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ABSTRACT

Objectives: This study aimed to examine the effect of the coronavirus disease 2019 (COVID-19)
outbreak on the hospitalization rate, emergency department (ED) visits, and outpatient clinic
visits in western Iran.

Methods: We collected data on the monthly hospitalization rate, rate of patients referred to
the ED, and rate of patients referred to outpatient clinics for a period of 40 months (23 months
before and 17 months after the COVID-19 outbreak in Iran) from all 7 public hospitals in the city
of Kermanshah. An interrupted time series analysis was conducted to examine the impact of
COVID-19 on the outcome variables in this study.

Results: A statistically significant decrease of 38.11 hospitalizations per 10,000 population (95%
confidence interval [CI], 24.93-51.29) was observed in the first month of the COVID-19 outbreak.
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Introduction

The emergence and spread of coronavirus disease 2019
(COVID-19) has challenged and disrupted the functioning of
healthcare systems worldwide. Countries have been forced to
take swift action to counter the rapid spread of the virus while
maintaining the integrity of their health systems [1]. Hospitals
have been forced to re-evaluate care and treatment priorities
due to the referral and management of new patients infected
with COVID-19 in response to the community’s ongoing needs
and medical care. During this period, major changes in the
provision of non-emergency and elective care in hospitals,
outpatient wards, clinics, and surgical centers have also
occurred [2]. In particular, strict measures have been taken
to control the pandemic worldwide, and healthcare systems
have been reorganized to manage the sudden increase in the
number of patients infected with the virus [3].

The outbreak of COVID-19 in Iran began on February 19,
2020, following the official announcement of the first 2 cases
of COVID-19 in the city of Qom. The virus quickly spread to
all provinces of Iran [4]. The spread of COVID-19 and the
presence of new coronavirus variants led to high utilization
of hospital care, particularly among those with underlying
diseases [5]. The most important measures taken by the
Iranian government to prevent the spread of COVID-19 were
an emphasis on physical distancing, quarantine policies, the
control and restriction of travel, restrictions on gatherings,
and an increase in the number of hospital beds to isolate
COVID-19 patients [6]. As the pandemic continued, several
studies reported reduced utilization of healthcare services
for reasons that included fear of becoming infected at
healthcare facilities, reduced access to healthcare centers
due to quarantine or reductions in elective surgery, and the
need to separate patients seeking urgent and necessary
care from other patients [7]. For example, a study in France
reported 68% and 45% reductions in pediatric emergency
department (ED) referrals and hospital admissions,
respectively [8]. A study in Italy showed a 48.8% reduction
in referrals of patients with acute myocardial infarction [9].
A 42% reduction in ED visits was reported in the United
States [10]. This unprecedented reduction in healthcare
utilization resulting from the COVID-19 pandemic provided
an opportunity to identify the most low-value services in
healthcare systems and redistribute resources to more
essential services to minimize mortality in a crisis [7,11].

Data analysis using an interrupted time series model
makes it possible to examine the effect of the COVID-19
pandemic on the pattern of hospitalizations and outpatient
visits. The aim of this study was to investigate the effect
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HIGHLIGHTS

« The study identified 22.6%, 43.1%, and 39.2% reductions
in the hospitalization rate, emergency department (ED)
visits, and outpatient clinic visits, respectively, following
the start of the coronavirus disease 2019 (COVID-19)
pandemic.

- A statistically significant decrease of 3811 hospitalizations
per 10,000 population was observed in the first month
of the COVID-19 outbreak.

« A statistically significant decrease of 191.65 ED visits
per 10,000 population was observed in the first month
of the COVID-19 pandemic.

- A statistically significant decrease of 168.57 outpatient
visits per 10,000 population was observed in the first
month of the COVID-19 outbreak.

of the COVID-19 pandemic on outpatient referrals and
hospitalizations in hospitals affiliated with the Ministry
of Health and Medical Education (MoHME) in the city of
Kermanshah. Our study provides valuable insight into the
impact of COVID-19 on healthcare utilization in Iran and
can be helpful for other developing countries with similar
healthcare situations to mitigate the long-term and short-
term impacts of the pandemic.

Materials and Methods

Study Setting

This study was conducted in the city of Kermanshah, the
capital of Kermanshah Province in the western region of
Iran. The total populations of the city of Kermanshah and
Kermanshah Province in 2015 were estimated at 1 and 2
million, respectively. The city of Kermanshah contains 7
MoHME-affiliated hospitals that are responsible for providing
most healthcare services in the city.

Data Source

The first 2 confirmed cases of COVID-19 in Iran were reported
on February 19, 2020. We collected data on the monthly
hospitalization rate, rate of patients referred to the ED, and
rate of patients referred to outpatient clinics for a period of 40
months (23 months before and 17 months after the COVID-19
outbreak in Iran) from the health information systems of
all 7 hospitals. Population data were also extracted from the
Statistics Center of Iran.
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Statistical Analysis

We conducted an interrupted time series analysis with
segmented regression [12,13] to assess the impact of the
COVID-19 outbreak on the monthly hospitalization rate per
10,000 population, number of patients referred to an ED per
10,000 population, and number of patients referred to an
outpatient clinic per 10,000 population at 7 MoHME -affiliated
hospitals in the city of Kermanshah. The interrupted time
series method can be used to estimate the impact (not
just association) of an intervention on outcomes when no
comparison data are available [13]. This method is especially
useful when “natural experiments” occur in the real world.
The main advantage of this method is that it can fully exploit
the longitudinal aspect of the data. However, this approach
is unsuitable when trends are not linear (or cannot be
transformed to be linear) or the intervention is implemented
on a step-by-step basis or at several time points [14].

The specific segmented regression model that follows
was used to estimate the effect of the COVID-19 outbreak
on the monthly hospitalization rate, rate of ED visits, and
number of patients referred to an outpatient clinic [15].

@
Ytz B0+Bth+BZXt+B3XtTt+Et

where Y, denotes the number of admissions (hospitalizations,
ED visits, and referrals to an outpatient clinic) in the month t,
T, is the time trend variable, which ranges in value from 1 (first
observation) to 40 (last observation), X, is a binary variable that
represents before and after the outbreak (X, =0 for before and X,
=1for after), X.T,is coded as O for the period before the COVID-19
outbreak and assigned a value between 1 (first observation after
the outbreak) and 17 (last observation after the outbreak) for the
period after the COVID-19 outbreak, 8, indicates the starting
level (intercept) of the outcome variable, B, represents the slope
of the outcome variable before the outbreak (the pre-existing
trend), B, represents the change in the value for the outcome
variable immediately after the outbreak (compared to the
counterfactual), and B, represents the difference between the
pre- and post-pandemic slopes of the outcome variable.

An interrupted time series analysis was conducted using
linear regression (ordinary least squares) with Newey-
West errors. The Newey-West approach was used to handle
autocorrelation and possible heteroscedasticity in the error
term [13]. The Dickey-Fuller statistic test result suggested
stationary residuals (i.e., the time series had no unit root).
This indicated a normal residual distribution. The seasonality
for each of the dependent variables in this study was checked
using the 2-way line command. The output graphs indicated
no seasonality patterns in our data (Figure S1). All data
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analysis was performed using Stata ver. 16.0 (StataCorp
LLC).

Ethical Approval

This study was approved by the Deputy of Research,
Kermanshah University of Medical Sciences (No. IR KUMS.
REC. 1400.856), and performed in accordance with the
principles of the Declaration of Helsinki. Informed consent
was waived due to the retrospective nature of the study.

Results

The descriptive results suggested that, while the average
hospitalization rate before the outbreak was 105 hospitalizations
per 10,000 population, the corresponding figure for the
period after the outbreak was 81 hospitalizations per 10,000
population. The results also indicated 22.6%, 431% and 39.2%
reductions in hospitalization rate, ED visits, and outpatient
clinic visits, respectively, following the COVID-19 outbreak.
Table 1 reports pre- and post-COVID-19 averages without any
time series modeling for all 3 of the variables used in the study.

Table 2 and Figure 1 depict the results of the segmented
regression analysis for hospitalization rate. The results
indicated an initial estimated hospitalization rate of 10546
hospitalizations per 10,000 population during the study
period. Although the hospitalization rate decreased every
month before March 2020, this declining trend was not
statistically significant (p=0.941). A statistically significant
decrease of 38.11 hospitalizations per 10,000 population
(95% confidence interval [CI], 24.93-51.29; p<0.001) was
observed in the first month of the COVID-19 outbreak (March
2020). The monthly trend in the hospitalization rate after
the COVID-19 outbreak (relative to the pre-COVID-19 trend)

Table 1. Descriptive summary of variables used in the study

Pre-COVID-19 Post-COVID-19 Change (%)
-22.6

Variable

Hospitalization
Average no. per
month
Rate per 10,000 105 81
population
ED visit
Average no. per
month
Rate per 10,000 366 208
population
Clinic visit
Average no. per
month
Rate per 10,000 265 161
population

11,430 8,846

-43.1

39,778 22,631

-39.2

28,877 17,542

ED, emergency department.
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Table 2. Estimated coefficients of the segmented regression model for the hospitalization rate before and after the start

of the COVID-19 pandemic in Iran

a)

Variable Coefficient SE 95% ClI p

Intercept, B, 105.46 3.10 99.17t0 111.75 <0.001

Pre-COVID-19 slope, B, -0.016 0.22 -0.47t00.44 0.941

Change in the level of the outcome variable immediately after the -38.11 6.49 -51.29t0 —24.93 <0.001
COVID-19 outbreak, 8,

Monthly change in trend, 3, 1.81 0.62 0.551t0 3.06 0.006

Post-COVID-19 linear trend”

Linear trend, B, 1.79 0.54 0.68 10 2.90 0.002

SE, standard error; Cl, confidence interval.

INewey-West standard errors. ®This was obtained using the following time trend equation: Yo = Bpo *+ By * time,, + &, where Y, is the value of the
hospitalization rate at time t after the start of the COVID-19 pandemic, and time,, is the time trend variable, which takes values between 1 (first observation
after the start of the pandemic) and 17 (last observation after the start of the pandemic).

120
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Figure 1. Interrupted time series analysis with Newey-
West standard errors and 2 lags for the hospitalization
rate per 10,000 population.

The initial outbreak occurred on February 19, 2020.

increased by 1.81 hospitalizations per 10,000 population
(95% CI, 0.55-3.06; p=0.006). We also found that the monthly
hospitalization rate after the COVID-19 outbreak increased
by 1.79 hospitalizations per 10,000 population (95% CI, 0.68-
2.90; p=0.002).

The results of the segmented regression analysis for ED
visits are reported in Table 3 and Figure 2. According to
this analysis, the pre-pandemic rate of monthly ED visits
was higher by 0.81 visits per 10,000 population. This trend,
however, was not statistically significant. A statistically
significant decrease of 191.65 ED visits per 10,000 population
(95% CI, 166.63-216.66; p<0.001) was observed in the first
month of the COVID-19 pandemic (March 2020). Compared to
the pre-COVID-19 trend, the monthly trend in ED visits after
the COVID-19 outbreak increased by 2.16 visits per 10,000
population, though the change was statistically insignificant

https://doi.org/10.24171/j.phrp.2023.0041

(95% CI, -0.41 to 4.74; p=0.097). In addition, a statistically
significant increase of 2.97 ED visits per 10,000 population
(95% CI, 0.78-5.17; p=0.009) was observed following the
COVID-19 outbreak.

Table 4 and Figure 3 present the results of the segmented
regression analysis for outpatient clinic visits. The initial
rate of outpatient clinic visits was estimated at 255.32
visits per 10,000 population. The rate of outpatient clinic
visits increased by 0.89 visits per 10,000 population every
month before the COVID-19 pandemic, although this trend
was not statistically significant (p=0.313). A statistically
significant decline of 168.57 outpatient clinic visits per 10,000
population (95% CI, 126.41-210.73; p<0.001) was observed
in the first month of the COVID-19 outbreak. The monthly
trend in outpatient clinic visits after the COVID-19 outbreak,
compared to the pre-COVID-19 trend, increased by 5.77 visits
per 10,000 population (95% CI, 0.77-10.78; p=0.025). After
the COVID-19 outbreak, the rate of monthly outpatient clinic
visits increased by 6.67 visits per 10,000 population (95% ClI,
2.02-11.32; p=0.006).

Discussion

Our study results show that the COVID-19 pandemic caused
a significant decrease in the total number of hospitalizations,
ED visits, and referrals to outpatient clinics in the city of
Kermanshah. The results indicate a sharp and significant
decrease in the use of health services included in the study
in the first month after the outbreak of COVID-19. The results
also identified 22.6%, 43.1%, and 39.2% reductions in the
hospitalization rate, ED visits, and outpatient clinic visits,
respectively, following the outbreak of COVID-19. Similar
reductions in the utilization of hospital services have also
been observed in studies conducted in other countries.

A study in China by Xiao et al. [16] showed that health
facility visits and the number of inpatients decreased by
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Table 3. Estimated coefficients of the segmented regression model for emergency department visits before and after the

start of the COVID-19 pandemic in Iran

a)

Variable Coefficient SE 95% ClI p
Intercept, B, 356.54 7.63 341.06 to 372.02 <0.001
Pre-COVID-19 slope, B, 0.81 0.58 -0.37t01.99 0.171
Change in the level of the outcome variable immediately after the -191.65 12.33 -216.66 to -166.63 <0.001
COVID-19 outbreak, B8,
Monthly change in trend, 3, 2.16 1.26 -0.411t04.74 0.097
Post-COVID-19 linear trend”
Linear trend, B, 2.97 1.08 0.78105.17 0.009

SE, standard error; Cl, confidence interval.

INewey-West standard errors. ”This was obtained from the following time trend equation: Yy = Bpo + By * time, + g, where Y, is the value of the rate of
emergency department visits at time t after the start of the COVID-19 pandemic, and time,, is the time trend variable, which takes values between 1 (first
observation after the start of the pandemic) and 17 (last observation after the start of the pandemic).

400+
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Figure 2. Interrupted time series analysis with Newey-West
standard errors and 2 lags for emergency department visits
per 10,000 population.

The initial outbreak occurred on February 19, 2020.

28.9% and 21.6%, respectively, following the outbreak of
COVID-19. Another study in China also showed that hospital
visits decreased by 22.6% after the outbreak of the pandemic
[17]. Decreasing trends of various degrees were also reported
in other countries in terms of hospitalizations, ED visits, and
outpatient clinic visits [3,18-20]. A systematic review of 81
studies from different countries showed that the number of
hospitalizations and the rate of patient visits to healthcare
service providers decreased by an average of 28.4% and
42.3%, respectively [21]. Although it is difficult to compare the
rate at which the use of health services decreased between
countries due to economic, social, and cultural factors as well
as their different healthcare systems, these findings indicate
anegative impact on the use of health services following the
outbreak of COVID-19.

This sharp decline in hospital care utilization can be
attributed to people's fear of COVID-19 infection and
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insufficient knowledge about the nature of the disease
[22-24]. In EDs, a decrease in daily visits and surgeries
could also reflect the population’s fear of being in crowded
places [20,25,26]. Changes in ED practices that lowered the
admission of general patients may also have resulted in lower
overall ED visits [22]. Other issues, such as travel restrictions
and quarantine policies, might have played a role in reducing
healthcare utilization [27]. Studies have also suggested that
care providers might have delayed unnecessary healthcare
services to reduce the risk of transmitting the virus to
patients and healthcare workers [24,28,29]. Medical centers
also suspended outpatient services for non-communicable
diseases and non-emergency surgeries [24]. The Centers
for Disease Control and Prevention (CDC) recommends the
continued use of virtual visits and triage assistance lines and
adherence to CDC infection control guidelines to minimize
COVID-19 transmission and address public concerns about
ED visits during the pandemic [10].

The hospitalization rate, rate of ED visits, and rate of
outpatient clinic visits maintained a downward trend
compared to similar periods in 2019 after February 19, 2020,
but each showed a slight increase following the outbreak.
The subsequent increase in healthcare service utilization
can be attributed to the different healthcare needs of the
population. The increase in all healthcare services identified
in this study remained lower than the rate of healthcare
service utilization over the same period in the previous year.
This shows that, despite the need for hospital, emergency,
and outpatient services, people only sought healthcare when
their health-related needs became urgent. This suggests
that people continue to avoid in-person healthcare services
despite the relaxation of restrictive policies to limit the
spread of COVID-19 [24,28].

Our study identified an increasing trend in healthcare use
following a significant reduction after the initial outbreak
of the COVID-19 pandemic. A study in Croatia also found

https://doi.org/10.24171/j.phrp.2023.0041
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Table 4. Estimated coefficients of the segmented regression model for patients referred to outpatient clinics before and

after the start of the COVID-19 pandemic in Iran

a)

Variable Coefficient SE 95% ClI p
Intercept, B, 255.32 13.82 227.1010 283.17 <0.001
Pre-COVID-19 slope, 3, 0.89 0.87 -0.88102.67 0.313
Change in the level of the outcome variable immediately -168.57 20.78 -210.73 t0 -126.41 <0.001
after the COVID-19 outbreak, 3,
Monthly change in trend, 3, 5.77 2.47 0.77t0 10.78 0.025
Post-COVID-19 linear trend”
Linear trend, B, 6.67 2.29 2.02t011.32 0.006

SE, standard error; Cl, confidence interval.

INewey-West standard errors. “This was obtained using the following time trend equation: Yo = Boo + By * time,, + &, where Y, is the value of the rate
of outpatient clinic visits at time t after the start of the COVID-19 pandemic, and time,, is the time trend variable, which takes values between 1 (first
observation after the start of the pandemic) and 17 (last observation after the start of the pandemic).

300+
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Figure 3. Interrupted time series analysis with Newey-West
standard errors and 2 lags for outpatient clinic visits per
10,000 population.

The initial outbreak occurred on February 19, 2020.

that hospital admissions increased from September to
December 2020 despite a 51% decrease in total hospital
admissions after the outbreak of COVID-19 [30]. A study
comparing private and public hospitals in China also
identified an increase in the number of admissions to
private hospitals in June 2020 [16]. Another study in
China also reported that, although a decrease in hospital
admissions related to respiratory disease was observed,
some health conditions, including diseases of the nervous
system, pregnancy and childbirth, congenital anomalies,
and chromosomal abnormalities, corresponded to an
increase in hospital admissions [17]. These increases in
healthcare utilization can be due to previously unmet needs
for healthcare services [31] or urgent needs for medical
services and healthcare. They may also be due to increased
public awareness about COVID-19 and expanded access to
care and personal protective equipment.

https://doi.org/10.24171/j.phrp.2023.0041

Strengths and Limitations

By conducting an interrupted time series analysis, this
study aimed to provide a comprehensive picture of changes
in healthcare utilization before and after the outbreak of
COVID-19. A significant advantage of this model is it could
demonstrate the causal impact of the COVID-19 outbreak
on healthcare utilization in the absence of a comparison
group [12,13]. However, the study had some limitations. First,
although an interrupted time series analysis can control
for pre-existing time trends and provide a clear and simple
mechanism to track the outcome variables of interest,
this approach can be misleading when the impact of an
intervention or event is not linear over time. Second, the data
used in this study were from educational hospitals affiliated
with the MoHME; thus, the study results cannot be generalized
to other hospitals with different ownership, including private
hospitals or social security organization-affiliated hospitals
in Iran. Third, although disease peaks are very important
and were among the major factors affecting hospital service
utilization in our model, we could not include this variable
in our analysis.

Conclusion

Our study findings provide useful insights for healthcare
policymakers about the impact of the COVID-19 pandemic on
healthcare utilization in Kermanshah Province and Iran as
a whole. The results showed that the use of hospital services
decreased significantly due to the COVID-19 pandemic, likely
due to the changing behaviors of patients and providers,
the suspension of health facilities and non-emergency
services, and COVID-19-related restrictions. Since the use
of healthcare services did not return to pre-outbreak levels
17 months after the outbreak, the government should
consider devising and implementing interventions such as
telemedicine so that all patients feel safe seeking the care
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that they need, even during a pandemic. Future research is
needed to identify effective strategies and policies to mitigate
the long-term and short-term impacts of the pandemic on
healthcare utilization in Iran.

Supplementary Material

Figure S1. A two-way line graph for checking the seasonality
pattern for all outcome variables included in the study.
Supplementary data are available at https://doi.org/10.24171/
j.phrp.2023.0041.
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