YALE JOURNAL OF BIOLOGY AND MEDICINE 94 (2021), pp.13-21. YALE JOURNAL OF BIOLOGY AND MEDICINE

ORIGINAL CONTRIBUTION YJ BM

CELEBRATING 90 YEARS 1928-2018

The Impact of the Social Distancing Policy on
COVID-19 Incidence Cases and Deaths in Iran
from February 2020 to January 2021: Insights
from an Interrupted Time Series Analysis

Mandana Saki, Mahboubeh Khaton Ghanbari®?, Meysam Behzadifar®, Mohammad Hasan Imani-
Nasab?, Masoud Behzadifar**, Samad Azari?, Ahad Bakhtiari¢, Jianhong W/, and Nicola Luigi
Bragazzi'¢

aSocial Determinants of Health Research Center, Lorestan University of Medical Sciences, Khorramabad, Iran; "Health
Management and Economics Research Center, Iran University of Medical Sciences, Tehran, Iran; “‘Department of Epidemiology
and Biostatistics, School of Public Health and Nutrition, Lorestan University of Medical Sciences, Khorramabad, Iran; ‘Hospital
Management Research Center, Iran University of Medical Sciences, Tehran, Iran; *“National Center for Health Insurance
Research, Iran Health Insurance Organization, Tehran, Iran; /Laboratory for Industrial and Applied Mathematics (LIAM),
Department of Mathematics and Statistics, York University, Toronto, ON, Canada; ¢{Department of Health Sciences (DISSAL),
Postgraduate School of Public Health, University of Genoa, Genoa, Italy

*To whom all correspondence should be addressed: Masoud Behzadifar, Anooshirvan Rezaei Square, Khorramabad, Lorestan
6813833946, Tel: +986633409971, Fax: +986633408176, Email: masoudbehzadifar@gmail.com.

Abbreviations: ITSA, Interrupted time series analysis; WHO, World Health Organization; MOHME, Ministry of Health and Medical
Education; NGOs, non-governmental organizations; SRMs, Segmented regression models; OLS, Ordinary least squares; ACF/
PACF, Autocorrelation and partial autocorrelation; Cl, Confidence interval.

Keywords: pandemics, social distancing policy, COVID-19, Iran, interrupted time series analysis

Copyright © 2021 13



14 Saki et al.: The impact of the social distancing policy on COVID-19

INTRODUCTION

In late December 2019, a viral outbreak occurred in
Wuhan, province of Hubei, People’s Republic of Chi-
na, and rapidly spread out worldwide [1]. The World
Health Organization (WHO) identified the infectious
agent responsible for the “Coronavirus Disease 2019”
(COVID-19) infection and termed it as “Severe Acute Re-
spiratory Syndrome-related Coronavirus type 2”” (SARS-
CoV-2). As of January 30" 2021, the virus has infected
more than 101,406,059 people and killed approximately
2,400,000 people [2]. The WHO has declared COVID-19
a global pandemic, and the health systems of all coun-
tries are making their best efforts to curb the spread of
COVID-19, to control and counteract/mitigate its burden
and effectively treat patients [3]. In recent decades, many
researchers have issued serious warnings about the prob-
lems and dangers that emerging infections can pose to
human health [4]. The COVID-19 pandemic has caused
a serious crisis affecting the public health systems, with
many negative effects on the countries’ economies [5,6],
including disruption of delivery of healthcare provisions
for other diseases, especially the non-communicable
ones, unemployment, declining household earnings, and
national incomes funding the healthcare system [7,8].

Due to the lack of immediately available effective
vaccines or drugs that could be used to prevent and treat
COVID-19, respectively, public health policy- and deci-
sion-makers in many countries implemented various pol-
icies to reduce the effects of the disease, such as quaran-
tine, self-restriction, social distancing, use of face masks,
school and university closures, and travel restrictions
[9,10]. Only recently, some vaccine products have been
authorized. However, since they will not be immediately
available for everybody, national allocation plans, based
on prioritization-based strategies, are urgently needed.
While many developed countries have already secured
for themselves sufficient doses, most developing nations,
including Iran, are still waiting for vaccine stocks [11].

COVID-19 IN IRAN

With the global spread of COVID-19, on February
19 2020, the Ministry of Health and Medical Education
(MOHME) announced the first cases in the city of Qom,
near the Iranian capital [12]. Following this announce-
ment, by the order of the President of Iran, the anti-Coro-
navirus headquarters were established under the leader-
ship of the Minister of MOHME, in order to handle all
COVID-19 related activities and policies [10].

With the spread of the disease in different cities of
Iran, the educational activities of schools and universi-
ties were closed [13]. Then, a strict monitoring of the
entry of passengers in domestic and foreign travels was

implemented. Various awareness campaigns have been
launched to reduce hours of social activity, encouraging
people to stay home [10], including TV shows, mo-
bile-based apps, phone calls and text messages targeting
vulnerable groups, and involving celebrities and religious
leaders [14,15]. Also, to curb the disease, the activities of
specific manufacturers producing disinfectant liquids and
gels, masks and personal protective equipment for the
general public and service providers in health centers and
hospitals increased eight-fold [10]. COVID-19 in Iran,
like other countries, has been having a negative impact
on various sectors. In the economic sector, the closure of
several companies and factories has put people at risk of
unemployment [15]. Although the government has tried
to prevent people from becoming unemployed, people’s
incomes fell, especially in connection with jobs whose
activities were restricted and banned [16]. The most dra-
matic impact of COVID-19 on Iran’s economy has been
in the oil export sector [17]. With all the borders closed,
Iran’s oil export has plummeted. Most of Iran’s income
comes from oil and petroleum products [14]. From the
social dimension, the closure of universities and colleges
has reduced the quality of education [18]. Moreover,
many people in the community are suffering from stress
and anxiety due to the illness or the fear of contracting the
virus [19]. Social interactions between individuals and
families have dramatically decreased in many cases [20].

SOCIAL DISTANCING POLICY

Due to the transmission dynamics of COVID-19
through social interactions, reducing contact rates may
play a role in disease prevention [21]. Countries such as
People’s Republic of China, South Korea, Indonesia, and
Hong Kong have pursued this policy and have been able
to achieve positive results in reducing the transmission
of the disease [22,23]. Due to the high prevalence and
mortality of COVID-19, health policy-makers have de-
cided to implement this policy to control the disease also
in Iran [21].

The precise rules underlying the policy of social dis-
tancing vary according to the country in which the policy
has been implemented. Distance can be one meter (in
China, Hong Kong and Singapore, and in some European
countries such as Denmark, France, and Lithuania), 1.4
meters (in South Korea), 1.5 meters (in Australia and in
several European countries, including Belgium, Germa-
ny, Greece, Italy, Portugal, Spain and the Netherlands),
1.8 meters (in the US (six feet) and in Iran), and two me-
ters (in Canada and in the UK) [24].

SOCIAL DISTANCING IN IRAN

On March 27%, 2020, Iran implemented a 1.8-me-
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ters social distancing policy in all Iranian cities to curb
and further control the disease. The implementation of
this policy was advocated by all political groups, orga-
nizations, society elites, celebrities, non-governmental
organizations (NGOs), and militaries. Social networks
(such as WhatsApp, Instagram, and Telegram, as well
as Twitter, YouTube, and Facebook) have endorsed this
policy and are supporting it by means of several cam-
paigns [10]. The use of community and volunteer forces,
the establishment of cohesive health networks in disad-
vantaged and underserved rural areas, and the formation
of the COVID-19 National Headquarters were among the
factors of the success of the implemented measure [7].

The Iranian President, as the country’s chief execu-
tive officer, took over the committee and the Health Min-
ister was appointed to oversee the implementation of the
various COVID-19 related programs [15]. After an initial
surge in cases, public health authorities decided to imple-
ment social distancing and self-isolation policies [10]. To
preserve the economy and essential businesses, jobs and
economic/financial activities were subdivided into cate-
gories, based on the nature of services offered: category
1 included recreational activities or businesses providing
health, economic/financial support, whereas category 4
included mostly non-recreational activities. Activities be-
longing to the first category remained open, while those
belonging to category 4 underwent complete shut-down.
Activities belonging to categories 2 and 3 could remain
open and continue operating and providing services un-
der certain strict conditions and protocols. Smart working
was encouraged, by developing and enhancing ad hoc
electronic infrastructure for service delivery [25]. There
was initially no punishment for those who violated social
distancing, but as the number of violations increased,
the government decided to introduce penalties, with the
highest fines being imposed on vehicles traveling during
curfew hours [17].

When the government decided to implement the
social distancing policy, some companies, especially
the private ones (in the field of transportation, traveling,
sporting events, and clothing, among others), opposed
to the introduction of the measures, due to declining in-
comes and the risk of bankruptcy [10,15].

The aim of this study was is investigate the effects of
the social distancing policy on the confirmed incidence
cases and deaths of COVID-19 by applying the interrupt-
ed time series analysis (ITSA) method.

MATERIALS AND METHODS

Ethics Approval and Consent to Participate

The ethics committee of the Lorestan University of
Medical Sciences (LUMS) approved this study (approval

code no. IR.LUMS. REC.1399.083).

Design of Study

This study was designed as a quasi-experimental
study and was interpreted utilizing the ITSA approach.

Study Population

Population studied was the Iranian population
(81,672,300 inhabitants), including 1,398,835 confirmed
incidence cases and 57,734 deaths.

Study Outcomes

Study outcomes included the number of confirmed
COVID-19 incidence cases and number of deaths due to
COVID-19 in Iran. Cases were confirmed by polymerase
chain reaction (PCR), following the WHO guidelines
[26].

Data Sources

We used daily data related to COVID-19 on con-
firmed incidence cases and deaths, which were collected
through the websites of the MOHME and the WHO from
954 public hospitals and health center settings [25,27].
The MOHME announces daily the statistics of all the
provinces of Iran. Daily data was collected between Feb-
ruary 20", 2020 and January 29", 2021. The social dis-
tancing policy was launched on March 27", 2020. During
the study period, 1,398,835 confirmed incidence cases
and 57,734 deaths occurred.

Statistical Analysis: Interrupted Time Series
Analysis (ITSA)

Evaluating the impact of different health policies
can be very important and helpful to advise health pol-
icy- and decision-makers whether to continue or not the
implementation of a given policy or make some changes
[28]. Health decision-makers try to implement policies
that are highly effective [29]. ITSA is a valuable analysis
to evaluate the impact of the implementation of various
policies in the health sector [30]. ITSA can be used both
for clinical and non-clinical interventions, in cases in
which prospective analysis and randomization are not
possible [31,32].

Time series analysis examines the relationship be-
tween data and a topic over time. In ITSA, the impact of
apolicy at a given point of time is compared to before and
after the implementation [33]. ITSAs can provide a strong
assessment of the long-term impact of policy implemen-
tation and can often be highly generalizable because they
are performed in real-world contexts [34]. ITSA can play
a very important role in health-related crises, as it is able
to assess the consequences of implementing a policy in a
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Figure 1. The rate of confirmed COVID-19 incidence cases between February 20", 2020 and January 29", 2021,
prior to and following the implementation of the social distancing policy in Iran (launched on March 27 2020).
Dashed line is projected trend without the implementation of the policy; solid line is the trend observed after the

implementation of the policy.
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Figure 2. The rate of deaths related to COVID-19 between February 20", 2020 and January 29", 2021, prior to and
following the implementation of the social distancing policy in Iran (launched on March 27" 2020). Dashed line is
projected trend without the implementation of the policy; solid line is the trend observed after the implementation of the

policy.
crisis situation [35]. In addition to health consequences,
this assessment can also investigate its impact on the eco-
nomic, social, political, and cultural sectors [33,36,37].
ITSA models were fit using segmented regression
models (SRMs) and longitudinal data. For estimating the
best analytical approach, we used the Newey-West meth-
od [35]. Also, to assess the robustness of our findings, we
conducted several diagnostic and sensitivity assessments.
An ordinary least squares (OLS) regression model with a
time series specification (an intercept and a trend term, a
level and a trend change) was utilized in order to check
for serially correlated errors using the Durbin-Watson test
and by visualizing the residuals from the OLS regression

and plotting the autocorrelation and partial autocorrela-
tion (ACF/PACF) graphs [28]. We employed OLS rather
than other regression techniques (like methods based on
autoregressive integrated moving-average (ARIMA) or
its variants models) as OLS appears to be more robust,
flexible, and suitable when analyzing interrupted time-se-
ries [38].

All synthesized estimates were reported with
their computed 95% confidence interval (CI). p-value
<0.05was considered significant. All analyses were car-
ried out with R software Version 3.6.1 (London, UK).
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RESULTS

Confirmed Incidence Cases

A significant decrease of -179.93 (95% CI: -380.11
to -20.25, P-value=0.078) confirmed incident cases fol-
lowing the implementation of the social distancing policy
was found (See Figure 1).

This corresponds to a daily decrease in the trend of
-31.17 (95% CI: -46.95 to -15.40, P-value=0.08).

Deaths

A significant decrease of -28.28 (95% CI: -43.55 to
-13.01, P-value=0.05) deaths following the implemen-
tation of the social distancing policy was observed (See
Figure 2). This corresponds to a daily decrease in the
trend of -4.52 (95% CI: -5.25 to -3.78, P-value=0.003).

Residuals from the OLS regression for confirmed
incidence cases and deaths related to COVID-19 are
shown in Figure 3, whereas autocorrelation and partial
autocorrelation functions for confirmed incidence cases
and deaths related to COVID-19 are shown in Figure
4A and 4B. Both Figures 3 and 4 show presence of au-
tocorrelation, indicating a good relationship of each data
point with the previous one. More in detail, for confirmed
incidence cases 0, 1, and 15 lags were significant at the
autocorrelation function, whereas 0 and 15 lags were
significant at the partial autocorrelation function. This
indicated a bi-weekly correlation, which, interestingly, is
the incubation time of COVID-19. For deaths, 0, 1, 2, 3,
4,9, 10, 11, 12, 13, 14, and 15 lags were significant at
the autocorrelation function while only 0 lag was signif-
icant at the partial autocorrelation function. Presence of
autocorrelation was taken into account by performing the
Newey-West robust estimator.

DISCUSSION

The findings of the present study showed that the
implementation of the social distancing policy in Iran
may have been effective in controlling the spread of the
COVID-19 and may have reduced both confirmed inci-
dence cases and deaths. This policy is currently also be-
ing used as a public health strategy to control COVID-19
in other countries. A review of studies in 16 countries
showed that the virus transmission was lower with social
distancing of one meter or more, compared with a dis-
tance of less than one meter (n=10,736, pooled adjusted
odds ratio [aOR] 0-18, 95% CI 0-09 to 0-38; risk differ-
ence [RD]-10-2%, 95% CI—11-5 to —7-5; moderate [39].

Prior to the implementation of the social distancing
policy, the trend of COVID-19 infection in Iran was
increasing. Policy- and decision-makers have launched
various programs to control the disease. Due to the fact

that the new year holidays in Iran begin in early spring
(Nowruz) [40], policy-makers were very concerned
about the transmission of the disease through the numer-
ous trips that take place every year during the holidays.
Maximum travel restrictions were imposed on passenger
transportation by air, train, and intercity buses, while ful-
ly implementing health protocols [10].

A study by Medeiros de Figueiredo and colleagues,
conducted by utilizing ITSA, looked at the impact of
the social distancing policy in Chinese cities, and found
that the implementation of this policy had significant-
ly reduced the incidence and mortality as a result of
COVID-19 [41]. In another study employing ITSA, Sied-
ner et al. investigated the effect of social distancing on
COVID-19 growth rate in different US states, where, be-
tween March 10" and 27" 2020, a policy of self-isolation
was implemented and was able to significantly reduce the
spread of COVID-19 [42].

The findings of these two studies in China and the
US are consistent with the results of our study. These
studies show a decrease in the average daily growth rate
of cases and deaths, and over time, the social distancing
policy may have been able to help the health system of
these countries to reduce the burden of disease, providing
better services to hospitalized patients and avoiding over-
whelming and straining of healthcare facilities.

At the beginning of COVID-19, some cities in Iran
were severely affected by the outbreak and many people
became quickly infected. Due to its geographical loca-
tion, the religious city of Qom and the Northern cities of
Iran, tourist destinations for Iranian travelers, were affect-
ed the most in terms of COVID-19 cases. Therefore, in
the first days, these areas started social distancing earlier,
since implementing social distancing can be a valuable
policy option for the most hit settings [9,10].

The biggest resistance to implementing this policy
is due to its economic and social impact. Many people
may become unemployed and unable to cover their ex-
penditures. COVID-19 challenged Iranian macroecono-
my by decreasing oil demand and reducing the supply
and demand cycle, as well as affecting small businesses
due to social distancing and quarantine restrictions [15].
Small businesses have experienced reduced production,
reduced goods and service delivery and decreased sales,
disruption in insurance services, impossibility of re-pay-
ing bank-loans, and unemployment [43]. Therefore, a
very careful monitoring of the impact of the implemen-
tation of this policy should be done. Government should
provide financial assistance, such as subsidies and loans,
encouraging people to be more compliant with this policy
[44].

Given the potential benefits of social distancing
seen in some outbreaks, it can also be effective in the
COVID-19 outbreak, and policy-makers should try to
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Figure 3. Residuals from the OLS regression (A: COVID-19 confirmed incidence cases, B: deaths between February
20", 2020 and January 29", 2021, in Iran). The plot shows presence of correlation.

mitigate the economic and psychological problems that
can affect people [45]. Mohammadi et al. have carried out
a cross-sectional study, assessing the mental health sta-
tus of 221 COVID-19 infected patients and 241 controls
from the general population. Authors found a high prev-
alence of mental health issues among patients suffering
from COVID-19 [46]. The pandemic particularly affected
healthcare workers. Alizadeh and colleagues carried out
a qualitative study among 18 healthcare providers, who,
being overwhelmed by high workload, reported relevant
occupational demands and psychological distress [47].
After the implementation of social distancing, the
trend of incidence cases and deaths decreased, which was
in line with the expected goals of this policy. This enabled
the enhancement and improvement of laboratories and di-
agnostic testing to identify cases as the policy was imple-
mented, and incidence cases were identified better than
in previous days. COVID-19 is spreading rapidly around
the world, and implementing social distancing policy is
effective [10]. A study by Medeiros de Figueiredo et al.
showed that delays in implementing policies that can re-
duce the spread of the disease can have a major impact on

its containment [41].

China’s experience in reducing the burden of
COVID-19 compared to other countries has shown that
the implementation of social distancing can be effective
[9]. However, the variability of the political and social
system of different countries should be taken into ac-
count, which plays a key role in the implementation of
this policy together with several contextual variables. On
the other hand, a late implementation of social distancing
policy, such as in Italy, can result in a high mortality rate
[48,49].

LIMITATIONS OF THE STUDY

This study has some limitations, including the fact
that the data on age and sex were not accessible because
at the time of the study, the MOHME had not published
them despite their availability.

Besides this main shortcoming, it should be empha-
sized that different contextual factors and variables such
as the quality of healthcare services in Iran, underlying
co-morbidities, or selected samples, may contribute
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Figure 4. Autocorrelation and partial autocorrelation function (A: confirmed incidence cases, B: deaths between
February 20™, 2020 and January 29", 2021, in Iran). The plots show presence of correlation.

to explain the findings of the present study. Improving
healthcare facilities and diagnostic testing capacity,
changing diagnostic criteria, validating new tests, and
introducing some medications can affect the analysis per-
formed in this study. Confirmed data could suffer from
under-reporting bias or reporting delays. Moreover, we
did not have access to time data at the province level.
These data could be valuable in determining the effect
of social distancing policy at the province level, because
different provinces of Iran can be uniquely affected by
the implementation of this policy due to the different con-
ditions they may experience. The implementation of the
social distancing policy may have been carried out more
vigorously by some provinces, and this could affect the
data. Provinces with larger populations can have a great-
er impact on the data. Moreover, social distancing began
during the holidays, with many people staying at home
and avoiding or reducing social and working activities.
Finally, other measures implemented at similar times of
the social distancing measures could also contribute to re-
ducing the spread of the disease. Furthermore, people can
also become more aware of the way the disease is spread

and, as a consequence, there could be a wide-scale use
of individual protective equipment, proper hand hygiene
and adoption of other preventative measures. Therefore,
all these factors could impact COVID-19 incident cases
besides social distancing.

CONCLUSION

The growth rate of confirmed incidence cases and
deaths from COVID-19 in Iran has significantly de-
creased from March 27, 2020 to January 29, 2021, after
the implementation of social distancing policy. Due to
the lack of immediately available vaccines and effective
drugs for this disease, many policy- and decision-makers
have focused on non-pharmacological methods to curb
and control this disease. Based on preliminary data, so-
cial distancing policy has been proven to be effective in
reducing the spread of the outbreak. By monitoring and
implementing social distancing policy in all countries,
the burden of COVID-19 may be mitigated. However,
further research is needed, especially evaluating the long-
term effects of the implementation of the social distanc-
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ing policy. Due to the unpredictable nature of pandemics,

as
SO

sessing the impact of COVID-19 restrictions, such as
cial distancing, can help policy- and decision-makers

enhance health systems’ capacity to promptly respond to
crises and design and adopt effective policies.
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