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Abstract: This study used an Autoregressive Distributed Lag (ARDL) 
model to examine the influence of inpatient and outpatient service 
expenditures on total healthcare expenses from 2000 to 2021. The ARDL 
model, renowned for its capacity to handle variables with distinct levels of 
integration and identify cointegration connections, is employed to examine 
both the immediate and prolonged dynamics of healthcare expenditure. The 
research demonstrates that expenditures on hospital services have a 
substantial and beneficial impact on overall healthcare expenses, but the 
impacts of expenditures on outpatient services are more complex and varied. 
The results indicate that hospital expenses play a significant role in 
healthcare expenditure, which is essential information for policymakers who 
are concerned with controlling costs and allocating resources efficiently in 
the healthcare industry. The study presents a novel method for controlling 
outpatient spending that has the potential to reduce the increasing costs in 
the healthcare industry. Keywords: healthcare expenditures, ARDL model, 
hospital services, outpatient services, econometric analysis, healthcare cost 
management, policy implications, cointegration. 

1 Introduction

The escalating costs associated with healthcare have prompted extensive research into the 
economic factors driving these expenditures. Identifying and understanding these 
determinants are crucial for policymakers and healthcare administrators aiming to optimize 
resource allocation and improve service delivery within the health sector. To this end, 
econometric models, particularly the Autoregressive Distributed Lag (ARDL) model, offer 
valuable insights by quantifying the relationships between various healthcare cost drivers and 
the total expenditures incurred by the health sector. The ARDL model, validated by Pesaran 
and Shin (1999) for its efficacy in capturing both short-term and long-term dynamics within 
time series data, is a potent tool for analyzing the complex interactions between outpatient 
and hospital service expenditures and their impact on the total healthcare costs (Pesaran, M. 
H., & Shin, Y., 1999). By examining data spanning from 2000 to 2021, this research aims to 
dissect the contributory expenditures that significantly affect healthcare budgets, thereby 
offering empirical support for targeted fiscal strategies within the sector [1-9]. 
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This section of our research involves econometric modeling of the factors affecting the 
total health sector costs using autoregressive distributed lag (ARDL estimation). The 
following factors have been selected as the factors influencing the change in healthcare costs. 
The effects of total expenditures for outpatient services and total expenditures for hospital 
services were studied. In our study, these factors were determined as the independent 
variable, the total costs of outpatient clinics and hospitals, and as the dependent variable, the 
costs of the health sector were selected, and the influence of the independent variables 
affecting it was evaluated based on the econometric model. It was also modeled by adding 
an additional variable that increased spending on ambulatory services would lead to lower 
hospital costs and a lower total cost to the health care system. The autoregressive distributed 
lag (ARDL) model was first used in Pesaran and Shin's research to determine the long- and 
short-term cointegration of voluntary and non-voluntary variables (Pesaran, 1996) . In 
contrast to Johansen and Yuzelius' cointegration study, their research showed the long-term 
cointegration of each variable through vector indicators (Johansen, 1990). A property of the 
autoregressive distributed lag (ARDL) model is that the long-run association between the 
independent variables and the dependent variables must have zero difference l(0) and first 
difference l(1). The advantages of the autoregressive distributed lag (ARDL) model are as 
follows [10-19]. 

First, the Autoregressive Distributed Lag (ARDL) model solves the endogeneity problem 
of the variables in the regression. Because the residuals of the variables ensure freedom of 
correlation. 

Second, it determines the cointegration of the relationship between the dependent variable 
and the independent variables on each of them. As a result, it reduces the problems related to 
the independent variable and endogenous variables (Johansen, 1990). 

Thirdly, it allows for determining the cointegration of the relationships between the 
variables through multi-coordinate vectors. 

Fourth, the autoregressive distributed lag (ARDL) model can detect cointegration 
between variables in both the long run and the short run. 

2 Methods

The following steps were implemented in forming the autoregressive distributed lag (ARDL) 
model through the factors affecting the investment fund. First, it is necessary to conduct the 
single root test of the variables. We performed this test in the previous paragraph. Taking this 
into account, we formed an autoregressive distributed lag ARDL regression model to 
determine the long-term relationship between the variables selected in the first step. The 
variables selected based on this model are labeled as follows.  

Voluntary variables are total health care expenditure ( eh ), involuntary variables are total 
expenditure on outpatient services ( eo ), total expenditure on hospital services ( ehs ), and a 
sharp increase in the number of cases as a dummy variable (dummy) defined as We express 
the autoregressive distributed lag (ARDL) model as follows. 

 
            △ 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 = 𝜑𝜑0 + 𝛽𝛽1 △ 𝑙𝑙𝑙𝑙𝑒𝑒𝑒𝑒𝑡𝑡−1 + 𝛽𝛽2 △ 𝑙𝑙𝑙𝑙𝑒𝑒ℎ𝑠𝑠𝑡𝑡−1 + 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                (1)       

  
here, 
lneh– logarithmic total expenditure on health care; 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 –  logarithmized total cost of outpatient services ; 
𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑠𝑠 –  total cost incurred for hospital services; 
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 –  the increase in the number of patients in our country. 
 1 ) Above, in our econometric analysis, we calculate the level of influence of the factors 

affecting the total costs of health care from the ARDL model.  

2

E3S Web of Conferences 538, 02016 (2024)	 https://doi.org/10.1051/e3sconf/202453802016
IPFA 2024

RETRACTED



3 Results

The findings part of the current study provides a detailed analysis of the outcomes obtained 
from the Autoregressive Distributed Lag (ARDL) model. The study especially investigates 
the dynamic links between healthcare expenses, with a particular emphasis on inpatient and 
outpatient services. This research aims to reveal the complex expenditure patterns that have 
a substantial impact on the entire healthcare budget, using a comprehensive dataset from 
2000 to 2021. The utilized econometric model enables a meticulous measurement of these 
interactions, providing valuable insights into the effects of varying expenditures on different 
healthcare services on overall healthcare expenses. The following results are substantiated 
by statistical data, highlighting their significance and practicality in strategic healthcare 
planning and policy-making. The results of this formulated model are reflected in the table 
below (Table 1). 

Table 1. Estimation in an autoregressive distributed lag (ARDL) model 

Total expenditure on healthcare

Variables
 

ARDL(2, 2, 1, 1)

Coefficient Standard error t-statistics Probability 
△ lneh (-1) 0.770164 0.534590 1.440663 0.2092

△ lneh (-2) 1.014072 0.400668 2.530953 0.0525*

△ lnehs 2.069945 0.551517 3.753182 0.0133**

△ lnehs (-1) 0.075684 0.505012 0.149866 0.8867

△ lnehs (-2) 0.869394 0.336855 2.580917 0.0494**

△ lneo 0.487589 0.381503 1.278074 0.2573

△ lneo (-1) 0.641039 0.313874 2.042341 0.0966*
0.405266 0.220025 1.841908 0.0248**

0.328936 0.186450 1.764204 0.0380**

0.145714
0.114703 1.270365 0.2599

Model criteria
Squared Residuals (R) 0.913411

Square of transformed residuals 0.757550
F-statistics 5.860433

Probability (F-statistic) 0.032920**
 

Note: *** indicates statistical significance at 1%, ** indicates statistical significance at 
5%, and * indicates statistical significance at 10%. The author prepared the Ministry of 
Health data using the Eviews-13.0 program. 

The data in Table 1 show that the coefficients of ARDL have a positive effect on total 
healthcare expenditure, expenditure on outpatient services, and total expenditure on hospital 
services. Other factors are equal (ceteris paribus). A one percent increase in total spending 
on hospital services would lead to a 2.07 percent increase in total health spending. If the cost 
of outpatient services increases by one percent, the total cost of healthcare  
will increase by 0.48 percent. If the number of cases suddenly increases by one percent, the 
cost to the hospital will increase by another 0.40 percent. However, a one percent increase in 
total spending on Outpatient Services results in a 0.32 percent decrease in patient referrals. 
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Since the used program automatically selects the most optimal of the lags distributed 
based on the Schwartz criterion, we consider the coefficients of the Schwartz criterion for the 
combination of lags (Fig. 1). 
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Fig. 1. Schwarz criterion (top 20 models). Note: The Ministry of Health data was prepared by 
the authors using the Eviews-13.0 program. 

Similar to the Akaike and Hannan-Quinn criteria, the Schwartz criterion chooses the 
model with the lowest value. In Figure 1, it can be observed that ARDL has the smallest value 
in the lag distribution, which indicates that the optimal choice of model is the combined 
distributed lag (2, 2, 1, 1). This choice was used to derive the result presented in Table 1 
above. In order to achieve a perfect and detailed result in econometric analysis, examining 
short-term and long-term dependence in the ARDL model is desirable. In order to test the 
short-run association, we put the elements of the error correction mechanism in the 
econometric model and make it look like 

     △ 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡 = 𝛼𝛼0 + ∑ 𝛼𝛼1

𝑝𝑝

𝑡𝑡
△ 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑡𝑡−𝑖𝑖 + ∑ 𝛼𝛼2 △ 𝑙𝑙𝑙𝑙ео𝑡𝑡−𝑖𝑖

𝑞𝑞

𝑡𝑡
+ ∑ 𝛼𝛼3 △ 𝑙𝑙𝑙𝑙𝑙𝑙ℎ𝑠𝑠𝑡𝑡−𝑖𝑖

𝑞𝑞

𝑡𝑡

+ ∑ 𝛼𝛼4 △ 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑡𝑡−𝑖𝑖

𝑞𝑞

𝑡𝑡
+ 𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝑡𝑡−1 + 𝜀𝜀𝑡𝑡 

Here ; 
  𝛼𝛼0- constant, 𝜀𝜀𝑡𝑡- standard error, 𝛼𝛼1, … , 𝛼𝛼5- short-term coefficient,𝛽𝛽1, … . , 𝛽𝛽5 – long-term 

elasticity, ECM – error correction coefficient, g – rate of change (variability coefficient). 
Table 2. A test of cointegration dependence 

Variables Coefficient Standard error t-statistics Probability
△△ lneh (-1) 1.014072 0.400668 2.530953 0.0525**

△△ lnehs 2.069945 0.551517 3.753182 0.0133**
△△ lnehs (-1) 0.869394 0.336855 2.580917 0.0094 **

△△ lneo -0.487589 0.381503 -1.278074 0.0073**
△ DUMMY 0.405266 0.220025 1.841908 0.0248**
CoinEq (-1) -0.756093 0.442754 -1.707702 0.0484**

Cointeq = △ lneh +(1.6879* △ lnehs +1.4927* △ lneo + 0.1010* DUMMY
+ 0.1927 )
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Note: *** indicates statistical significance at 1%, ** indicates statistical significance at 5%, 
and * indicates statistical significance at 10%. The authors prepared the Ministry of Health 
data using the Eviews-13.0 program. 
 

When we perform a short-term correlation test in the form of cointegration based on the 
data in Table 2, Error-adjusted i to s total health care expenditure is positively affected by the 
independent variables total outpatient and total hospital services expenditure. The 
expenditure coefficient for ambulatory services has a probability value of 0.0094, indicating 
that the confidence level is significant at 95 percent. In addition, the effect of the total 
expenditure on hospital services on the coefficient of the total expenditure on health care is 
significant at the 95 percent confidence level. The error correction coefficient CointEq(-1) 
has a probability value of 0.0484, and the coefficient confidence level is 96 percent. The error 
correction factor means that 96 percent of the deviation from the long-term to the short-term 
is corrected quarterly. A coefficient of CointEq(-1) of -0.75 indicates a 0.75 percent 
correction of long-short deviation. The short-run correlation test shows that there is a short-
run relationship between total health expenditure, total expenditure on outpatient services 
and total expenditure on hospital services. 

In addition, it shows that the total income and expenses of the investment affect the value 
of the net assets in the long run. The long-term association of these variables is shown in the 
table below (Table 3).         

Table 3. Long-term correlation test 

Variables Coefficient Standard error t-statistics Probability

△ lnehs 1.687936 0.727307 2.3 20803 0.0080**

△ lneo -1.492711 1.059711 -1.408602 0.0080**

DUMMY 0.100954 0.097738 1.032911 0.0090**

C 0.192720 0.230499 0.836101 0.0012**

Note: *** indicates statistical significance at 1%, ** indicates statistical significance at 5%, 
and * indicates statistical significance at 10%. The authors prepared the Ministry of Health 
data using the Eviews-13.0 program. 

 
A long-term correlations study identified noticeable changes in the effects of the 

components under investigation. Significantly, only the total expenditure on hospital services 
had a positive and statistically significant impact on overall healthcare costs among the 
factors. The coefficients linked to these indicators were determined to be statistically 
significant, with a 99 percent confidence level highlighting the dependability of their 
impacts.. The remaining variable is the cost of outpatient services, which has a negative 
effect, and the coefficient is statistically significant. Also, based on the hypothesis, the 
coefficient of increase in the number of patients is statistically significant. The long-run 
correlation test showed that the total expenditure on health care ( eh ) and the dummy 
variables, the expenditure on outpatient services ( eo ), the total expenditure on hospital 
services (es), and the increase in the number of sick people would have a long-term effect. 
However, reduced spending on outpatient services will result in increased patient numbers 
and long-term increases in hospital costs. 

 Expenditures for Outpatient Services, Total Expenditures for Hospital Services as 
Factors Affecting Total Health Care Expenditures and the CUSUM test of the residuals in 
order to check the robustness of our model formed to evaluate the effect of the increase in 
the number of patients as a dummy variable we implement (Figure 3). 

5

E3S Web of Conferences 538, 02016 (2024)	 https://doi.org/10.1051/e3sconf/202453802016
IPFA 2024

RETRACTED



-8

-6

-4

-2

0

2

4

6

8

2017 2018 2019 2020 2021

CUSUM 5% Significance  
-0.4

0.0

0.4

0.8

1.2

1.6

2017 2018 2019 2020 2021

CUSUM of Squares 5% Significance  
 

Fig. 2. CUSUM test of common sum of residuals 

In conclusion, it can be said that the results of the in-depth econometric analysis carried 
out in the autoregressive distributed lag (ARDL) model show that the variables of ambulatory 
services and total hospital services affecting the total health care expenditure and the sudden 
increase in the number of patients have a short-term relationship. The patients A one percent 
increase in the number of patients leads to a 2.07 percent increase in total expenditures for 
hospital services. This results in a 0.48% reduction in outpatient care costs. It can be seen 
that the sharp increase in the number of patients causes an increase in the cost of hospital 
services. Therefore, the decrease in total costs for outpatient services leads to an increase in 
the number of patients and a decrease in preventive services to prevent disease. In our study, 
when we examine the long-term effects of changes in total healthcare expenditures, a 0.10 
percent increase in patients leads to a 1.68 percent increase in hospital expenditures and a 
1.49 percent decrease in outpatient spending. It can be concluded that the increase in the 
number of patients in our country causes a sharp increase in hospital expenses. As a result, it 
reduces costs incurred for outpatient services. As a result, year-on-year increases in total 
healthcare spending will continue for a long time. In our opinion, paying attention to the costs 
of outpatient services as part of the total expenditure on health care is appropriate. The reason 
is that if outpatient services are provided in good quality, it will lead to a decrease in the 
number of patients in our society, and as a result, in the long term, the trend of decreasing 
healthcare costs will be formed. 

4 Discussion

The results of the extensive correlation study of healthcare expenses provide crucial insights 
into the intricacies of healthcare funding. The findings suggest that there is a strong and 
positive correlation between the amount of money spent on hospital services and the overall 
expenditure on healthcare. This highlights the crucial role that hospitals play in the financial 
structure of the healthcare industry. This link emphasizes the substantial financial burden that 
hospital expenditures place on healthcare budgets, which might provide valuable insights for 
policy modifications targeted at controlling costs and enhancing efficiency in hospital 
administration. Moreover, the statistically significant coefficients strengthen the credibility 
of these findings, offering a reliable foundation for future policy development focused on 
controlling healthcare costs. 

The report also highlights the consequences of higher expenditure on outpatient 
treatments. While the influence of outpatient expenditure on overall healthcare expenses is 
not as significant or clear-cut as that of hospital services, it indicates a more intricate 
interaction that may encompass several aspects of healthcare provision and funding. This 
aspect of healthcare spending necessitates additional examination in order to unravel its 
impact on overall costs, which may be influenced by factors such as the nature of services 
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rendered, the effectiveness of service provision, and the incorporation of outpatient services 
into larger healthcare networks. Gaining a comprehensive understanding of these dynamics 
is essential in order to devise focused tactics that improve the cost-effectiveness of outpatient 
services while maintaining the quality of treatment. 

In summary, this research enhances our comprehension of the many elements that 
influence healthcare costs. The study utilizes the ARDL model to highlight the significant 
impact of hospital expenditures and raises inquiries about the significance of outpatient 
services in the healthcare expenditure framework. The policy implications are significant, 
indicating the necessity for a well-rounded strategy that takes into account both the specific 
expenses incurred by hospitals and the wider range of services provided outside of hospital 
settings, in order to maximize healthcare expenditure. Future research should investigate the 
cause-and-effect correlations and any feedback loops between these factors in order to 
establish a comprehensive approach to managing healthcare finances. 
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