Accepted in Journal of Health Administration

Application of Game Theory in Health Insurance Policy Making: A Systematic Review and

Policy Recommendations
Mozhde Pourjafar!, Lotfali Agheli%?, Leila Nazarimanesh?

1.PhD Student in Health Economics, Faculty of Economics and Management, Islamic Azad University, SR.C.,
Tehran, Iran. ORCID:0009-0005-2630-1666

2.Associate Professor, Department of Resource Economics, Economics Research Institute, Tarbiat Modares
University, Tehran, Iran. Corresponding Author, aghelik@modares.ac.ir ORCID: 0000-0003-1043-346X

3. Assistant professor, Department of Health Services Management, SR.C., Islamic Azad University, ran®ran.

ORCID: 0000-0003-0713-7942 (b
Abstract b

Introduction: Game theory provides an analytical and effective fr m for strategic
decision-making in the health insurance market and can mode ractions among the actors
in this market. The aim of this study is to conduct a system& 'c%ew of studies conducted on
the application of game theory in health insurance polic -a&g, with a strategic behavior
analysis approach. The importance of this framework is @r\ t in designing insurance policies,
reducing adverse selection, managing moral hazard, gffd gfihancing efficiency and equity in the
health system.

Method: This study followed the PRISMA frafagwork and reviewed 138143 Persian and English
articles published between 2011 and 202 ss major scientific databases, including Scopus,
ScienceDirect, Web of Science, Pub and I[EEE. Data were evaluated using the JBI quality
appraisal checklist. A comparative a tcal approach was then employed to synthesize the
findings and identify shared patterns and key conceptual differences among the studies.

Results: Twenty-four stugi s%e?ncluded in the analysis, indicating that policymaking
grounded in the strategjg, Mfiteyactions among insurance actors can enhance efficiency,reduce
moral hazard and ad @election, improve accessibility, and increase beneficiary satisfaction.
The design of con&ﬁ and incentive—penalty mechanisms further contributes to improving
behavioral ali Yand reducing conflicts of interest.

Conclusigw; Integfating game theory approaches with real data and modeling actors’ behavior
fective tool for health insurance policymakers to allocate resources optimally,
stren social equity, and improve health system productivity. This approach can guide
efficient, equitable, and sustainable policymaking in Iran’s health insurance sector.

Keywords: Game theory, health insurance, policy-making, adverse selection, moral hazard,

social equity

What was already known about this topic:
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e Health insurance systems require coordinated decision-making among insurers, insured
individuals, and healthcare providers to maintain equity and financial sustainability.

e The absence of proper incentive mechanisms often leads to risk-taking behaviors,
unequal access to care, and higher healthcare costs.

e Most health insurance policies in Iran focus on cost control and pay less attention to the
strategic interactions among the main stakeholders. &

What this study added to our knowledge: &

e This study shows that game theory can serve as a practical tool to identif anage
conflicts of interest between insurers and the insured. Q

e Analyzing the strategic behavior of health insurance actors he olicymakers design

p
contracts and policies that ensure both economic efficiency an@ial equity.

e The findings suggest that Iranian health insurance p.oli d incorporate behavioral
and incentive-based models to enhance system e iw and increase beneficiary
satisfaction.

<

Health insurance, as a core instrument of @c policy, plays a vital role in promoting equity,

Extended Abstract

improving access, and managing finagiaPtisk [1,2]. Designing effective policies, however,
requires analyzing strategic interctions among insurers, beneficiaries, and providers [3]. Game
theory has increasingly be @p'c?werful framework for examining competition, cooperation,
and conflicts of intere’@ Ith insurance systems [4], with applications in optimal contract

design [5], fraud a | hazard analysis [6,7], insurer competition [8], insurer—provider

cooperation [S@ ig-data analytics [10].

In Iran, Agsearch has largely focused on qualitative and macro-level policy analyses, while
qu:r%ive modeling remains underutilized [11]. Yet evidence shows that game theory can
predict stakeholder behavior, reduce moral hazard, optimize contracts, and enhance equity and
efficiency in health insurance systems [5,6,12].

Empirical studies highlight its relevance across key domains: moral hazard and welfare loss [6];

resource allocation and patient access [12]; insurer—provider cooperation [9]; information
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asymmetry reduction through big data [10]; patient—provider interaction optimization [13,14];
competitive strategy design [8,15,16]; fraud dynamics [7,6]; and adverse selection mechanisms
[17-19]. Research on optimal contracts further underscores the importance of Pareto-efficient
multi-insurer markets, strategic regulation, and advanced risk-management structures
[5,18,20,21].

Against this backdrop, this article conducts a systematic review of game-theoretic appN &s in
health insurance policy-making, synthesizing existing evidence and identifying pat or

game-theoretic approaches and the need for more rigorous analytical frame

improving policy design and insurance mechanisms. Given the growing rel n&
in Iran, this

review provides a robust scientific foundation for policy decisions an e research.

Methods: &@

This study employed a systematic review methodology @ ine the application of game
theory in health insurance policymaking. The reviev@ess included the following stages:
search strategy and identification of relevant W, inclusion and exclusion criteria, screening

and selection of studies, data extraction, a@ esis of findings.

Search Strategy A comprehensive se@as conducted across reputable academic databases
including Scopus, ScienceDirect? Web of Science, PubMed, IEEE, and other credible national
repositories. The search te re constructed using logical operators (AND, OR) and
combined keywords r % game theory, health insurance, and insurance behavior: (“game
theory” OR “evol ;@ game” OR “game-theoretic”’) AND (“health insurance” OR “social
security” OR hcare financing” OR “public insurance”) AND (“moral hazard” OR “adverse

selectio@ “inJrance behavior”)
Sn

clusion Criteria All rigorous scientific studies published in Persian and English since

2011 that examined the application of game theory in the context of health insurance.

e Exclusion Criteria Books, Theses and letters to the editor, non-scientific reports, duplicate

articles, and studies lacking direct relevance to the topic.
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e Following the search strategy, duplicate records were removed. Titles and abstracts were
screened based on the inclusion and exclusion criteria, and irrelevant studies were
excluded. Full texts of potentially eligible articles were then assessed, and non-compliant
studies were removed. Study quality was evaluated using the JBI checklist. All screening
steps were performed independently by two reviewers, with disagreements resolved by a
third expert. Due to methodological heterogeneity, heterogeneity analysis and
meta-analysis were not feasible, and the findings were synthesized narratively.&

e After selecting the relevant studies and assessing their quality, key data w; r@acted
and organized to form a coherent analytical framework. Studies were Satederized by
research objectives, game model type, target groups, analyticakiools, reported
outcomes. A comparative analysis was conducted to identify patterns trends, and
gaps, enabling a concise synthesis of strengths and I|m t t ngjacross the literature. All

steps were carried out carefully by the research t x ure a rigorous and
goal-oriented systematic review. 3

This approach facilitated a transparent and evidence- based analysis of the role of game theory in

insurer and insured behavior, moral hazard ment, adverse selection, and the design of
optimal health insurance policies. Q
Results: o
)
The study selection proce ustrated in Figure 1. Initially, 138,143 articles were identified.

After removing 137 @elevant and duplicate records, 223 articles were screened based on
their titles and . Of these, 167 were excluded due to the absence of key analytical tools.

The full texts 0 remaining 56 articles were thoroughly reviewed in terms of methodology

ynstruments, resulting in the selection of 24 relevant and high-quality studies for
jc analysis. (Figure 1)
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Total number of articles identified from domestic and international
Identification databases: 138,143 Number of articles excluded during the initial
screening due to duplication or irrelevance: 137,920

Articles screened based on title and abstract: 223 Articles excluded at this

Abstract stage due to lack of appropriate analytical tools or low study quality: 167
Screening &
v LAY
Full-Text Full-text articles reviewed for methodology and research instruments:
Screening 56 Exclusion criteria at this stage: lack of comparable analytical tools
and unavailability of full-text access
~N
Final Number of studies included in the final systematic review: 24

Selection

Figure 1. Study Identification, Screening, a@tion Process Based on PRISMA Guidelines

O

Game theory offers a powerful framesyoffor analyzing strategic dynamics in health insurance.
From cooperative and evolutionary models to competitive market strategies and contract design
@g’ﬂotential. The findings highlight the need for integrated

ion to socio-economic and geographic factors to support equitable

tools, its applications revea

incentives, big data, an

and sustainable polj elopment.
1. Asymmetric@rmation, Adverse Selection, and Moral Hazard

One &damental challenges in the health insurance market is the presence of asymmetric
information between insurers and the insured, which gives rise to phenomena such as adverse
selection and moral hazard. This situation can be modeled within the framework of game theory
as a game with incomplete information—where the insured individual has full knowledge of

their true health status, while the insurer operates under informational constraints.
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A. Evidence from Iran The study by Nobahar et al.[22] in Iran’s health insurance sector revealed
significant evidence of adverse selection. Individuals with higher health risks were more likely to
purchase insurance, thereby shifting the risk pool composition to the disadvantage of insurers.
From a game-theoretic perspective, this situation leads to an inefficient equilibrium: insurers,
facing higher-risk enrollees, are compelled to raise premiums, which in turn drives low-risk
individuals out of the market. The resulting equilibrium increases insurer costs, disrup

financial balance of insurance funds, and reduces the overall efficiency of the health I&&
system.

B. International Evidence Nuscheler and Grunow [23], in their study of Ger@s health
insurance system, examined risk selection between public and private sfyrers. Their findings

showed that private insurers benefit from shifting high-risk indivig@IS®0 the public system,

M exemplifies a non-

r competition. The study

while public insurers bear a heavier financial burden. This sce

cooperative game that leads to suboptimal equilibrium a
recommends implementing risk adjustment mechani een public and private insurers to

align incentives and promote a more efficient and equitable balance.
2. Equity and Universal Health Coverage @s rance Policy

Achieving universal health coverage C) and equitable access to healthcare is a core objective
o
of health insurance policy. Game thjory offers a robust analytical framework to model strategic

interactions among gover , Insurers, providers, and beneficiaries toward this goal.

Comparative evid e@m the UK and Germany illustrates two successful models: the UK's
NHS, based ounded solidarity, ensures equal access through centralized financing and
regulat

g& mpetition. Both systems align individual incentives with collective goals, using

strategiC mechanisms to prevent adverse selection and promote financial sustainability [24,25].

y’s social insurance system combines solidarity, self-governance, and

For Iran, these experiences suggest that achieving equity and UHC requires:

o Designing sustainable financing mechanisms (via taxation or social contributions),

o Implementing risk adjustment systems to protect high-risk groups,
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« Aligning stakeholder incentives through game-theoretic policy frameworks.
3. Contract Design and Incentive Mechanisms in Health Insurance

Game theory plays a critical role in designing insurance contracts and incentive structures that

guide strategic behavior among insurers, insured individuals, and intermediaries toward efficient

and sustainable outcomes. &&'

Studies such as Boonen and Han [21] highlight that multi-tier contracts, co-paym emes,
and risk adjustment mechanisms can address both adverse selection and mor ir
financial stability and equitable access. Similarly, Mirzaei et al. [26] g%ow t

insurance market, unbalanced commission structures lead to conflicts

aZprd, promoting
n Iran’s life

erest and reduced

[ J

trust. Aligning incentives through transparent and performanc%@payment models can
enhance market efficiency.

These insights suggest that for Iran’s health insuranc , carefully designed contracts and
incentive mechanisms—qgrounded in game-theoretic principles—are essential to prevent

opportunistic behavior and ensure long-term ability.

4. Comparative Experiences and Intg@nal Frameworks

o
Cross-country comparisons r%l djat the structure and financing of health insurance systems

play a critical role in prongQligefficiency and equity. International studies emphasize the
importance of desig i@teraction mechanisms among key actors—insurers, insured

individuals, gov. ts, and providers—to achieve stable and cooperative equilibria.

Radeic eta, [27] Pound that weak government oversight and dominance of private insurers in the
U.S@fficient outcomes, high costs, and unequal access, whereas Germany and Canada
benefited from socially cohesive frameworks that fostered fairness and efficiency. Boyle [25]
highlighted the UK's NHS as a model where strategic government contracts with providers
helped align stakeholder interests and prevent opportunistic behavior. The WHO’s Madrid
Framework advocates for integrated services, stronger governance, accountability, and

technological innovation—reflecting a shift toward cooperative game dynamics and win-win
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outcomes [28]. Busse [25] emphasized that Germany’s blend of competition and solidarity,
supported by risk adjustment mechanisms and regulatory oversight, effectively mitigates risk

selection and protects vulnerable groups.

These experiences suggest that well-designed game-theoretic policies can guide actors toward

collaboration, reduce inefficiencies, and enhance equity in health insurance systems.

Discussion: &
&‘b*

This systematic review highlights the strong potential of game theory in ad@ omplex
challenges in health insurance policymaking. Health systems worldwigle facesSues such as
asymmetric information, adverse selection, moral hazard, financial cc@nts and the need to
balance efficiency with equity. Game theory provides a structyr (@nework to analyze

strategic interactions among key stakeholders insurers, i ur& viduals, providers, and
governments and to anticipate policy outcomes. 6

Evidence shows that asymmetric information drlves adverse selection and raises insurer costs.

Studies indicate that, without regulatory cont Igh-risk individuals disproportionately enter
insurance pools, destabilizing the market ]. Game-theoretic models highlight that
risk-based contracts, regulatory mec s, and improved information exchange can move

insurer—insured interactions tog&rd a more stable equilibrium and support more equitable,

risk-sensitive insurance p%

Studies by Boonen n[21] and Mirzaei et al.[26] show that incentive-based insurance
contracts are e gfor reducing opportunistic behavior. Game-theoretic models demonstrate
how adjustme&contract design, participation, or information can realign stakeholder
behgW eping policymakers develop mechanisms that curb moral hazard, improve risk

e

manageprient, and enhance the performance of health insurance systems.

Studies by Boyle[24] and Busse[25] emphasize that the sustainability of health insurance
systems depends on balancing equitable access with financial stability. Game-theoretic models
help analyze how insurers’ and governments’ strategic decisions shape equity and efficiency,

allowing scenarios such as insurer competition, high-risk enrolment, and supportive policies to
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be evaluated. These insights guide the design of regulatory and redistributive mechanisms that

protect vulnerable groups and strengthen fairness in access to health services.

International evidence shows that clear rules and strong government oversight are essential for

sustainable and equitable health insurance systems. Countries with cooperative regulatory

frameworks—such as Germany, Canada, and the UK—achieve more stable, equitable, and

cost-controlled outcomes than market-driven models like the United States[27,28].

Game-theoretic analysis helps evaluate strategic behavior among insurers, governn"? nd
ve

providers, guiding the design of regulatory and redistributive mechanisms t p&
non-cooperative outcomes and strengthen fairness and efficiency.

In Iran, game-theoretic applications remain mostly conceptual due Qented insurers, weak
e-theoretic frameworks

data systems, and the absence of incentive-based contracts. Us)
can help predict stakeholder behavior and show how chﬁ ontracts, information, or
d

oversight may reduce moral hazard, improve coordin

Limitations OQ

a. Limited Access to National Data Iran’s Insurance Market: Detailed information regarding

support more equitable health

insurance reforms.

the behavior of insurers, insuredindividuals, and healthcare providers in Iran is often restricted
or confidential. This Ilmlt%%wders precise analysis of strategic interactions and the full
application of game-ttw ¢’ models in health insurance policymaking.

b. Complexity ~World Behavior: Game theory models typically simulate strategic
behavior based
ind@inﬂuenced by complex economic, social, and psychological factors. Therefore,

model Qutcomes may serve as theoretical frameworks and policy guides rather than fully

efined assumptions, while actual decision-making by insurers and insured

reflecting market realities.

c. Limited Generalizability of International Experience: Findings from countries such as

Germany, the UK, and the United States may not be directly applicable to Iran due to structural,
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economic, and cultural differences. This reduces the practical relevance of analytical models and

policy recommendations.

d. Limited Attention to Social Dimensions of Equity: Game-theoretic models focus primarily on
strategic interactions and may underrepresent social, geographic, and cultural aspects of equity in

access to health insurance services.

e. Market Dynamics and Policy Shifts: Health insurance markets and policies evol\?}f%by, and
some model assumptions may require revision or adaptation over time to rerzai& nt

Conclusion This study demonstrates that game theory is an effective agalyticatool for
examining strategic behaviors among insurers, insured individuals, aer stakeholders in the

health system. Evidence from both domestic and international resgércgh suggests that game-
theoretic approaches can enhance understanding of fund e allenges such as asymmetric
information, adverse selection, moral hazard, optimal co% design, and equity in insurance
coverage. Experiences from countries like Germany he UK show that combining regulatory
mechanisms, incentive-based contracts, and s@/ cohesive policies can lead to stable

equilibria among insurance actors. O

In Iran, although initial efforts have @ade to apply game-theoretic frameworks, several

challenges—including fragment&d insurance institutions, weak data infrastructure, lack of risk

adjustment mechanisms, a ed implementation of incentive-based contracts—have
%’s approach. Therefore, health insurance policymakers must

hindered full utilizatio@
consider institutiopgl, Ctltural, and operational contexts alongside theoretical models when

designing poI

Ov II@ theory offers a valuable framework for developing more efficient, equitable, and
sustaingble health insurance policies. However, realizing its full potential requires future

research to focus on localized modeling, field studies, and the integration of data-driven
technologies. Bridging the gap between theory and practice is essential to transforming health

insurance into a powerful instrument for promoting social justice and system sustainability.

Strategic Recommendations for Future Research and Policy Development:

10
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1. Develop localized models tailored to the structure of Iran’s health insurance market.

2. Utilize advanced technologies such as big data and artificial intelligence to reduce
information asymmetry.

3. Design and pilot incentive-based contracts in real-world settings.

4. Conduct comparative analyses of successful international policies to identify transferable
models. &&'
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