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:ABSTRACT
1

‘Introduction: Aging is an emerging, multifaceted, and inevitable global
‘ phenomenon, and Iran is no exception. This study investigates the relationship
'between the Iranian health system's expenditure and the aging rate, and
 forecasts these variables up to 2026.

iMethods: This applied study utilized document mining for data collection
i and quantitative methods for data analysis. The auto-regressive distributed lags
i (ARDL) model was employed to model health expenditure, while the an
;autoregressive integrated moving average (ARIMA) model was used for
I forecasting. The study spanned from 1996 to 2021, projecting aging rates and

Keywords: Ehealth system expenditure for 2022-2026. Estimations were conducted using
Aging ! EViews 10, with data sourced from the Iranian Statistics Center and the United
Health Expenditure ! Nations Population Fund.

Iran 'Results: The study found that, based on 2011's constant prices, a one percent

Health Sector

Eincrease in the aging rate corresponds to a 710 billion tomans rise in health
! system expenditures. Projections suggest that by 2026, the aging rate will have
fincreased by 1.06, resulting in a 753 billion tomans increase in real
! expenditures, again referenced to 2011's constant prices. The cost attributed to
!each elderly individual will amount to approximately 1,414 thousand tomans,
!based on 2011's fixed prices.

!Conclusion: The findings indicate an expected rise in health system
!expenditures due to aging. The obtained coefficients are based on Ceteris
! Paribus; however, factors such as technological advancements, lifestyle shifts,
fand overall socio-economic changes could significantly alter these figures. The
Fauthors suggest that fostering high employment rates with adequate incomes
fcould mitigate the impact of aging by lowering the dependency ratio, thereby
fenhancing the population's youth ratio and ensuring the solvency of pension
funds.
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Extended Abstract

'Introduction

Aging is a global phenomenon with an
increasing annually trend. According to the
United Nations 2020, approximately 727
million individuals over the age of 65 reside
globally. This number is expected to more
than double, reaching around 1.5 billion by
2050. In 2020, the ratio was one person over
65 for every 11 people; by 2050, this ratio
is projected to be one in six, with the
percentage of elderly individuals (over 65
years) increasing from about 9% to 16%
[1]. The most pronounced aging trend is
expected in developing countries, where, by
2050, 8 out of 10 elderly individuals
globally will reside. This demographic shift
is inevitable, irreversible, and all-
encompassing, leading to profound changes
across various facets of human life.
Addressing the multifaceted challenges of
this trend necessitates early planning and
implementation of strategies [2]. Iran, as a
developing country, is also transitioning
towards an aging population. According to
the Iranian  Statistics Center, this
demographic shift will become prominent
by 2051, with about 20% of Iran's
population expected to be over 65 years old
at the start of that year [2]. These
demographic shifts will impact Iranian
society in  multiple ways, including
economic, political, health, and medical
aspects. An analysis of the Iranian health
system's expenditure reveals a notable
increase in resources allocated, particularly
to the hospital sector. This trend
underscores the need to understand the
factors influencing the health system's
expenditure and the importance of
implementing cost control measures [3].
Given the significance of this issue in Iran,
our study examines the impact of aging on
health system expenditures using a
regression model and employs the
autoregressive integrated moving average
(ARIMA) method to forecast the extent of

Iranian health expenditures and aging rates
until 2026.

'Methods

The current study is classified as applied
research, aiming to estimate and predict the
impact of aging on Iranian health system
expenditures using secondary data sources.
To achieve this, we employed two distinct
but complementary analytical methods.
Firstly, the ARIMA (Auto-Regressive
Integrated Moving Average) time series
method was utilized for prediction
purposes. This method is renowned for its
effectiveness in forecasting based on
historical data trends. Our study's use of
ARIMA focused on projecting future aging
rates and health expenditures. Secondly, a
regression model was applied to explore the
relationship between the variables under
study. This model was estimated using the
Auto-Regressive Distributed Lags (ARDL)
approach, which is well-suited for
examining the dynamic relationship
between time series variables. The ARDL
method allows for a more nuanced
understanding of how changes in the aging
population influence health  system
expenditures over time. Data collection was
a critical component of our methodology.
We sourced relevant data from the
Statistical Centre of Iran and the United
Nations Population Fund, ensuring a robust
and reliable data foundation for our
analysis. Our study encompassed two
distinct time periods. The first, spanning
from 1996 to 2021, was used to estimate the
regression model wusing the ARDL
approach. The second period, which
extended from 1979 to 2021, was pivotal
for predicting the aging rate and health
expenditures using the ARIMA method. In
building our model, we conducted a
thorough review of both theoretical and
empirical literature. This review informed
our model's structure, ensuring it was
grounded in established research while
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tailored to the specificities of our study's
focus.
(1) he, = Byinf; + Byur; + Bsgdp, + Baexche +
Bsurban, + Bgagi; + B,phy; + Bgbed; + u;
Here, he;is the expenditure of health
system, inf; inflation rate, ur
unemployment rate, gdp. gross domestic
product, exch; exchange rate, urban;
urbanization rate and agi, aging rate,
phy; the number of doctors and bed; the
number of hospital beds. u; is also a random
error term.

'Results

Regression Model and Autoregressive
Distributed Lags: In our study, confirming
the stationarity of variables was a critical
step prior to estimating the model using the
Autoregressive Distributed Lags (ARDL)
method. Stationarity implies that the
statistical properties of a time series do not
change over time, which is crucial for the
validity of any time series analysis. To test
for stationarity, we employed the
Generalized Dickey-Fuller test, a widely
accepted method in statistical analysis. The
outcomes of this test, which are detailed in
Table 1, demonstrated that all the variables
in our study were stationary at the first
order. This result is essential as it confirms
the suitability of these variables for our
ARDL model and underpins the reliability
of our subsequent analysis.

Table 1: The results of the Generalized Dickey-Fuller test

Variable Order | Probability | t-statstics |
Expenditures of 1(2) i
health system 0.00 7.39
Inflation 1(1) 0.00 -7.89
Unemployment 1(1) 0.01 -5/39
GDP 1(1) 0.00 -8.19
Exchange rate 1(2) 0.02 -4.91
Number of 1(2) 0.00 5.68
doctors
Number of 1(1) .
hospital beds 0.03 3.51

Aging rate 1(1) 0.00 -5.73
Urbanization I(1) 0.01 -6.21

The Existence of Long-Run Relationship
Hypothesis (ARDL Bounds Test):To explore
the presence of long-run relationships
between the variables in our study, we

employed the method developed by Pesaran
and colleagues in 1996. This approach is
particularly adept at identifying whether
variables are interconnected over an
extended period. The results of this test are
presented in Table 2. A key aspect of
interpreting  these  results  involves
comparing the obtained F-statistics to
specific bounds: if the F-statistics are
higher than the bound 1 (1) or lower than the
bound I (0), it indicates the presence of a
long-run relationship among the variables.
Our analysis, as detailed in Table 2,
confirmed the existence of such long-run
relationships in the data set.
Table 2: ARDL bounds test results

. 1(0)
‘ Statistics ‘ Value ‘ Prob Bound 1(1) Bound
F- 0.05 3.62 4.16

statistic 483

Model Estimation: Long-run relationships
were presented in Table 3.

‘Table 3: Long-run coefficients of the ARDL method

l_;\/aria_ble Coefficient | T-statistics | Prob
}_Infla_tio_n 1.43 2.56 0.00

Unemployment 0.65 3.17 0.03
| GDP 0.87 2.19 0.01
|_Exchange Rate 1.29 4.68 0.00

Number of 0.13 3.97 0.04
| doctors

Number of 0.34 4.19

hospital beds 0.04
Agingrate 0.71 2.93 0.02
_Urbanization 0.38 4.53 0.03

The results of our study demonstrated that
all obtained coefficients were statistically
significant and exhibited a positive
relationship with the health system's
expenditure.

« Inflation Rate: An increase of one unit in
the inflation rate is associated with a
1.43 unit increase in health system
expenditure.

e Unemployment Rate: A  one-unit
increase in the unemployment rate
correlates with a 0.65 unit rise in health
system expenditure.

e Gross Domestic Product (GDP): For
every unit increase in GDP, there is a
corresponding 0.87 unit increase in
health system expenditure.
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« Exchange Rate: A one-unit hike in the
exchange rate results in a 1.29 unit
increase in the dependent variable,
which in this case is health system
expenditure.

« Number of Doctors: An increase of one
unit in the number of doctors leads to a
0.13 wunit increase in health system
expenditure.

e Urbanization  Rate: A one-unit
escalation in the rate of urbanization is
associated with a 0.38 unit increase in
health system expenditure. This positive
and significant coefficient underscores a
direct relationship between urbanization
rate and the expenditure of Iran's health
system.

« Aging Rate: With each unit increase in
the aging rate, there is a 0.71 unit
increase in health system expenditure.

Forecasting the Expenditure of Iranian
Health System and Aging Rate: Our study's
projections indicate a consistent increase in
the aging rate through to 2026, aligning
with expectations. In particular, the aging
rate is forecasted to rise from 10.43% in
2021 to 11.49% by 2026, marking an
approximate growth of one percent over
this period. This upward trajectory in aging
underscores the ongoing demographic shift
in Iran. In terms of health system
expenditure, the projections were made in
real or deflated terms to account for the
impact of inflation. These forecasts reveal
an overall upward trend in expenditure,
although it is anticipated to be accompanied
by fluctuations in the coming years.
Specifically, the health  system's
expenditure is expected to escalate to 83
thousand billion tomans by 2026,
representing a significant growth of
approximately 28% from the 65 thousand
billion tomans recorded in 2021. These
predictions  highlight the increasing
financial burden on Iran's health system,
primarily driven by the aging population.
The results underscore the importance of
strategic planning and resource allocation
to manage the escalating health expenditure

effectively in the face of demographic
changes.

'Discussion

Our study observed an upward trend in
health expenditure in Iran, consistent with
global patterns. According to the World
Bank Group, the global ratio of health
expenditure to GDP increased from 8.6% in
2000 to 10.8% in 2020. In Iran, this ratio
rose from 4.7% to 5.3% over the same
period, marking a relatively smaller
increase compared to the global rate [3,4].
This rise in health expenditure in Iran can
be attributed to factors beyond the COVID-
19 pandemic, which universally escalated
health costs. Notably, the implementation
of the health transformation plan was a
significant contributor to this increase [3].
Our analysis revealed that a one percent
increase in the aging rate led to a 710 billion
toman rise in health expenditure, based on
the constant 2011 prices. The rising costs
associated with aging are primarily driven
by chronic diseases, long-term care needs,
and conditions requiring hospitalization.
However, strategies like promoting healthy
lifestyles and implementing efficient
insurance systems, particularly those based
on a referral model, can mitigate these
costs. Comparing our findings with other
studies, a positive relationship between
aging and health system expenditures is
consistently reported [5-16]. Studies [5]
and [6] found a direct correlation between
aging rate and health expenditure.
Conversely, study [7] observed a
statistically insignificant and negative
relationship, likely due to its focus on an
earlier phase of Iran's demographic
transition when the elderly population was
relatively smaller. This discrepancy
underscores the dynamic nature of
demographic  influences on  health
expenditure. Further research confirms this
trend: studies [8-10] in developed
countries, [11,12] in emerging countries,
and [13,14] in developing countries all
report a positive relationship between aging
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and health expenditure. The exception,
study [15], did not find a significant
relationship, possibly due to the specific
period analyzed. Study [16], covering
international data, also supports a positive
correlation between these variables. The
impact of aging on health expenditures
appears to hinge on a country's
demographic structure, with a higher aging
rate typically leading to more significant
health expenses. Additionally, the influence
of GDP on health expenditure was found to
be positive in our study, aligning with the
majority of the literature. According to
study [17], GDP is a crucial factor in
explaining  differences in health
expenditure levels and trends across
countries. Studies [15,18] suggest that
changes in GDP per capita account for over
90% of the variations in health system
expenditures. Our study's findings reveal a
positive correlation between urbanization
and Iran's health system expenditures.
Urbanization, a key demographic trend in
both Iran and globally, often leads to the
expansion of hospital systems and medical
services. This correlation was anticipated
and aligns with studies [19-21], which
acknowledge the influence of urbanization
on health expenditures, though they report
mixed effects. Specifically, study [20]
supports our finding of a positive
relationship between urbanization rates and
health  expenditures.  Inflation and
unemployment rates also showed a positive
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