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AB STRACT

: Introduction: Understanding the hospital costs associated with COVID-19 and their impact
j on different populations helps develop a comprehensive approach to hospital preparedness,
i decision-making, and risk management. This study aimed to analyze the costs and identify
i factors associated with the direct treatment costs of hospitalized COVID-19 patients in a
I'military hospital in Tehran.

i Methods: This cross-sectional, descriptive-analytical economic evaluation study was
Iconducted from February 20, 2020, to November 19, 2021, using a census of 28,997
- hospitalized COVID-19 patients in a military hospital. Data analysis was performed using
i SPSS 26 and STATA 17 software, employing ordinary least squares regression and logistic
i regression

| Results: The total direct medical costs of treating the patients were 3,510,832,085,964 IRR

(Iranlan Rial), and the average treatment cost per patient was 121,049,964 IRR. Age, length
; of stay, place of residence, and comorbidities were significantly associated with treatment
icosts. The results showed that increasing age, length of stay, and the presence of other
i diseases had a significant positive correlation with treatment costs.

I'Conclusion: To reduce patient costs, healthcare policymakers should improve insurance
! coverage, hotel services, and pharmaceutical provision, and promote a culture of seeking
1 . . . . . .
imedical care earlier. Other important measures include outpatient treatment instead of
i hospitalization, telehealth follow-up, reducing hospital length of stay, prioritizing the
ielderly in preventive programs such as screening and vaccination, and providing greater
: insurance support for COVID-19 patients with comorbidities and specific conditions.
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What was already known on this topic:
e The costs of insurance and treatment related to COVID-19 are significantly influenced by factors such as
age, marital status, and the length of patients' hospital stays.
o The presence of underlying health conditions and delays in seeking treatment at medical centers increase
the treatment costs for COVID-19 patients.

What this study added to our knowledge:
o This study shows that the length of hospital stay and the presence of underlying health conditions directly
impact the treatment costs of COVID-19 patients.
e The results of this research assist policymakers in improving insurance coverage and medical services
related to COVID-19 and in implementing effective preventive measures for the elderly.
e Promoting outpatient treatment and facilitating remote care can help reduce the overall treatment costs for
COVID-19 patients and guide them quickly to medical centers.
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Extended Abstract

Introduction

By April 2024, over seven million people
worldwide had died from COVID-19 [1]. The
COVID-19 pandemic, during its first two years,
went through several distinct phases (such as the
initial emergency phase leading to lockdowns that
incurred massive societal costs related to GDP
reduction and mental health impacts), each
significantly impact health and healthcare
economics [2]. The COVID-19 pandemic had
extraordinary financial and social impacts, causing
financial strain and stressing healthcare systems
globally [3]. Analyzing the costs associated with
treating COVID-19 patients can provide valuable
practical experience for the financial preparedness
of healthcare systems in facing potential future
pandemics [4, 5]. Understanding the hospital costs
associated with COVID-19 and their impact on
different populations can help develop a
comprehensive approach to hospital preparedness,
decision-making, and future risk management.
Determining the costs associated with the disease is
the first step in evaluating the cost-effectiveness of
treatments and healthcare programs [6, 7]. A 2024
study by Kapinos et al. [8] estimated the average
national medical resource use or hospital cost per
COVID-19 inpatient stay at $112,751. Rae et al. [9]
found that the average cost of treating COVID-19
for an individual with employer-sponsored
insurance (without complications) was
approximately — $9,763. For  patients  with
complications or comorbidities, the cost could
exceed $20,000. In Iran, Mojtabaeian and Monfared
[10] in 2023 estimated the diagnostic and treatment
costs of COVID-19 patients or suspected cases
hospitalized in eastern Iranian hospitals. Their study
showed that the average inpatient cost per patient
was approximately 54,335,008 Rials, with the
largest components being hoteling (37%) and
medication (36%).

This study analyzes the direct treatment costs of
hospitalized COVID-19 patients at a military
medical center in Tehran. Considering the
challenges and complexities of the COVID-19
pandemic, this research aimed to identify the precise
anatomy of costs and the associated factors to
provide valuable insights into healthcare economics
during pandemics. Therefore, this study can serve as
a starting point for improving policies and
optimizing cost management in pandemic crisis
treatment within a military setting.

Methods

This study is an economic evaluation using cost
analysis, employing a descriptive-analytical
approach and a cross-sectional design. The study
population comprised COVID-19 patients with

confirmed symptoms and positive test results. The
sample included patients hospitalized at the study
hospital from February 20, 2020, to November 19,
2021. All patients from the pandemic onset to the
study completion were reviewed based on data
available in the Hospital Information System (HIS).
It is important to note that the mentioned date refers
to the patient's admission date, not the COVID-19
diagnosis date. For example, a patient might have
been admitted on December 20th but received a
confirmed COVID-19 diagnosis on December 25th.
All 28,997 hospitalized COVID-19 patients with
complete information and bills were included. The
total cost (sum of patient and insurer shares) was
used as the dependent variable in the model.

The variables were collected through a data
collection form, and by visiting the admission and
accounting departments of the hospital. The data
required for the study included the components of
direct treatment costs for COVID-19 patients (costs
of medication, laboratory tests, diagnostic imaging,
hospitalization, etc.), patient socioeconomic
variables (including age, gender, type of insurance
coverage, marital status, and place of residence),
average length of stay, type of care (intensive care,
general ward, and emergency), treatment plan (drug
therapy, plasma therapy, and hemoperfusion), and
initial clinical symptoms (fever, shortness of breath,
headache, etc.).

Data description was performed using descriptive
statistics and measures of central tendency (mean
and standard deviation) using SPSS. Data analysis
was performed using inferential statistics using
STATA. First, the treatment costs of COVID-19
patients were categorized into quartiles, and then the
effect of independent variables on the cost quartiles
was examined using the ordered logistic regression
model. Moreover, ordinary least squares (OLS)
regression was also used to analyze factors
associated with the treatment costs of COVID-19
patients. A significance level of five percent was
considered, and the White test was used to check
heteroscedasticity.

Results

The mean age of the individuals was 51.95 years
(51.95 + 15.77), with a median of 53 and a mode of
56 years. Based on the results, the age variable was
categorized into subgroups: child and adolescent,
young adult, middle-aged, young elderly, middle-
aged elderly, and old elderly. The middle-aged and
young adult age groups had the highest frequencies
(n= 10,231; 35.29%) and (n=9,255; 31.93%),
respectively. Furthermore, the middle-aged age
group accounted for 36.72% of the total cost. The
average treatment cost per patient was 121,040,000
Rials or $611. The middle-aged elderly group had
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the highest average cost, at 149,170,000 Rials or
$753. The results show that most of the individuals
studied were male (56.4%), and men accounted for
58.5% of the total costs. The average treatment cost
per male was 125,460,000 Rials or $633. According
to the results, more than half (50.75%) of the
COVID-19 patient treatment costs were related to
hospitalization and accommodation. Following this,
the highest shares were attributed to medication
costs (28.42%), paraclinical costs (8.65%), and
hemoperfusion (5.4%).

According to the results of the ranked logistic
regression, the odds of being in a higher cost quartile
were significantly lower for children and
adolescents compared to young adults (OR: 0.73,
P<0.05). There was no statistically significant
difference in the odds of being in a higher cost
quartile between other age groups and the young
adult group. Gender did not have a statistically
significant effect on the odds of being in a higher
cost quartile (P=0.114). The odds of being in a
higher cost quartile were significantly higher for
patients from provinces other than Tehran compared
to those from Tehran (OR: 1.16, P<0.05), meaning
the odds of being in a higher cost quartile were 1.16
times higher for patients from other provinces. The
odds of being in a higher cost quartile were also
significantly higher for married patients compared to
single patients.

Based on the results of OLS model, the model
was statistically significant overall (p<0.001 and
F=8088), and the White test rejected the presence of
heteroscedasticity at the 5% significance level
(Chi2=7546, P<0.001). All variables examined had
a statistically significant association with treatment
costs (P<0.05). Increasing age and length of stay
showed a positive and significant association with
COVID-19 treatment costs (P<0.05). Furthermore,
with each increase in the disease wave, the average
treatment cost decreased by 9.7 (p=9.7, P<0.05).

Discussion

According to our results, increasing patient age
has a significant positive correlation with the cost of
treating COVID-19 patients. A study by
Mojtabaeian and Monfared [10] in eastern Iran also
showed that among age groups, patients aged 65-74
years had the highest average cost per patient, while
those aged 0-17 years had the lowest. Richards et al.
[11] also showed that with increasing age in
COVID-19 patients, the costs of care and treatment
also increase. The research by Seringa et al. [12]
indicated that hospitalization costs were higher for
patients aged 65-84 years than the costs for other age
groups. Abidin and Nihat [13] show that the
treatment costs for COVID-19 patients increase with
increasing age. Li et al. [14] showed that for each
year of age increase in COVID-19 patients, the
average treatment cost increased by $117, an

increase attributed to the longer length of stay for
elderly patients. The results of the above studies
support the findings of our research. Therefore, from
a cost-saving perspective, prioritizing the elderly
population in COVID-19 vaccination programs is
recommended.

Gender did not have a statistically significant
effect on higher treatment costs. The study by
Mojtabaeian and Monfared [10] in eastern Iran
showed that costs were 10% higher for male patients
than for female patients. Solanki et al. [15] also
showed that the cost of hospitalization and treatment
for COVID-19 patients was 18% higher in men than
in women, which is inconsistent with our results.
The research by Seringa et al. [12] showed that most
hospitalized COVID-19 patients were male, and
men had longer lengths of stay and higher
hospitalization costs than women. Aslan et al.[16]
also showed that care costs were higher for women
over 50 years of age than for men.

Insurance plays a crucial role in facilitating
access to healthcare services and reducing costs. The
COVID-19 pandemic exacerbated existing health
inequalities in most countries due to social
stratification and unequal distribution of wealth and
resources. Individuals with lower socioeconomic
status lack access to essential healthcare services
[17]. Our study showed that the treatment costs for
patients with Armed Forces insurance and other
insurance plans were significantly lower than those
for uninsured/self-pay patients.  However, the
treatment costs for veterans and their dependents did
not show a statistically significant difference
compared to the uninsured/self-pay group. Possible
reasons for this include that adequate insurance
coverage led to earlier visits to specialized
healthcare centers and better care, thus reducing
treatment costs. The results of Chua et al.'s study
[18] showed that the average out-of-pocket payment
for COVID-19 treatment per patient was $3998 for
private insurance, and $1638 for Medicare,
respectively. Another study by Chua et al. [19]
showed that the average treatment cost per COVID-
19 patient was $1045 for private insurance, and
$1360 for Medicare.

Eisenberg et al. [20] indicated that the average
out-of-pocket payment for patients with COVID-19-
like respiratory illnesses was $1961 for Consumer-
Driven Health Plans (CDHPs) and $1653 for
traditional plans. The present study shows that the
treatment costs for married patients were
significantly higher than those for single patients.
Married patients likely delayed seeking healthcare
due to fear of quarantine and isolation at home,
leading to increased treatment costs. Furthermore,
the treatment costs for patients with comorbidities
alongside COVID-19 were significantly higher than
those for patients with COVID-19 alone. This is
likely because patients with comorbidities incurred
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higher costs due to receiving additional care for their
underlying conditions. The results showed that the
treatment costs for patients from other provinces
were significantly higher than those from Tehran
province. Patients from other provinces likely
initially sought medical attention in their home
locations but, due to inadequate treatment and
disease progression, were subsequently referred to
the study hospital. This delay in seeking care
resulted in higher costs.

The cost of treating patients requiring regular and
intensive care was significantly higher than that of
patients receiving emergency care. A study by
Richards et al. [11] also showed that admission to
the intensive care unit (ICU) increased treatment
costs by approximately $1000. Galdeano Lozano et
al. [21] indicated that the cost of treatment and stay
for 56 COVID-19 patients in the intermediate
respiratory care unit (IRCU) was €66,233, while the
cost for 25 COVID-19 patients in the ICU was
€281,000. Treatment costs were significantly higher
for deceased patients compared to those with
complete recovery, but there was no significant
difference between the groups with partial recovery
and those discharged with personal consent
compared to the complete recovery group. This may
be because deceased patients, due to their poor
health status, received a wider range of treatments,
leading to increased costs. According to a study by
Seringa et al. [12], the average cost of care for
COVID-19 patients who died in the hospital was
€15,965, while the average cost for patients admitted
to the general ward and discharged after recovery
was €2,256. Based on our findings, treatment costs
for patients in the first wave of the epidemic were
significantly higher than those in the fifth wave, but
there was no statistically significant difference
between the second, third, and fourth waves and the
fifth wave. This may be because patients in the first
wave, due to the unknown nature of COVID-19 and
the variety of treatments and therapeutic approaches,
received a combination of treatments, leading to
increased costs.

A significant relationship exists between the
length of patients' stay, type of care received, age,
marital status, and the presence of comorbidities and
the direct treatment costs of COVID-19 patients.
Health policymakers should establish mechanisms
to improve insurance coverage, hotel services, and
pharmaceutical services, as well as promote a
culture of seeking earlier medical attention to reduce
patient  out-of-pocket  expenses.  Prioritizing
outpatient treatment over inpatient treatment
whenever possible, pursuing treatment through
telehealth at home, reducing hospital length of stay,
prioritizing the elderly in preventive programs such
as screenings and vaccinations, and providing
greater insurance support for COVID-19 patients
with comorbidities and specific diseases are other

important considerations.

This study had the following limitations. First, the
cost assessment was limited to hospitalized patients,
and the results are not generalizable to other diseases
or outpatient settings. Second, the measurement of
financial support was limited to patients hospitalized
in a military hospital in Tehran (based on their
medical insurance cards) and did not include
patients hospitalized in other hospitals. The amount
and anatomy of treatment costs in private and other
public hospitals may differ. Third, the patients'
financial data in this study only included direct costs
recorded in the hospital accounting system. Indirect
costs and informal patient payments were not
considered in the analysis.
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