‘consumer health” OR “population health”)

PubMed

(dynamic OR dynamics OR “system dynamics” OR "Dynamic model" OR "Nonlinear Dynamics" OR "Complex sys-
tem") AND ("health center" OR "medical services" OR Hospitals OR "medical institution" OR "clinic" OR infirmary
OR sanatorium OR "nursing home" OR "convalescent home" OR "Health system" OR hospice) AND (financing OR
"financial performance" OR "financial ratio" OR "financial affairs" OR funding OR resource generation OR subsidy
OR health information system OR financial OR “human resources” OR "financial state" OR "cash flow" OR budget
OR cost OR payments OR “equipment & drugs” OR “leadership & governance” OR “health services delivery” OR
“health provision” OR stewardship OR “consumer health” OR “population health”)

Embase

Dynamic system (In Persian)+ health sector (In Persian)

Simulation (In Persian)+ health sector (In Persian)

System dynamics (In Persian)+ health sector (In Persian)

Magiran

Dynamic system (In Persian)+ health sector (In Persian)

Simulation (In Persian)+ health sector (In Persian)

System dynamics (In Persian) + health sector (In Persian)

SID
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