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Abstract

Background: COVID-19 pandemic imposes a substantial medical and socioeconomic burden on health systems. The study aimed to
estimate the direct inpatient costs of COVID-19 in Iran.

Methods: This is a Cost of Illness (COI) study with the bottom-up method. Provider perspective and prevalence approach were applied
for cost identification. Data included inpatient charges and clinical characteristics of all COVID-19 cases (2015 patients) admitted to a
teaching hospital during a financial year (March 2020 to February 2021). We extracted data from Hospital Information System (HIS)
and applied the quantile regression to estimate determinant factors of COVID-19 inpatient cost using STATA software.

Results: 1026 (50.92%) of admitted COVID-19 patients were female, and 42.3% were older than 65 years. More than 82% of
discharged COVID-19 patients in this study recovered. 189 (9.38%) patients admitted to ICUs. Length of Stay (LOS) for about 70% of
admitted COVID-19 cases was 7 days or less. The Total Inpatient Charges (TIC) was 155,372,056,826 Rials (5,041,836 PPP USD). The
median charge was 42,410,477 Rials, and Average Inpatient Charges (AIC) was 77,107,720+£110,051,702 (2,461 PPP USD) per person.
Drugs and supplies accounted for 37% of total inpatient charges. Basic insurance companies would pay more than 79% of total claims
and the share of Out-of-Pocket Payments (OOP) was 7%. ICUs admission and LOS of more than 3 days are associated with higher costs
across all percentiles of the cost distribution (p<0.001).

Conclusion: This study call attention to the substantial economic burden based on real-world data. According to the broad socio-
economic impacts of COVID-19 and also multiple components of COI study designs, conducting meta-analysis approaches is needed to
combine results from independent studies.
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Introduction

COVID-19 pandemic, a global thread for human life, af-
flicted millions of people one year after its abrupt beginning
around the world (1, 2). The fi rst confirmed case of
COVID-19 in Iran was reported in Feb 2020 (3) and after
that, the Iranian health system applied national and local
quarantine, mass media education, rapid screening and di-
agnostic tests and equipped hospital settings for prevention
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and treatment of confirmed cases. These broad strategies
are required to mobilize human resources, reallocate finan-
cial resources and fund healthcare facilities against
COVID-19 limitations. Analysis of real-world data about
the impact of the COVID-19 pandemic on the health sys-
tem’s functions and goals will help to inform policymakers
for better management of resources.

1What is “already known” in this topic:
* COVID-19 as a recent global health threatening condition
imposes socioeconomic burden to health systems.

—What this article adds:

 This study call attention to substantial economic burden of
COVID-19 based on the real-world data.

* The study findings would inform policy makers for appropriate
resources allocation to provide accessible and affordable health
services.
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The assessment of direct and indirect costs attributed to
an illness would help health systems to determine economic
burden, estimate budgets, conduct cost-effectiveness anal-
ysis and design financing and payment mechanisms such as
Diagnosis Related Group (DRG) (4-7).

COI studies identify, measure, and value the direct, indi-
rect and intangible cost of a disease or public health prob-
lem (7, 9). The direct cost of a disease includes resources
consumed for hospital inpatient and outpatient care, nurs-
ing home care, hospice care, rehabilitation care, specialists’
and other health professionals’ care, diagnostic tests, pre-
scription drugs, and medical supplies (8, 10). Inpatient cost
gets a high share of health care expenditure for noncom-
municable (11) and infectious conditions (12).

Study perspective in COl is vital and implies from whose
lens we are looking at the cost of a condition. It determines
the data that will be collected. Common perspectives for
COl studies are government, insurer, provider, patients and
societal perspectives. The societal perspective is compre-
hensive and includes all opportunity costs that an illness
imposes on society (10).

COI studies for various respiratory diseases expanded
over time. Trucchi et al. (13) in a retrospective study, tried
to estimate the economic burden and hospital cost of influ-
enza-like illness and lower respiratory tract infection in
adults 50 or more years old in Italy over the six influenza
epidemic seasons. They reported the mean cost of emer-
gency hospitalization for Influenza-like illnesses and lower
respiratory tract infections as €3353. Ghaffari Darab et al.
(14) estimated both direct medical and indirect costs of
treating COVID-19 from a societal perspective in Iran.
Based on their results, COVID-19 cost about
28,240,025,968 Rials in a referral hospital from March to
July 2020. Cleary et al., (15) assessed the cost-effective-
ness of intensive care management for COVID-19 patients
in South Africa.

Conducting COI studies for COVID-19 will provide
findings for evidence-based resource allocation and com-
pare components of health care cost. So, this study aimed
to estimate the direct inpatient cost of COVID-19 in Iran.

Methods

Cost, Charges, and Payment in Hospital Costing

The concepts of cost, charge and payment are different
but they may use wrongly as an alternative in hospital cost-
ing. Cost includes the value of resources a hospital con-
sumes to provide a service. Charges are billed tariffs as-
signed by a hospital during service procedures. Payment is
the money amounts that are paid by purchasers to the hos-
pital (16). So, cost data indicate the provider’s perspective.
Charge data are simply more accessible than cost data, and
if tariffs are determined really (based on true cost), the
charge would be a proxy for cost data in hospital financial
administration. On the other side, payment data estimate
the COI from the purchaser's perspective. Comparison of
the magnitude of cost, charge and payment reported in
some indicators such as cost-to-charge ratios and payment-
to-charge ratios (16, 17). We used charges data to estimate
the direct inpatient cost of COVID-19 from the provider’s
perspective in a teaching hospital.
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Study setting and design

The total number of hospitals in Iran in 2019 was 1020,
including 146,217 hospital beds. Based on annals of hospi-
tal information and statistics from the ministry of health
and medical education, teaching hospitals accounted for
25% of Iranian hospitals and 45% of Iranian hospital beds
(18). This is a Cost of Illness (COI) study with a bottom-up
method conducted at Bohlool Hospital affiliated with
Gonabad University Medical Sciences, east Iran. This
teaching hospital has 256 active inpatient beds and depart-
ments for emergency care, surgery, internal medicine, in-
tensive care, gynecology, midwifery and obstetrics care,
ENT, pediatrics, orthopedics, urology, neurosurgery, oper-
ation room, hemodialysis, radiology, para-clinic examina-
tion, and outpatient clinics. This hospital serves as a referral
treatment center and teaching field for medicine students.
From the beginning of the COVID-19 epidemic in Iran in
Feb 2020, this center provided national treatment protocol
to admitted COVID-19 patients. To estimate resources al-
located to the treatment management of COVID-19 in the
teaching hospital, we designed a COI study with a preva-
lence-based approach.

Sampling and data collection

All 2015 clinical confirmed COVID-19 cases that were
admitted to the Bohlool hospital in one financial year from
March 2020 to February 2021 were entered into the study.
Data were collected in a retrospective design from hospital
medical records through HIS. The data included cost and
financial information, demographic characteristic, medical
services and curative procedures for admitted COVID-19
cases. We applied the provider’s perspective, so charge
data were extracted from HIS over the first year after the
COVID-19 pandemic.

Data management and analysis

Data were extracted from HIS, and primarily data man-
agement process and descriptive statistics analysis were
done in Excel. Total Inpatient Cost (TIC) was calculated
for each admitted COVID-19 case by summing up hoteling,
nursing services, visit and consultation, drugs, laboratory
test, x-ray, operation room and medical supplies and other
items.

Average Inpatient Charges (AIC) estimated by:

Total Inpatient Charges

Total number of admitted cases

We applied quantile regression analysis using Stata 13.0
(Stata Corporation, Texas, USA) to estimate the effects of
determinant factors on COVID-19 inpatient expenditure
across the multiple quantiles of the expenditure distribu-
tion. The quantile regression is less sensitive to outliers and
suitable for work on the highly skewed distribution of the
dependent variable. So, it is a good alternative when the
main assumptions of linear regression are not satisfied (19,
20). We used the case fatality rate to estimate the total ad-
mitted cases of COVID-19 in Iran. By multiplying the num-
ber of hospitalized cases by AIC, we estimated a national
burden for total direct inpatient costs in Iran. For
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international comparisons, all estimated costs were ad-
justed to current international dollars based on the World
Bank’s

purchasing power parity (PPP) conversion factors (1 PPP$
=31328.95 Rials) (21).

Results

Demographic and Hospitalization Characteristics Profile

Of the 2015 patients studied, 1026 (50.92%) were fe-
male, and 42.3% of them were aged greater than 65 years.
More than 82% of cases were discharged as healed. 189
(9.38) patients admitted to ICUs. LOS for About 78% of
admitted COVID-19 cases was less than 8 days. Table 1

M. Khandehroo, et al.

shows demographic chrematistics of 2015 COVID-19
cases admitted to the teaching hospital during a year and
the distribution of inpatient charges for each factor variable.

Direct Inpatient Cost

The TIC for 2015 admitted COVID-19 case was
155,372,056,826 Rials (4,959,376 PPP USD). The median
cost was 42,410,477 Rials (1,354 PPP USD), and the mean
(or AIC) was 77,107,720 (SD: 110,051,702) (2,461 PPP
USD) per person. Drugs and supplies accounted for 37% of
total inpatient charges. Figure 1 shows the proportion of
each hospital cost items.

Table 1. Distribution of COVID-19 inpatient costs for each factor variable (numbers in ten million Rials)

Variable N (%) COVID-19 inpatient costs
Minimum Median Mean Maximum
Age 0-15 145 (7.20) 0.753 1.948 3.776 52.752
15-45 468 (23.23) 0.802 3.540 6.831 135.115
45-65 548 (27.20) 0.574 4.569 8.111 119.273
>65 854 (42.38) 0.530 5.038 8.603 80.148
Gender Male 989 (49.08) 0.530 4.361 7.925 135.115
Female 1026 (50.92) 0.574 4.073 7.503 119.273
Discharge Recovered 1656 (82.35) 574 3.847 5.966 135.115
Types Transferred 17 (0.85) 1.557 5.263 7.788 27.801
DAMA 85 (4.23) .840 3.659 6.183 37.289
Death 253 (12.58) .530 12.682 19.731 119.273
ICU Services Admitted 189 (9.38) .530 18.358 23.564 135.115
Not Admitted 1826 (90.62) 574 3.891 6.069 124.831
LOS (Day) 1 108 (5.36) 574 1.556 1.883 9.872
2 227 (11.27) .530 1.734 2.125 11.521
3 266 (13.20) 1.195 2.225 2.704 18.519
4 246 (12.21) 989 2.839 3.727 16.658
5 224 (11.12) 1.857 3.677 5.011 25.238
6 196 (9.73) 2.558 4.357 5.460 16.801
7 148 (7.34) 2.851 5.670 6.650 29.177
8-14 440 (21.84) 3.662 9.018 10.662 48.662
>15 160 (7.94) 1.602 29.585 33.415 135.115
Total 2015 (100) 530 4.241 7.710 135.115
4 LOS: Length of Stay. "®DAMA: Discharge Against Medical Advice
Operation Room & Others
Anesthesia 6%
1%
X Ray
Laboratoy and Diagnostic 3%
Test Hoteling & Nursing
10% Services
31%
. Visits & Counsultations
Drugs & Supplies o
37% 12%
Fig. 1. The proportion of inpatient cost items for COVID-19 in the teaching hospital
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Table 3. The share of financing agents for COVID-19 payment

Financing Agent Payment (Rials) Percent
Basic Insurance 124,390,031,567 79
Government Subsidy and Discount 15,795,112,851 10
Supplementary Insurance 5,782,059,178 4
Out of Pocket Payment 11,988,238,928 7
Total 157,955,442,524 100

Financing Agents

The amount of money in hospital claims for the financing
agent was 157,955,442,524 Rials (5,041,836 PPP USD).
Major financing agent was basic insurance companies that
would pay more than 79% of total claims. The share of
OOP in the financing of COVID-19 inpatient charges was
7%. (Table 2).

Table 3 summarizes the coefficient estimates and 95%
confidence intervals for each of the five determinant fac-
tors. Among five determinant factors, ICU admission and
LOS of more than 3 days are associated with higher costs
across all percentiles of the cost distribution. Co-diagnosis
were linked to higher costs among high-cost patients and
death outcome were linked to higher costs among low-cost
patients.

Discussion

The aim of the study was to determine the direct inpatient
cost of COVID-19 in a teaching hospital and estimate a na-
tional burden for the Iranian health system. Based on de-
mographic and hospitalization characteristics, 42.38% of
the study population was aged above 65 years. 82.35% of
COVID-19 cases admitted to the teaching hospital recov-
ered and the case fatality rate was 12.58% (it means that

from every 100 admitted cases, 12.58 people died). Baigi
et al (22) explored the epidemiological characteristics of
COVID-19 in a major hospital in Tehran, Iran. They esti-
mated the case fatality rate as 12.5% and 9.8% for men and
women respectively. A similar study of the United States
in-hospital mortality reported 13.6% (23). These differ-
ences might be associated with different impacts of sequen-
tial waves of COVID-19 because there is a difference in the
length of the study period between these studies. Conduct-
ing meta-analysis approaches is needed to combine results
from independent studies.

In this study, about 30% of patients had LOS for more
than 7 days. A review of past studies showed LOS for
COVID-19 was associated with demographic and clinical
factors and varied substantially between health settings and
countries (24). Of 2015 hospital admitted cases, 9.38%
were admitted to an ICU. Regarding the pressing demand
for ICU services during the COVID-19 pandemic, effective
management of ICU procedures from admission to dis-
charge is essential. Sadeghi et al (25) reported that 25.7%
of COVID-19 patients were admitted to ICU in a teaching
hospital in Tehran. In the study of the economic burden of
hospitalized COVID-19 patients in the United States (23),
Di Fuscoa et al. reported that 21.9% of hospitalized cases

Table 2. The effects (coefficient and 95% confidence interval) of determinants factors on COVID-19 inpatient expenditures across the 10th, 25th,
50th, 75th, and 90th quantile of the expenditure distribution. Effects are measured in ten million Rials

Variable

10th, quantile

25th, quantile

50th, quantile

75th, quantile

90th, quantile

Intercept

Age (ref=16-45)
1-15

45-65

>65

Gender (ref=Male)

Female

0.47 (0.05, 0.99)
-0.21 (-0.66, 0.23)
0.04 (-0.25, 0.33)
0.14 (-0.13, 0.42)

-0.004 (-0.20, 0.21)

Discharge Type (ref=Recovered)

0.49 (-0.12, 1.11)
-0.23 (-0.76, 0.29)
0.04 (-0.31, 0.39)
0.10 (-0.22, 0.43)

-0.05 (-0.30, 0.18)

Death 0.93 (0.47, 1.36) ™ 1.22 (0.67, 1.76) **
Transfer 0.6 (-0.52, 1.77) 0.69 (-0.66, 2.05)
DAMA® 0.36 (-0.15, 0.89) 0.54 (-.07, 1.16)

ICUs Admission (ref= Not admitted in ICUs)

ICUs admitted

1.40(0.90, 1.89) **

3.37(2.78, 3.95) **

Co-Diagnosis (ref= Single Diagnosis-COVID-19)

COVID-19 plus
other diagnosis
LOS (ref=1 day)

2 0.67(0.11,1.22) * 0.83(0.17, 1.49) *
3 1.16 (0.61, 1.71) ** 1.38 (0.73, 2.02) **
4 1.68 (1.13,2.24) ** 1.92 (1.27,2.58) **
5 2.14 (1.58,2.71) ** 2.56 (1.89, 3.23) **
6 2.67 (2.09, 3.24) ** 3.05(2.37,3.73) **
7 3.02 (241, 3.62) ** 3.70 (2.98, 4.41) **
8-14 4.42 (3.90,4.93) ** 5.37 (4.76, 5.98) **
>15 16.48 (15.77, 17.19) **

0.34 (-0.37,0.72)

11.10 (10.50, 11.70)
ok

0.76 (031, 1.21) *

0.96 (0.16, 1.75) *

-0.29 (-0.98, 0.38)
0.06 (-0.38, 0.52)
0.02 (-0.40, 0.45)

-0.14 (-0.46, 0.17)

1.16 (0.46, 1.85) **
0.65 (-1.09, 2.41)
0.41(-0.38, 1.21)

5.58 (4.83, 6.34) **
1.39(0.80, 1.97) **

0.67(-0.16, 1.52)
1.24 (0.41, 2.08) *
1.84 (1.00, 2.69) **
2.63 (1.77, 3.49) **
3.31(2.44, 4.19) **
4.48 (3.56, 5.40) **
773 (6.94, 8.52) **

24.15 (23.23, 25.06)
ke

1.49 (-0.01, 2.99)

0.62 (-1.91, 0.65)
0.12 (-0.72,0.98)
-0.24 (-1.05, 0.55)

-0.14(-0.74, 0.45)

1.28 (-0.02, 2.59)
1.03 (-2.26, 4.33)
0.26 (-1.24, 1.76)

7.97 (6.55, 9.39) **
2.11(1.01, 3.21) **

0.64 (-0.95, 2.23)
1.27 (0.29, 2.84)
244 (0.84, 4.03) *
5.29 (3.67, 6.90) **
4.71 (3.06, 6.36) **
6.56 (4.83, 8.30) **
9.89 (8.41, 11.37) **

34.45 (32.73, 36.17)
sk

2.26 (-0.03, 4.48)

-1.11 (-3.01,0.78)
0.02 (-1.29, 1.23)
-0.47(-1.66, 0.72)

-0.11 (-0.99, 0.76)

1.56 (-0.37, 3.50)
0.44(-4.44, 5.32)
0.65(-1.57, 2.88)

12.08 (9.98,14.17)
kk
4.02(2.39, 5.65) **

0.66 (-1.69, 3.02)
1.61 (-0.71, 3.94)
4.36 (1.98, 6.74) **
5.80 (3.41, 8.20) **
6.14 (3.69, 8.59) **
7.69 (5.12, 10.26) **
12.71 (10.52, 14.90)
%k

46.30 (43.75, 48.84)
kk

# LOS: length of Stay. ®DAMA: Discharge Against Medial Advice. "P-value < 0.05. “P-value < 0.001
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were admitted to the ICU. In the comparison of COI studies
conducted for COVID-19, we faced different study periods
while treatment protocols have been varying over time, so
different health service utilization indicators are possible.

The total TIC for 2015 hospital admitted COVID-19 case
was 155,372,056,826 Rials (4,959,376 PPP USD). The me-
dian was 42,410,477 Rials (1,354PPP USD), and the mean
(or AIC) was 77,107,720 (2,461 PPP USD). In a similar
study in Iran (14), Ghafari Darab et al reported 59,203,409
Rials as the mean cost per person. Nakhaei et al (26) esti-
mated the total direct and indirect cost for 745 hospitalized
patients with COVID-19 in Vali-e-Asr Hospital affiliated
with Birjand University of Medical Sciences, Iran from
March 2020 to July 2020. They reported the mean of total
direct cost (including hospitalization cost, outpatients cost
and direct nonmedical cost) as 3362.49 PPPS$. In the United
States, median hospital charges and median hospital costs
for hospitalized COVID-19 patients were reported at
43,986 and 12,046 respectively (23). Achonu et al. (27) re-
ported the cost for controlling a SARS outbreak in a teach-
ing hospital over an 8-week period as 12 million dollars in
Canada. The study by A. Khan et al., (28) in Saudi Arabia
estimated direct medical costs of hospitalized COVID-19
patients at 42,704.49 SAR in general wards and 79,418.30
for ICU admitted cases. They concluded the mean direct
medical cost per COVID-19 patient was not significantly
different from a MERS-CoV case but a high number of
COVID-19 infections led to a larger amount of total direct
medical cost of COVID-19. The comparison between cost-
ing results should be based on several components of COI
design such as different perspectives, costing methods, cost
types, etc.

In this study, drugs and supplies accounted for the biggest
share (37%) of the total inpatient charge of COVID-19 in a
teaching hospital. In the study conducted in Shiraz province
(14), drugs included 28% of the direct medical cost for hos-
pitalized COVID-19 cases. Cost-effective drug protocols
will play a significant role in controlling health spending
through treatment management of COVID-19 and other in-
fectious diseases.

Universal Health Coverage (UHC) and other social pro-
tection plans emphasize low OOP for ensuring equitable
access to medical care for all population groups (29, 30).
Also, the Price-demand elasticity in an emergency condi-
tion for medical care is low (31), so financial protection of
patients against COVID-19 is a high priority (32). Further-
more, EI-Khatib et al., (33) reported a positive association
between high OOP and COVID-19 mortality. Our findings

Table 4. The burden of COVID-19 direct inpatient costs in Iran- 2020

M. Khandehroo, et al.

showed basic social insurance packages covered about 80%
of the total payment for inpatient care for COVID-19 and
the share of OOP was just 7% during the first year after the
epidemic.

The quantile regression model indicated that ICUs ad-
mission and LOS of more than 3 days are associated with
higher costs across all percentiles of the cost distribution.
In a similar study in Iran (14), inpatient cost for COVID-19
cases in ICUs was four times greater than in other units. In
a recent study in South Africa, Cleary et al. (15) conducted
a cost-effectiveness analysis of intensive care for hospital-
ized COVID-19 patients. In this study cost per admission
of severe and critical COVID-19 patients in general wards
was 75,127 ZAR and increased to 103,030 ZAR for patients
who used ICUs. Taheri et al. (34) reviewed the cost-ac-
counting records of all surviving patients discharged with
LOS of 4 days or more from a university hospital in the
United States. They concluded LOS has minimal impact on
the cost of hospital admission.

This study encountered some limitations. We used charge
data as a proxy for COVID-19 inpatient costs in a teaching
hospital. Charges are formal tariffs assigned by a hospital
to patients’ records. These tariffs may not depict the true
cost incurred over the COVID-19 treatment. Also, some
cost items such as cost for overhead departments and per-
sonnel protection equipment ignored in this study. Our
study setting was one referral teaching hospital, for ad-
dressing this limitation, we chose a longer study time frame
than other similar studies to capture diverse cases of several
waves of COVID-19.

National burden of COVID-19 direct inpatient cost

We used the case fatality rate to estimate the total admit-
ted cases of COVID-19 in Iran. The total number of
COVID-19 death divided by the hospital case fatality rate.
So, 595,840 hospitalized cases were estimated for 12
months in Iran (Table 4). After that, by multiplying the
number of hospitalized cases by AIC, we estimated the total
direct inpatient cost in Iran for 12 months would be about
1,466,498.682 PPP USD (equals 0.138 % of Iranian GDP).

Conclusion

This study call attention to the recent global health-
threatening condition in term of socioeconomic burden.
The results indicated a substantial economic burden for
COVID-19 based on real-world data. These findings would
inform policymakers for appropriate resource allocation to

Indicators

Total Population
Gross domestic product (PPP $)-constant 2017
GDP per capita, PPP (constant 2017 international §)

Domestic general government health expenditure per capita, PPP (current international $)

Current health expenditure per capita, PPP (current international $)
Estimated number of COVID-19 hospitalized cases (12 months)

83,992,953*
1.062 (Tn)*
16,177*
776.78 (2018) *
1691(2018) *
595,840

Estimated Direct Inpatients Cost of COVID-19 (PPP $)- Annual 1,466,498,682
Estimated Direct Inpatients Cost of COVID-19 (as % of GDP) 0.138%
*Resource: World bank, https://data.worldbank.org/country/iran-islamic-rep (Available: 23 Jan 2022) (34)
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provide accessible and affordable health services. Accord-
ing to the broad socio-economic impacts of COVID-19 and
also multiple components of COI study designs, conducting
meta-analysis approaches is needed to combine results
from independent studies.

Abbreviation

COI: Cost of Illness; HIS: Hospital Information System;
DAMA: Discharge Against Medial; Advice LOS: Length
of Stay; TIC: Total Inpatient Charges; AIC: Average Inpa-
tient Charges; OOP: Out-of-Pocket Payments; DRG: Diag-
nosis Related Group.
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