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Abstract ,&‘D’
e

Introduction: Given the growth of the elderly population and limited infra

and financial
resources, this study aimed to identify and analyze the supply—demand relati@gships of resources in Iran’s
elderly care system. ‘6

Method: This mixed-method study was conducted in 2024. Prelim.inax onents of the population and
economy, resource demand, and service supply subsystems ager@exttacted through a literature review.
Then, using the fuzzy Delphi method over three consecutives with 20 experts, 11 key components
were identified. In the first round, 10 of the initial 11 com@wts were confirmed, and 15 expert-suggested

components (e.g., elderly education level and mobilgihealth services) were evaluated. In the second round,

only the average cost of health services was ¢ . In the third round, the final 11 components were

finalized by expert consensus. The DEMA ethod was applied to analyze causal relationships and
determine the influential and dependent&@mponents.

Results: The study revealed that @mponents such as the proportion of the elderly population and the
number of specialized elderl %ce’ﬁters are dependent, whereas components such as average annual
income and the number %Iy patients under treatment are influential. Based on the D—R index, SiX
components were cla i@as influential and five as dependent.

Conclusion: This &ovides a structural framework for improving resource allocation in Iran’s elderly care
system. The fin mphasize strengthening influential factors and making targeted investments in dependent

infrastru@impr ve resource allocation and the quality of elderly care services.
d
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What was already known about this topic:
e Iran's elderly population is increasing, but the infrastructure and resources of elderly services do not meet the needs
of this group, presenting the service delivery system with serious challenges in resource allocation and planning.

What this study added to our knowledge:
e Health service costs, the number of elderly patients receiving hospital care, and elderly income were identified as
key causal factors influencing the balance between the supply and demand of elderly care resources in Iran.
e Demographic and infrastructure components, including the elderly population ratio, population growth rate,
specialized elderly care centers, hospital beds, and the health budget, are mainly influenced by other system
components and therefore require targeted policy support.

Extended Abstract &

Iran, the share of elderly will reach over 33 percent by 1430 [1]. This demograpRic as placed
increasing pressure on health, care, and welfare systems and highlighted the need policies and
strategies for allocating service resources [2]. Due to early demographic transiti a non-developed
economy, Iran faces numerous challenges in elderly service provision [3]. @?in ssue is the structural

Introduction
The increase in the elderly population is a major social and economic challenge of t&ﬁ?@ntury. In
h

imbalance between supply and demand, leading to inefficiency, increased costs, and a decrease in
the active labor force. This situation highlights the need for structural of supply and demand to
improve system efficiency. Health economics helps develop effecti ies by focusing on financial
management, economic evaluation, and human resources [4,5,@]. r, Iran's geriatric system faces
challenges including diverse elderly needs, uneven resource aldgcatign, nfrastructural constraints [7], lack
of a unified definition [2], limited long term care coverage t jIg to meet over 50 percent of demand
[8], and difficult choices between home, public, or privg% [9]. Structural analysis can improve

efficiency and prevent heavy socio-economic burden. ipus global studies have used discrete event
simulation [10], system dynamics, and causal loop dia s [11,12], but mainly focused on temporal
simulations. Domestic research has focused on speeific aspects like human resource forecasting [13,14].
The main gap is the lack of integrated struct%alysis of interrelationships between population,
economy, demand, and supply subsystems umg uncertainty. This research identifies key components
of Iran's elderly care resource system inc upply and demand, causal relationships, and influence
levels. The objective is to provide an gvidence-based framework for policymaking through structural
analysis from supply and demand perspeBpives. The innovation is the combined use of fuzzy Delphi and
DEMATEL to manage uncertaintyand prioritize causal relationships more precisely than purely dynamic
approaches.

Methods

This mixed (qualitative %atlve) exploratory study was conducted in 2024 at health centers, hospltals
and elderly care ho Iran The study combined qualitative data obtained from the literature review
and expert opini quantitative analyses to investigate the complex structure of the elderly care
service system udy had three stages. First, a literature review identified preliminary components
related to popu n, economy, resource demand, and service supply. Searches were performed in
oogle Scholar, SID, Maglran, and IranDoc using relevant keywords such as "elderly

PubMed, us,
cargg 7*'long-term care demand”, "health economics of aging", and "supply and demand of elderly

care (2000 2024). Peer-reviewed articles and WHO or Iranian Ministry of Health reports were
included” This led to initial components for the fuzzy Delphi questionnaire.

Second, the fuzzy Delphi method was used to identify key components and manage uncertainty in the
experts' opinions. The non-probability snowball sampling method was used. This sampling method was
selected with the aim of focusing on the quality of opinions and compliance with the criteria of Delphi
research. The participants in this study included 20 experts in the field of health and aging who were
selected from among university faculty members, senior managers of the health system, physicians, and
other health professionals. Inclusion criteria included having at least 10 years of professional experience,
research or management experience in the field of aging and the health system, and a willingness to
participate in the research. Their fields of expertise included five specialists in health services management,
three specialists in geriatric health, three general practitioners, two specialists in health economics, two
specialists in health education, and one specialist each in health policy, nutrition, public health, health
information technology, and health and social welfare. The same 20 experts participated in both the fuzzy
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Delphi and DEMATEL stages. The initial questionnaire was designed based on the components extracted
from the first stage and included open-ended (to suggest new components) and closed-ended (with a fuzzy
linguistic spectrum: very low, low, medium, high, very high) questions. The content validity of the
questionnaire was confirmed by 5 experts and its reliability was examined using Cronbach's alpha. The
fuzzy Delphi process was conducted in three consecutive rounds. Expert opinions were converted into
triangular fuzzy numbers and defuzzified using the centroid method. Components with a defuzzified value
>(.7 were confirmed as key components [15].

Third, the DEMATEL method was used to analyze interrelationships and dependencies. The same 20
experts participated, completing a pairwise comparison matrix with a five-point influence scale (0 to 4).
The experts' evaluations were averaged to construct the direct relation matrix. After calculating the
normalized and total relation matrices, significant relationships above the mean threshold were extracted.
D+R (prominence) and D-R (influence/dependency) values were determined. The main dat ection
tools included fuzzy Delphi and DEMATEL questionnaires. Data analysis used Excel and M%d LAB for
implementing the DEMATEL algorithm. Validity and reliability were ensured through expert Walidation
and Cronbach's alpha (>0.7). P&

Results

Identification of key components of the elderly care services system using fuzzy D

Through a literature review, preliminary components of the elderly care segyice syStem were identified.
These components were then evaluated using the fuzzy Delphi metho the first round, all 12
components were reviewed, and all components except "Number of elderl itted to elderly centers"
were approved. In the second round, from 15 new expert proposed @onents, only "average health
service costs" was retained along with the first-round approvals. jn t

confirmed with S_j>0.7, and the Delphi process concluded (T, I&

ound, all 11 components were

Table 1. Final results of thefHrg Delphi round
Fuzz ue Defuzzified
Low edium Upper Value

Subsystem Criteria Abbreviation

Populationand  population

Ratio of elderly (65 years &/
and older) to total Q 0.972 1 0.824 C1
7

Economy Growth rate of elderly . 0.979 1 0.893 C2
Average annual inco 05 0.955 L 0.818 ca
the elderly
Number of el ients
treated in hgs& W)t 05 0.945 1 0.815 c4

Demand for Average w10 health

Resources center;w rly 0.7 0.99 1 0.897 c5

Whealth service g o57 1 0.819 Cé
S per elderly

er of specialized

alth centers for the 0.5 0.94 1 0.813 C7
erly
Q umber of hospital beds for 0.7 0.995 1 0.898 cs
the elderly
SL%‘ Number of active human
Servic resources in services for the 0.5 0.972 1 0.824 C9
Resources elderly
Annual budget allocated to
the elderly in the health 0.7 0.99 1 0.897 C10
sector

Annual capacity of elderly

0.7 0.984 1 0.895 Cl1
care centers

Calculation of Influence and Dependency of Components
To analyze the influence and dependency of components, the significant relationship matrix (T) was
calculated using a threshold of 0.475 (Table 2).
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Table 2. Significant Relationship Matrix

C1 C2 C3 C4 C5 C6 C7 C8 C9 Ci0 cC1u
C1 0 0 0 0.524 0526 0.527 0 0.481 0.501 0.504 0
C2  0.505 0 0 0.557 0.556 0.555 0.484 0.507 0.531 0.537 0
C3 0 0 0 0 0 0.54 0 0 0 0 0
C4 0.49 0 0 0 0.542 0569 0.479 0.528 0.538 0.556 0
C5 0477 0 0 0.521 0 0.537 0 0.495 0.526 0.526 0
C6 0 0 0 0.518 0.512 0 0 0 0.501 0.523 0
C7 0.54 0485 053 0.605 0.603 0.595 0 0.564 0.611 0.609 0.497
C8 0491 0 0 0.552 0534 053 0.492 0 055 0552 N&
C9 0 0 0 0.539 0.531 0,519 0482 0512 0 0523 » 0
C10 053 0.483 0 0.586 0572 0592 052 0557 0.581 0491 0.506
Cl1 0 0 0 0 0 0 0 0 0.542 »O 0

Identification of Influential and Dependent Components Using DEMATEL
Then, row sums (D) and column sums (R) were computed to obtain D+R
the interaction level and influence power of each component. The influe

the row sums (D), with the highest influence for C6 and C4. Dependen(&w
with the highest dependency for C7 and C10. The horizontal vgct

or dependent. Further details are provided in Table 3.

(O

-R vectors, representing
ponents is indicated by

dicated by column sums (R),
shows interaction with other

factors, and the vertical vector (D-R) indicates influence powge n% er the component is independent

Table 3. Influence and Depen@/ of Components

Abbreviation D R D+R D-R Type
C1 5.082 5.132 10.214 -0.05 Dependent
C2 4.621 5. 10.087 -0.845 Dependent
C3 4.41 % 8.123 0.697 Influential
C4 5.696 & 9 11.195 0.197 Influential
C5 5.658, 295 10.953 0.363 Influential
C6 5606 g 5.096 10.792 0.6 Influential
c7 As?o? " 6.09 11.092 -1.088 Dependent
C8 )3 5.433 10.743 -0.123 Dependent
C9 ) 5.608 5.31 10.918 0.298 Influential
C10 5.64 5.865 11.505 -0.225 Dependent
Cl1 4.757 4.579 9.336 0.178 Influential

rtical axis represents D + R values and the horizontal axis represents D — R values. The

Figure 1 alio shows,the pattern of significant relationships. This pattern is presented as a causal diagram,

in whic
postion

ch factor is determined by a point with coordinates (D + R, D - R) in the coordinate system.
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Figure 1. Pattern of structural reIations@v

Discussion e

This study analyzed the supply and demand of resources in If8 ‘sﬁerly care system using fuzzy Delphi
and DEMATEL methods. It identified 11 key components agroS§three subsystems. Results showed that
economic and demand factors such as average annual inc Qisthe elderly, the number of elderly patients
under treatment in hospitals, average visits to health cente erage health service costs, and active human
resources are causal (influential) factors (D—R > 0). In contrast, demographic and infrastructure factors
such as the proportion of the elderly population, g population growth rate, specialized elderly care
centers, hospital beds for the elderly, and the hga dget are effect (dependent) factors (D—R < 0). The
model indicates that economic factors shape § demand, while infrastructure factors rely on external
support. The findings align with domesj international research. A study showed Iran's existing
infrastructure cannot meet growing elde@é demand due to infrastructural and demographic limitations
[16], which the present study confirms as d8pendent factors needing support. Identifying components like
health service costs aligns with ge?earch showing demand depends on economic factors and access [8].

Confirming economic compon as health service costs matches previous studies identifying financial
resource shortages as a maj enge in Iran, where economic fluctuations affect resource allocation

where "senior managgmemt support” and "IT use" were influencing factors, while "processes™ and "service
quality" were inf, [18]. This shows that in both elderly care and pharmaceutical services, economic
and manageri rs act as main drivers, while infrastructural factors play a responsive role. Another
ss to services™ as the most effective improvement dimension in Iran's health system,
inancial factors being influential [19]. Research on equitable access to outpatient
showed "physical” and "financial" factors as influential, while "human resource" and
ic" factors were influenced, agreeing with our causal classification [20].

Our DEMATEL results are consistent with an international study identifying income and economic factors
as main drivers of supply demand balance in elderly care and emphasizing investment in elderly health
[12]. However, unlike that study's sensitivity analysis in a system dynamics model, the present study
provides more precise causal prioritization using a structural DEMATEL framework. Another study
presented demand adjustment frameworks through dynamic modeling to reduce long term care demand
[11]. In contrast, our emphasis on structural relationships and influence versus dependence offers more
practical short and medium term solutions for Iran. Compared to a study using discrete event simulation
for health system efficiency facing aging populations [10], our focus on causal interrelationships
complements simulation approaches and helps understand local Iranian conditions.

On the other hand, a study conducted with the DEMATEL approach in the health sector showed that
"physician quality", "physician availability", and "support staff quality" are the most important drivers of

[17].
The findings align wi:@her domestic study using DEMATEL in Iran's pharmaceutical supply chain,
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service quality [21]. This finding confirms that in international studies, factors related to "quality of human
resources and access to them" also play a causal and driving role, while in the present study, factors such
as "number of specialized centers" are included in the influenced group, which indicates Iran's structural
distance from ideal conditions in terms of maturity of human and management infrastructure. At the
domestic level, a study focused on forecasting the supply and demand of health workforce [13], but this
research fills the gap and provides a more comprehensive framework by integrating subsystems and
structural relationships.

From a theoretical perspective, this study demonstrates that structural causal analysis can better explain
complex health system relationships. By identifying influential components like income and budget, the
findings support sociological perspectives, as research shows socioeconomic base and social support
significantly affect eIderIy life satisfaction, explalnlng 37 percent of its changes [22]. This means
strengthening economic influential factors not only improves supply demand balance but irectly
impacts elderly well-being. From a practical perspective, the results can guide Iranian health o
and pollcymakers Strengthening influential factors such as elderly income through targeiﬁd

insurance expansion, and tax supports reduces pressure on the supply system. Targete
dependent factors like specialized medical centers, hospital beds, and care cap
demand balance and reduces inefficiencies.

Based on the findings, Iranian health policymakers should strengthen elderly ' e through health
subsidies, insurance expansion, and tax supports to enhance its influence on sggvice d&Mand. Implementing
"long term care insurance" and "transportation and entertainment discount ¢ \ 35 indirect incentives can
increase policy effectiveness [23]. Targeted investment in medical in ure such as specialized
centers, hospital beds, and human resources is also needed to reduce efdence of these components.
Future research should examine long term impacts of changesgyin ents like elderly income and
health budget on supply demand balance using system dynamj %d g. Additionally, implementation
barriers to resource allocation policies in Iran should be i figd using hybrid approaches such as
DEMATEL and social network analysis [24, 25]. Larger e studies with Interpretive Structural
Modeling (ISM) or the Analytic Network Process (ANP) ith comparative analysis with Turkey or
Brazil, are also needed. This study provides a practical fra ork with 11 key components and their causal
relationships. Strengthening influential factors anwmg infrastructure dependence can improve policy

cit ves supply

effectiveness, reduce inefficiencies, and enhance quality of life.

Practical implications

In this study, strengthening economic an nd factors is the top policy priority for Iran's health system.
The Ministry of Health should allocat nificant portion of the elderly budget to increasing health
subsidies and expanding insurance goverage for outpatient and rehabilitation services. The Social Security
Organization could introduce an&Eldgly Health Card" to provide discounts on paraclinical services and
chronic medications. Invest e@ infrastructure such as specialized centers and hospital beds for the
elderly should be prioritize cularly in provinces with larger elderly populations. Also, a "National
Dashboard for Balanci y and Demand of Elderly Services" has been proposed for continuous

monitoring by the I\/h& f Health.
Limitations

A limitation of@udy is that it relied on only 20 experts, which may not reflect all views in Iran's health
system.w)ul fect generalizability, though the experts were experienced and knowledgeable.

Con

Thi)s%y showed that factors such as the average annual income of the elderly, the number of elderly
patients treated in hospitals, the average visits to health centers by the elderly, the average health service
costs, and the number of active human resources in elderly services act as influencing factors. On the other
hand, factors like the growth rate of the elderly population, the ratio of the elderly to the total population,
the number of specialized elderly care centers, the number of hospital beds for the elderly, and the annual
health budget allocated to the elderly are influenced factors. This means that unless economic and demand-
side factors such as elderly income, the number of elderly patients treated in hospitals, and average health
service costs are seen as the main drivers, investing only in infrastructure will not work well. This study
provides a practical framework for better resource allocation, which can help make policy more effective
and improve the quality of life of the elderly.
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