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A B S T R A C T   

The coronavirus disease (COVID-19) pandemic has led to dramatic changes in quality of life, bringing to the 
forefront of the debate the question of planning and design of pandemic-resilient cities. Using quasi-longitudinal 
survey data (via a social media campaign) and geospatial data from Greek cities, we evaluate changes in health 
and well-being during COVID-19 compared to the pre-COVID-19 period, and then explore in detail how specific 
built environment characteristics in Athens and Thessaloniki relate to health and well-being before and during 
COVID-19. Results suggest that overall health, life satisfaction, happiness, personal relationships satisfaction, 
leisure satisfaction, satisfaction with income, and satisfaction with vacations all decreased during COVID-19, 
while anxiety and back pain increased during COVID-19. The role of the urban built environment in health 
and well-being was found to differ considerably for the COVID-19 period compared to pre-COVID-19. Proximity 
to large parks, proximity to numerous local facilities, lower neighborhood density, living further from the city 
center, and living in a larger dwelling were associated with better health and well-being outcomes during COVID- 
19. Urban planning and relevant policies that cities adopt should carefully focus on mitigating implications for 
critical issues such as the quest for sustainable urban development and city forms.   

1. Introduction 

It has been well-acknowledged that health and well-being have 
declined due to the coronavirus disease (COVID-19) pandemic in many 
countries worldwide (Fiorillo & Gorwood, 2020; Moreno et al., 2020). 
The COVID-19 pandemic and the related measures to prevent the spread 
of the disease have caused, among others, stress, anxiety, confusion, 
anger, depression, food insecurity, unemployment, and loss of economic 
activity (Brooks et al., 2020; Li et al., 2020; Patrick et al., 2020; 
Rogowska et al., 2020; Skapinakis et al., 2020; Vatavali et al., 2020; 
White & Van Der Boor, 2020). 

Cities and urban planning can contribute to health and well-being in 
a variety of ways (Giles-Corti et al., 2016; Hamidi, Ewing, Tatalovich, 
Grace, & Berrigan, 2018; Litman, 2020b; Mouratidis, 2019a; Stevenson 
et al., 2016; Wang & Wang, 2016). Recent research has started to 
explore the links between cities, urban planning, and COVID-19 (Con-
nolly et al., 2020; Hamidi et al., 2020; Honey-Rosés et al., 2020; Litman, 
2020a; Sharifi & Khavarian-Garmsir, 2020). However, as the pandemic 
is still an on-going phenomenon, the role of cities and their built envi-
ronment characteristics in health and well-being during COVID-19 

remains an open question that requires sufficient empirical documen-
tation from a variety of urban environments. 

The COVID-19 pandemic has been characterized as the worst health 
crisis in a century having triggered the worst economic prospects since 
the Great Depression (UN Habitat, 2020). Historically speaking, urban 
planning emerged as a response to a series of crises, among which hy-
giene crises, health, and epidemics played a crucial role (Knox & 
McKarthy, 2013). Hygeia, the Greek word for health and well-being, was 
at the heart of modern town planning and many of the utopian planning 
ideas. Mumford points out in his seminal book The City in History “the 
counter movement on hygiene provided the most positive contributions 
to town planning during the nineteenth century” (Mumford, 1961, p. 
544). Twentieth-century city planning as an intellectual and profes-
sional movement essentially represented a reaction to the “evils” of the 
nineteenth century, with people's health being one of the more severe 
consequences. Key urban planning concepts and ideas stemming from 
the Founders of the early 20th century, and often re-echoed and recycled 
throughout the contemporary planning history, focused on the ever- 
worsening urban problems such as urban health crises and health in-
equalities, unhealthy housing and urban environments, inadequate open 
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spaces, inefficient land use and transportation etc. (Hall, 1988; Mell & 
Whitten, 2021). The major urban planning questions such as urban 
densities, urban form and the question of suburban versus compact 
development, as well as the quality of open and green public spaces have 
always been directly or indirectly related to the question of public 
health. Thus, public health was, explicitly or implicitly, at the heart of 
seeking the ideal urban form and of incorporating the advantages of 
both built-up and open space in urban growth patterns. 

The search for urban sustainability in the past decades gave promi-
nence to planning models and responses that build on the long-term 
ability of the urban system to reproduce itself. This search enriched 
some of the most classical urban planning issues, such as urban form, 
density, integrated land-use transport planning, with new content, 
connecting them to the issues of environmental and climate change 
crisis (Yiannakou, 2017). As both urban planning and relevant policies, 
applied by various cities, paid special attention to the quality of the 
compact cities and their revitalization, a re-urbanization trend has been 
monitored during recent years contrary to the decline of the inner-city 
core which was a common phenomenon in previous decades (Dembski 
et al., 2019). Many European cities through “green” and other sustain-
ability solutions rediscovered what Hall called “the lost art of urbanism” 
(Hall, 2013). This shift in favor of urbanity, and therefore of the core 
compact city, targeted regeneration that improved the quality of urban 
life and has been characterized as a striking success of urban policy 
(Dembski et al., 2019). 

In a period of ever-increasing rates of urbanization and rapid growth 
of cities in terms of numbers and size, the current health crisis, with 
characteristics of another mega-crisis, has influenced people dramati-
cally as well as city routines, and, in a sense, the enduring reality of our 
social nature (Christakis, 2020). Staying home as a protection from the 
pandemic practically means staying within the boundaries of a property 
and its immediate surrounding built-up or natural environment. Prox-
imity and accessibility to healthcare services proved to be critical for 
timely healthcare provision especially for vulnerable groups such as 
older adults (Guida & Carpentieri, 2021). Generally speaking, cities 
have always been and still are considered crucial locations for the 
transmission of infectious diseases. Early findings from metropolitan 
counties in the United States showed that connectivity through eco-
nomic, social, and commuting relationships mattered more than density 
in the spread of the COVID-19 pandemic (Hamidi et al., 2020). Other 
research has shown that, due to higher connectedness of denser loca-
tions, population density appeared to have affected the impact of 
COVID-19 only through the timing of outbreaks and not through the rate 
of subsequent spread (Carozzi et al., 2020). Yet, concerns about some of 
the classical planning questions, such as lower versus higher density 
built-up environments or suburban versus compact urban forms, came to 
the fore once again in the light of the current mega health crisis. Cities 
represent the physical space of clusters of humans and their interaction 
and transaction in pursuit of wealth and welfare (Lai et al., 2020). 
Measures, such as keeping safe distances from other people, meant 
drastically new routines, which practically questioned the “limits” of 
urbanity and the availability of open and green public spaces within 
compact cities against the qualities of living within suburban built-up 
environments with much lower densities surrounded by natural set-
tings. Close physical proximity, the basis of urbanism – economically, 
socially, and culturally speaking – has turned to be the opposite of 
“staying safe” to diminish the risk for individual as well as public health. 
Experts’ recommendations and public regulations for social distancing 
were measures that most – if not all – countries undertook to control the 
spread of the pandemic. These regulations imposed limitations to the 
proximity of people, a prominent urban factor. Thus, the pandemic 
turned to also be a cultural challenge and not merely a public health 
crisis (Davy, 2020). 

On the other hand, findings have shown that during lockdowns, 
cities have been used more for recreation, play, exercise, and pedestrian 
movement, especially in neighborhoods outside the city center, while 

walking and cycling became essential forms of mobility (Gehl, 2020). 
Accordingly, urban open and green public spaces became increasingly 
important. In fact, lockdown measures sparked interest in some of the 
more important aspects of sustainable urban planning: open and green 
spaces as necessary spaces for health and well-being. Social distancing 
reduced the distance of visited urban green space making thus clear the 
need for accessible urban green space within the neighborhood radius 
(Gehl, 2020; Ugolini et al., 2020). А return to the urban neighborhood as 
a locus of multiple human activities was the other notable change in the 
city routine and was observed through multiple ways from journalistic 
reports in local newspapers to numerous relevant posts in the social 
media. 

Having only just one year of scientific knowledge with regard to the 
current pandemic, mainly on the health aspects and less on the wider 
effects or interrelations with the city environments, this paper attempts 
to contribute to filling the void in knowledge on how cities and built 
environment characteristics contributed to health and well-being during 
COVID-19. In early debates and research evidence, some built envi-
ronment characteristics have been highlighted as fundamental for their 
potential contribution to health and well-being during COVID-19. These 
were urban density, public transport, access to facilities, green space, 
and housing. Urban density has not only been widely debated for its 
contribution or non-contribution to virus transmission (AbouKorin 
et al., 2021), but it has also been seen as a key feature during the 
pandemic as it influences, to a large extent, several other built envi-
ronment characteristics. For example, denser urban areas can enable 
better, more frequent public transport services, easier access to facilities, 
while they are typically characterized by limited green space (especially 
in the form of private gardens) and by apartment blocks (and not e.g. 
detached housing) (Mouratidis & Poortinga, 2020; Næss, 2019). Public 
transport, access to facilities, green space, and housing may contribute 
to health and well-being via different pathways (Kent & Thompson, 
2014; Mouratidis, 2021; Pfeiffer & Cloutier, 2016) but these pathways 
or their importance seem to have changed during COVID-19. Public 
transport might have been less safe to use during the COVID-19 
pandemic because its enclosed space and the difficulty to maintain so-
cial distancing (Zheng et al., 2020) and its use was reduced more than 
the use of other travel modes (Bucsky, 2020; Jenelius & Cebecauer, 
2020; Zhang et al., 2021). Residents who relied on public transport and 
who had to continue to travel (e.g. to work) during the pandemic might 
have experienced risk of infection but also stress and other negative 
feelings while traveling (Shamshiripour et al., 2020). Local facilities (e.g. 
shops, education, recreation, healthcare) that remained open during the 
pandemic have allowed residents to participate in activities but also to 
have access to healthcare services when necessary (Guida & Carpentieri, 
2021; Hamidi et al., 2020; Litman, 2020a). Easy access to local facilities 
typical for mixed-use neighborhoods have also facilitated walking ac-
tivity during the pandemic (Shaer, Rezaei, Moghani Rahimi, & Shaer, 
2021). Therefore, via these different pathways, accessibility to local 
facilities could have contributed to health and well-being during COVID- 
19. Green space (including both public and private green space) has been 
considered particularly important for mitigating the negative impacts of 
COVID-19 on health and well-being by offering emotional and mental 
health benefits and a safe open space for activity participation (Douglas 
et al., 2020; Poortinga et al., 2021; Shoari et al., 2020; Ugolini et al., 
2020; Xie et al., 2020). The role of housing has also been highlighted 
during COVID-19. Overcrowded dwellings may have contributed to 
more infections since social distances and quarantines are more difficult 
to maintain in tighter spaces (Hu et al., 2021). Moreover, as people spent 
more time and performed more daily-life activities in their dwelling 
during the pandemic, larger dwellings were likely more functional and 
more pleasant contributing to better health and well-being outcomes 
(Amerio et al., 2020). 

The paper investigates the relationships between cities, health, and 
well-being before and during COVID-19 using geospatial measures of the 
urban built environment in combination with quasi-longitudinal data on 
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health and well-being. We address two research questions: (1) How have 
measures of self-reported health and well-being changed during COVID- 
19 in comparison with the pre-COVID-19 period? (2) How do built 
environment characteristics relate to health and well-being before and 
during COVID-19? The study is based on geospatial data and quasi- 
longitudinal data from a questionnaire survey carried out all over 
Greece in April-May 2020. The analysis on cities, health, and well-being 
focuses on the metropolitan areas of Athens and Thessaloniki. In this 
paper, “health and well-being” will refer to self-reported measures of 
health (here measured with overall health, satisfaction with health, 
anxiety, headache, and back pain) and well-being (here measured with 

life satisfaction, happiness, personal relationships satisfaction, leisure 
satisfaction, satisfaction with vacations, and satisfaction with income). 

2. Data and methods 

2.1. Data sources 

Data were collected via a population-based questionnaire survey 
(Appendix A) and analysis with geographic information systems (GIS). 
Data collection was carried out in Greece with a particular focus on the 
metropolitan areas of Athens, the country's capital, and Thessaloniki, 

Fig. 1. Maps of the metropolitan areas of Athens (left) and Thessaloniki (right) showing approximate residential locations of survey participants.  

Table 1 
Descriptive statistics of independent variables.  

Variables N Min/Max Athens (N = 489) Thessaloniki (N = 523) Other parts of Greece (N =
185) 

Mean s.d. Mean s.d. Mean s.d. 

Built environment 
Distance to city center (km) 999 0.2/56.6 9.39 (6.72) 8.56 (8.68) N/A N/A 
Neighborhood density (persons/ha within 1 km radius) 1159 1/247 110.23 (63.39) 98.06 (61.93) 39.58 (21.06) 
Public transport (number of stops within 1 km radius) 1158 0/410 149.71 (72.04) 31.07 (26.59) 12.33 (27.23) 
Local facilities (number of facilities within 1 km radius) 1158 0/2278 293.18 (358.08) 351.70 (388.78) 150.99 (185.03) 
Park area (square meters within 1 km radius) 1128 499/1094705 222,590.06 (205,995.87) 118,976.33 (88,829.30) 102,899.51 (92,776.75) 
Tree cover (% within 1 km radius) 1158 0/28.98 1.00 (2.63) 0.84 (2.25) 1.22 (2.25) 
Apartment (1 = apartment; 0 = other) 1197 0/1 0.66 (0.47) 0.73 (0.44) 0.56 (0.50) 
Dwelling size (square meters) 1177 11/800 110.00 (64.90) 105.00 (52.03) 104.62 (53.04)  

Area socioeconomic status 
Mean annual household income (Euros) 1173 7128/24574 16,350.40 (3762.32) 13,444.58 (1507.165) 11,263.51 (1205.00) 
Immigrant residents (%) 1173 0.7/17.4 9.54 (4.96) 6.26 (1.89) 4.66 (1.71) 
Unemployment rate (%) 1173 2.1/15.4 5.14 (1.03) 6.22 (0.85) 5.94 (1.37)  

Individual sociodemographic variables 
Age (years) 1200 18/79 43.81 (12.81) 41.74 (13.85) 39.21 (14.04) 
Female 1201 0/1 0.52 (0.50) 0.56 (0.50) 0.65 (0.48) 
Unemployed 1201 0/1 0.19 (0.40) 0.21 (0.41) 0.11 (0.32) 
Living with partner/spouse 1201 0/1 0.63 (0.48) 0.62 (0.49) 0.54 (0.50) 
Immigrant 1201 0/1 0.01 (0.08) 0.02 (0.12) 0.01 (0.07) 
Income (personal net monthly income in Euros) 1201 0/4250 1336.20 (987.31) 1062.14 (855.11) 1014.86 (910.15) 
College degree or higher 1201 0/1 0.73 (0.45) 0.70 (0.46) 0.68 (0.47) 
Household with children 1201 0/1 0.44 (0.50) 0.41 (0.49) 0.39 (0.49) 
Religious 1196 0/1 0.52 (0.50) 0.47 (0.50) 0.58 (0.49) 
Disability (or longstanding health issue) 1201 0/1 0.15 (0.35) 0.14 (0.34) 0.19 (0.39) 

Notes: N/A = Not applicable. Median income for Athens sample = 1100 Euros. Median income for Thessaloniki sample = 900 Euros. Median income for sample in other 
parts of Greece = 900 Euros. 
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the country's second most populous city. As of the 2011 census, the 
metropolitan area of Athens had a population of approximately 3.8 
million residents and the metropolitan area of Thessaloniki had a pop-
ulation of 1 million residents. Fig. 1 shows approximate residential lo-
cations of the survey participants living in the metropolitan areas of 
Athens and Thessaloniki. 

The survey was carried out from the end of April until the end of May 
2020, a period which coincided with the first round of lockdown mea-
sures in Greece due to the COVID-19 pandemic. The final sample of the 
survey consists of 1201 adult residents of Greece, aged 18-79 years. 
Among the sample 489 were residents of the Athens metropolitan area, 
523 were residents of the Thessaloniki metropolitan area, 185 were 
residents of other parts of Greece, while 4 were residents of Greece who 
did not wish to state their place of residence. 

The survey distribution method was based on a campaign in social 
media and social networks. An invitation to participate in an online 

survey together with a weblink to the survey were distributed. The 
campaign included four main distribution channels: (1) social media 
campaign in Facebook groups, (2) snowball sampling via social net-
works, (3) project webpage, and (4) article in an online magazine 
focusing on city issues. Most survey participants were recruited via 
Facebook groups (N = 762), followed by those recruited by snowball 
sampling (N = 404). The rest of the participants (N = 35) were recruited 
via the project webpage and the online article which redirected to the 
project webpage. For the social media campaign in Facebook groups, the 
survey invitation was posted in 112 Facebook groups of Athens, 77 
Facebook groups of Thessaloniki, and 27 general Facebook groups in 
Greece. Various residents’ Facebook groups of all neighborhoods in 
Athens and Thessaloniki were covered. Moreover, the survey invitation 
was posted in a wide range of Facebook groups that focused on topics 
including daily news, sports, culture, politics, urban life, travel, history, 
philosophy, psychology, disabled citizens, parenthood, and childcare. 

Table 2 
Descriptive statistics of dependent variables.  

Variables N Min/Max Athens (N = 489) Thessaloniki (N = 523) Other parts of Greece (N = 185) 

Mean s.d. Mean s.d. Mean s.d. 

Health and well-being 
Life satisfaction before COVID-19 1201 0/10 7.26 (1.68) 7.35 (1.71) 7.28 (1.92) 
Life satisfaction during COVID-19 1201 0/10 5.74 (2.22) 5.55 (2.42) 5.56 (2.42) 
Personal relationships satisfaction before COVDI-19 1201 0/10 7.42 (1.73) 7.61 (1.72) 7.52 (1.78) 
Personal relationships satisfaction during COVID-19 1201 0/10 5.90 (2.49) 5.83 (2.56) 5.30 (2.62) 
Leisure satisfaction before COVID-19 1201 0/10 6.95 (2.01) 7.23 (1.93) 7.15 (2.15) 
Leisure satisfaction during COVID-19 1201 0/10 5.38 (2.78) 5.37 (2.72) 5.34 (2.99) 
Satisfaction with income before COVID-19 1201 0/10 6.64 (2.11) 6.40 (2.28) 6.49 (2.33) 
Satisfaction with income during COVID-19 1201 0/10 5.33 (2.94) 4.88 (2.98) 5.28 (2.97) 
Satisfaction with vacations before COVID-19 1201 0/10 7.27 (2.25) 7.30 (2.14) 7.19 (2.32) 
Satisfaction with vacations during COVID-19 1201 0/10 3.36 (2.76) 3.24 (2.83) 3.71 (2.99) 
Satisfaction with health before COVID-19 1201 0/10 8.12 (1.71) 8.19 (1.66) 8.15 (1.76) 
Satisfaction with health during COVID-19 1201 0/10 7.85 (2.11) 7.72 (2.28) 7.59 (2.30) 
Overall health before COVID-19 1201 0/10 7.92 (1.65) 7.99 (1.60) 7.97 (1.56) 
Overall health during COVID-19 1201 0/10 7.72 (1.72) 7.62 (1.90) 7.65 (1.90) 
Happiness before COVID-19 1201 1/5 3.77 (0.76) 3.82 (0.77) 3.72 (0.82) 
Happiness during COVID-19 1201 1/5 3.20 (0.95) 3.18 (0.94) 3.14 (0.93) 
Anxiety before COVID-19 1201 1/5 3.14 (0.92) 3.11 (0.96) 3.34 (0.97) 
Anxiety during COVID-19 1201 1/5 3.42 (1.02) 3.38 (1.06) 3.55 (1.12) 
Headache before COVID-19 1201 1/5 2.06 (0.93) 2.05 (1.04) 2.25 (1.08) 
Headache during COVID-19 1201 1/5 2.15 (1.09) 2.09 (1.08) 2.35 (1.28) 
Back pain before COVID-19 1201 1/5 2.10 (1.07) 2.13 (1.10) 2.23 (1.13) 
Back pain during COVID-19 1201 1/5 2.25 (1.22) 2.28 (1.23) 2.44 (1.27)  

Fig. 2. Mean values of health and well-being variables before and during COVID-19. Notes: Variables are measured on a scale from 0 to 10. Sample size is N = 1201. 
Wilcoxon signed-rank tests show significant differences at * p < 0.001. 
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Snowball sampling was performed using a wide range of social networks 
of the authors. Colleagues were excluded from this process to reduce 
biases. The survey invitation was distributed to social networks in 
Greece who in turn distributed it to their own social networks. The 
distribution was conducted mainly via email and Facebook. 

The survey distribution resulted in a sample that covers residential 
locations (requested with relevant questions in the survey) all over 
Greece, but mainly the metropolitan areas of Athens and Thessaloniki, 
where the analysis on the built environment focuses on. As seen in Fig. 1, 
a high representation of diverse urban forms (high density, medium 
density, low density), locations (urban, suburban, peripheral, rural), and 
socioeconomic profiles (richer versus poorer areas) was achieved in 
these two metropolitan areas. The survey was pilot-tested and revised 
before its final distribution. No monetary or other incentives were 
offered to study participants. The invitation letter and the survey 
questions were only in the Greek language, so this might have hindered 
the participation of residents who did not speak Greek. As survey par-
ticipants were not selected from a sampling frame, other sources of 
biases might be relevant for the study's sample. Table 1 presents the 
sample's sociodemographic characteristics. The sample is subject to 
biases common in questionnaire surveys including higher representation 
of well-educated citizens and lower representation of immigrants. These 
discrepancies from the population are similar for the samples of Athens, 
Thessaloniki, and other cities in Greece. However, because the sample 
size from the other cities in Greece is small, the analysis on how the built 
environment relates to health and well-being is performed only for 
Athens and Thessaloniki. 

2.2. Variable descriptions 

Built environment characteristics are presented in Table 1. These 
characteristics were selected for their potential contribution to health 
and well-being during COVID-19, as explained in Section 1. Distance to 

Fig. 3. Mean values of health and well-being variables before and during 
COVID-19. Notes: Variables are measured on a scale from 1 to 5. Sample size is 
N = 1201. Wilcoxon signed-rank tests show significant differences at * p 
< 0.001. 

Table 3 
Regression models examining how the built environment relates to life satisfaction before and during COVID-19.  

Variables Life satisfaction (Athens) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.008 0.059 0.087 0.171* − 0.081 − 0.125 
Neighborhood density − 0.105 − 0.087 − 0.032 − 0.053 − 0.047 − 0.012 
Public transport  − 0.048  0.049  − 0.084 
Local facilities  0.067  0.131  − 0.080 
Park area  0.112a  0.057  0.027 
Tree cover  − 0.007  − 0.054  0.049 
Apartment  0.054  − 0.084a  0.124* 
Dwelling size  0.095a  0.041  0.031  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R-squared 0.112 0.118 0.137 0.146 0.038 0.046   

Variables Life satisfaction (Thessaloniki) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.012 0.065 -0.095 -0.087 0.106 0.136 
Neighborhood density − 0.058 − 0.219a − 0.140a − 0.119 0.101 -0.037 
Public transport  0.194a  − 0.044  0.186 
Local facilities  − 0.017  0.001  -0.013 
Park area  0.149*  0.119a  -0.014 
Tree cover  0.004  − 0.026  0.029 
Apartment  -0.008  − 0.042  0.037 
Dwelling size  0.129*  0.077  0.014  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.101 0.116 0.058 0.059 − 0.002 − 0.007 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, age squared, gender, unemployment, cohabitation 
status, citizenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: 
mean household income, proportion of immigrants, and unemployment rate. ** p < 0.01. *** p < 0.001. 

a p < 0.10. 
* p < 0.05. 
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city center and neighborhood density are measures relevant to urban 
density; with distance to city center capturing residential locations in 
relation to the city center and thus being relevant to overall urban 
density, while neighborhood density is a measure of local-level density 
(Næss, 2019). Access to public transport and to local facilities were 
measured to analyze the role of public transport and local facilities 
respectively. To capture the role of green space we used two variables: 
park area and tree cover. Park area captures public green space while 
tree cover captures any type of area with the presence of trees. To assess 
the role of housing, we used two variables: dwelling type and dwelling 
size. Dwelling type is relevant not only to interior living space but also to 
exterior spaces such as private garden or balcony since detached houses 
or duplexes are more likely to have a private garden than apartments. 

Two characteristics were captured via the survey while the rest of the 
data were obtained with analysis in GIS. The type of residence that the 
respondent lives in was asked in the survey and was later coded for this 
analysis as: 1 = apartment and 0 = other (e.g. detached house, duplex). 
The size of the respondents’ dwelling in square meters was also asked in 
the survey. The GIS analysis for the rest of the built environment char-
acteristics was conducted based on the residential location that partic-
ipants filled in when completing the survey. Participants were asked to 
fill in the residential address. Since some people may not be comfortable 
with sharing such information, this question was optional. The majority 
of participants, however, filled in this information; N = 832 filled in 
their full address, while N = 354 filled in only their postal code. The 
residential locations were first georeferenced and then GIS analysis was 
conducted as described below. The following built environment 

characteristics were measured: distance to city center, neighborhood 
density, public transport, local facilities, park area, and tree cover. These 
characteristics were measured for each survey participant individually. 
Distance to city center was measured only for residents of the metropol-
itan areas of Athens and Thessaloniki and assessed the location of each 
participant's residence in relation to the city center of Athens or The-
ssaloniki. It was calculated in kilometers along walking routes. Neigh-
borhood density was measured in persons per hectare as the population 
density within a 1000 m radius from each participant's residence using 
data from high-resolution population density maps (FCL & CIESIN, 
2020). Public transport accessibility was measured as the number of 
public transport stops (bus, tram, metro, train, trolley bus) within a 
1000 m radius from each participant's residence. OpenStreetMap data 
were used for this analysis. Local facilities were measured as the number 
of facilities within a 1000 m radius from each participant's residence. 
This analysis used data from OpenStreetMap on the “amenity” category. 
All different types of facilities in this category were included in the 
analysis, for example: school, cinema, theater, post office, café, restau-
rant, bank, library, and hospital. Park area was measured as the total 
area of parks within a 1000 m radius from each participant's residence. 
This variable was measured in meters and was based on OpenStreetMap 
data. Tree cover was calculated as the mean percentage of tree canopy 
cover within a 1000 m radius from each participant's residence using 
updated 2019 data by Hansen et al. (2013). 

Area socioeconomic status indicators are presented in Table 1. These 
indicators were obtained with analysis in GIS using geospatial data 
processed by Kalogirou (2010) based on census data from Hellenic 

Table 4 
Regression models examining how the built environment relates to personal relationships satisfaction before and during COVID-19.  

Variables Personal relationships satisfaction (Athens) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center − 0.017 − 0.047 0.108 0.125 − 0.127a − 0.167a 

Neighborhood density − 0.048 − 0.045 0.130 0.168 − 0.173a − 0.212a 

Public transport  − 0.104  − 0.104  0.034 
Local facilities  − 0.024  0.148a  − 0.175a 

Park area  0.021  − 0.008  0.024 
Tree cover  − 0.038  − 0.110*  0.089 
Apartment  0.049  − 0.080  0.121* 
Dwelling size  − 0.019  0.055  − 0.072  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R-squared 0.082 0.078 0.090 0.096 0.029 0.047   

Variables Personal relationships satisfaction (Thessaloniki) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

0.5 
Built environment 
Distance to city center 0.042 0.042 − 0.091 − 0.058 0.116 0.084 
Neighborhood density -0.035 − 0.127 − 0.167* − 0.147 0.142a 0.062 
Public transport  0.158  − 0.002  0.103 
Local facilities  0.008  0.050  -0.043 
Park area  0.050  0.036  -0.003 
Tree cover  − 0.043  0.024  -0.051 
Apartment  − 0.113a  -0.022  -0.052 
Dwelling size  0.095a  0.059  0.003  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.039 0.051 0.046 0.038 0.005 -0.002 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, gender, unemployment, cohabitation status, citi-
zenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: mean 
household income, proportion of immigrants, and unemployment rate. ** p < 0.01. *** p < 0.001. 

a p < 0.10. 
* p < 0.05. 
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Statistical Authority (EL.STAT.) and the General Secretariat of Infor-
mation Systems in Greece. Area refers to the municipality that each 
respondent's residence was located in. Area socioeconomic status was 
measured with three indicators: mean annual household income in 
Euros, percentage of people who do not have Greek citizenship, and 
unemployment rate. 

Table 1 shows descriptive statistics for individual sociodemographic 
variables, measured via the survey. Sociodemographic variables 
included: age, gender, cohabitation status (living with partner or 
spouse), citizenship, household income, presence of children in the 
household, employment status, religiosity, and level of education. 
Having a disability or important health issue is used as a control variable 
in the study and was measured with the question: “Are you hampered in 
your daily activities in any way by any longstanding illness, or disability, 
infirmity or mental health problem?” 

Quasi-longitudinal data on health and well-being were obtained via 
the survey (Table 2). For the questions on health and well-being, the 
following guidelines were given to participants: “Consider your life 
during the coronavirus pandemic (COVID-19) (During COVID-19). Also 
consider your life right before the COVID-19 pandemic (Before COVID- 
19).” All variables on health and well-being were evaluated for both 
“before COVID-19” and “during COVID-19”. Measurement of health and 
well-being is largely based on guidelines by OECD (2013) and the Eu-
ropean Social Survey (2012). Single-item measures of well-being were 
used. These are stable and reliable (Lucas & Brent Donnellan, 2012). 
Participants were asked: “How satisfied are/were you with your...?” on a 
scale from “extremely dissatisfied” (0) to “extremely satisfied” (10). The 
question was asked in order to evaluate “life as a whole”, “personal 

relationships”, “leisure activities”, “health status”, “vacations”, and 
“personal income”. Overall health (self-reported health) was assessed by 
asking participants to describe their general health on a scale from 
“extremely poor” (0) to “extremely good” (10). Participants were also 
asked to evaluate the frequency of feelings of happiness and anxiety on a 
scale from “very rarely or never” (1) to “very often or always” (5). The 
same scale was also used to evaluate the frequency of headache and back 
pain. 

As seen in Table 2, sample size N = 1201 for all dependent variables 
while as seen in Table 1, sample size varies for different independent 
variables. Distance to city center is measured only for Athens and The-
ssaloniki – for which the analysis on the built environment and health/ 
well-being is applied – so the sample size for this variable is considerably 
smaller. The sample size for the other independent variables slightly 
varies due to missing data: missing geospatial data, missing area so-
cioeconomic data, and missing or invalid responses to certain survey 
questions. 

2.3. Data analysis 

To address the research questions of the paper, we performed two 
main types of analysis. First, we compared mean values of health and 
well-being before and during COVID-19. Second, we examined how 
built environment characteristics relate to health and well-being before 
and during COVID-19. 

For the first analysis, we conducted Wilcoxon signed-rank tests to 
test for significant differences in the values of each health/well-being 
variable before and during COVID-19. Wilcoxon signed-rank tests are 

Table 5 
Regression models examining how the built environment relates to leisure satisfaction before and during COVID-19.  

Variables Leisure satisfaction (Athens) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center − 0.038 − 0.003 − 0.005 0.084 − 0.019 − 0.071 
Neighborhood density − 0.047 − 0.105 − 0.040 − 0.078 0.005 0.001 
Public transport  0.010  0.072  − 0.054 
Local facilities  − 0.002  0.137  − 0.116 
Park area  0.084  0.027  0.028 
Tree cover  − 0.061  − 0.042  − 0.002 
Apartment  − 0.027  − 0.085  0.054 
Dwelling size  − 0.031  − 0.021  − 0.001  

Summary statistics 
N 470 465 470 465 470 460 
Adjusted R-squared 0.041 0.038 0.040 0.048 0.042 0.040   

Variables Leisure satisfaction (Thessaloniki) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.048 0.073 − 0.042 − 0.071 0.059 0.096 
Neighborhood density − 0.015 − 0.054 − 0.136a − 0.098 0.099 0.047 
Public transport  0.058  − 0.070  0.087 
Local facilities  0.039  − 0.008  0.028 
Park area  0.010  0.047  − 0.031 
Tree cover  − 0.037  − 0.071  0.035 
Apartment  0.028  − 0.067  0.068 
Dwelling size  0.149*  0.021  0.066  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.015 0.019 0.043 0.040 0.019 0.013 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, gender, unemployment, cohabitation status, citi-
zenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: mean 
household income, proportion of immigrants, and unemployment rate. ** p < 0.01. *** p < 0.001. 

a p < 0.10. 
* p < 0.05. 

K. Mouratidis and A. Yiannakou                                                                                                                                                                                                            



Cities 121 (2022) 103491

8

tests suitable for comparing variables in two dependent groups such as 
the ones in this study (before and during COVID-19). They are non- 
parametric tests suitable for ordinal variables and non-normal distri-
butions of the differences between pairs of data. Since we perform 
before-during COVID-19 comparisons on 11 different dependent vari-
ables, we applied the Bonferroni Correction to reduce the likelihood of 
type I error. We therefore consider significant differences those with a p- 
value smaller than 0.00455. 

For the second analysis, we used multiple linear regression, in which 
built environment characteristics, sociodemographic characteristics, 
and area socioeconomic status were treated as independent variables, 
and health and well-being measures were treated as the dependent 
variable. Measures of health and well-being represent ordinal variables 
but can be used as an approximation of continuous variables, and 
parametric analyses including linear regression are considered robust 
(Ferrer-i-Carbonell & Frijters, 2004; Norman, 2010). In fact, research 

has shown that using linear regression or ordinal regression in models 
with well-being as the dependent variable makes little difference (Fer-
rer-i-Carbonell & Frijters, 2004), therefore using linear models that treat 
health or well-being variables (measured on scales such as 1-5 or 0-10) 
as continuous is common practice (Cao, 2016; Poortinga et al., 2021). A 
preliminary analysis with multilevel models – considering area socio-
economic status on level-2 – was also performed but results showed that 
there was no between-cluster variance when level-1 variables were 
added, so this method was eventually not appropriate. Linear regression 
analyses were performed independently for Athens and Thessaloniki due 
to differences in urban structure, size, and socioeconomic characteris-
tics. Independent analyses for these two main metropolitan areas of 
Greece were conducted for comparative purposes since preliminary 
analyses showed that results differed for the two regions. Built envi-
ronment variables were included in the models in two steps based on 
relevant theoretical considerations (Mouratidis & Poortinga, 2020; 
Næss, 2019). The first step includes the variables “distance to city cen-
ter” and “neighborhood density”, while the second step additionally 
includes the variables “public transport”, “local facilities”, “park area”, 
“tree cover”, “apartment”, and “dwelling size” all of which might be 
influenced by distance to city center and neighborhood density. In 
models of the second step, distance to city center and neighborhood 
density play the role of control variables. Variables on health and well- 
being that were examined as dependent variables in regression models 
are: “life satisfaction”, “personal relationships satisfaction”, “leisure 
satisfaction”, “overall health”, “happiness”, “anxiety”, “headache”, and 
“back pain”. The other three health and well-being variables in our 
dataset were considered less relevant to the built environment so were 
not included in this analysis in order to reduce complexity. The analysis 
was conducted for health and well-being: before COVID-19, during 
COVID-19, and for the change before-during COVID-19. For the 
dependent variables that decreased during COVID-19, the change was 
calculated by subtracting the value of the variable during COVID-19 
from the value of the variable before COVID-19. For the dependent 
variables that increased during COVID-19, the change was calculated by 
subtracting the value of the variable before COVID-19 from the value of 
the variable during COVID-19. Independent analyses for the urban re-
gions of Athens and Thessaloniki are presented in each table. All the 
analyses control for individual sociodemographic variables and area 
socioeconomic status(their coefficients are not presented here to reduce 
the size of the tables). 

3. Results 

3.1. Health and well-being before-during COVID-19 

This analysis compares health and well-being variables before and 
during COVID-19 (Fig. 2 and Fig. 3). Wilcoxon signed-rank tests were 
performed. The results show that almost all health and well-being var-
iables became significantly less positive during COVID-19 compared to 
before COVID-19. The values of the following variables decreased dur-
ing COVID-19: life satisfaction, personal relationships satisfaction, lei-
sure satisfaction, satisfaction with income, satisfaction with vacations, 
satisfaction with health, overall health, and happiness. Anxiety and the 
frequency of back pain increased during COVID-19. The increase in the 
frequency of headache was not significant when applying the Bonferroni 
Correction (p-value less than 0.00455). The most substantial changes are 
observed for well-being variables: life satisfaction (23% decrease), 
happiness (16% decrease), personal relationships satisfaction (23% 
decrease), leisure satisfaction (24% decrease), satisfaction with income 
(21% decrease), and satisfaction with vacations (54% decrease). The 
changes in physical and mental health measures – overall health (4% 
decrease), satisfaction with health (5% decrease), anxiety (9% increase), 
and back pain (8% increase) – were considerably smaller, but still sta-
tistically significant. Descriptive statistics on health and well-being in 
Athens, Thessaloniki, and other parts of Greece (Table 2) indicate that 

Table 6 
Regression models examining how the built environment relates to overall 
health before and during COVID-19.  

Variables Overall health (Athens) 

Before COVID-19 During COVID- 
19 

Change (Before – 
During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city 

center 
0.029 0.083 0.064 0.064 − 0.067 0.030 

Neighborhood 
density 

− 0.016 − 0.036 0.055 0.077 − 0.132 − 0.208a 

Public transport  0.019  − 0.058  0.142 
Local facilities  0.037  0.020  0.031 
Park area  0.077  0.048  0.049 
Tree cover  − 0.025  − 0.022  − 0.003 
Apartment  0.036  − 0.010  0.082 
Dwelling size  0.055  0.027  0.049  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R- 

squared 
0.116 0.111 0.109 0.100 0.015 0.017   

Variables Overall health (Thessaloniki) 

Before COVID-19 During COVID-19 Change (Before – 
During COVID- 
19) 

1 2 1 2 1 2 

Built environment 
Distance to city 

center 
0.045 0.150 − 0.029 − 0.043 0.099 0.250* 

Neighborhood 
density 

0.011 − 0.148 − 0.016 − 0.092 0.038 − 0.047 

Public transport  0.230*  0.128  0.095 
Local facilities  0.050  − 0.038  0.119a 

Park area  0.084  0.036  0.050 
Tree cover  − 0.007  − 0.013  0.011 
Apartment  − 0.015  0.014  − 0.039 
Dwelling size  0.088a  0.141**  − 0.101a  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R- 

squared 
0.181 0.185 0.203 0.204 0.035 0.045 

All coefficients shown are standardized. The models are adjusted for individual 
sociodemographic variables: age, gender, unemployment, cohabitation status, 
citizenship, income, education level, presence of children in household, religi-
osity, and disability. The models are also adjusted for area socioeconomic status: 
mean household income, proportion of immigrants, and unemployment rate. 
*** p < 0.001. 

a p < 0.10. 
* p < 0.05. 
** p < 0.01. 
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trends in changes before-during COVID-19 are similar for these different 
geographical areas. 

3.2. Urban built environment, health, and well-being before-during 
COVID-19 

The regression models presented in Tables 3–10 examine how built 
environment characteristics relate to health and well-being, with each 
table focusing on a different health or well-being variable. 

Table 3 displays models on life satisfaction. Results indicate that 
neighborhood density is negatively associated with life satisfaction in 
Thessaloniki during COVID-19. Park area is positively associated with 
life satisfaction in both Athens and Thessaloniki before COVID-19. This 
association persists in Thessaloniki during COVID-19, with park area 
being positively related to life satisfaction in Thessaloniki during 
COVID-19. Dwelling size is positively associated with life satisfaction in 
both Athens and Thessaloniki before COVID-19, but not during COVID- 
19. Living in an apartment is negatively associated with life satisfaction 
in Athens during COVID-19. Public transport is positively associated 
with life satisfaction in Thessaloniki before COVID-19, but not during 
COVID-19. 

Table 4 presents models on personal relationships satisfaction. 
Neighborhood density is found to be negatively associated with personal 
relationships satisfaction in Thessaloniki during COVID-19. Living in an 
apartment is negatively related to personal relationships satisfaction in 
Thessaloniki before COVID-19. Local facilities are positively associated 
with personal relationships satisfaction in Athens during COVID-19. 
Tree cover is negatively associated with personal relationships 

satisfaction in Athens during COVID-19. 
Table 5 presents models on leisure satisfaction. Findings indicate a 

negative association between neighborhood density and leisure satis-
faction in Thessaloniki during COVID-19. Dwelling size is positively 
associated with leisure satisfaction in Thessaloniki before COVID-19. 
The other built environment characteristics did not yield significant 
associations with leisure satisfaction. 

Tables 6 presents models on overall health. Dwelling size is found to 
be positively associated with overall health in Thessaloniki before 
COVID-19, and this positive association became stronger during COVID- 
19. Public transport is positively associated with overall health in The-
ssaloniki before COVID-19. The other built environment characteristics 
did not yield significant associations with overall health. 

Table 7 displays models on happiness. Living further away from the 
city center of Athens is found to be positively associated with happiness 
during COVID-19. Local facilities are negatively associated with happi-
ness in Thessaloniki before COVID-19. Tree cover is negatively associ-
ated with happiness in Thessaloniki before COVID-19. The other built 
environment characteristics did not yield significant associations with 
happiness. 

Table 8 displays models on anxiety. Findings indicate that higher 
neighborhood density is associated with higher anxiety in Athens before 
COVID-19. A negative relationship between dwelling size and anxiety in 
Athens during COVID-19 is found, suggesting the larger dwellings are 
linked to lower anxiety in Athens during COVID-19. Park area is asso-
ciated with lower anxiety in Thessaloniki before COVID-19. Tree cover is 
related to higher anxiety in Athens during COVID-19. The other built 
environment characteristics did not yield significant associations with 

Table 7 
Regression models examining how the built environment relates to happiness before and during COVID-19.  

Variables Happiness (Athens) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.096 0.050 0.128a 0.185* -0.052 − 0.147a 

Neighborhood density 0.024 0.091 0.068 0.045 -0.049 0.028 
Public transport  − 0.089  0.070  − 0.142 
Local facilities  0.032  0.121  − 0.096 
Park area  − 0.058  − 0.064  0.018 
Tree cover  0.053  − 0.054  0.097a 

Apartment  0.002  − 0.067  0.069 
Dwelling size  − 0.030  − 0.029  0.005  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R-squared 0.057 0.050 0.084 0.089 0.042 0.055   

Variables Happiness (Thessaloniki) 

Before COVID-19 During COVID-19 Change (Before – During COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.023 − 0.072 − 0.092 − 0.096 0.108 0.042 
Neighborhood density − 0.057 − 0.225a − 0.130 − 0.020 0.081 − 0.108 
Public transport  0.144  − 0.045  0.134 
Local facilities  − 0.125a  − 0.056  − 0.046 
Park area  0.044  0.094  − 0.052 
Tree cover  − 0.121*  0.016  − 0.110* 
Apartment  − 0.037  − 0.051  0.018 
Dwelling size  0.011  0.063  − 0.058 
Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.069 0.077 0.079 0.076 − 0.005 − 0.001 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, age squared, gender, unemployment, cohabitation 
status, citizenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: 
mean household income, proportion of immigrants, and unemployment rate. ** p < 0.01. *** p < 0.001. 

a p < 0.10. 
* p < 0.05. 
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anxiety. 
Table 9 and Table 10 present models on the frequency of headache 

and back pain respectively. Public transport accessibility is associated 
with more frequent headache in Athens before COVID-19. Living in an 
apartment is associated with less frequent headache in Thessaloniki 
during COVID-19. Living further from the city center of Athens was 
associated with less frequent back pain during COVID-19. Higher 
neighborhood density is related to less frequent back pain in Athens both 
before and during COVID-19. Living in an apartment is associated with 
less frequent back pain in Athens before COVID-19 and in Thessaloniki 
during COVID-19, whereas larger dwelling size is linked to less frequent 
back pain in Athens before COVID-19. Public transport accessibility is 
associated with more frequent back pain in Thessaloniki during COVID- 
19. The other built environment characteristics are not found to be 
significantly associated with back pain. 

4. Synthesis and discussion of results 

To answer the first research question of this study, we analyzed 
trends in health and well-being before and during the COVID-19 
pandemic. Comparisons before versus during COVID-19 suggest that 
health and well-being outcomes naturally worsened due to the 
pandemic. The following indicators declined during COVID-19: overall 
health, satisfaction with health, life satisfaction, happiness, personal 
relationships satisfaction, leisure satisfaction, satisfaction with income, 
and satisfaction with vacations. Anxiety and back pain increased during 
COVID-19. More substantial changes were observed for well-being 

variables than for health variables. Specifically, life satisfaction, 
happiness, personal relationships satisfaction, leisure satisfaction, 
satisfaction with income, and satisfaction with vacations all substan-
tially declined during COVID-19, according to the study's findings. We 
could infer that these changes in health and well-being are mainly due to 
the direct and indirect impacts of COVID-19. This is because health and 
well-being outcomes were evaluated for the same participants before 
and during COVID-19 and the time period between the two measure-
ments is very short, so no other major changes are expected to have 
affected the large majority of participants. The decline in health and 
well-being outcomes because of COVID-19 found in our study supports 
earlier results from other geographical areas (Fiok et al., 2021; Li et al., 
2020; Moreno et al., 2020; Patrick et al., 2020; White & Van Der Boor, 
2020). Our results also support those from a recent study in Greece 
suggesting a decline in personal circumstances and an increase in stress 
due to COVID-19 (Vatavali et al., 2020). It should be noted that results 
from this study represent the first wave of the COVID-19 pandemic 
(spring 2020). The impact of the pandemic on health and well-being has 
fluctuated but it is expected that in general health and well-being out-
comes have remained worse than pre-COVID-19 times throughout the 
pandemic (Sønderskov et al., 2021). As COVID-19 continued in 2020 
and 2021, well-being levels for certain individuals might have improved 
(e.g. getting used to lockdowns, social distancing, and new lifestyles) but 
might have worsened for others (e.g. infection with the virus, economic 
impacts of continuous pandemic might have caused unemployment or 
loss of income). Continuous study of health and well-being throughout 
the pandemic is needed to obtain the full picture of the impacts of 

Table 8 
Regression models examining how the built environment relates to anxiety before and during COVID-19.  

Variables Anxiety (Athens) 

Before COVID-19 During COVID-19 Change (During – Before COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.021 0.092 − 0.073 − 0.018 0.084 − 0.094 
Neighborhood density 0.172a 0.154 0.062 0.078 0.087 − 0.057 
Public transport  0.063  − 0.007  − 0.059 
Local facilities  0.081  0.088  0.013 
Park area  0.038  0.030  − 0.004 
Tree cover  0.040  0.113*  0.070 
Apartment  − 0.027  0.044  0.063 
Dwelling size  − 0.086  − 0.151**  − 0.067  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R-squared 0.083 0.085 0.017 0.032 0.030 0.028   

Variables Anxiety (Thessaloniki) 

Before COVID-19 During COVID-19 Change (During – Before COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center − 0.100 − 0.159 − 0.010 − 0.043 − 0.077 0.097 
Neighborhood density − 0.070 0.004 − 0.017 − 0.111 − 0.044 − 0.111 
Public transport  − 0.118  0.089  0.190a 

Local facilities  0.000  − 0.025  − 0.025 
Park area  − 0.107a  − 0.046  0.049 
Tree cover  − 0.033  − 0.087  − 0.056 
Apartment  0.024  0.021  0.000 
Dwelling size  − 0.049  0.024  0.066  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.053 0.047 0.035 0.036 0.004 0.006 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, gender, unemployment, cohabitation status, citi-
zenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: mean 
household income, proportion of immigrants, and unemployment rate. *** p < 0.001. 

a p < 0.10. 
* p < 0.05. 
** p < 0.01. 
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COVID-19. 
To answer the second research question of this study, we analyzed 

relationships between built environment characteristics and health and 
well-being before and during COVID-19. Independent analyses were 
performed for Athens and Thessaloniki. The observed differences in 
findings before and during COVID-19 indicate that the role of the urban 
built environment in health and well-being differs for the COVID-19 
period compared to pre-COVID-19. The differences in findings for the 
two cities suggest that the particularities of each city contributed to the 
relationship between built environment and health and well-being in 
diverse ways. Findings are mostly modest in size as commonly observed 
in studies on objectively measured built environment characteristics, 
health, and well-being. Statistically significant findings are summarized 
in Table 11 and are discussed as follows. 

Longer distance to the city center of Athens was found to be related to 
higher happiness and less frequent back pain during COVID-19, sug-
gesting that residents of suburban locations were happier and suffered 
less often from back pain problems than their inner-city counterparts 
during COVID-19. These findings concern Athens but not Thessaloniki, 
and this difference is possibly due to the substantially larger size of 
Athens as well as due to differences in city morphology such as the 
proximity of their city core to the seafront. Inner-city residents of Athens 
may have had fewer opportunities to avoid stressors found in the dense 
urban core, while it was likely easier for inner-city residents of The-
ssaloniki to access the city's waterfront and surrounding forest. On the 
other hand, distance to the city center, in general, may have had indirect 
contributions to well-being due to its links to the other built environ-
ment characteristics. For both cities in the study, neighborhoods located 

closer to the city center are characterized by higher population densities, 
greater public transport accessibility, more and larger parks, more local 
facilities, more apartments and fewer detached houses, and smaller 
dwellings. 

Higher neighborhood densities were associated with lower life satis-
faction, lower personal relationships satisfaction, and lower leisure 
satisfaction in Thessaloniki during COVID-19, indicating a negative link 
between urban compactness and well-being during COVID-19 for the 
case of Thessaloniki. Higher neighborhood density was also associated 
with more frequent anxiety in Athens before COVID-19, supporting 
previous related evidence (Lederbogen et al., 2011; Mouratidis, 2019b). 
On the other hand, residents of denser neighborhoods of Athens re-
ported less frequent back pain both before and during COVID-19. This 
finding is probably due to increased walking of residents of denser 
neighborhoods (Fiok et al., 2021) as research has shown that high 
density is linked to more walking (Durand et al., 2011; Mouratidis, 
2019a; Saelens & Handy, 2008), and more walking is linked to less 
frequent back pain (Sitthipornvorakul et al., 2018; Vanti et al., 2019). 

Public transport accessibility was related to better overall health and 
higher life satisfaction in Thessaloniki before COVID-19. This outcome is 
in accordance with earlier studies suggesting that cities providing easy 
access to convenient public transportation may promote happiness, 
physical activity, and related health benefits (Eisenberg-Guyot et al., 
2019; Freeland et al., 2013; Leyden et al., 2011). It is important to note 
that public transport accessibility is enabled and accompanied by urban 
forms of short distances and higher density (Næss, 2019). Altogether 
these characteristics may provide accessibility benefits. The positive 
relationship between public transport accessibility and health and well- 

Table 9 
Regression models examining how the built environment relates to headache before and during COVID-19.  

Variables Headache (Athens) 

Before COVID-19 During COVID-19 Change (During - Before COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.003 0.020 − 0.015 − 0.001 0.025 − 0.025 
Neighborhood density − 0.016 − 0.101 − 0.033 − 0.053 0.027 0.046 
Public transport  0.182a  0.010  − 0.199a 

Local facilities  − 0.081  0.053  0.169a 

Park area  − 0.020  − 0.034  − 0.023 
Tree cover  0.018  − 0.020  − 0.048 
Apartment  − 0.030  − 0.022  0.004 
Dwelling size  − 0.016  − 0.031  − 0.025  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R-squared 0.069 0.064 0.064 0.056 0.009 0.005   

Variables Headache (Thessaloniki) 

Before COVID-19 During COVID-19 Change (During – Before COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center 0.008 − 0.038 − 0.007 0.045 0.018 0.101 
Neighborhood density − 0.026 − 0.052 0.021 − 0.078 − 0.056 − 0.036 
Public transport  0.044  0.176  0.169 
Local facilities  0.006  0.078  0.090 
Park area  − 0.091  − 0.064  0.026 
Tree cover  − 0.056  − 0.035  0.023 
Apartment  − 0.093  − 0.109a  − 0.028 
Dwelling size  − 0.067  − 0.038  0.030  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.088 0.084 0.061 0.071 − 0.002 0.000 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, gender, unemployment, cohabitation status, citi-
zenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: mean 
household income, proportion of immigrants, and unemployment rate. * p < 0.05. ** p < 0.01. *** p < 0.001. 

a p < 0.10. 
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being disappeared during COVID-19, which might be due to the high 
risk of infection when using public transport during the pandemic and 
the associated decline in public transport use (Bucsky, 2020; Hadjide-
metriou et al., 2020; Jenelius & Cebecauer, 2020; Teixeira & Lopes, 
2020). Public transport accessibility was also found to be associated 
with more frequent headache in Athens before COVID-19. The use of 
public transport especially during rush hours or the exposure to noise 
generated by public transport might contribute to more frequent head-
ache. The reduced use of public transport during COVID-19 may explain 
the observed insignificance of this association for the COVID-19 period. 
The observed association between public transport accessibility and 
frequency of back pain in Thessaloniki during COVID-19 is difficult to 
interpret and requires more detailed investigation. 

Numerous local facilities were associated with higher personal re-
lationships satisfaction in Athens during COVID-19. Local facilities – 
those that remained open during the pandemic – including educational, 
commercial, and recreational facilities may have allowed residents to 
perform activities without disruption and without the risk of infection 
associated with the use of several motorized travel modes, since local 
facilities are typically accessed by active travel modes. By allowing 
residents to participate in some activities, local facilities may have 
enabled in-person social interaction thus contributing to satisfaction 
with personal relationships. This positive link between local facilities 
and well-being during COVID-19 found in the study is in line with claims 
about the positive role of facilities and services during pandemic crises 
(Douglas et al., 2020; Hamidi et al., 2020; Litman, 2020a). On the other 
hand, the observed negative link between local facilities and happiness 

in Thessaloniki before COVID-19 is difficult to interpret. It might be 
coincidental or could be attributed to noise or other factors generated by 
urban vibrancy and numerous local facilities. 

Large parks in close proximity were associated with higher life satis-
faction in Athens before COVID-19 and in Thessaloniki before and 
during COVID-19 as well as lower anxiety in Thessaloniki before COVID- 
19. These findings are in line with evidence on the well-being benefits of 
urban nature (Gascon et al., 2015; Markevych et al., 2017). The positive 
link between park area and life satisfaction during COVID-19 in The-
ssaloniki supports recent studies finding a positive relationship between 
green space and well-being during the pandemic (Ugolini et al., 2020; 
Xie et al., 2020) and claims about the role of green space in mitigating 
COVID-19 effects on health and well-being (Slater et al., 2020). Parks 
and other types of green space allow people to perform several activities 
including physical and social activities (Markevych et al., 2017). Since 
other arenas for physical and social activities have been restricted due to 
COVID-19, the importance of large parks within walkable distance has 
been highlighted during the pandemic. 

Tree cover had some unexpected negative associations with health 
and well-being outcomes. Residents of neighborhoods with higher tree 
cover in Athens were found to have lower personal relationships satis-
faction and higher anxiety in Athens during COVID-19. Residents of 
neighborhoods with higher tree cover in Thessaloniki were found to 
have lower happiness before COVID-19. These negative links between 
tree cover and well-being are difficult to interpret and are in contrast 
with the well-established benefits of trees in cities (Ulmer et al., 2016) 
and urban nature in general (Gascon et al., 2015; Markevych et al., 

Table 10 
Regression models examining how the built environment relates to back pain before and during COVID-19.  

Variables Back pain (Athens) 

Before COVID-19 During COVID-19 Change (During – Before COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center − 0.097 − 0.059 − 0.126a − 0.086 0.060 − 0.050 
Neighborhood density − 0.184* − 0.271* − 0.207* − 0.226* 0.066 0.017 
Public transport  0.164  0.019  − 0.181 
Local facilities  − 0.036  0.087  0.172a 

Park area  − 0.005  0.000  0.008 
Tree cover  − 0.004  − 0.057  − 0.078 
Apartment  − 0.086a  − 0.046  0.043 
Dwelling size  − 0.103a  0.030  0.175**  

Summary statistics 
N 470 465 470 465 470 465 
Adjusted R-squared 0.101 0.108 0.081 0.078 0.008 0.025   

Variables Back pain (Thessaloniki) 

Before COVID-19 During COVID-19 Change (During – Before COVID-19) 

1 2 1 2 1 2 

Built environment 
Distance to city center − 0.046 0.003 − 0.116 − 0.082 0.106 − 0.119 
Neighborhood density − 0.011 0.018 − 0.038 − 0.116 0.039 − 0.184 
Public transport  − 0.008  0.192a  0.277* 
Local facilities  0.031  − 0.004  − 0.044 
Park area  0.056  − 0.004  − 0.075 
Tree cover  0.035  0.085  0.074 
Apartment  − 0.082  − 0.138*  − 0.089 
Dwelling size  − 0.048  − 0.081  − 0.053  

Summary statistics 
N 510 504 510 504 510 504 
Adjusted R-squared 0.076 0.068 0.093 0.101 0.004 0.015 

All coefficients shown are standardized. The models are adjusted for individual sociodemographic variables: age, gender, unemployment, cohabitation status, citi-
zenship, income, education level, presence of children in household, religiosity, and disability. The models are also adjusted for area socioeconomic status: mean 
household income, proportion of immigrants, and unemployment rate. *** p < 0.001. 

a p < 0.10. 
* p < 0.05. 
** p < 0.01 
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2017). These findings might be attributed to particularities in neigh-
borhoods with high tree cover in the case cities or to some unseen factor 
not captured by the independent variables in the models, for example, 
particularly remote or deprived areas that happen to have high tree 
cover. Such cases might not be completely captured by the variables on 
distance to city center and area socioeconomic status. Further research is 
needed to understand the pathways behind these unexpected observed 
outcomes. 

Living in an apartment – rather than living in a detached house or 
duplex – was associated with lower life satisfaction in Athens during 
COVID-19. Detached or duplex houses with attached private green 
spaces and outdoor areas might have been more functional and pleasant 
during the pandemic. Private outdoor spaces might have fostered leisure 
activities such as gardening (Corley et al., 2021) and social interaction 
with a lower risk of infection. Living in an apartment was also found to 
be negatively linked to personal relationships satisfaction in Thessalo-
niki before COVID-19. One possible explanation behind this finding is 
the lower local social cohesion typically observed for residents of 
apartment blocks compared to residents of detached or duplex houses. 
Moreover, living in an apartment was related to less frequent back pain 
in Athens before COVID-19 and in Thessaloniki during COVID-19. This 
finding is probably due to the relationship between high-density living 
and back pain explained above. Residents of apartments typically found 
in denser areas tend to walk more (Durand et al., 2011; Mouratidis, 
2019a) and this may improve back pain problems (Sitthipornvorakul 
et al., 2018; Vanti et al., 2019). Finally, living in an apartment was 
associated with less frequent headache in Thessaloniki during COVID- 
19. This association is difficult to interpret and requires further research. 

Living in a larger dwelling was linked to several health and well-being 
benefits both before and during COVID-19. Specifically, living in a larger 
dwelling was associated with lower anxiety in Athens during COVID-19, 
better overall health in Thessaloniki before but even more so during 
COVID-19, higher life satisfaction in Athens and Thessaloniki before 
COVID-19, higher leisure satisfaction in Thessaloniki before COVID-19, 
and less frequent back pain in Athens before COVID-19. Overall, these 
findings support links between housing and well-being (Mouratidis, 
2020). Living in cramped dwellings – which is more prevalent among 
socioeconomically deprived households – is conducive to lower well- 
being outcomes (Hu & Coulter, 2016) and has been linked to a higher 
risk of depression during COVID-19 (Amerio et al., 2020). Residents 
spent large parts, if not most, of their days at home during the pandemic 
and performed a wide range of home-based activities and teleactivities 
(de Haas et al., 2020; Marcucci et al., 2021; Pierce et al., 2020; Sham-
shiripour et al., 2020; Wijesooriya et al., 2020). Those who lived in 
larger dwellings might have had more opportunities to perform activ-
ities at home without disruption and stress. 

This study enhances the literature reviewed in Section 1 in several 
ways. First, it provides an overview on how a wide a range of health and 
well-being indicators changed due to COVID-19. Few studies so far have 
collectively assessed such measures. Quasi-longitudinal data used in the 
study, despite their limitations, clearly indicate trends on how health 

Table 11 
How built environment relates to health and well-being before and during 
COVID-19: a summary of findings.  

Built 
environment 
characteristics 

Positive health/well- 
being outcomes 

Negative health/ 
well-being outcomes 

Overall 
health/well- 
being 
outcome 
during 
COVID-19 

Longer distance 
to city center 

Higher happiness 
(Athens during 
COVID-19); less 
frequent back pain 
(Athens during 
COVID-19)  

Positive 

Higher 
neighborhood 
density 

Less frequent back 
pain (Athens before 
and during COVID- 
19) 

Lower life 
satisfaction, lower 
personal 
relationships 
satisfaction, and 
lower leisure 
satisfaction 
(Thessaloniki during 
COVID-19); higher 
anxiety (Athens 
before COVID-19) 

Mostly 
negative 

Public transport 
accessibility 

Higher life 
satisfaction and 
better overall health 
(Thessaloniki before 
COVID-19) 

More frequent 
headache (Athens 
before COVID-19); 
more frequent back 
pain (Thessaloniki 
during COVID-19) 

Negative 

Numerous local 
facilities 

Higher personal 
relationships 
satisfaction (Athens 
during COVID-19) 

Lower happiness 
(Thessaloniki before 
COVID-19) 

Positive 

Large park area Higher life 
satisfaction (Athens 
and Thessaloniki 
before COVID-19; 
Thessaloniki during 
COVID-19); lower 
anxiety (Thessaloniki 
before COVID-19)  

Positive 

Higher tree 
cover  

Lower personal 
relationships 
satisfaction (Athens 
during COVID-19); 
higher anxiety 
(Athens during 
COVID-19); lower 
happiness 
(Thessaloniki before 
COVID-19) 

Negativea 

Living in an 
apartment 

Less frequent back 
pain (Athens before 
COVID-19 and 
Thessaloniki during 
COVID-19); less 
frequent headache 
(Thessaloniki during 
COVID-19) 

Lower life 
satisfaction (Athens 
during COVID-19); 
lower personal 
relationships 
satisfaction 
(Thessaloniki before 
COVID-19) 

Mixed 

Living in a 
larger 
dwelling 

Higher life 
satisfaction (Athens 
and Thessaloniki 
before COVID-19); 
higher leisure 
satisfaction 
(Thessaloniki before 
COVID-19); better 
overall health 
(Thessaloniki before 
and during COVID- 
19 – more significant 
during COVID-19); 
lower anxiety 
(Athens during  

Positive  

Table 11 (continued ) 

Built 
environment 
characteristics 

Positive health/well- 
being outcomes 

Negative health/ 
well-being outcomes 

Overall 
health/well- 
being 
outcome 
during 
COVID-19 

COVID-19); less 
frequent back pain 
(Athens before 
COVID-19) 

Note: Outcomes refer to associations found in Tables 3-10 above. 
a Negative associations might be due to particularities of the examined 

neighborhoods or some other unseen factor. 
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and well-being worsened due to the pandemic. The second and most 
important contribution is the study's investigation of the relationships 
between built environment characteristics and health/well-being before 
and during COVID-19. Most studies so far have focused on specific 
characteristics (e.g. green space) but not on how different built envi-
ronment characteristics collectively relate to health/well-being before 
and during COVID-19. This is, to our knowledge, one of the first studies 
using geospatial and survey (before and during COVID-19) data to 
investigate this topic. Such evidence may provide important insights for 
urban planning and policy during pandemics but also under normal 
circumstances. 

Our study has certain limitations that should be considered. The 
trends in health and well-being before and during the COVID-19 
pandemic are analyzed for the context of Greece. Similar studies from 
other contexts will enrich the current findings. Future studies measuring 
health and well-being trends during later COVID-19 lockdowns would 
be particularly useful. Pathways between built environment character-
istics and health and well-being outcomes need to be investigated in 
more detail in future research to provide insights into possible causal 
links. This study has used self-reported measures of health and well- 
being. In future studies, objective health and well-being indicators 
could be assessed for their relation to the built environment in cities 
during COVID-19. The sample of the study is subject to biases common 
for questionnaire surveys and non-probability sampling. Health and 
well-being indicators were evaluated with univariate variables repre-
senting distinct concepts, thus a composite measure of health and/or 
well-being is not possible. These univariate variables are stable and 
reliable (Lucas & Brent Donnellan, 2012); datasets with latent variables 
might have nevertheless produced even more reliable estimates. This 
study has assessed separate models for each health and well-being var-
iable, while future studies could also explore connections between these 
health and well-being variables with more complex statistical tech-
niques. The study was based on retrospective quasi-longitudinal data on 
health and well-being outcomes before and during COVID-19. Individ-
ual recall might be imprecise and subject to biases compared to pro-
spective longitudinal designs. Furthermore, due to the short interval 
between the before and during COVID-19 time points, individual soci-
odemographic characteristics were assessed only once. Measurements of 
these variables in two time points might have provided greater accuracy 
to the results. 

5. Conclusions 

This is one of the first studies to investigate relationships between 
cities, health, and well-being before and during COVID-19 using GIS- 
derived measures of the built environment in combination with quasi- 
longitudinal data on health and well-being. The study contributes to 
knowledge on COVID-19 and quality of life in cities by assessing changes 
in health and well-being before and during COVID-19 and by examining 
how urban planning and built environment characteristics in specific 
may have contributed to these changes. 

Findings from Greek cities suggest that health and well-being out-
comes worsened due to the COVID-19 pandemic. Overall health, satis-
faction with health, life satisfaction, happiness, personal relationships 
satisfaction, leisure satisfaction, satisfaction with income, and satisfac-
tion with vacations all declined during COVID-19 compared to the pre- 
COVID-19 period, while anxiety and back pain problems increased 
during the pandemic. More substantial changes were observed for well- 
being outcomes than for health outcomes. Our analysis on cities, health, 
and well-being indicates that the role of the urban built environment in 
health and well-being differs considerably for the COVID-19 period 
compared to pre-COVID-19. Accessibility to numerous local facilities, 
proximity to large parks, lower neighborhood density, and living further 
away from the city center were all associated with better well-being 
outcomes during COVID-19, while living in a larger dwelling was 
associated with better overall health and lower anxiety during COVID- 

19. 
Perhaps the most crucial outcome of this study concerns the impli-

cations for urban planning and policies to mitigate the negative impacts 
of a mega health crisis such as the COVID-19 pandemic and future 
pandemics on health and well-being in cities. These impacts can be 
observed in relation to other major changes that were accelerated due to 
this pandemic, such as remote working, e-shopping, distant learning etc. 
This pandemic is expected to have an impact on how we reflect on 
denser urban areas that seem to be more vulnerable during the COVID- 
19 crisis when it comes to living conditions and quality of life. This is 
especially the case in older high-density inner-city parts of certain urban 
regions. These compact parts might have the advantages of short dis-
tances and mixed-use development; however, they are, for the case of 
Greek cities but also in other contexts, often characterized by poorer 
living conditions such as an old building stock; lack of open public 
spaces; lack of parks, gardens, and vegetation; poor infrastructure; noise; 
air pollution; and lack of direct sunlight in dwellings due to building 
density. 

Therefore, urban planning recommendations should focus on the 
qualities as well as the major needs of cities. Key issues for urban 
planning are the type and quality of housing provision; the density and 
local services heterogeneity; the location of destinations and accessi-
bility; the quality of public transport; and the availability, size, variety of 
open and green spaces. Easy access to inclusive, large, well-maintained 
parks, gardens, and other open public spaces; easy access to nearby 
nature and in general contact with greenery; focus on short distances 
and the neighborhood level along with the provision of multiple, diverse 
facilities and services and available space for walking in the surround-
ings; avoidance of cramped dwellings and housing support for vulner-
able groups; communal, outdoor spaces attached to apartment blocks; 
improvements in walkability and cyclability; provision of frequent, well- 
ventilated, and safe public transport; and affordable and accessible new 
mobility options are some measures that could ensure and strengthen 
the capacities of cities to deal with the effects of a public health crisis 
and improve the health and well-being of their citizens. 
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Appendix A. Survey questions (translated from Greek) 

In which type of residence do you live?  

• Apartment in an apartment block  
• Detached single-family house  
• Duplex house  
• Other (you can write here): 

Please write the address of your present dwelling: 
The purpose of collecting these data is to analyze the characteristics 

of each residential area and understand their influence on quality of life 
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so that we can make suitable recommendations for improvement ac-
cording to the type of residential area.  

• Street and number:  
• Postal code:  
• City: 

What is the size of your dwelling in square meters (approximately)? 
The purpose of collecting these data is to analyze the characteristics 

of the residence and understand their influence on quality of life, so that 
we can make suitable recommendations for improvement according to 
the type of residence.  

• Square meters: 

For the following questions: 
Consider your life during the lockdown due to the coronavirus 

pandemic (Covid-19) (during Covid-19). 
Also consider your life before the Covid-19 pandemic (before Covid- 

19). 
How satisfied are/were you with your…? 
Extremely dissatisfied 0 1 2 3 4 5 6 7 8 9 10 Extremely satisfied  

• Life as a whole (during Covid-19)  
• Life as a whole (before Covid-19)  
• Personal relationships (during Covid-19)  
• Personal relationships (before Covid-19)  
• Leisure activities (during Covid-19)  
• Leisure activities (before Covid-19)  
• Health (during Covid-19)  
• Health (before Covid-19)  
• Vacations (during Covid-19)  
• Vacations (before Covid-19)  
• Personal income (during Covid-19)  
• Personal income (before Covid-19) 

Please tell us how much of the time you felt… 
Very rarely or never, Rarely, Sometimes, Often, Very often or always  

• Happy (during Covid-19)  
• Happy (before Covid-19)  
• Anxious (during Covid-19)  
• Anxious (before Covid-19)  
• Pain in your head (during Covid-19)  
• Pain in your head (before Covid-19)  
• Pain in your back (during Covid-19)  
• Pain in your back (before Covid-19) 

How would you describe your health in general…? 
Extremely poor 0 1 2 3 4 5 6 7 8 9 10 Extremely good  

• Overall health (during Covid-19)  
• Overall health (before Covid-19) 

Are you hampered in your daily activities in any way by any long-
standing illness, or disability, infirmity or mental health problem?  

• Yes a lot  
• Yes to some extent  
• No 

What is your current employment status?  

• Work (full time or part time)  
• Student  
• Recently fired or stopped working  

• Temporary suspension from work  
• Out of work (for other reasons)  
• Retired  
• Other (you can write here): 

Year of birth: 
Gender:  

• Female  
• Male  
• Other 

Citizenship:  

• Greek  
• Other 

What is the highest level of education you have completed?  

• Elementary school  
• High school (or professional secondary school)  
• Technical education (e.g. vocational school)  
• Bachelor's degree or similar  
• Master's degree or doctoral degree 

Do you live with a spouse/partner?  

• No  
• Yes 

How many children live regularly within your household?  

• 0  
• 1  
• 2  
• 3  
• 4 or more 

Including yourself, how many people live regularly within your 
household in total?  

• 1  
• 2  
• 3  
• 4  
• 5  
• 6  
• 7 or more 

Would you consider yourself religious?  

• No  
• Yes somewhat  
• Yes 

What is your personal monthly net income (approximately)? Please 
consider the income from all possible sources and subtract possible 
additional taxes, insurance, and pension.  

• No income  
• Lower than 200 Euro  
• 200–400 Euro  
• 401–600 Euro  
• 601–800 Euro  
• 801–1000 Euro  
• 1001–1200 Euro 
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• 1201–1400 Euro  
• 1401–1600 Euro  
• 1601–1800 Euro  
• 1801–2000 Euro  
• 2001–2200 Euro  
• 2201–2400 Euro  
• 2401–2600 Euro  
• 2601–2800 Euro  
• 2801–3000 Euro  
• 3001–3500 Euro  
• 3501–4000 Euro  
• Higher than 4000 Euro 
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