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Abstract
This study aims to reveal the relationship between the COVID-19 mortality indicators and socioeconomic status (SES) and air
pollution. In this ecological study, the focus was put on the relationship between COVID-19 mortality and both air quality and
socioeconomic status at the district level in Istanbul. The mortality variables of the study are the excess deaths due to the
pandemic, the proportion of deaths due to the pandemic among all deaths, COVID-19 mortality rate (per 100,000), and the
proportion of COVID-19 deaths among older people (above the age of 65). The daily air quality measurements of PM10, SO2,
NO2, and NOx of the pre-pandemic term were included in the research to avoid bias due to decreasing traffic burden during the
pandemic. Partial correlation was applied to analyze the relationship between air quality and mortality measures by controlling
socioeconomic status, the percentage of the older population, and household size. Every 20% deterioration in the SES stratum has
contributed to a 4% increase in excess mortality at the district level. The elderly population ratio of over 10% in the districts was
found to increase the COVID-19 deaths in the total population by 35% and the deaths in the population over 65 years old by 3%.
Average household size was correlated with COVID-19 deaths in the population over 65. A moderate correlation was found
between the COVID-19 mortality rate per 100,000 population and PM10, SO2, and NO2 (r = 0.413, 0.421, and 0.431, respec-
tively). Mortality during the COVID-19 pandemic in Istanbul is related to an interaction of socioeconomic characteristics and air
pollution as an environmental issue.
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Introduction

The COVID-19 pandemic has caused the death of 3,930,496
as of June 30, 2021, according to official data of the World
Health Organization (WHO Coronavirus Dashboard 2021).
Findings indicate that the case fatality rate is 2%
(Worldometer Coronavirus Pandemic 2021); however, many
medical and social factors influence mortality.

Research has shown that exposure to air pollutants harms
the respiratory system by causing free radical production in
the organism and decreases the resistance to viral–bacterial
infections (Ciencewicki and Jaspers 2007; Becker and
Soukup 1999; Bourdrel et al. 2021; Urrutia-Pereira et al.
2020). In addition, it has been established that deaths due to
COVID-19 are directly related to socioeconomic status and
that diseases and deaths are more common among people with
lower income (Wadhera et al. 2020; Clouston et al. 2021). On
the other hand, obesity, tobacco use (Shastri et al. 2021), and
indoor and outdoor air pollution, which increase the mortality
of COVID-19, are also related to socioeconomic inequalities
(Brandt et al. 2020; Guan et al. 2020; Khalatbari-Soltani et al.
2020). Indeed, obesity (Rubio Herrera and Bretón Lesmes
2021), tobacco use, and exposure to air pollutants (Martins
et al. 2004) are significantly higher in lower socioeconomic
groups. However, there are very limited studies investigating
the effects of socioeconomic inequality and air pollution on
COVID-19 mortality. In this study, pre-pandemic air pollu-
tion, which is an indication of the lung health of the
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population, is assumed to be in relationship with COVID-19
mortality. Socioeconomic status is the most important feature
to consider in the analysis of this relationship. This study aims
to reveal the relationship of COVID-19 deaths in Istanbul with
air pollution by taking its relationship with socioeconomic
status into consideration.

Methods

This is an ecological study that aims to reveal the relationship
between COVID-19 deaths and air quality measures on a dis-
trict basis in Istanbul. In this study, pre-pandemic air quality
data indicated by particulate matter, sulfur dioxide, and nitro-
gen compound levels and the mortality rates during the pan-
demic have been analyzed on a district basis. In this analysis,
the household size, socioeconomic status, and older popula-
tion (over 65), which are factors highly correlated with
COVID-19 deaths, have been analyzed as control variables.

Mortality data

Since the statistics of the Ministry of Health on the provincial
distribution of COVID-19 deaths are not publicly accessible,
the data of the Istanbul Metropolitan Municipality were used
for the number of COVID-19 deaths in the districts of
Istanbul. According to the death notification system updated
in 2012 in Turkey, the responsible doctor for the treatment of
the deceased or the municipal doctor, depending on whether
or not the death took place in the hospital, issues a death
certificate (Ministry of Health Death Notification System
Circular (Art. 2) 2012). A copy of the document is sent to
the cemetery, which is under the jurisdiction of the municipal-
ity, for the burial to be carried out. The information in the
death notification system is being sent to the Turkish
Statistical Institute (TurkStat). The causes of death are entered
the system according to the ICD-10 classification, and a new
cause of death has been added to the existing codes due to the
pandemic, which is “Natural Death: Contagious Disease.”

The database of the Istanbul Metropolitan Municipality
Cemetery Directorate holds the death certificates which indi-
cate the cause of death, date of death, and the residential in-
formation of the deceased. The total of deaths and the number
of deaths due to infectious diseases for each district in 2020
have been taken from the database and processed for the
study. The provincial death data for the last 5 years have been
retrieved from TurkStat’s public website for the calcu-
lation of excess data due to the pandemic. The annual
average crude death rate has been calculated for the
years between 2015 and 2019, and the result has been
subtracted from all causes mortality rate of the year
2020 to obtain the excess death rate.

Air quality data

Istanbul, the most crowded city in Turkey, is also one of the
biggest cities in the world. Istanbul, having 962 neighbor-
hoods in its 39 districts, bears a significant traffic burden with
many highways, three bridges over the Bosphorus, andmarine
traffic. Within the scope of the study, data from 26 fixed air
quality monitoring stations belonging to the Air Quality
Monitoring Center of Istanbul Metropolitan Municipality
and 12 fixed air quality monitoring stations belonging to
Marmara Clean Air Regional Directorate (MTMH) were used.
The 6 months including the winter season before the pandem-
ic were analyzed due to data quality issues. A lot of studies
have been conducted that report the regression in air pollution
due to protection measures during the pandemic such as phys-
ical movement restrictions and lockdowns (European
Environment Agency 2020; Liu et al. 2021; Orak and
Ozdemir 2021).

Pre-pandemic air pollution measurements were used, not
the level of air pollution during the pandemic, due to the
reduction of air pollution during the pandemic. Although it
was aimed to use the air pollution data for the last 4 years
prior to the pandemic, the data for the last 6 months was taken
into account due to missing data reported by Istanbul Air
Pollution Stations. In addition, since the long-term effect of
air pollution on the respiratory and circulatory system is at the
forefront during the COVID period, the pre-pandemic air pol-
lution levels of the region are taken into account. In addition,
since the long-term effect of air pollution on the respiratory
and circulatory system is at the forefront during the COVID-
19 period, the pre-pandemic air pollution levels of the city are
investigated for the study.

First, the daily values measured at each of the 37 stations
between October 1, 2019, and March 31, 2020, have been
calculated assuming to represent air quality in the districts.
Then the list of neighborhoods in the 1-km and 5-km radius
from where the stations are situated has been obtained from
the IBB, Directorate of Geographic Information System.
While there were 209 neighborhoods in the 1-km radius, there
were 561 neighborhoods in the 5-km radius. There were 770
neighborhoods in total for which the air quality values were
assessed. The air quality parameter values of the districts were
taken as the arithmetic mean of the data on neighborhoods for
which air quality was measured. One district (Çatalca) was
excluded from the study because it was not situated near sta-
tions included in the study. Only PM10 was being measured in
the Adalar district.

Variables of the study

The dependent variables of the study are (1) the proportion of
excess deaths in 2020 compared to the average of the last 5
years (2015–2019); (2) the proportion of deaths due to
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COVID-19 among the total deaths; (3) number of deaths from
COVID-19 per 100,000 population (COVID-19 mortality
rate); and (4) the proportion of COVID-19 death among older
people (over 65). The main independent variable is air quality,
while the socioeconomic status, household size, the propor-
tion of the old population (65+), and the population density
are the control variables.

Since the concentrations of monitored air pollutants regress in
the summer, the summer periods were excluded from the study,
and the daily measurements of PM10, SO2, NO2, and NOx in the
October 2019–March 2020 period were taken into consideration.

The socioeconomic status (SES) data were taken from re-
search that revealed SES scores for neighborhoods, and the
scores of the district were used as the median of the SES
scores of the neighborhoods (IBB Open Data Portal).

All data analyzed within the scope of the study are shown
in Table 1.

Statistical analysis

The descriptive statistics of the variables have been calculated
in mean, median, standard deviation, and percentiles. The
mortality indicators of the study were also calculated for each
socioeconomic status stratum (richest, rich, middle, poor, and
poorest) and that the calculation of crude mortality rate was
applied for each SES stratum as shown in Table 1.

The relationship among socioeconomic status, population
density, household size, and the elderly population ratio with
COVID-19 mortality indicators was examined by multiple
linear regression analysis. In the partial correlation analysis
of the relationship between air pollutants and the COVID-19
mortality, the household size, proportion of the old popula-
tion, and SES scores were included as control variables. SPSS
20.0 software package was used for statistical analysis.

Limitations

The most important limitation of our study is the numerical
insufficiency of air quality monitoring stations in Istanbul,
which hinders the representation of the whole city. Since air
quality monitoring stations were established in areas with high
levels of urban, industrial, and traffic density, it was impossi-
ble to evaluate air pollution for other residential areas. It can
be concluded that the areas where the air quality is not being
monitored have less air pollution. Since there is no air quality
monitoring representing the district of Çatalca, it was exclud-
ed from the study.

Results

The districts of Istanbul are very heterogeneous in terms of
population size and density, household size, the proportion of

the elderly population, and socioeconomic status. While the
population size of the districts is 396,473 ± 204,591 (16,033–
957,398) people, the number of people per square kilometer is
16,874 ± 22,385 (48–134,934). Similarly, the household size
is 3.34 ± 0.45 (2.47–4.32), the proportion of the over 65 age
group is 8.52 ± 4.29 (3.55–19.70), and the socioeconomic
status score is 39.42 ± 19.30 (12.5–87.50).

There is a similar heterogeneity among the districts in terms
of air pollutants. While the mean PM10 concentration for 38
districts was 49.22 ± 18.72 (22–116), the SO2, NO2, and NOx

concentrations for 37 districts were 9.35 ± 6.55 (2.6–27.4),
42.41 ± 20.38 (6.1–83.6), and 105.95 ± 65.57 (12.4–
370.20), respectively. Figure 1 shows the situation of air pol-
lutants in the districts of Istanbul.

Table 2 shows the status of mortality indicators related to
COVID-19 in 39 districts of Istanbul in 2020 and the situation
across the districts and according to different socioeconomic
levels.

Before examining the relationship between air pollution and
COVID-19 mortality indicators, multivariate analysis was ap-
plied to determine the effects of SES scores, the proportion of
the population over 65, and urban and household density vari-
ables, which may have an impact on mortality. According to the
results of the analysis for four mortality indicators, it has been
found that each 20% increase in SES (quintile) led to a 4%
increase in excess mortality in 2020. The share of COVID-19
deaths in total deaths increases by 10% for every additional in-
dividual in the household. The fact that the elderly population is
over 10% increases the deaths due to COVID-19 in a population
of 100,000 by 35%, and among those over 65, deaths due to
COVID-19 increase by 3% (Table 3).

When the relationship between COVID-19 mortality indi-
cators and concentration levels of air pollutants was exam-
ined, a moderate correlation was found between the
COVID-19 mortality rate per 100,000 population and PM10,
SO2, and NO2 (r = 0.413, 0.421, and 0.431, respectively)
(Table 4).

Discussion

This study is an ecological study investigating the relationship
of COVID-19 deaths that occurred in Istanbul in 2020 with
socioeconomic level and air pollution. As ecological studies
analyze grouped or aggregated data (Porta 2008), the unit of
analysis was taken as the districts of Istanbul. Ecological stud-
ies are inherently prone to the ecological fallacy that non-
causal relationships are likely to be observed. On the other
hand, it allows the analysis of the social factors that are clus-
tered in groups or regions and that can be influential on the
health of the individuals (Berkman and Kawachi 2004). In this
study, ecological bias was tried to be minimized through
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multivariate analysis and inclusion of control variables in the
analysis.

It is well known that both the severity and mortality of the
coronavirus increase in correlation with age (Fang et al. 2020).
Studies show that the mortality rate is 5 times higher for indi-
viduals over 80. On the other hand, it is known that 66% of
people aged 70 and over have comorbidity issues, and, there-
fore, the risk of being infected with the virus increases for this
group (United Nations 2020; Thakur et al. 2021). Besides
comorbidities, the physiological changes of aging and the de-
creased immune strength due to age also aggravate the risk
and the burden of infection.

However, the negative effect of the virus on the elderly
population cannot only be explained by biological processes.
The socioeconomic levels of the elderly who moved on from
their productive ages and are retired, especially those who

could not accumulate wealth during their productive ages,
tend to be lower (UN Department of Economic and Social
Affairs Programme on Ageing 2021). The mortality risk of
the virus increases since chronic illnesses (Mair and Jani
2020) are more commonly seen among the groups with low
socioeconomic levels and those chronic illnesses tend to re-
main unchecked for longer periods (Smith and Judd 2020;
Hawkins et al. 2020).

In our study, the COVID-19 mortality rate increased by
35%, and the mortality among the population aged over 65
by 3% in the districts with an elderly population of over 10%
which confirms the increasing COVID-19 mortality rate with
age. On the other hand, the positive correlation between the
distribution of the elderly population in the districts of Istanbul
and better socioeconomic status (r = 0.58) confirms the rela-
tionship between higher income and greater longevity. Lastly,

Fig. 1 The pre-pandemic outlook of air pollutants in Istanbul by district

Table 2 COVID-19 deaths in Istanbul according to SES groups

Crude mortality
rate (per thousand)

Excess
mortality
in 2020 (%)

Share of COVID-19
deaths in total deaths (%)

COVID-19
mortality
rate (per 100,000)

Share of COVID-19
deaths among the
older population (%)

Istanbul 4.6 17.2 20.5 101.6 22.0
Districts (n = 39) SES groups Very rich 8.4 2.8 14.2 119.0 13.0

Rich 5.8 11.0 18.9 110.6 17.7
Middle 4.6 17.3 22.8 105.0 21.4
Poor 3.6 22.1 25.0 88.8 24.0
Very poor 4.5 23.3 22.3 100.5 21.2
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the finding that the excess mortality in 2020 in Istanbul is
independent of the ratio of the population over 65 points out
the fact that those excess mortalities include the relatively
young population and that social factors independent of the
age are more effective on those excess deaths during the
pandemic.

Although some have argued that the COVID-19 pandemic
affects “everyone” without discrimination among people, just
like other pandemics, the current pandemic had a more de-
structive effect on vulnerable groups. As Edgar Sydenstricker
first revealed in his research in 1931 on the 1918 Spanish flu
epidemic, infectious diseases are directly affected by inequal-
ities between the social class. For this reason, the epidemics
should be called “syndemics” rather than “pandemic” due to
the significant impact of the social determinants of health
(Bambra et al. 2020).

On the other hand, newer research has confirmed the findings
of Sydenstricker. For example, during the 1918 Spanish flu, a
mortality rate of 40 times higher was experienced in India com-
pared to Denmark and 20 times more of a mortality rate was
experienced in South America compared to Europe.
Inequalities were existing within the countries as they did among
the countries and regions. For example, the mortality rates were
the highest among the working-class neighborhoods of Oslo in

Norway. A similar situation was observed during the H1N1 in-
fluenza pandemic in 2009. For example, the mortality rates in
Mexico were higher than in those countries with higher income
levels. And the mortality rates experienced in the poorest neigh-
borhoods in Britain were at least three times higher than in the
least poor neighborhoods (Bambra et al. 2020).

A relationship has been observed during the COVID-19
pandemic as it was also observed during the 1918 Spanish
flu and the 2009 H1N1 influenza pandemic. For example,
the infection rates in Spain during COVID-19 were seven
times higher than the poorest areas of the Catalonia region.
Similarly, the mortality rates among the residents of the most
disadvantaged boroughs in New York City were significantly
higher (Wadhera et al. 2020).

According to the data of the Turkish Statistical Institute,
Istanbul had a 30.7% share in the gross domestic product
(GDP) of Turkey in 2019. Similarly, Istanbul, with almost
$10,000 of income per capita, is at the top of the country’s
GDP per capita (Turkish Statistical Institute 2021a). However,
while the Gini coefficient, which is an indicator of income
inequality, was 0.395 (Turkish Statistical Institute 2019) in
Turkey in 2019, the Gini coefficient was 0.428 in Istanbul,
and it was the city with the highest income inequality in
Turkey with a P80/P20 ratio of 7.8 (Turkish Statistical

Table 3 Sociodemographic variables influencing COVID-19 deaths (n = 38)

Excess mortality
in 2020 (%)

Share of COVID-19
deaths in total deaths
(%)

COVID-19 mortality
rate (per 100,000)

Share of COVID-19
deaths among the total
deaths of the population
over 65

Model summary

Adjusted R2 0.62 0.76 0.38 0.79

F 16.34 31.57 6.73 32.26

B 95% CI B 95% CI B 95% CI B 95% CI

Constant NS - −14.37 −23.58–5.16 119.06 27.191–210.93 −18.26 −27.34–9.17
Population density (population per km2) NS - NS - NS - NS -

Average household size NS - 10.44 7.85–13.04 NS - 11.14 8.30–14.00

District elderly population with a share more than 10% NS - NS - 35.22 8.67–63.77 3.01 1.01–6.73

SES groups (in 20% percentiles) 4.00 1.35–6.63 NS - NS - NS -

Table 4 The relationship between air pollution levels and COVID-19 deaths on a district level

Control variables Excess
mortality
in 2020 (%)

Share of COVID-19
deaths in total deaths (%)

COVID-19mortality rate
(per 100,000)

Share of COVID-19
deaths among the
older population (%)

Ratio of population over 65
and SES scores and
household size

PM10 Correlation coefficient 0.210 0.257 0.413* 0.226
SO2 Correlation coefficient 0.001 0.189 0.422* 0.234
NO2 Correlation coefficient −0.231 0.245 0.431* 0.231
NOx Correlation coefficient −0.021 0.059 0.127 0.074

*p < 0.05
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Institute 2019). We found that the excess mortality rate due to
COVID-19 in the districts of Istanbul with the highest income
levels was 2.8%, while the same rate was 23.3% in districts
with worse socioeconomic levels. Nevertheless, we did not
observe a significant difference in multivariate analysis of
the COVID-19 mortality rate depending on the socioeconom-
ic levels. However, every 20% regression in the socioeconom-
ic status increased the excess mortality rate in 2020 by 4%. In
our opinion, the main reason for this difference is the inequal-
ity in access to health services. The reason is that health ser-
vices were provided to COVID-19 patients entirely by
government-funded healthcare providers and university hos-
pitals rather than private hospitals. Except for the three peaks
experienced in Istanbul, patients with health issues other than
the symptoms of coronavirus were treated mostly by private
hospitals. The high volume of COVID-19 cases treated in the
public hospitals left patients experiencing non-COVID-19-
related health problems without a reliable public option.
Private hospitals, which define and advertise themselves as
“clean hospitals,” worked to close this gap. Undoubtedly, this
situation created a disadvantage in terms of accessing health
services for people who cannot afford private healthcare pro-
viders for their non-COVID-19-related health problems.

In addition, the insufficiency of social support during the
pandemic (International Monetary Fund 2021) led to an un-
willingness for PCR tests and a tendency of underreporting
those who were in contact with a positive case due to fear of
losing income in cases of isolation or quarantine (Istanbul
Medical Chamber 2021). For this reason, one cannot exclude
the possibility that people living in poor and very poor areas
did not receive a COVID-19 diagnosis, and some lost their
lives without such a diagnosis.

SARS-CoV-2 is transmitted through aerosols and droplets
produced when speaking, sneezing, or coughing, especially
by infected people in a confined space (Chu et al. 2020;
Kayalar et al. 2021). For this reason, infected people are 10
times more likely to spread the virus in their households com-
pared to other scenarios (Lei et al. 2020). In addition, as ex-
pected, the increase in the number of individuals in the house-
hold increases the risk of transmission (Li et al. 2020).
Madewell et al. showed that children, symptomatic cases,
spouses, and high household size were effective factors in
domestic transmission, which was 16.6% (Madewell et al.
2020). The size of the household is not only a factor depicting
the microenvironment but also means there may be an em-
ployee in the household in regular contact with society. In our
study, it was found that the household size aggravated the
share of COVID-19 deaths and especially COVID-19 deaths
among the population over 65. This finding reveals why the
population over 65 could not be properly protected, despite
the restrictions applied to protect them. The virus spreads
among many working-class families because the shutdown
of businesses was limited.

The average household size in Turkey is 3.30 people in
2020. In Istanbul, the size is 3.27 (Turkish Statistical
Institute 2021b). On the other hand, it is known that 12.3%
of single-person households live below the poverty line, but
this rate reaches 27.7% in households that consist of extended
families. In other words, household size is also an indicator of
socioeconomic status since it is negatively correlated with
income level (Turkish Statistical Institute 2021a). WHO
(2018) reported that household crowding is associated with
infectious diseases including tuberculosis, other respiratory
diseases, gastroenteritis, and diarrheal diseases. Therefore,
the increased number of people in the households increases
the indoor transmission of the virus and also indicates the
effect of social determinants on COVID-19 deaths.

The WHO acknowledged indoor and outdoor pollution as
significant causes of mortality even before the COVID-19
(WHO, 2016). However, the pandemic elevated the serious
effect of air pollution on health because a positive correlation
between COVID-19 mortality and air pollution has been ob-
served. Indeed, a positive correlation between air quality and
mortality was also observed during the SARS pandemic in
2003 (Cui et al. 2003).

Research indicates that air pollution increases the possibil-
ity of catching diseases by disrupting the body’s natural de-
fense against viruses and by playing a role in the transport of
viruses (Kayalar et al. 2021; Cui et al. 2003). Another study
reported that exposure to air pollutants increased the number
of confirmed COVID-19 cases for all age groups (Isphording
and Pestel 2021). Also, exposure to air pollution has been
found to worsen the symptoms in those individuals with re-
spiratory system infections, increasing the risks of hospitali-
zation and death (Urrutia-Pereira et al. 2020). Similarly, it has
been found that increased concentrations of PM2.5 and PM10

significantly increase the mortality of COVID-19 (Bianconi
et al. 2020). Wu et al. reported that every 1-μ/m3 increase in
PM2.5 per cubic meter leads to an 8% amplification in the
COVID-19 mortality rate (Wu et al. 2020). In addition, it
has been shown that long-term atmospheric exposure to NO2

accompanies increased COVID-19 deaths (Ogen 2020). On
the other hand, in a study by Sharma et al., it was determined
that the regressions in PM2.5 concentration during the lock-
downs enforced to suppress the spread of the virus positively
influenced COVID-19 mortality (Sharma and Balyan 2020).
In line with the existing data, we found a moderate correlation
between the COVID-19 mortality rate per 100,000 population
and PM10, SO2, and NO2.

Conclusion and suggestions

SES groups, household size, and elderly population ratio were
found to be associated with the COVID-19 mortality rate in
Istanbul. When these sociodemographic variables were
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included in the determination of the relationship between ur-
ban air pollution and COVID-19 mortality, it was found that
the COVID-19 mortality rate was correlated with the increase
in PM10, SO2, and NO2 air pollutants. These results provide
certain clues on how the COVID-19 pandemic has become a
syndemic through the interaction with social inequalities and
air pollution. We would like to emphasize a holistic approach
for the alleviation of consequences of global pandemics sim-
ilar to COVID-19 in a world where the gap in social inequal-
ities is widening, the environmental reactions brought by the
climate crisis are more widely felt, and public health systems
are more neglected than before. This approach includes a wide
spectrum of measures from ceasing the use of fossil fuels,
which has been one of the important sources of many prob-
lems such as global climate change and urban air pollution, to
other measures that will ensure social equality.
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