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A B S T R A C T   

The COVID-19 pandemic has brought questions about the desirability of compact urban development to the fore. 
There are some concerns that high density may be a risk factor that makes it challenging to contain the 
pandemic. This study aims to investigate the link between density and pandemic spread through a case study of 
Tehran that has been the epicenter of the pandemic in Iran. Based on data obtained from an online platform and 
analyzed using structural equation modeling, we found that density alone cannot be considered a risk factor for 
the spread of COVID-19. In fact, density alone did not explain the geographic distribution pattern of confirmed 
COVID-19 cases and deaths across the 22 municipal districts of Tehran. We, therefore, argue that efforts should 
be made to minimize concerns about living in dense urban environments. Indeed, residents of high-density 
districts can live safely when an outbreak occurs, provided they make some changes in lifestyle and follow 
public health instructions. Based on the findings, and considering other benefits of compact cities (e.g., climate 
change mitigation) planners and policy makers are encouraged to continue promoting compact urban forms. 
They can also use the results of this study in their efforts towards developing appropriate mechanisms and 
guidelines for effective management of future pandemics in cities.   

1. Introduction 

COVID-19 was not the first infectious disease affecting cities, and it 
may not be the last. The pandemic affected cities in many ways. The 
rapid spread of pandemic convinced many central and local govern
ments to adopt various combative strategies to limit its transmission 
through measures such as social distancing, partial and total lockdowns, 
and travel control (Sharifi & Khavarian-Garmsir, 2020; Wilder-Smith & 
Freedman, 2020). In the meanwhile, high-density cities and urban areas 
that have long been praised for providing efficiency improvements and 
fostering innovation and productivity, are now concerned to contribute 
to the spread of COVID-19 (Boterman, 2020; Hamidi, Sabouri, & Ewing, 
2020; Hua et al., 2021; Megahed & Ghoneim, 2020). 

Generally, the outbreak of the Coronavirus has resulted in renewed 
discussions regarding the desirability of compact urban areas. In the past 
few decades, there have been various efforts aimed at increasing urban 
density to enhance efficiency and contribute to climate change mitiga
tion (Burton et al., 2003; Stevenson et al., 2016). However, the recent 
pandemic has raised concerns about the desirability of such efforts on 

the grounds that density may function as a risk factor by contributing to 
the spread of viruses such as the COVID-19 (Cordes & Castro, 2020). 

Some earlier studies have sought to explain the relationship between 
urban density and the prevalence of contagious diseases. In this regard, 
comparing more than 600 U.S. cities, Dalziel et al. (2018) found that 
influenza transmission is more widespread in densely populated urban 
areas, probably due to higher rates of social contact between infected 
and uninfected people. Similarly, in an attempt to explore the origins of 
epidemics over the past decades, Carter (2017) and Shah (2016) iden
tified a number of political and practical factors affecting global dis
eases. They argue that crowding could provide a fertile ground for the 
rapid transmission of pathogens such as Ebola, thereby making it more 
challenging to control it and leading to more economic and human 
losses. In contrast, Kissler et al. (2019) identified four hubs of the 2009 
influenza pandemic in the United States, and demonstrated that all of 
them are in medium-sized cities. This contradicts the common view of 
infection transmission centers being more densely-populated and 
well-connected. 

Mixed evidence has also been reported regarding the role of cities’ 
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characteristics in the spread of COVID-19. Several studies did not find an 
association between density and the COVID-19 transmission rate (Bha
dra, Mukherjee, & Sarkar, 2020; Federgruen & Naha, 2021; Hamidi 
et al., 2020; Perone, 2021; Sun et al., 2020). For instance, Boterman 
(2020) did not find compelling evidence that county density plays a 
critical role in explaining the prevalence of the COVID-19 epidemic in 
the highly urbanized and densely populated country of the Netherlands. 
Similar results have been reported by Hamidi et al. (2020) in their 
analysis of US metropolitan counties. Surprisingly, they observed 
slightly lower COVID-19 mortality rates in higher density counties. 
Based on the primary finding of a study by Lin et al. (2020), the per
centage of the population migrated from Wuhan and population density 
are two key variables that can explain the COVID-19 infection rate. 
However, the linear association between population density and trans
mission rate was disappeared after controlling for the former variable. 
They further controlled for population density and found no high 
infection rates in the densely populated metropolitan regions, except the 
high-latitude regions. Therefore, they pointed out that factors other than 
migration from Wuhan and population density play a role in the high 
transmission rates of COVID-19 in high-latitude regions of China. 

In contrast, some studies have reported associations between density 
and spread of the virus (Coşkun et al., 2021; Imdad et al., 2021; Jam
shidi, Baniasad, & Niyogi, 2020; Kodera, Rashed, & Hirata, 2020; 
Mansour et al., 2021). For instance, in an analysis of demographic and 
geographic factors in 182 countries, Nguimkeu and Tadadjeu (2021) 
found that population density along with factors such as urbanization 
rate and the proportion of people aged 65 and over are decisive factors 
that can explain why the number of cases COVID-19 is different across 
countries. Ren et al. (2020) observed that larger population densities 
form the very high-risk zones of COVID-19 infection in Beijing and 
Guangzhou. However, this was not the case for Shenzhen, and higher 
risk zones for infection were characterized by the higher road length and 
the number of bus stops. There is also evidence from the US indicating 
that in the aftermath of the COVID-19 outbreak some individuals have 
migrated to the suburbs due to concerns over the high risks of living in 
high-density and overcrowded urban areas. This trend has reduced 
housing demand in high-density neighborhoods (Liu & Su, 2020). 

Overall, what we know about the link between urban density and the 
prevalence of epidemic diseases, such as COVID-19, is largely based 
upon empirical studies that compare cities and towns across regions. 
There is still a paucity of research investigating the relationship between 
urban density and the COVID-19 outbreak at the sub-city level. A better 
understanding of the influence of urban density on the outbreak of 
COVID-19 necessitates examining the issue by choosing sub-city sub
divisions as geographical units of analysis. This allows understanding 
the extent to which different areas within a city are affected by the 
disease. 

To fill this gap, this study aims to shed more light on the linkages 
between urban density and the COVID-19 infection and death rates 
through analyzing data from Tehran, the capital city of Iran. Iran was 
among the first countries to report cases of COVID-19 disease and is one 
of the global epicenters of the pandemic, reporting 61,330 deaths and 
more than 1,755,000 cases as of March 16, 2021. Having the highest 
number of confirmed cases and deaths in Iran, Tehran is designated as a 
COVID-19 red-zone (Arab-Mazar, Sah, Rabaan, Dhama, & 
Rodriguez-Morales, 2020). Based on the Statistical Center of Iran 
(2016), Tehran has a population of about 8,600,000 million people. The 
city represents an excellent case study for the following reasons. First, it 
has been grappling with COVID-19 since mid-February 2020 and has 
gone through the early stages of the disease. Over the past few months, a 

large number of infections have been reported, making it possible to 
conduct statistical analysis. Secondly, as a big city, Tehran has a het
erogeneous urban pattern, making it possible to examine possible as
sociations between density and the intensity of the virus transmission. 
Thirdly, selecting a developing country city as a case study can extend 
current knowledge about COVID-19 because developing country cities 
are currently understudied in the literature. 

The results of the study may have a number of implications for policy 
makers, researchers and the public. As mentioned earlier, COVID-19 
pandemic is not the first worldwide epidemic disease and may not be 
the last. Therefore, the study attempts to add knowledge to existing anti- 
pandemic policies by providing information on the sub-city scale. It 
informs planners and policymakers of the type of strategies that are 
needed in dense areas to cope with pandemics, and discusses the extent 
to with which urban form characteristics, such as density, should be 
incorporated in public health policies. In addition, the need for social 
distancing caused by COVID-19 has left many questioning whether high- 
density neighborhoods are more susceptible to pandemics; thus casting 
doubts on the conventional wisdom that compact urban areas are more 
desirable (Pafka, 2020; Su et al., 2021). This means that exploring 
connections between density and COVID-19 spread patterns is pertinent 
to the current literature, and it may assist planners and the public in 
their future decision making towards sustainable urban development. 

The results of the study may have a number of implications for policy 
makers, researchers and the public. As mentioned earlier, COVID-19 
pandemic is not the first worldwide epidemic disease and may not be 
the last. Therefore, the study attempts to add knowledge to existing anti- 
pandemic policies by providing information on the sub-city scale. It 
informs planners and policymakers of the type of strategies that are 
needed in dense areas to cope with pandemics, and discusses the extent 
to with which urban form characteristics, such as density, should be 
incorporated in public health policies. In addition, the need for social 
distancing caused by COVID-19 has left many questioning whether high- 
density neighborhoods are more susceptible to pandemics; thus casting 
doubts on the conventional wisdom that compact urban areas are more 
desirable (Pafka, 2020). This means that exploring connections between 
density and COVID-19 spread patterns is pertinent to the current liter
ature, and it may assist planners and the public in their future decision 
making towards sustainable urban development. 

2. Urban density and socio-economic variables affecting the 
COVID-19 transmission patterns 

Previous studies have shown two conflicting effects of density on 
virus transmission. A line of studies have noted that since more people 
live per unit area in high-density residentional settlements, there are 
more close social contacts that, in turn, can accelerate the spread of the 
virus (Ren et al., 2020; You, Wu, & Guo, 2020). In contrast, some others 
have pointed out that residents of densely populated places make shorter 
distance trips and have better access to health facilities. As a result, they 
are more likely to follow social distancing and stay home measures 
(Almagro & Orane-Hutchinson, 2020; Hamidi et al., 2020; Liu, 2020). 
However, previous studies have often only measured population density 
and overlooked other types of urban density. 

Besides, some studies highlighted that age is an important risk factor 
for COVID-19 (Bialek et al., 2020; Guan et al., 2020; You et al., 2020). 
According to the results of a study by Liu et al. (2020), elderly COVID-19 
patients are more likely to be hospitalized and progress to severe stages 
of the disease. As a result, a higher number of confirmed COVID-19 cases 
and death may be recorded in districts with higher proportions of aged 

A.R. Khavarian-Garmsir et al.                                                                                                                                                                                                               



Sustainable Cities and Society 70 (2021) 102911

3

Fig. 1. Screenshots from the AC-19 Mobile app. The right figure shows the state of pandemic spread at the city level and the left one depicts the status at the national 
level. Source: authors. 
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people. transport system and infrastructure that increase inter- and 
intra- urban connectivity, are also regarded as key factors contributing 
to the spread of contagious diseases, and their role in previous outbreaks 
(e.g., Ebola) has already been demonstrated (Kutela et al., 2021). In this 
study, road density, trip generation rate, and car ownership are the 
variables used to investigate population mobility and connectivity of 
municipal districts. 

In addition to the above-mentioned variables, socio-economic vari
ables may also affect the transmission patterns of the disease. In 
connection with poverty, Maiti et al. (2021) and Finch and Hernández 
Finch (2020) argued that individuals with lower levels of education and 
those living in lower income communities are more susceptible to 
COVID-19. This is because these groups depend more on public trans
portation, are less able to work remotely, are less aware of the virus 
transmission patterns, and are also less likely to take social distancing 
measures seriously (Das et al., 2021). Therefore, an analysis of the lit
eracy rate, the percentage of college-educated people, and the employ
ment rate can test the above hypothesis. Finally, Wenham, Smith and 
Morgan (2020) and Jin et al. (2020) suggest that while COVID-19 affects 
both men and women, gender is a risk factor that may increase 
vulnerability to COVID-19, and is independent of age susceptibility. 

3. Materials and methods 

3.1. Data collection and analysis 

Independent academics have difficulties in obtaining data from 
public agencies and healthcare centers that deal with COVID-19 pa
tients. Even if they manage to get access to data, the geographical res
olution is not always high. This issue is more profound in developing 
countries with much lower data transparency (Moghadasi, 2020). 

We obtained COVID-19 data from the AC-19 app. It is a coronavirus 
app released by the Iranian government as part of measures designed to 
restrain the spread of COVID-19 in the country. Over four million Ira
nians have installed the application on their smartphones. The app is 
regularly updated by its developers based on the data provided by the 
Ministry of Health and Medical Education of Iran. It visualizes the 
approximate geographical location of infected people at the local, 
regional, and national levels, and informs people about the latest situ
ation of COVID-19 in each neighborhood and the distance from the high 
risk locations (see Fig. 1). Data was obtained in several stages: First, we 
zoomed in the city as much as the app allowed and took screenshots. 
Second, we carefully fitted together images of the zoomed areas to 
create a photomosaic. Third, we overlaid images obtained from the 
second stage on the Google Earth platform. Fourth, we tagged the points 
identified by the AC-19 application, saved the places as a KML file, and 
converted them into a shapefile. 

The dataset used in this study consisted of the number of confirmed 
cases until 4 April 2020 and 27 June 2020, and death cases until 27 June 

2020 (see Figs. A1–A3 in Appendix A). According to health experts, two 
waves of COVID-19 have hit Iran during the first six months of the 
pandemic. The first wave coincided with the Persian New Year holidays 
in late March and early April. However, the country adopted strict re
strictions and controlled this wave in May 2020. The second wave began 
after relaxing lockdown measures in early April 2020 and led to a surge 
similar to the one observed in March (Pourghasemi et al., 2020). We 
selected April 4 and June 27 as the representative dates for the first and 
second waves, respectively. Moreover, the AC-19 application released 
the COVID-19 mortality data in June 2020, thus making it possible to 
analyze the COVID-19 mortality rate risk factors. It seems that exam
ining the geographical distribution of patients with COVID-19 on 4 April 
can provide insights into how density and the socio-economic charac
teristics of urban districts can contribute to the spread of the virus in the 
early stages of the pandemic. Repeating such an analysis on June 27 (84 
days later) could indicate the impact of urban density and other 
socio-economic factors on the persistence and severity of the COVID-19 
pandemic and the subsequent mortality. Furthermore, analyzing this 
relationship over time can demonstrate the success or failure of mea
sures designed to cope with the pandemic, because if COVID-19 policies 
were properly designed and implemented, the impacts of some risk 
factors would be reduced over time. 

To examine the relationship between the explanatory variables of the 
study and the risk of COVID-19 infection and death, the Structural 
Equation Modeling (SEM) was used. The SEM has been widely recog
nized as a mature analysis method in advanced theoretical models for 
the past 30 years (Tarka, 2018). In addition to ease of use, this approach 
offers more flexibility to model and evaluate complex theoretical re
lations (Grace, 2008). The SEM is also widely recognized for the quality 
and reliability of the scores obtained from its measuring instruments1 

(Schumacker & Lomax, 2010). 

3.2. Research variables 

We followed the modelling approach of Hamidi et al. (2020) who 
argued that density and socioeconomic factors, while having a direct 
path to the COVID-19 death and infection, can indirectly affect the 
COVID-19 death rate through increasing confirmed cases (Li et al., 
2021). Accordingly, we examined associations between the COVID-19 
morbidity and mortality rates (the dependent variables) and nine fac
tors (independent variables), including various types of urban density 
(see Table 1). 

Previous studies have mostly focused on population density to show 
how urban density can affect the spread of the virus. However, we took 
four types of density, including road, population, built-up, and aged- 
people density into consideration. Road density refers to the ratio of 

Table 1 
Descriptive statistics of variables.  

Variables Definitions Units Min. Max. Mean Std.dev 

population density The ratio of the resident population to land area person/km2 4.10 56.79 28.13 14.57 
aged people density The ratio of the aged people population to land area person/km2 0.15 3.05 1.42 0.79 
built-up density The ratio of total built-up area to the land area % 39 100 66 16 
Road density The ratio of total roads area to the land area % 0.003 0.73 0.21 0.21 
Trip generation rate the number of trips that are generated by the residents of districts Trip/person 0.68 1.81 1.08 0.28 
Car ownership The number of cars per 1000 inhabitants Cars/1000 people 37.54 75.79 55.15 13.09 
Distance to metro station The average distance of neighborhoods to metro station m2 243/16 2665/94 999/17 680/06 
Distance to bus station The average distance of neighborhoods to metro station m2 243/16 542/16 254/42 89/58 
Literacy rate The ratio of literate persons to total population % 90.00 98.00 94.45 2.91 
Percentage of college-educated The ratio of college-educated persons to total population % 7.9 45.19 21.7 11.5 
employment rate The ratio of the number of employed persons to the active persons % 86.00 92.00 88.55 1.68 
Sex ratio The ratio of males to females in the population of a district Males/100 females 91.91 103.88 99.38 3.39 
Average income The average income earned per person in a given district Tomana/person 1.6 2.2 1.9 0.17  

a Toman is the official currency of Iran. 

1 Interested readers are referred to Hoyle (2012) for more details about SEM. 
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the road network length to its area in a district. It includes all ground 
networks and is calculated separately for the 22 municipal districts of 
Tehran. It should, however, be noted that the variable does not include 
underground network. Population density refers to the ratio of the 
number of people living in a district to its area. We extracted population 
data from the population and housing census yearbook (2016). The area 
of each district was also calculated in the ArcGIS. The built environment 
density refers to the ratio of total built-up area of a municipal district to 
its land area. It comprises the total area of entire land uses that exist 
within a district, including residential, green space, health, education, 
and leisure land uses. We also included aged population density in this 
study. It is defined as the number of aged people living per km2of a 
municipal district. The number of aged people in each district was ob
tained from the National Census of Iran (2016). 

We also investigated the influence of several socioeconomic vari
ables along with urban density. The variables demonstrate the de
mographic, socioeconomic, and mobility status of residents. Trip 
generation rate and car ownership are used to examine the effects of 
mobility on the virus transmission patterns. Trip generation data were 
obtained from Tehran’s Statistical Yearbook (2016), and population 
data from Iran’s Population and Housing Census (2016). We divided the 
number of trips generated in each district by its population. Car 
ownership rate was also evaluated by dividing the number of cars in a 
district to its population. As owning and maintaining a car in Iran is 
costly and poor households cannot afford it, this variable indicates 
people’s mobility and is used to assess residents’ economic status. Dis
tance to metro and bus stations are other urban transportation related 
variables. These two variables can predict the possible impact the public 
transportation may have on the spread of the pandemic. We calculated 
distance data using ArcGIS, based on the geographic data provided by 
the Statistical Center of Iran (2016). Each area was divided into several 
neighborhoods, and the distance of each neighborhood to the nearest 
metro and bus station was calculated. Finally, the distances were aver
aged for each of the municipal districts. 

Literacy rate and the percentage of college-educated people are two 
variables that attempt to demonstrate the district’s social status. We 
downloaded literacy and education level data from Iran’s Population 
and Housing Census (2016). We also considered the role of sex ratio in 
the virus dynamic. The variable refers to the proportion of males to fe
males in a district. Moreover, the employment rate and average income 
were considered in the model. Employment rate refers to the share of 
employed persons to the active population living within a district. By 
active population, we mean those between the age of 15 65. We also 
considered average income as an economic variable. It refers to the 
average income earned per person in a district. Income data was ob
tained from the Atlas of Tehran Metropolis (2016). 

4. Results 

Tehran, the capital of Iran, has a population of 8.6 million people 
(Statistics Center of Iran, 2016). The city is divided into 22 municipal 
districts. Districts usually consist of several neighborhoods with similar 
characteristics. The geographic location of Tehran’s 22 municipal dis
tricts is depicted in Fig. 3. The districts that with higher average per 
capita income are marked with red color. On the other hand, the 
lower-income districts are shown by a yellow color. The figure shows 
that high income households mainly live in the northern part of the city 
while those with lower incomes live mainly in the southern districts. The 
figure also indicates that the people living in the eastern districts have 
higher incomes than those living in the western part. 

We selected the twenty-two municipal districts of Tehran as the units 
of analysis (see Fig. 3). Table 2 provides details on the population, area, 
and the confirmed COVID-19 cases across different districts, for April 4 
and June 27, 2020. As can be seen, the municipal districts No. 4, 5, and 2 
are the most populated districts, while the least populated ones are those 
located in the eastern parts of the city (district No.9, 22, 21) (see Fig. 3). Ta
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Fig. 2. COVID-19 morbidity and mortality rates on April 4 and June 27 in the 22 municipal districts of Tehran.  

Fig. 3. The geographic location of Tehran and Iran and income levels in the 22 municipal districts of Tehran. Source: prepared by authors from Statistical Centre of 
Iran (2016) and Google Satellite images. 
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Regarding the surface area, the districts No. 4, 22, and 5 are the largest, 
while the smallest ones are located in the center of the city (districts No. 
11, 10, 17). We estimated the morbidity and mortality rates per thou
sand people based on the number of cases up to April 4 and June 27 and 
the number of deaths up to June 27. On April 4, the morbidity rate was 
the highest in districts No. 12, 3, and 9 (see Fig. 2 and Table 2). The 
lowest, on the other hand, was in districts No. 8, 14, 4 and 15. On June 
27, the highest rate was recorded in districts 1, 6 and 22. At the same 
time, Districts No. 16, 10, and 14 had the lowest morbidity rates. Mor
tality rate data indicate that the highest mortality rate was in districts 
No. 3 and 12, while the lowest mortality was in districts No. 21, 16, 18 
and 11 (see Fig. 2 and Table 2). 

Besides, based on Table 2, districts No. 8, 10, 15, and 14 are the most 
densely populated, while districts No. 9, 21, and 22 have the lowest 
levels of population density. Districts No. 9, 17, and 21 have the highest 
level of built-up density, while districts No. 2, 5, 15, 18, 20, and 22 have 
the lowest levels. Regarding road density, districts No.10, 14, and 17 
have the highest level of road density, while the eastern districts of 18, 
21, and 22 have the lowest levels. We calculated the overall density by 
summing the three indexes of density mentioned above. Those districts 
that are located in the center of Tehran have the highest density. By 
contrast, eastern and western districts have relatively lower levels of 
urban density. 

4.1. The link between the research explanatory variables and COVID-19 
morbidity rate on 4 April and 27 June 

The model illustrated in Fig. 3 was estimated using SPSS Amos 
software. The results of the analysis are shown in Table 3. The rows in 
the table illustrate the dependent variables affecting the morbidity rates 
of COVID-19 on April 4 and June 27. The statistical summary shown at 
the bottom of the table shows the fitness of the model. The model is 
fitted because it has an appropriatly small chi-square relative to the 
degrees of freedom and the significant p value (>.05). 

According to the results, a significant relationship was observed 
between road congestion and the incidence of COVID-19 on April 4 in 
Tehran. Areas with a higher density of roads had a higher infection rate. 
However, 84 days later, this relationship was not observed and shifted to 
a non-significant positive relationship. On June 27, areas with higher 
levels of road density did not necessarily have higher rates of COVID-19 
morbidity. We also examined the built-up density. The results show a 
small but significant negative relationship between this type of density 
and the infection rate on April 4 (p-value: 0.007) and June 27 (p-value: 
0.027). A similar relationship was observed between population density 
and the COVID-19 morbidity rate. 

Table 3 
Direct effects of density, socioeconomic, and activity characteristics on COVID- 
19 morbidity rate in 4 April and 27 June.     

Estimate S.E. C.R. P 

Road density → COV4April .719 .031 23.274 .000 
Road density → COV27June .186 .167 1.114 .265 
Road density → Mortality 

rate 
.151 .011 13.922 .000 

Built-up density → COV4April − .007 .002 − 2.678 .007 
Built-up density → COV27June − .007 .003 − 2.207 .027 
Built-up density → Mortality 

rate 
.002 .001 2.752 .006 

Population 
Density 

→ COV4April − .003 .001 − 2.951 .003 

Population 
Density 

→ COV27June − .004 .001 − 3.703 .000 

Population 
Density 

→ Mortality 
rate 

.00 .000 1.321 .186 

Aged people 
density 

→ COV4April 45.707 11.202 4.080 .000 

Aged people 
density 

→ COV27June 115.669 15.644 7.394 .000 

Aged people 
density 

→ Mortality 
rate 

29.531 7.444 3.967 .000 

Sex ratio → COV4April .156 .026 5.885 .000 
Sex ratio → COV27June − .094 .050 − 1.877 .061 
Sex ratio → Mortality 

rate 
.043 .009 4.626 .000 

Car ownership 
rate 

→ COV4April − .020 .003 − 7.710 .000 

Car ownership 
rate 

→ COV27June − .016 .005 − 3.148 .002 

Car ownership 
rate 

→ Mortality 
rate 

− .002 .001 − 1.481 .139 

Distance to 
metro station 

→ COV4April /000 /000 1/937 /053 

Distance to 
metro station 

→ COV27June /000 /000 − /681 /496 

Distance to 
metro station 

→ Mortality 
rate 

/000 /000 − 1/ 
059 

/290 

Distance to bus 
station 

→ COV4April − /001 /000 − 5/ 
431 

.000 

Distance to bus 
station 

→ COV27June /000 /000 − 6/ 
715 

.000 

Distance to bus 
station 

→ Mortality 
rate 

/000 /000 /238 /812 

Trip generation 
rate 

→ COV4April .001 .001 1.366 .172 

Trip generation 
rate 

→ COV27June .003 .001 3.078 .002 

Trip generation 
rate 

→ Mortality 
rate 

− .001 .000 − 3.256 .001 

% of college 
educated 

→ COV4April .001 .001 1.013 .311 

% of college 
educated 

→ COV27June .002 .001 1.610 .107 

% of college 
educated 

→ Mortality 
rate 

− .001 .000 − 3.209 .001 

Literacy rate → COV4April .079 .017 4.544 .000 
Literacy rate → COV27June − .011 .026 − .438 .661 
Literacy rate → Mortality 

rate 
.012 .005 2.310 .021 

Employment rate → COV4April .018 .031 .602 .547 
Employment rate → COV27June − .087 .032 − 2.697 .007 
Employment rate → Mortality 

rate 
.011 .010 1.033 .301 

Average income → COV4April − /014 /038 -/376 /707 
Average income → COV27June /076 /057 1/324 /186 
Average income → Mortality 

rate 
/101 /026 3/862 .130 

Note: Chi-square 236; p value 0.0; comparative fit index: 0.96; normed fit index: 
0.96; nonnormed fit index: 0.94; root mean square error of approximation: 0.10. 

Table 4 
Direct, indirect, and total effects of dependent variables on the COVID-19 
mortality rate.   

Direct effect Indirect effect Total effect 

Road density .151 .008 .159 
Built-up density .002 .000 .002 
Population Density .000 .000 .000 
Aged people density 29.531 8.638 38.169 
Car ownership rate − .002 − .001 − .003 
Distance to metro station /000 /000 /000 
Distance to bus station /000 /000 /000 
Trip generation rate − .001 .000 − .001 
Literacy rate .012 − .002 010 
Employment rate .011 − .007 .004 
Average income .101 .000 .101  
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Aged people density was the explanatory variable that had the most 
significant impact on the COVID-19 morbidity rate across Tehran’s 
municipal districts. On April 4, there was a robust relationship between 
aged people density and the COVID-19 infection rate. This relationship 
was further strengthened on June 27. We also analyzed sex ratio and 
observed that it was initially an explanatory variable, and districts with 
a higher proportion of males had a higher COVID-19 morbidity rate. 
However, on June 27, this relationship became a non-significant nega
tive predictor in the model. 

An interesting variable in this study was the car ownership rate. 
Findings showed that car ownership has a significant inverse association 
with the infection rate of COVID-19. In other words, the higher the car 
ownership in a district, the lower the infection rate. However, car 
ownership was a more prominent explanatory variable on April 4 
compared with June 27, although the relationship was at a high level of 
significance. Besides, on April 4, there was a significant negative but 
very weak relationship between the COVID-19 morbidity rate and the 
distance to bus station, indicating that people in areas with a smaller 
distance to bus stations appear to be slightly affected. However, this 
relationship disappeared on June 27. This study also showed that the 
distance to metro stations cannot explain the infection rate. The trip 
generation rate was another variable evaluated in the present study. The 
results showed that while there was no significant relationship between 
trip generation rate and COVID-19 morbidity rate on April 4, this vari
able later became a significant predictor. However, its effect was 
negligible (0.003). 

In addition, the research findings showed that the literacy rate was a 
predictor of COVID-19 morbidity rate on April 4, while this was not the 
case for June 27. This means that the COVID-19 infection risk was higher 
in areas with higher literacy rates in the early stages of the pandemic, 
but over time this relationship has become insignificant. We also 
considered the role of education level. The results showed that there was 
no significant relationship between the percentage of college educated 
people and the infection rate of COVID-19. Unlike the literacy rate, the 
employment rate was primarily unrelated to the COVID-19 morbidity 
rate, but it had a significant negative impact on June 27. In other words, 
areas with higher employed populations had lower COVID-19 morbidity 
rate. Finally, the results indicated that the average income was not 
linked to the COVID-19 morbidity rate on both April 4 and June 27. 

4.2. The link between the explanatory variables and COVID-19 mortality 
rate on June 

The mortality rate in areas with higher road densities was higher, 
according to Table 4. Furthermore, a significant but very poor associa
tion between mortality rate and built-up density was observed. We 
found no significant link between population density and mortality rate. 
This result means that municipal districts with higher population den
sities did not necessarily experience higher death rates. As expected, the 
COVID-19 mortality rate was higher in districts with a greater propor
tion of older people. By analyzing the sex ratio, we found a strong as
sociation between sex ratio and COVID-19 mortality rate, indicating that 
the mortality rate was higher in areas with a higher proportion of men. 

While the previous section showed that the car ownership rate was 
an influential factor in the prevalence of COVID-19, it did not affect the 
mortality rate significantly. Similarly, there was no connection between 
COVID-19 mortality and distance to metro and bus stations. The trip 
generation had a positive relationship with the COVID-19 mortality rate, 
but its significance was negligible and close to zero. Similarly, we found 

a very weak but significant negative association between the COVID-19 
mortality rate, and the literacy rate and the percentage of college- 
educated people. This finding indicates that mortality rates were 
marginally lower in areas with more literate and highly educated in
dividuals. Besides, while the rates of employment and COVID-19 mor
tality were associated on June 27, this indicator did not explain the 
mortality rate. As a result, mortality in areas with higher-employed 
populations was not necessarily lower. The results also indicated that 
the average income cannot explain the mortality rate. 

5. Discussion 

In this study, after accounting for some economic and social vari
ables, we examined the association between urban density and the 
COVID-19 morbidity and mortality rates. The findings showed that road 
density has a significant impact on the COVID-19 morbidity rate on April 
4, 45 days after the first COVID-19 case was recorded in Tehran. 
Nevertheless, 84 days later, the relationship became insignificant. This 
result may suggest that an increase in road density in the early days was 
followed by an increase in social interactions and congestion regardless 
of health protocols, because of a low level of public awareness about 
COVID-19 and lack of proper risk perception in the community. How
ever, it seems that the risk perception and public awareness about the 
virus were increased over time. Besides, the Iranian government’s pol
icies to control COVID-19 may have contributed to the disappearance of 
the effect of this form of density on the spread of COVID-19 in Tehran. 

This study also showed that the built-up and population densities 
have a slight relationship with the incidence of COVID-19. This is 
consistent with some previous research that show density can have a 
double-edged impact on COVID-19 transmission: on the one hand, it can 
lead to increased human communication (Ren et al., 2020; You et al., 
2020), and on the other hand, it may reduce travel distances and 
improve access to health services for residents, resulting in greater 
compliance with social distancing orders (Almagro & 
Orane-Hutchinson, 2020; Hamidi et al., 2020; Liu, 2020). What appears 
to be the case is that while many people adopted social distancing in 
order to avoid being infected by overcrowding, others failed to take 
safety precautions and interacted with citizens at crowded sites. These 
two variables were also not strongly related to the mortality rate, which 
suggests that COVID-19 mortality is more dependent on factors other 
than urban density. 

The aged-people density was the most influential variable of the 
study. Consistent with Yu et al. (2020), we found that the older people 
density is strongly related to the COVID-19 morbidity and mortality 
rates. This shows that there is a link between age and hospitalization, 
ICU admission, and death (Abate et al., 2020). We also found that while 
a positive relationship existed between sex ratio and the COVID-19 
morbidity rate on April 4, this relationship did not exist on June 27. 
However, the impact of gender differences on males’ vulnerability is 
significant. Wenham et al. (2020) suggests that while COVID-19 infec
tion patterns among men and women are similar, death rates are higher 
among the male population due to variations in the sex-based immu
nological system, or gender-based differences such as patterns and 
prevalence of smoking. In investigating the gender difference in severity 
and mortality in COVID-19 patients, Jin et al. (2020) indicated that 
gender is a risk factor for COVID-19’s higher severity and mortality, and 
is independent of age susceptibility. 

De Haas et al. (2020) suggest that people are increasingly opting for 
private cars following the pandemic, resulting in declines in public 
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transport ridership. The study findings showed that the COVID-19 
morbidity rate is higher in areas with lower levels of car ownership, 
and there is a significant but negative relationship between car owner
ship and the COVID-19 infection rate in Tehran. It may show that public 
transport users have not complied with health protocols, and the Tehran 
municipality has failed to maintain public health safety of the transit 
system. The findings indicated that the average distance to metro and 
bus stations cannot explain the geographical distribution pattern of the 
virus. This may be due to the fact that the proximity of public transport 
stations cannot affect people’s decision to use public transport system 
during the pandemic. This could indicate people’s concerns over the 
safety of the system. As a result, those who live or work near the metro 
and bus stations prefer other modes of transportation for their daily 
mobility. 

Our findings showed that the literacy rate had a positive effect on the 
COVID-19 morbidity rate on April 4. At the same time, there was no 
significant relationship between the percentage of college-educated 
people and the infection rate. However, on June 27, the relationship 
became insignificant. Besides, there was a significant and positive 
relationship between the literacy rate and the mortality rate. The per
centage of college-educated people had a significant negative but very 
weak relationship with the mortality rate. Some of these results are 
contrary to the findings of Hamidi et al. (2020) who found lower 
COVID-19 infection rates among the US counties with a higher per
centage of educated people. It appears that, as a result of media 
awareness and society’s improved risk perception, the population 
without college education has also become aware of the threats of this 
virus and, like others, has complied with health measures. A part of the 
results mentioned above may be due to the type of work performed by 
literate and college-educated people who require more human 
communication. Moreover, distance working does not seem to be as 
prevalent in Iran as in some other countries, such as the United States. As 
a result, a significant proportion of educated people still commute to 
work on a daily basis. Moreover, it appears that the health protocols 
were not fully implemented in the office environments until 27 June. 
However, we need more evidence to judge in this regard, and explaining 
such a relationship could be a subject for future research. 

While there was no significant relationship between the employment 
rate and the COVID-19 morbidity rate on April 4, this relationship 
became significant and negative on June 27. This means the higher the 
employment rate in the districts, the lower the infection ratio. However, 
it should be noted that the prevalence of COVID-19 has intensified 
economic recession and increased unemployment. Therefore, the 
employment data may have undergone notable changes, and one should 
be careful when analyzing the relationship between employment and 
the COVID-19 infection rate. Therefore, we can only analyze the con
sequences of previous differences in employment rates in the current 
crisis. It seems that in districts with a higher employment rate in the 
past, people saved more money and are now far more likely to stay 
entirely at home and comply with social distancing rules. In contrast, 
unemployed individuals, many of whom work in the informal economy 
in Tehran, do not have income stability and job security. They are 
deprived of many public benefits, such as unemployment and health 
insurance (International Labour Organization, 2019). As a result, this 
group has no choice but to continue working despite the health risks. 
Taxis and other modes of transportation that have a lower transmission 
risk are not also affordable options for this group and they are forced to 
use subways and public buses that are usually crowded and may increase 
the risk of transmission (Finch & Hernández Finch, 2020; Ruiz Estrada, 
2020). 

Generally, higher COVID-19 mortality rates have been reported 
among the urban poor (Sharifi & Khavarian-Garmsir, 2020). However, 
the results of this analysis revealed no significant connection between 
average income and COVID-19 morbidity and mortality rates. This could 
be explained by the fact that the districts vary significantly in terms of 
age composition. Northern districts with a higher average income have a 
higher average age, while southern districts with a lower average in
come have a younger age structure in Tehran. As a result, even though 
low-income people are more vulnerable to this pandemic, the difference 
in age composition has made high-income people living in the northern 
districts also vulnerable. While more people may be infected in the 
low-income districts, fewer ones go to the hospital or take tests due to 
their younger age. Besides, due to various factors such as the economic 
difficulties that the country has experienced recently, there has been a 
shortage of COVID-19 testing resources. Thus, only people over the age 
of 65 and those who are pregnant or have pre-existing medical condi
tions are tested for free. Consequently, a significant portion of the 
low-income population under the age of 65 cannot take tests and are not 
included in the statistics. 

6. Conclusion 

6.1. Concluding remarks 

Based on public opinion, low density places seem to be safer against 
the pandemic since high density increases the number of persons per 
unit area, contributes to closer human encounters, and may raise the 
number of COVID-19 patients and the resulting mortality. There is also 
some evidence suggesting a renewed interest in suburbanization. For 
instance, Liu and Su (2020) suggest that, in the US, there are households 
who respond to the potential risk of living in a high-density neighbor
hood during the pandemic by moving to suburbs. The potential impacts 
of urban density on the COVID-19 transmission patterns can be 
considered from regional and local scales. The former compares cities 
and villages across a territory and investigates the link between the 
COVID-19 prevalence and urban density. However, on a smaller scale, as 
in the present study, it is attempted to determine whether density is a 
risk factor within a city, and whether densely populated districts are the 
COVID-19 risk zones. 

Contrary to initial assumptions, the findings of this study showed 
that density does not play a major role in the COVID-19 morbidity and 
mortality rates. Accordingly, while a higher density can contribute to an 
increase in close social contacts under normal circumstance, this may 
not always be the case in times of crisis. As a result, residents of densely 
populated districts, while having better and more efficient access to 
urban infrastructure and services, can also live safely when an outbreak 
occurs, provided they make some lifestyle changes. What drives the 
spread of infectious disease during a pandemic is overcrowding that 
operates differently from density and can also occur in districts with a 
low density. As a result, metropolitan areas and densely populated zones 
can also be safe during the pandemic, as density alone cannot be 
considered a risk factor for COVID-19. 

This research, in line with Nguimkeu and Tadadjeu (2021) and 
Federgruen and Naha (2021), emphasized that the demographic struc
ture of the populations is much more influential than density. Age is a 
very important risk factor for the COVID-19 infection and death rates, 
playing a major role in the geographical distribution patterns of 
COVID-19. As we indicated, age can play a significant role. In fact, our 
results showed that the morbidity and mortality rates are not signifi
cantly different in the urban districts that have lower average income 
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and a younger age composition. Therefore, a special attention should be 
paid to districts with a higher proportion of older people. 

The presence or absence of a relationship between the spread of 
COVID-19 and some variables such as car ownership, literacy, higher 
education, and employment, rather than indicating a cause-and-effect 
relationship, reflects the success or failure of previous urban policies 
and the current strategies to cope with the COVID-19 outbreak. As a 
result, the next section provides key tips for policymakers dealing with 
COVID-19. 

6.2. Research limitations 

This study has some limitations, which provide some directions for 
future research. First, obtaining the official data of COVID-19 at the 
local level is difficult, if not impossible, in Iran. We extracted the 
required data based on an innovative method from the AC-19 app. 
Although the application is supported by the Ministry of Health and 
Medical Education of Iran, there will remain concerns about the accu
racy of the data. Second, as Hamidi et al. (2020) pointed out, the 
COVID-19 pandemic is a rapidly evolving crisis and the number of 
confirmed cases is steadily rising. Therefore, it is perhaps too early to 
draw definitive conclusions. Future research is, therefore, needed to 
fully understand the relationship between urban density and the trans
mission patterns of COVID-19. Besides, there are highly populated cities 
in the global south, such as Cairo, Riyadh, Mumbai, Delhi, Lagos, Kar
achi, Jakarta, Istanbul, São Paulo, and Mexico City that can be inter
esting to compare to Tehran. Third, while there is a nationwide shortage 
of testing capacity, the number of confirmed cases highly depends on the 
number of individuals being tested. Moreover, relatively few children 
and young adults with COVID-19 are hospitalized and, therefore, they 
are not considered in statistics. Accordingly, it is possible that some 
positive cases have not been accounted for. Future research should pay 
special attention to the age structure when comparing societies. Forth, 
considering the lack of access to data on smaller sub-city divisions, the 
study only focuses on the 22-municipal district of Tehran. However, 
prospective studies should rely on a more granular scale (i.e., neigh
borhood) to obtain more accurate findings. 

6.3. Key take away points for policymakers 

This study revealed that the geographical distribution of COVID-19 
infection and mortality is not uniform across Tehran. Therefore, poli
cymakers should intelligently determine the type and severity of policy 
measures for each district based on demographic, environmental, eco
nomic, and social characteristics (Valizadeh et al., 2021). Districts with 
a higher number of older adults and people who are more reliant on 
public transit need more tailored policies. Specific testing services 
should be dedicated to these targeted districts, and further training for 
these socio-economic classes should be carried out. In many countries, 
such as Iran, testing for COVID-19 is costly, and this group of the pop
ulation is less able to perform the test. As a result, testing for the elderly 
and households without a personal vehicle should be carried out at a 
lower cost (Cordes & Castro, 2020). 

This study also showed an association between the COVID-19 
infection rate and the proportion of college-educated people in the 
municipal districts of Tehran. While college-educated people may be 
better able to work remotely, it seems that this capacity has been so far 
unexploited. As a result, all available smart strategies for managing the 
outbreak need to be exploited. For the post-COVID era, policymakers 
and public agencies should create the necessary technological infra
structure to manage such a complex crisis. Such pre-crisis arrangements 

help keep societies from being overwhelmed when pandemics happen, 
as COVID-19 was not the first and would probably not be the last 
pandemic hitting cities. 

This study indicated that a decrease in car ownership is associated 
with a rise in the number of COVID-19 patients in Tehran. This city has 
so far been expanded based on an auto-oriented pattern of development. 
The future development of the city needs to be adjusted based on a 
neighborhood-oriented plan that seeks to mix services within walking 
distance of homes, encourage residents to walk more, and allow them to 
accomplish more in one trip. This is expected to contribute to an overall 
reduction in the number of trips. Besides, this finding may also indicate 
that the transit system in Tehran has not yet been successful in providing 
a safe environment. As a result, public transportation providers should 
enhance public health safety of the public transportation system based 
on COVID-19 prevention considerations. Finally, this study showed that 
districts with lower levels of employment, literacy, and car-ownership 
are more vulnerable. Therefore, more efforts are needed to reduce 
socio-economic disparities and enhance social justice in Tehran. 

6.4. Key take away points for planners 

Major events such as war, natural disasters, and pandemics have 
always prompted a rethink about density. For example, throughout the 
19th century, urban planners, such as Howard, sought to relocate their 
communities to suburbs and decentralize large industrial cities that were 
very polluted and hotspots of infectious diseases (Howard, 2013). 
Another example occurred during World War II when the severe damage 
caused by bombing large and densely populated cities prompted poli
cymakers to decentralize activities away from big cities (Batty, 2020). 

The outbreak of the COVID-19 pandemic has once again brought 
discussions regarding the desirability of high-density residential settle
ments to the fore. Since the beginning of this pandemic, doubts have 
arisen among urban planners about some concepts such as compact 
cities, smart growth, transportation-oriented development, and brown
field development (Batty, 2020). However, the findings of this study 
indicated that urban density could not be considered as inherently a risk 
factor for COVID-19, and post-COVID urban planning can take advan
tage of urban density while paying more emphasis on avoiding 
crowding. 

Besides, the COVID-19 pandemic showed that living in a compact 
and transport-oriented city requires responsible citizens who pay 
attention to public health rules and regulations, because individual be
haviors have a significant impact on community health and well-being 
(Budd & Ison, 2020). Indeed, what can turn densely populated cities 
into vulnerable areas is irresponsible behaviors. Furthermore, the 
post-COVID cities should be developed based on a 
neighborhood-oriented development pattern that can make cities more 
resilient against future pandemics. Such a compact and 
neighborhood-oriented pattern can also provide other socio-economic 
and environmental co-benefits. For instance, it can contribute to 
addressing issues related to climate change that is believed to be another 
major threat looming over cities (Sharifi, 2021). 
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Fig. A2. location of COVID-19 infected cases on June 27 in Tehran. 
Source: Elaborated by authors from the AC-19 Mobile app. 

Fig. A1. location of COVID-19 infected cases on April 4 in Tehran. 
Source: Elaborated by authors from the AC-19 Mobile app. 
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