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Abstract

Background: One of the important issues in managing COVID-19 is
the correct, principled and timely provision of health services. To
achieve this goal, full attention to its economic dimensions is
important. The aim of the present study was to estimate direct medical
costs of COVID-19 cases and its predictors at a referral hospital in
Shahroud, Northeast of Iran.

Methods: This descriptive-analytical cross-sectional study was
performed on all confirmed cases with COVID-19 infection who were
hospitalized in the referral hospital in Shahroud, Northeast of Iran,
between February 20, 2020, and May 23, 2020. A total of 744
confirmed cases were hospitalized during this period. Analyses were
conducted on data from 697 patients who survived at admission and
had complete records, with final status recorded as discharged or
deceased. The bottom-up costing approach was applied to calculate
direct medical costs. Univariate analyses were performed using Mann-
Whitney U test, Friedman test, and Spearman correlation test. Also,
quantile regression was applied in the multivariate analysis. A
significance level of 0.05 was used for all statistical tests.

Results: A total of 697 patients were included in the analysis. The
mean (SD) of the costs was US$ 965.8 (1477.2) with the median (IQR)
of US$ 493.7 (366.5, 880). Of the studied patients, 120 (17.2%) were
admitted to the ICU, with the mean (SD) and median (IQR) costs of
US$ 2894.6 (2644.6) and US$ 2129.9 (1212.6, 3895.7), respectively.
The highest mean costs were observed for bed and hoteling (42.5% of
total costs) and for medications and supplies (34.5%). Age, diabetes,
cardiovascular disease, other comorbidities, and patients' intubation
had a significant association with the length of stay and the costs of
hospitalization in the univariate analysis. The quantile regression
results identified that male gender, cardiovascular disease, patients'
intubation, and length of stay all were predictors of the patients’
hospitalization costs.

Conclusions: The results of the present study showed that clinical
management of COVID-19 inpatients incurs a significant financial
burden to the healthcare system. Diseases severity was the only
modifiable factor which increased the hospitalization costs at its
different levels. Mitigating the incidence and severity of the disease
through adherence to the health protocols, increasing vaccination
coverage, and early diagnosis and timely treatment of patients can play
an important role in reducing costs and effective use of health care
resources in the management of COVID-19.

Keywords: COVID-19, Hospitalization costs, Iran, Quantile
regression.

“Corresponding to: M
marziyeh.rohani@gmail.com

Rohani-Rasaf, Email:

Please cite this paper as: Khoramrooz M, Mirrezaie SM, Azizi A,
Garkaz O, Zare F, Rohani-Rasaf M. Predictors of COVID-19 Patients'

Hospitalization Costs: A Cross-Sectional Study from Iran. Shahroud
Journal of Medical Sciences 2025;11(3):43-51.

Introduction

Coronavirus is one of the main pathogens that primarily
targets the human respiratory system. Previous coronavirus
outbreaks include Severe Acute Respiratory Syndrome (SARS-
CoV) and Middle East Respiratory Syndrome (MERS-CoV) as
the cause of severe lower respiratory tract infection in humans,
which is recognized as a major threat to general human health
1. The third outbreak of Coronavirus disease SARS-CoV-2
began from China, and the effects of the disease were most
widespread there. Then the disease has spread to many other
countries, the scope and severity of the disease vary from
asymptomatic or mild to severe. A significant proportion of
patients with obvious evidence of clinical infection have severe
disease 2. The new corona virus-2019 is transmitted through
droplets, close contact, aerosols, and possibly fecal-oral
transmission, and patients in the incubation period can transmit
the virus to others * 4. Also, the incubation period of this virus

was announced as 5 days with an average range of 4 to 7 days
5-8

The mortality rate of COVID-19 is changing and the
number of recovered cases is increasing. The mortality rate of
the new coronavirus is significantly lower than that of the
SARS-CoV (approximately 9.6%) and the MERS-CoV
(approximately 35.2%) > > and the rate of transmission of the
disease is between 2.5 to 3.5 ' . The spread of the new
coronavirus disease is more rapidly than SARS-CoV and
MERS-CoV 2. According to the WHO, from 3 January 2020
to 17 September 2021, 5,378,408 confirmed cases of COVID-
19 were reported, of which 116,072 cases were died 3.

One of the important issues in managing COVID-19 is the
correct, principled and timely provision of health services, one
of the true manifestations of social justice. To achieve this
goal, full attention to its economic dimensions is important !4,
The increasing growth of health system costs around the world,
especially costs related to disease diagnosis and treatment, is
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such that it has become one of the main concerns of managers
and decision makers of the health systems. According to the
results of the World Bank study in developing countries,
hospitals are considered as the most important and costly
components of health systems and this issue is very important
and vital and should be considered '°. In the analysis of
treatment costs, direct treatment costs, indirect costs and
intangible costs are usually included. Direct treatment costs
include the costs of the formal care, including costs related to
nurses or medical staff, medicine, equipment, diagnostic tests,
amenities and surgical supplies, non-medical direct costs are
ancillary costs incurred by patients or their companions for
medical and therapeutic purposes and include ancillary
equipment, travel and transportation, accommodation and food
16,17 Intangible costs include pain and discomfort. High direct
costs of hospitalization, the payment of costs is of particular
importance to individuals and organizations. In fact,
recognizing these costs prevents the health, human capital and
of course the economy of the country from being affected by
the shock caused by coronavirus disease ' 1°,

While several studies have been conducted worldwide on
the costs of COVID-19 disease 223, only one study estimated
the economic burden of COVID-19 in Iran ?*. However, in this
study factors associated with the costs have not been assessed.
Therefore, the present study was conducted with the aim of
estimating hospitalization (direct medical costs) associated
with the management of COVID-19 cases and its predictors at
referral hospital in Shahroud, northeast of Iran. Furthermore,
the quantile regression technique was used to obtain more
detailed information on the association between costs and its
predictors.

Materials and Methods

This descriptive-analytical cross-sectional study was
performed on all confirmed cases with COVID-19 infection
who have been hospitalized in the referral hospital in
Shahroud, Northeast of Iran. The study data were extracted
from COVID-19 registry system and patients' medical
electronic records in the Hospital Information System (HIS).
HIS provides a source of information on medical,
administrative, financial, and service issues. COVID-19
registry system is an electronic data record included
demographic, medical, and general information. We merged
data from two sources of COVID-19 registry system and HIS.
Study population is patients who were being hospitalized due
to a confirmed infection of COVID-19 based on the two
diagnostic methods of reverse transcription-polymerase chain
reaction (RT-PCR) or Computed Tomography Scan (CT scan).

744 confirmed cases of COVID-19 were admitted to the
hospital between February 20, 2020 and May 23, 2020. We
used data from 697 patients who were survived at the time of
admission and their information were recorded completely in
the HIS and COVID-19 data registry system as a patient with a
final status of discharged or dead.
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The bottom-up costing approach was applied to calculate
direct medical costs of the patients. In this approach, the costs
of hospitalization were break down to the cost items which
their information were collected through the patient bills in the
HIS. All cost figures were initially recorded in Iranian Rials
(IRR) and were subsequently converted to U.S. dollars using
the 2021 Purchasing Power Parity (PPP) exchange rate
published by the World Bank (1 USD=50488.17 IRR) ?. This
approach was adopted to enhance international comparability
and to provide a more realistic representation of economic
burden by adjusting for differences in price levels between Iran
and other countries.

Total costs of hospitalization for COVID-19 patients was
calculated trough summing up of the cost items including: bed
and hoteling costs (for general, Intensive Care Unit (ICU),
Coronary Care Unit (CCU), Post-CCU, and temporary beds),
fees for medical procedures (visits, counselling, surgery,
therapeutic and other medical procedures), diagnostic and
laboratory tests (chest X-ray, chest CT scan, other imaging
services, RT-PCR, and other laboratory tests), medication and
supplies (antibiotics and antivirals, other medications, and
medical supplies).

The study covariates were gender, age (>40 years, <40
years), having diabetes (yes, no), cardiovascular disease (yes,
no), other comorbidities (yes, no), intubation (yes, no), risk of
mortality (1.5%, 9.2%, and 22%), and length of stay (days).
Other comorbidities consisted of cancer, chronic respiratory
disease, asthma, chronic kidney disease, chronic liver disease,
and autoimmune disorders (including systemic lupus
erythematosus and rheumatoid arthritis). Risk of mortality
evaluated based on the: confusion, uremia, respiratory rate,
blood pressure, age >65 years (CURB-65 index), a validated
criteria which predicts the risk of mortality in community-
acquired pneumonia 2°. The index was calculated based on the
patients' confusion status, respiratory rate>30 breaths/min,
blood pressure (systolic <90 mmHg or diastolic <60 mmHg),
age>65 years, and blood urea nitrogen level>19 mg/dL (>7
mmol/L). If a patient had each of these conditions took one
point and the total score of the patients could range from 0 to 5.
Risk of mortality for patients with the total score of 0-1, 2, and
>3 was considered to be 1.5%, 9.2%, and 22%, respectively.

Univariate analyses were performed to explore how the
medical costs and patients’ length of stay changed across
patients' demographic and clinical characteristics using Mann-
Whitney U test, Friedman test, and Spearman correlation test.

Before fitting the regression model, we checked the outliers
of medical cost data. The box plot of the cost data in Figure 1.
shows that it contains outliers and is positively skewed
(Skewness=5.8) which implies that the ordinary least square
(OLS) model is not an appropriate technique to examine the
effects of the patients' characteristics on their medical costs.

QIO

BY NC



Khoramrooz et al.

60,000
|

40,000
|

Direct medical costs

20,000
|

Figure 1. Box plot for COVID-19 patients' direct medical costs

Therefore, we employed a Simultaneous Quantile
Regression (SQR) model to assess how predictors affect
different levels of hospitalization costs. This model jointly
estimates multiple quantiles of the outcome and captures
heterogeneity in the associations across the cost distribution.

Given the skewed nature of cost data and the occurrence of
negative lower bounds in the 95% confidence intervals of cost
estimates in preliminary models, we re-specified the quantile
regression by applying a natural logarithmic transformation to
the dependent variable (total cost). This approach stabilizes
variance, reduces skewness, and ensures that the exponentiated
predicted costs remain strictly positive. We also explored the
possibility of constrained quantile regression models
(restricting coefficients to non-negative values, f>0); however,
these models either failed to converge or yielded unstable
estimates. Therefore, the final analysis is based on the
unconstrained quantile regression model with log-transformed
costs.

The model was fitted to estimate the adjusted effects of the
study covariates on the patients’ costs, as follows:

Q¢x; @lx) = x{ B; T €(0,1)

In the equation above, Qi (Tlx) is conditional direct
th th

medical cost for patient in the

quantile. In this

study, we simultaneously estimated the regression coefficients
in 10%, 25t 50t and 75% quantile points. Therefore, T took the

values of 0.1, 0.25, 0.5, and 0.75. Xi is a vector of covariates
-th
for patient, and Bx is a vector of estimated coefficients for

quantile (T).

To avoid over fitting, multicollinearity of the study
covariates was also checked. The value of VIF for all of the
study covariates and the mean VIF were <1.2 and 1.1,
respectively, indicating that there was no multicollinearity
problem. All the study analyses were performed using Stata
software version 14 and a significance level of 0.05 was used
for all statistical tests.

Results

According to the results of Table 1, total direct medical
costs for 697 COVID-19 inpatients was US$ 673186.9 with the
mean (SD) of 965.8 (1477.2). The median (IQR) cost of
hospital care was 493.7 (366.5, 880), which was almost half of
its mean. Of the studies patients, 120 (17.2%) were admitted to
the ICU. Total costs for these patients was US$ 347357.3, with
the mean (SD) and median (IQR) of US$ 2894.6 (2644.6) and
US$ 2129.9 (1212.6, 3895.7), respectively.

The highest mean costs were observed for bed and hoteling
(42.5%) and for medications and supplies (34.5%), followed by
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Table 2 represents the descriptive statistics of patients'
length of hospital stay and direct medical costs by their
characteristics.

medical procedures (13.6%), and diagnostic and laboratory
tests (9.4%).

Table 1. Direct medical costs breakdown for hospitalized patients with COVID-19 disease in Shahroud, Iran

Cost items Cost (S) MeanzSD ($) % of Total cost

General 174614.00 250.52 (204.60) 25.94
ICU 105114.80 150.81 (578.64) 15.61

ccu 3485.75 5.00 (49.94) 0.52

Bed & hoteling Post-CCU 230.43 0.33 (4.54) 0.03
Temporary 2094.37 3.00(21.13) 0.31

Psychiatric 379.65 0.55 (11.70) 0.06
Sum 285919.10 410.21 (648.60) 42.47

Chest X-ray 1069.26 1.53 (4.10) 0.16

Chest CT scan 9861.50 14.15 (10.43) 1.46

. . Other imaging services 6516.98 9.35(28.83) 0.97
Diagnostic and laboratory tests RT-PCR 19862.08  28.50 (24.50) 2.95
Other laboratory tests 25859.63 37.10 (40.55) 3.84

Sum 63169.44 90.63 (68.19) 9.38
Other medical procedures 91749.15 131.63 (194.08) 13.63
Antibiotics and antivirals  55471.10 79.59 (102.39) 8.24
Medications and supplies Other medications 105090.20 150.78 (550.80) 15.61
Medical supplies 71788.00 103.00 (257.83) 10.66
Sum 232349.30 333.36 (740.08) 34.51

Total costs 673186.90 965.84 (1477.18) 100

Abbreviations: $, US dollar; ICU, Intensive care unit; CCU, Coronary care unit; CT, computer technology; RT-PCR, Reverse transcription-polymerase
chain reaction

T Cost items were adjusted for PPP (purchasing power parity) exchange rates

Table 2. Hospital length of stay and direct medical costs of the hospitalized patients with COVID-19 pneumonia by their characteristics in Shahroud, Iran

. Length of stay Cost
0y ! st
Characteristics N (%) Mean (SD) P-value Mean (D) P-value
Female 308 (44.19)  7.82 (7.15) 971.53 (1769.52)
Gender Male  389(55.81)  7.05(5.09)  °322 96133 (11986) O27°
<40 116 (16.64)  6.23(5.72) 913.33 (1773.82)
Age (years) 240  s581(8336) 7.62(614) %' o97632(141207) 0016
) No  521(74.75)  7.12(5.76) 904.18 (1294.36)
Diabetes Yes  176(25.25) 820(6.94)  °O%  11483a(1011.92) 0012
) . No  467(67.00)  6.78(5.37) 808.06 (1194.09)
Cardiovascular disease Ves 230 (33.00) 8.63 (7.20) <0.001 1286.18 (1891.18) <0.001
- No  542(77.76)  7.04(5.76) 953.87 (1579.14)
Other comorbidities Yes  155(22.24) 864(7.01)  °9%% 100766 (1048.47) <0001
) No  657(94.26)  7.22(5.63) 837.21 (1064.64)
Intubation Yes  40(574) 1020(1098) %% 3078.49(387550) <0001
15%  234(3357)  7.46 (5.71) 961.15 (1521.53)
Risk of mortality 92% 310 (44.48) 7.23(578) 0996  879.15(1459.52)  0.827
22%  153(21.95)  7.61(7.21) 1148.64 (1436.43)

+ Adjusted for PPP (purchasing power parity) exchange rates

The mean (SD) and median (interquartile range) of length
of stay were 7.4 (6.1) and 6 (4, 8) days, respectively. Results of
the Spearman correlation test showed that there was a positive
and strength correlation between patients' costs and their length
of stay (r=0.75, P-value<0.001). As shown in the first column
of Table 2, 55.8% of the patients were male and 44.2% were
female, and the age of 83.4% of patients was >40 years old.
The prevalence of diabetes, cardiovascular disease and other
comorbidities among hospitalized patients were 25.3%, 33%
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and 22.2%, respectively and 54.5% of the patients had at least
one comorbidity. Furthermore, 5.7% of the patients were
intubated, and the risk of mortality was 1.5%, 9.2%, and 22%
in 33.6%, 44.5%, and 22% of the patients, respectively.
According to the results presented in the next four columns of
the table, age >40, diabetes, cardiovascular disease, other
comorbidities, and patient intubation were significantly
associated with longer hospital stays and higher hospitalization

|



Khoramrooz et al.

Table 3 presents the coefficient estimates and percentage
changes in direct medical costs derived from quantile
regression analysis. The results indicate that, at the 75th
quantile, male patients had significantly higher hospitalization
costs compared to females, with a 9.9% increase (95% CI:
2.2%, 18.1%). Similarly, at the median (50th quantile), patients
with cardiovascular disease incurred significantly higher costs
than those without the condition, with a 7.6% increase (95%
CI: 0.3%, 15.5%).

Intubation was significantly associated with increased
hospitalization costs across the 25th, 50th, and 75th quantiles,
with the effect size escalating at higher quantiles. At the 25th
quantile, intubated patients incurred 74.6% (95% CI: 3.9,

193.4%) higher costs, rising to 166.2% (95% CI: 111.9,
234.8%) at the median and 190.5% (95% CI: 103.1, 315.6%) at
the 75th  quantile. This suggests that intubation
disproportionately impacts patients with the highest baseline
expenditures.

Similarly, longer hospital stays consistently predicted
higher costs across all quantiles, with each additional day
increasing costs by 10.6% (25th quantile; 95% CI: 8.9, 12.3%),
12.7% (median; 95% CI: 11.3, 14.0%), and 13.6% (75th
quantile; 95% CI: 11.6, 15.6%). The strengthening association
across quantiles indicates that prolonged hospitalization drives
cost escalation most markedly among high-cost patients.

Table 3. Quantile regression results for direct medical costs (coefficients and % change, 95% Cl)

10th quantile

25th quantile

50th quantile 75th quantile

G G G G
X X X X
= Fy = Fy = Iy = Iy
S - S - S - S -
X 17 X 17 X I X I
n S n S n S n S
Characteristics P £ = £ pr £ = £
o & g & g ) o &
o H S H S H o H
g 5 g 5 g 5 g 5
o £ © = o € o] b
o o ] o
(=] o Q Q
s s S S
()] ()] [} [}
[-% [-% -9 -9
Gender (RC: Female) 0.078 8.10 0.032 3.26 0.031 3.18 0.094 9.85
: (-0.068, 0.224) (-6.61, 25.12) (-0.021, 0.086) (-2.12, 8.94) (-0.021, 0.084) (-2.11,8.77) (0.022, 0.166)* (2.21, 18.06)*
Age 0.035 3.59 0.035 3.52 -0.011 -1.70 0.001 0.07
(RC: <40 years) (-0.144,0.214)  (-13.40,23.91)  (-0.034,0.103) (-3.36,10.89) (-0.097, 0.075) (-9.23,7.83) (-0.118, 0.120) (-11.15, 12.71)
Diabetes (RC: No) 0.070 7.20 0.017 1.68 -0.017 -1.65 -0.007 0.67
: (-0.068, 0.207) (-6.53, 22.95) (-0.044, 0.077) (-4.28, 8.01) (-0.074, 0.040) (-7.11, 4.13) (-0.100, 0.087) (-9.55, 9.09)
Cardiovascular disease (RC: No) 0.003 0.32 0.047 4.80 0.074 7.64 0.098 10.25
: (-0.158,0.164)  (-14.60,17.84)  (-0.021,0.114) (-2.05,12.12)  (0.003, 0.144)* (0.30, 15.53)* (-0.011, 0.206) (-1.12, 22.94)
. -0.019 -1.86 0.078 8.06 0.051 5.20 0.051 5.27
Other comorbidities (RC: No) (-0.202,0.165)  (-18.31,17.89)  (-0.032,0.187) (-3.12, 20.54) (-0.022, 0.123) (-2.13, 13.08) (-0.030, 0.133) (-2.99, 14.24)
Intubation (RC: No) 0.286 33.14 0.558 74.64 0.979 166.23 1.067 190.53
: (-0.176,0.749)  (-16.17,111.46)  (0.039,1.077)*  (3.93,193.44)*  (0.751,1.207)*  (111.91,234.8)*  (0.709, 1.424)*  (103.12, 315.56)*
Risk of mortality (RC: 1.5%)
9.2% -0.070 6.79 -0.029 -2.89 -0.005 -0.48 -0.037 -3.59
e (-0.201, 0.060) (-18.18, 6.18) (-0.085, 0.026) (-8.11, 2.62) (-0.061, 0.051) (-5.90, 5.25) (-0.121, 0.048) (-11.44, 4.95)
229 -0.220 -19.73 -0.079 -7.59 0.015 1.50 0.058 5.95
° (-0.465, 0.025) (-37.17, 2.55) (-0.182, 0.024) (-16.60, 2.40) (-0.064, 0.094) (-6.23, 9.86) (-0.067, 0.182) (-6.45, 20.00)
Length of sta 0.090 9.42 0.101 10.59 0.119 12.67 0.127 13.58
g \ (0.078,0.102)*  (8.13,10.72)* (0.086,0.116)*  (8.93,12.28)*  (0.107,0.131)*  (11.33,14.03)*  (0.110, 0.145)* (11.58, 15.62)*

Abbreviations; Cl: Confidence interval, RC: Reference category

*P-value<0.05
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Discussion

There are studies estimated the economic burden of
COVID-19 in some countries. The present study was aimed to
estimate direct medical costs of the COVID-19 inpatients and
its predictors using data from a referral hospital in Shahroud,
Northeast of Iran. The costs of managing COVID-19 inpatients
and the average length of hospital stay were estimated to be
USS$ 965.8 and 7.4 days per patient, respectively. We found
that medical costs in >25" quantile points were higher when
patients were intubated. The results also showed a direct
association between the medical costs and the length of
hospital stay, intubation, having cardiovascular disease, and
male gender.

Our results showed that the highest percentage of medical
costs were related to the bed and hoteling and also medications
and medical supplies, whereas diagnostic laboratory tests were
accounted to be the less costly items. These findings were in
line with the results of other studies >* 7. The higher bed and
hoteling costs can be explained by the justification that
treatment of COVID-19 patients requires more hospitalization
than the other respiratory diseases in order to completely cure
the infected people, and to prevent further spread of the disease
to the community 2. In a study conducted in China,
medications had the largest share of COVID-19 inpatients'
costs (45.1%) ?°. One of the reasons for the high cost of
medications may be the existence of comorbidities in
hospitalized patients. According to the results of various
studies, comorbidities were one of the main clinical
characteristics of the COVID-19 hospitalized patients 27> 2%-32,
which increase the costs of their treatment 27 2% 32, Having
comorbidities can lead to a more severe state of the disease 3%
34, the treatment of which requires the use of more medications
such as antiviruses, antibiotics, immunomodulators, and other
drugs associated with the comorbidities.

The median direct medical costs of COVID-19 inpatients in
our study (US$ 493.7) was lower than an estimated median
cost of US$ 3,045 for managing a hospitalized SARS-Cov-2
patient in the United States 3°. Furthermore, the average direct
medical costs (in US dollars) in our study was 965.8, which
reported to be 2,395 in China 3¢, 4,633.4 in India ¥, and US$
1193.7 in Korea 2. Differences in currency conversion rates
across studies could affect cost comparisons. Since medical
costs were originally incurred in local currencies and later
converted to US dollars, fluctuations in exchange rates may
contribute  to  observed  discrepancies.  Furthermore,
international variations in hospitalization protocols, discharge
policies, and healthcare financing structures significantly
influence cost differences. Our findings align with previous
studies 3> %%, in demonstrating a direct relationship between
length of hospital stay and treatment costs. This association is
well-established, as length of hospital stay serves as a reliable
proxy for resource utilization in patient care 8. In our setting,
although discharge criteria changed simultaneously with the
growth of our knowledge of the disease as well as the load of
hospitalized patients at each time period, COVID-19 patients
were discharged according to clinical criteria when clinical
symptoms improved and the patient remained without fever for
72 hours or on 10 days after the onset of clinical symptoms. It
appears that length of stay, shaped by discharge policies, is one
of the most critical factors underlying differences in direct

medical costs across studies. According to a systematic review,
the average length of hospital stay for COVID-19 patients was
14 days in China compared to 5 days outside China 2%, It also
estimated to be 5.5 days in a study by Jang et al. in Korea 2,

In addition to the differences in management and discharge
strategies in the various settings, the patient profile and disease
severity in each study setting are important influencing factors.
Findings of the previous studies showed that disease severity
and clinical characteristics of the patients such as comorbidities
and age composition are important factors that affect the length
of stay ** and treatment outcomes 3. It seems that different
composition of our cases compared with that of other studies,
for example the study by Jang et al, can explain the differences
in direct medical costs and length of stay. In our study, over
50% of cases had at least one comorbidity, while in the study
by Jang et al. in Korea, this figure was under 30%. Likewise,
80% of our patients were older than 40 years, compared to 60%
in Jang et al.’s sample 2. This difference in age distribution
and comorbidity may partly explain the variation in direct
medical costs between our study and that of Jang et al. (US$
1193.7).

Our quantile regression analysis demonstrated that patients
who need to be intubated had higher costs of hospitalization in
>25" quantile points, and association between costs and this
factor was stronger in the higher levels of costs. However,
these associations were not seen at the 10" quantile points.
These findings are largely consistent with the other studies
indicating that disease severity, which was measured by
different indicators, is an important predictor of patients'
treatment costs. In the study by Yan et al., patients' disease
severity was categorized as mild, moderate, severe, and critical,
along with the recommendations established by the National
Health Commission of the People's Republic of China, and
hospitalization costs was increased with increasing the level of
disease severity 2’. Other studies also emphasized that patients
who were either hospitalized in the ICU or were at high risk of
mortality had higher levels of treatment costs 32 3% 40: 41 due to
events such as acute respiratory distress syndrome (ARDS) and
sepsis, both of which increase direct medical costs. However, if
the patients died, they had different profile of treatment costs
33, because they were less likely to receive more complicated
treatment measures or care in the ICU . Similarly, in our
study, it appears that a subset of patients who died shortly after
admission- likely due to critical illness- fell into the lower (e.g.,
10th) cost quantiles, while severely ill patients who survived
required more intensive interventions and contributed to higher
cost quantiles.

Among the comorbidities studied, including diabetes,
cardiovascular diseases and other comorbidities, which were
related to the hospitalization costs in the univariate analysis,
only cardiovascular diseases were associated with the costs in
the multivariate analysis. These findings were in line with other
studies which indicated that existence of the comorbidities
increase disease severity 3% 3 and risk of mortality 4> 4. In our
study, diabetes and other comorbidities did not have an
independent effect on the costs. The positive associations
observed in the univariate analysis were likely due to their
influence on disease severity indicators, e.g., patient intubation.
Moreover, diabetes as one of the major risk factors for
cardiovascular disease, if associated with heart disease, can
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cause more severe cases of the disease **, which in turn will
cost more for COVID-19 patients. According to our findings,
presence of cardiovascular disease among patients with the
costs levels of 25" and 50" quantile points had an independent
effect on increasing their costs. This finding may be because of
the reason that in less than 25" quantile points, immediate
death of a group of the patients with cardiovascular disease
after admission stopped increasing their treatment costs, while
their survived counterparts were placed in 25" and 50" quantile
points and had higher levels of hospitalization costs than the
other patients. The presence of cardiovascular disease in the
worst case would increase costs at its median level, but at
higher levels of cost (75" quantile points) it did not play an
independent effect on increasing the costs, possibly due to
selective mortality of the most severe cases before they could
accrue prolonged treatment cost.

Age as a significant predictor of the patients’ costs in other
studies 3> #!, had a positive association with the patients' costs
in the univariate analysis. However, quantile regression
analysis showed that age had no independent effect on the
patients’ costs. The reason for these findings could be that in
our study, patients were more homogenous in terms of their age
than the other studies. The majority of our cases were more
than 40-years-old and they probably experience more sever
disease and had more treatment costs than their younger
counterparts, which was reflected in the observed associations
between the costs and disease severity indicators in the
multivariate analysis.

Male gender was significantly associated with the high
hospitalization costs; direct medical costs for males was 9.9%
more than females in >75™ quantile points. As the results of
studies show, the severity of COVID-19 disease *> 4% and
consequently hospital costs 3> 4!, are higher in males than
females. However, in our study, a significant relationship was
found between male gender and costs only among patients with
high costs. These findings show that among patients whose
illness was more severe and therefore, had higher costs due to
the use of more complicated treatments, female patients
recovered better than the males and their costs increased less.
Other studies have shown that the presence of the X
chromosome and female sex hormones enhances women's
immune response to severe illnesses 4743,

Our study has some limitations; first, our results used local
data for analysis, which may be less generalizable nationwide.
For better comparison and to evaluate estimated medical costs
of Iranian inpatients, further research in other parts of Iran and
conducting a national study with different settings are required.
Second, private sector data is not included in this study, so the
findings cannot be generalized to the non-governmental sector.
A methodological limitation was the failure to estimate
constrained quantile regression models with non-negative
coefficients, as they did not converge or produced unstable
results. To overcome this and avoid negative lower bounds in
cost confidence intervals, we applied a log-transformation to
the cost variable, which stabilized the skewed distribution and
ensured strictly positive predicted costs. Despite these
limitations, to the best of our knowledge, this is the first study
to investigate predictors of direct medical costs of COVID-19
among hospitalized patients in Northeast Iran. Our findings can
be used as a local study along with other studies to estimate

direct medical costs and their determinants among COVID-19
patients. Furthermore, using the quantile regression technique,
this study provides more detailed information on the
relationships between patients’ costs and their predictors across
different levels of hospitalization costs.

The results of the present study showed that clinical
management of COVID-19 patients incurs a significant
financial burden on the healthcare system. Bed and hoteling
services, along with medications and medical supplies, were
the main contributors to the direct medical costs. Disease
severity was identified as the only modifiable factor that
consistently increased hospitalization costs across different cost
levels.

These findings have important practical implications.
Targeted interventions to reduce disease severity, such as
improving chronic disease management, promoting timely
diagnosis, expanding vaccination coverage, and strengthening
adherence to health protocols, can significantly reduce hospital
costs. Moreover, policymakers and hospital administrators can
use these insights to better allocate healthcare resources,
optimize treatment strategies, and plan for future public health
emergencies.

Ethical Considerations

The ethical code of this study is IR.SHMU.REC.1398.160
from Shahroud University of Medical Sciences. Written
informed consent was obtained from all study participants.

Acknowledgment

We would like to thank Dr. Rogayeh Aliyari for giving us
valuable suggestions regarding data analysis and Vice-
chancellery of Health, Treatment, and specially Vice
Chancellor for Research and Technology for sharing Data. This
study was supported by Shahroud University of Medical
Sciences (Research No. 98126).

Conflict of Interest

The authors declare no competing interests.
Funding

There was no financial support in the design of the study,
analysis, interpretation of results and writing of the manuscript.

References

1. Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of
coronavirus disease (COVID-19) outbreak. Journal of autoimmunity
2020;109:102433. doi: 10.1016/j.jaut.2020.102433

2. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with
pneumonia in China, 2019. New England journal of medicine 2020; doi:
10.1056/NEJMo0a2001017

3. Wu A, Peng Y, Huang B, et al. Genome composition and divergence of the
novel coronavirus (2019-nCoV) originating in China. Cell host & microbe
2020;27(3):325-328. doi: 10.1016/j.chom.2020.02.001

4. Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, China, of
novel coronavirus-infected pneumonia. New England journal of medicine 2020;

5. Sun P, Qie S, Liu Z, Ren J, Xi JJ. Clinical characteristics of 50466 patients
with 2019-nCoV infection. medRxiv 2020; doi: 10.1101/2020.02.18.20024539

6. Assadi M, Gholamrezanezhad A, Jokar N, et al. Key elements of
preparedness for pandemic coronavirus disease 2019 (COVID-19) in nuclear
medicine units. Springer; 2020. doi: 10.1007/s00259-020-04780-4

49 | Shahroud Journal of Medical Sciences 2025;11(3)


https://doi.org/10.1016/j.jaut.2020.102433
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1016/j.chom.2020.02.001
https://doi.org/10.1101/2020.02.18.20024539
https://doi.org/10.1007/s00259-020-04780-4

Khoramrooz et al.

7. Tettey EL, Ayittey FK, Dzuvor C. Novel Coronavirus (COVID-19)
Outbreak: A narrative review.

8. Wu JT, Leung K, Leung GM. Nowcasting and forecasting the potential
domestic and international spread of the 2019-nCoV outbreak originating in
Wuhan, China: a modelling study. The Lancet 2020;395(10225):689-697. doi:
10.1016/S0140-6736(20)30260-9

9. Xu J, Zhao S, Teng T, et al. Systematic comparison of two animal-to-human
transmitted human coronaviruses: SARS-CoV-2 and SARS-CoV. Viruses
2020;12(2):244. doi: 10.3390/v12020244

10. Alimohamadi Y, Sepandi M. Basic reproduction number: An important
indicator for the future of the COVID-19 epidemic in Iran. Journal of Military
Medicine 2020;22(1):96-97.

11. Guerra FM, Bolotin S, Lim G, et al. The basic reproduction number (R0) of
measles: a systematic review. The Lancet Infectious Diseases
2017;17(12):¢420-¢428. doi: 10.1016/S1473-3099(17)30307-9

12. Peeri NC, Shrestha N, Rahman MS, et al. The SARS, MERS and novel
coronavirus (COVID-19) epidemics, the newest and biggest global health
threats: what lessons have we learned? 2020;49(3):717-726. doi:
10.1093/ije/dyaa033

13. World Health Organization. WHO Coronavirus (COVID-19) Dashboard.
Iran (Islamic Republic of). Available from:
https://covid19.who.int/region/emro/country/ir.

14. Inthavong R, Khatab K, Whitfield M, Collins K, Ismail M, Raheem M. The
Impact of Risk Factors Reduction Scenarios on Hospital Admissions,
Disability-Adjusted Life Years and the Hospitalisation Cost of Cardiovascular
Disease in Thailand. Open Access Library Journal 2020;7(03):1-21. doi:
10.4236/0alib.1106160

15. Seddigh M, Hazrati M, Jokar M, et al. A comparative study of perceived
social support and depression among elderly members of senior day centers,
elderly residents in nursing homes, and elderly living at home. Iranian journal
of  nursing and midwifery research 2020;25(2):160. doi:
10.4103/ijnmr.IINMR_109_18

16. Olivera MIJ, Palencia-Sanchez F, Riafo-Casallas M. The Cost of Lost
Productivity due to Premature Chagas Disease-Related Mortality: Evidence
from Colombia (2010-2017). 2020; doi: 10.20944/preprints202004.0244.v1

17. Irfan M, Khan I, Bacha KU. Delays in Temporary and Permanent
Pacemakers: Causes and In-Hospital Outcomes. Cureus 2020;12(2) doi:
10.7759/cureus.6953

18. Mintz Y, Arezzo A, Boni L, Chand M, Brodie R, Fingerhut A. A low-cost,
safe, and effective method for smoke evacuation in laparoscopic surgery for
suspected  coronavirus  patients. Annals of surgery 2020; doi:
10.1097/SLA.0000000000003965

19. Li X-Z, Jin F, Zhang J-G, et al. Treatment of coronavirus disease 2019 in
Shandong, China: a cost and affordability analysis. Infectious diseases of
poverty 2020;9(1):1-8. doi: 10.1186/s40249-020-00689-0

20. Hill A, Wang J, Levi J, Heath K, Fortunak J. Minimum costs to
manufacture new treatments for COVID-19. Journal of Virus Eradication
2020;6(2):61-69. doi: 10.1016/S2055-6640(20)30018-2

21. Lopez-Valcarcel BG, Vallejo-Torres L. The costs of COVID-19 and the
cost-effectiveness of testing. Applied Economic Analysis 2021;

22. Mia MA, Griffiths MD. Letter to the Editor: The economic and mental
health costs of COVID-19 to immigrants. Journal of psychiatric research
2020;128:23. doi: 10.1016/j.jpsychires.2020.06.003

23. Chen J, Vullikanti A, Hoops S, et al. Medical costs of keeping the US
economy open during COVID-19. Scientific reports 2020;10(1):1-10. doi:
10.1038/s41598-020-75280-6

24. Ghaffari Darab M, Keshavarz K, Sadeghi E, Shahmohamadi J, Kavosi Z.
The economic burden of coronavirus disease 2019 (COVID-19): evidence from
Iran. BMC health services research. 2021 Feb 11;21(1):132. 2021;21(1):1-7.
doi: 10.1186/s12913-021-06126-8

25. World Bank. Islamic Republic of Iran implied PPP conversion rate, LCU
per USD [Internet]. Washington, D.C.: World Bank; [cited 2022 Jul 13].
Available from:
https://data.worldbank.org/indicator/PA.NUS.PPP?locations=IR

26. McNally M, Curtain J, O'Brien KK, Dimitrov BD, Fahey T. Validity of
British Thoracic Society guidance (the CRB-65 rule) for predicting the severity
of pneumonia in general practice: systematic review and meta-analysis. British
Journal of General Practice 2010;60(579):e423-e433. doi:
10.3399/bjgp10X532422

Shahroud Journal of Medical Sciences 2023;9(3) | 50

27. Yan F, Zhang X, Zhang M, et al. Direct medical expense of COVID-19
patients at Fangcang shelter hospital and Leishenshan designated hospital in
Wuhan, China. China (4/10/2020) 2020; doi: 10.2139/ssrn.3576780

28. Rees EM, Nightingale ES, Jafari Y, et al. COVID-19 length of hospital
stay: a systematic review and data synthesis. BMC medicine 2020;18(1):1-22.
doi: 10.1186/s12916-020-01726-3

29. Li X-Z, Jin F, Zhang J-G, et al. Treatment of coronavirus disease 2019 in
Shandong, China: a cost and affordability analysis. 2020;9(1):1-8. doi:
10.1186/540249-020-00689-0

30. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China.
2020;323(11):1061-1069. doi: 10.1001/jama.2020.1585

31. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients hospitalized with COVID-19
in the New York City area. 2020;323(20):2052-2059.

32. Jang SY, Seon J-Y, Yoon S-J, Park S-Y, Lee SH, Oh I-H. Comorbidities
and Factors Determining Medical Expenses and Length of Stay for Admitted
COVID-19 Patients in Korea. Risk Management and Healthcare Policy 2021;14
doi: 10.2147/RMHP.S292538

33. Jordan RE, Adab P, Cheng K. Covid-19: risk factors for severe disease and
death.  British  Medical Journal Publishing Group; 2020. doi:
10.1136/bmj.m1198

34. Guan W-j, Liang W-h, Zhao Y, et al. Comorbidity and its impact on 1590
patients with COVID-19 in China: a nationwide analysis. 2020;55(5) doi:
10.1183/13993003.01227-2020

35. Bartsch SM, Ferguson MC, McKinnell JA, et al. The Potential Health Care
Costs And Resource Use Associated With COVID-19 In The United States: A
simulation estimate of the direct medical costs and health care resource use
associated with COVID-19 infections in the United States. Health Affairs
2020;39(6):927-935. doi: 10.1377/hlthaff.2020.00426

36. Xijin H. China Spends $2395 on Average for each COVID-19 Patient.
2020. Accessed 7 September, 2021.
https://www.globaltimes.cn/content/1184060.shtml.

37. Hezam IM. COVID-19 Global Humanitarian Response Plan: An optimal
distribution model for high-priority countries. ISA transactions 2021; doi:
10.1016/j.isatra.2021.04.006

38. Sivak ED, Perez-Trepichio A. Quality assessment in the medical intensive
care unit: Continued evolution of a data model. Quality Assurance and
Utilization Review 1992;7(2):42-49. doi: 10.1177/0885713x9200700202

39. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. The Lancet Respiratory Medicine
2020;8(5):475-481. doi: 10.1016/S2213-2600(20)30079-5

40. Khan AA, AlRuthia Y, Balkhi B, et al. Survival and estimation of direct
medical costs of hospitalized COVID-19 patients in the Kingdom of Saudi
Arabia. 2020;17(20):7458. doi: 10.3390/ijerph17207458

41. Dong M, Yang Z, Chen Y, et al. Hospitalization Costs of COVID-19 Cases
and Their Associated Factors in Guangdong, China: A Cross-Sectional Study.
2021;8:874. doi: 10.3389/fmed.2021.655231

42. Noor FM, Islam MMlJJoch. Prevalence and associated risk factors of
mortality among COVID-19 patients: a meta-analysis. 2020;45(6):1270-1282.
doi: 10.1007/s10900-020-00920-x

43. Biswas M, Rahaman S, Biswas TK, Haque Z, Ibrahim BJI. Association of
sex, age, and comorbidities with mortality in COVID-19 patients: a systematic
review and meta-analysis. 2021;64(1):36-47. doi: 10.1159/000512592

44. Kannel WB, McGee DL. Diabetes and cardiovascular disease: the
Framingham study. Jama 1979;241(19):2035-2038. doi:
10.1001/jama.1979.03290450033020

45. Zheng Z, Peng F, Xu B, et al. Risk factors of critical & mortal COVID-19
cases: A systematic literature review and meta-analysis. 2020;81(2):e16-¢25.
doi: 10.1016/j.jinf.2020.04.021

46. Jin J-M, Bai P, He W, et al. Gender differences in patients with COVID-19:
focus on severity and mortality. 2020;8:152. doi: 10.3389/fpubh.2020.00152

47. Gal-Oz ST, Maier B, Yoshida H, et al. InmGen report: sexual dimorphism
in the immune system transcriptome. 2019;10(1):1-14. doi: 10.1038/s41467-
019-12348-6

48. Farshbafnadi M, Zonouzi SK, Sabahi M, Dolatshahi M, Aarabi MH. Aging
& COVID-19 susceptibility, disease severity, and clinical outcomes: The role
of entangled risk factors. Experimental gerontology. 2021 Oct 15;154:111507.



https://doi.org/10.1016/S0140-6736(20)30260-9
https://doi.org/10.1016/S0140-6736(20)30260-9
https://doi.org/10.3390/v12020244
https://doi.org/10.1016/S1473-3099(17)30307-9
https://doi.org/10.1093/ije/dyaa033
https://doi.org/10.1093/ije/dyaa033
https://covid19.who.int/region/emro/country/ir
https://doi.org/10.4236/oalib.1106160
https://doi.org/10.4236/oalib.1106160
https://doi.org/10.4103/ijnmr.IJNMR_109_18
https://doi.org/10.4103/ijnmr.IJNMR_109_18
https://doi.org/10.20944/preprints202004.0244.v1
https://doi.org/10.7759/cureus.6953
https://doi.org/10.7759/cureus.6953
https://doi.org/10.1097/SLA.0000000000003965
https://doi.org/10.1097/SLA.0000000000003965
https://doi.org/10.1186/s40249-020-00689-0
https://doi.org/10.1016/S2055-6640(20)30018-2
https://doi.org/10.1016/j.jpsychires.2020.06.003
https://doi.org/10.1038/s41598-020-75280-6
https://doi.org/10.1038/s41598-020-75280-6
https://doi.org/10.1186/s12913-021-06126-8
https://data.worldbank.org/indicator/PA.NUS.PPP?locations=IR
https://doi.org/10.3399/bjgp10X532422
https://doi.org/10.3399/bjgp10X532422
https://doi.org/10.2139/ssrn.3576780
https://doi.org/10.1186/s12916-020-01726-3
https://doi.org/10.1186/s40249-020-00689-0
https://doi.org/10.1186/s40249-020-00689-0
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.2147/RMHP.S292538
https://doi.org/10.1136/bmj.m1198
https://doi.org/10.1136/bmj.m1198
https://doi.org/10.1183/13993003.01227-2020
https://doi.org/10.1183/13993003.01227-2020
https://doi.org/10.1377/hlthaff.2020.00426
https://www.globaltimes.cn/content/1184060.shtml
https://doi.org/10.1016/j.isatra.2021.04.006
https://doi.org/10.1016/j.isatra.2021.04.006
https://doi.org/10.1177/0885713x9200700202
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.3390/ijerph17207458
https://doi.org/10.3389/fmed.2021.655231
https://doi.org/10.1007/s10900-020-00920-x
https://doi.org/10.1159/000512592
https://doi.org/10.1001/jama.1979.03290450033020
https://doi.org/10.1001/jama.1979.03290450033020
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.3389/fpubh.2020.00152
https://doi.org/10.1038/s41467-019-12348-6
https://doi.org/10.1038/s41467-019-12348-6

Khoramrooz et al.

doi: 10.1016/j.exger.2021.111507

@ @ @ 51 | Shahroud Journal of Medical Sciences 2025;11(3)

BY MNC


https://doi.org/10.1016/j.exger.2021.111507

