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About

The objective of Houselnc is to apply innovative methodology to deeply analyse interlinked
dimensions of housing inequalities in the context of marginalized communities.

Houselnc will empirically examine economic, social and ecological drivers and assess impacts of
various indicators on housing inequality to derive policy recommendations that foster the adoption
of effective measures addressing housing inequality across Europe. With a transdisciplinary dialogue,
the project develops innovative social, financial and digital solutions that can be up scaled and thus,
contribute to a better socio-economic and sustainable integration of vulnerable groups in European
societies.

Houselnc takes a systemic view and assesses interlinkages of housing inequalities - emphasizing
energy and mobility poverty, digital dimensions, employment opportunities, family and socio-
demographic conditions, energy-efficiency, and health - on a micro-, meso- and macro-level. The
interdisciplinary Houselnc consortium - consisting of research institutes and universities, policy think
tanks, NGOs, and practitioners on the ground - involves case studies to engage directly with members
of four marginalized communities in or from Eastern Europe.

Besides a mix-method approach, including modelling and a GIS-based analysis depicting
geographical and future housing inequality, we implement a multinational survey to better
understand housing inequality in light of recent events such as COVID-19 and Russia's invasion in the
Ukraine. The research results will be assessed, mapped, and scaled up using Living Labs and various
stakeholder engagement activities to provide innovative solutions addressing housing inequalities
and translating them into valid local, regional, national and EU policy recommendations impacting
EU and national funding programs and providing a comprehensive overview and guidance for
policymakers to mitigate housing inequalities.
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1 EXECUTIVE SUMMARY

Housing inequalities are commonly understood as disparities in the quality, adequacy, and affordability of
dwellings, including problems such as overcrowding, damp, poor energy performance, or unaffordable
housing costs. Yet the factors shaping people’s living conditions extend well beyond the dwelling itself.
When unequal access to resources such as green and blue spaces, transport and infrastructure, or digital
connectivity is considered, these become wider housing inequalities. Together, housing inequalities and
wider housing inequalities determine not only the safety and adequacy of homes but also the broader
opportunities for health, wellbeing, and social inclusion.

This report addresses both dimensions. Drawing on a systematic literature review, bibliometric mapping,
and analyses of primary survey data and secondary EU-SILC data, it provides one of the first integrated
assessments of how housing and wider housing inequalities intersect with socio-demographic
vulnerabilities across Europe.

1.2 FRAGMENTED EVIDENCE BASE

The systematic and bibliometric review highlights that existing research remains uneven. The bulk of the
evidence addresses housing inequalities within the dwelling, including affordability, overcrowding, and
damp or mould. By contrast, studies on wider housing inequalities—such as access to green and blue
spaces, public transport, or digital infrastructure—remain far fewer, often fragmented across disciplines
and case-specific.

Where studies on wider housing inequalities do exist, they demonstrate clear associations with health:
proximity to urban green space supports physical activity and mental wellbeing; reliable transport
improves access to healthcare and employment; and digital connectivity reduces social isolation and
enables remote work. Yet very few studies explicitly frame these issues as housing inequalities, and even
fewer examine how they intersect with dwelling-related vulnerabilities. The review therefore highlights a
persistent gap in integrated approaches, both in research and in policy design.

Bibliometric mapping confirms this fragmentation. Distinct clusters emerge in the literature—for
instance, around fuel poverty, green infrastructure, or air pollution—without strong linkages across
themes. This separation prevents a holistic understanding of how different dimensions of housing and
environment interact to shape health inequalities and highlights the novelty of the approach adopted in
this deliverable.

1.2 INTERSECTING DISADVANTAGES AND VULNERABILITIES

Analysis of survey data from over than 14,254 households in eight European countries, complemented
with EU-SILC data from 2007 and 2012, shows that vulnerabilities rarely occur in isolation. Instead,
disadvantaged groups are exposed simultaneously to housing and wider housing inequalities. For
example, households experiencing fuel poverty are also more likely to lack access to green space, to report
inadequate public transport, or to face digital exclusion. Households in the lowest income quintiles are
overrepresented among those reporting severe housing deprivation, overcrowding, and fuel poverty,
while at the same time facing barriers to green space and mobility. Minority ethnic groups, tenants in the
private rental sector, and single-parent households are particularly vulnerable to overlapping
disadvantages.

10
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The analysis also reveals that such overlaps intensify inequalities in general health and wellbeing:
respondents exposed to multiple disadvantages report significantly poorer outcomes compared to those
experiencing a single vulnerability. The evidence demonstrates that cumulative exposure is a defining
feature of inequality in Europe’s housing landscape.

Cluster analysis of the Houselnc survey identifies three main vulnerability profiles. The most
disadvantaged cluster combines poor housing quality, financial insecurity, high rental reliance, and
multiple wider inequalities, and also shows the worst health outcomes. An intermediate cluster shares
energy poverty with the most advantaged cluster but lacks the same economic and contextual resources,
resulting in poorer health. These findings show that inequalities should not be understood in isolation:
they accumulate and interact, creating complex vulnerability profiles that are greater than the sum of their
parts.

1.3 THERMAL COMFORT AS A CRITICAL DIMENSION

Thermal comfort emerges as one of the clearest pathways linking housing conditions and wider
inequalities to health. Inability to keep homes adequately warm in winter is associated with excess winter
mortality, respiratory illness, and cardiovascular risks. Equally, inability to keep homes cool in summer is
linked to heat stress, dehydration, and increased hospital admissions.

Results form the multinational survey show that households unable to maintain thermal comfort report
significantly worse general health and higher prevalence of chronic illness. Overheating is an especially
urgent concern, given projected climate change and ageing populations. In urban areas, residents without
access to gardens, parks, or shaded public spaces are more disadvantaged: they cannot cool their homes
adequately, nor can they seek relief outdoors.

Although ownership of cooling devices, particularly air conditioners, is rising, this is not sufficient to
mitigate risk. For many households, energy costs make running cooling devices unaffordable, and for
others, poor housing design reduces their effectiveness. This creates a new layer of inequality: those most
physiologically vulnerable to heat are least able to access or afford effective cooling solutions. Thermal
comfort must therefore be addressed not only through building improvements but also through
neighbourhood design, energy policy, and social protection.

1.4 CRISIS IMPACT ON VULNERABLE HOUSEHOLDS

Results from the multinational survey showed that the COVID-19 pandemic and the 2021 energy crisis
exacerbated both housing and wider housing inequalities.

During the pandemic, overcrowding and poor housing quality intensified health risks and limited
households’ capacity to comply with lockdown measures. Digital exclusion further compounded
disadvantage, restricting access to remote work, online education, and telemedicine. Tenants in insecure
housing faced heightened risks of eviction or forced moves, particularly in contexts with limited tenant
protections.

During the energy crisis, sharp increases in energy prices led vulnerable households to adopt restrictive
energy-saving behaviours such as reducing heating, limiting appliance use, and avoiding cooling during
heatwaves. Many of these behaviours persisted even after prices stabilised, possibly reflecting structural

11
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financial constraints. These behaviours reduce household expenditures in the short term but carry long-
term health costs, including increased risks of respiratory illness, stress, and poorer wellbeing.

Patterns also varied across demographic groups. Retired and older adults showed higher persistence in
energy-saving actions, likely reflecting stable yet limited incomes and greater time spent at home,
whereas younger or unemployed individuals were less likely to sustain such measures. Women—
particularly single mothers—were among those most affected by affordability pressures and housing
insecurity, highlighting gendered inequalities in both crisis exposure and coping capacity.

These crises act as amplifiers: they do not create new inequalities but expose and deepen existing ones.
The evidence highlights the urgent need for housing and welfare systems that can absorb shocks without
disproportionately harming vulnerable populations.

1.5 POLICY RELEVANCE

The findings of this deliverable highlight the necessity of moving beyond siloed approaches. Policies
focused narrowly on the dwelling—such as energy efficiency retrofits or rent subsidies—remain vital but
insufficient. Without complementary action on wider housing inequalities, households continue to face
barriers in their neighbourhoods, mobility, and digital participation.

Integrated strategies are needed at both EU and national levels. These should combine improvements in
housing quality and affordability with measures to enhance access to green and blue space, strengthen
sustainable transport networks, and expand digital inclusion. Addressing these issues together will
contribute not only to improved health outcomes but also to social cohesion, environmental justice, and
resilience to future crises.

The approach taken here aligns with and advances key European policy frameworks, including the
European Green Deal, the Sustainable Development Goals (particularly SDG 3 on health and SDG 11 on
sustainable cities), and the EU Pillar of Social Rights. By situating housing inequalities within their broader
environmental, infrastructural, and digital context, this deliverable provides an integrated perspective that
can inform more effective and equitable policy responses.

12
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2 INTRODUCTION

Key insights:

This deliverable (D4.3) forms part of Work Package 4 (WP4) of the Houselnc project. It investigates
housing inequalities through integrated analyses of literature, primary data, and secondary data. It
builds directly on Deliverables D4.1and D4.2 and contributes evidence to WPs5 (Living Labs) and WP6
(Policy Modelling).

Housing inequalities remain a persistent and multifaceted challenge across Europe, affecting not only the
quality of life of individuals and households but also the broader social and economic cohesion of
communities. These inequalities extend beyond basic housing indicators, such as the presence of mould,
overcrowding, or affordability constraints, to encompass a broader set of environmental, socio-
demographic, and locational factors that shape people’s everyday lives and opportunities. For the
purposes of this report, the terms housing inequalities and wider housing inequalities are used with distinct
meanings, which will be further defined in the following sections.

This report draws on evidence from a systematic literature review focusing on the intersection between
wider housing inequalities and their impacts on multiple life outcomes, as well as from a the Houselnc
Multinational Survey (HMS), complemented by secondary data from the European Statistics on Income
and Living Conditions (EU-SILC). The combined analysis examines how these inequalities manifest, how
they intersect with socio-demographic vulnerabilities, and how they contribute to disparities across
populations.

The core objective of the report, as outlined in the grant agreement, is to provide a comprehensive
account of wider housing inequalities using both primary (Houselnc Multinational Survey) and secondary
(EU-SILC) data sources, with particular attention to differences in outcomes by gender, age, and ethnicity.
While health is one of several relevant outcomes, the scope extends more broadly to include
environmental, infrastructural, and social dimensions of inequality.

By revealing how housing inequalities are distributed and compounded across the European context, the
findings are directly relevantto ongoing EU policy debates on housing, social inclusion, and environmental
justice. The evidence presented here seeks to inform strategies that respond effectively to the needs of
vulnerable populations and promote equitable access to safe, adequate, and sustainable housing.

This deliverable is part of the empirical core of the Houselnc project, which seeks to deepen understanding
of the interlinked economic, social, and ecological dimensions of housing inequalities across Europe.
Positioned within Work Package 4 (“Social and Environmental Drivers and Impacts of Housing Inequality”),
it complements the financial and policy analyses developed in WP3 by focusing on social, environmental,
and health-related mechanisms. Its findings provide a foundation for the qualitative case studies and
Living Labs in WP5 and WP6, where insights from this report will be explored and co-designed into
context-specific solutions. Moreover, the quantitative and conceptual evidence presented here directly
informs the policy synthesis and recommendations of WPy, contributing to Houselnc’s overarching aim of
translating empirical results into actionable strategies for more equitable and sustainable housing
systems.

13
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2.2 WHAT ARE HOUSING INEQUALITIES AND WHY THEY ARE IMPORTANT

Key definitions:

e Housing inequalities refer to disparities in basic housing conditions such as affordability,
overcrowding, dampness, or structural safety.

e Widerhousing inequalities extend beyond the dwelling to include disparities in access to green/blue
space, transport and services, and digital infrastructure.

e Together, they influence health, wellbeing, and social inclusion.

The definitions and analytical distinctions outlined in this section build directly on the conceptual
foundations established in Houselnc Work Package 2. Deliverable 2.1 (State of the Art Literature Review)
mapped the theoretical and disciplinary understandings of housing inequality across economic, social,
environmental, and spatial dimensions, while Deliverable 2.2 (Conceptual Framework) translated these
insights into a common framework for the project, centred on the principles of inclusivity and quality
housing. This report operationalises those concepts within the empirical scope of WP4 by examining how
different dimensions of housing and wider housing inequalities manifest across European contexts. In
doing so, it applies the analytical lenses developed in WP2—focusing on drivers, manifestations, impacts,
and vulnerabilities—to provide quantitative evidence that complements and informs the qualitative and
policy-oriented work in subsequent WPs.

Despite being a pressing and persistent challenge in many parts of the world, there is no universally agreed
definition of housing inequalities. The meaning often depends on the perspective or disciplinary lens
applied, and terminology in housing research frequently overlaps. The breadth of uses and
characterisations in the literature suggests that housing inequalities can be a conceptually broad term—
sometimes too broad to capture the distinct forms of disadvantage it seeks to describe, or to fully account
for the complex ways housing systems operate. As James (2024) notes, concepts that appear to
encompass everything can, paradoxically, explain very little, particularly when used interchangeably to
represent or intersect with other forms of inequality.

Definitions of housing inequalities vary widely across the literature and across disciplines, reflecting the
different lenses through which the concept is examined. In sociology, housing inequality is often
understood as disparities in access, quality, and opportunities across socio-demographic groups, which
can be exacerbated by structural inequities and systemic discrimination within the housing system
(Medina et al., 2020; Tayefi Nasrabadi, Larimian and Yigitcanlar, 2025). Economic perspectives
emphasise the role of income and wealth disparities in determining access to suitable housing, focusing
particularly on the relationship between housing affordability and household resources (Wang, Mao and
Wang, 2023). Urban planning approaches highlight spatial disparities in housing conditions, affordability,
accessibility, and neighbourhood characteristics, which are frequently shaped by land use policies and
patterns of urban development (Fang, 2022). In political science, attention is directed towards the unequal
distribution of housing resources and opportunities, often linked to government policy choices and the
exercise of political power (Yi and Huang, 2014). Geographical studies similarly focus on disparities in
access, quality, and distribution of housing across regions, emphasising spatial drivers such as land use
patterns and demographic trends (Hoekstra, Buurman and Van Ginkel, 2018). From an architectural
standpoint, housing inequality may refer to differences in the suitability and quality of residential design—
both interior and exterior—often tied to construction practices and the physical attributes of the built
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environment (Grundstrom, 2021). Public health research frames housing inequality in terms of unequal
access to healthy living conditions, which can contribute to disparities in physical and mental health
outcomes (Swope and Herndndez, 2019a).

Definitions also vary considerably between studies. Some authors, such as Ade and Rehm (2020) and
Aitken et al. (2019), frame the concept primarily in terms of the physical condition and quality of dwellings,
while others, including Baker (2016) and Wiesel et al. (2023), focus on affordability. In other cases, housing
inequality is used to describe discriminatory barriers that affect certain groups’ ability to access housing,
encompassing both the choice of location and the type of dwelling available (Grander, 2023). More
recently, James et al. (2024), through a systematic and scoping review, observed that the term is often
applied as a broad analytical frame without fully reflecting the interacting forces, processes, and practices
that define housing and perpetuate inequality. They further emphasise that housing inequality is rarely
experienced in isolation: population groups that are disadvantaged in the housing market almost always
face these inequalities alongside multiple, overlapping disadvantages, both within and beyond the
housing domain.

For the purposes of this report, housing inequalities refer to disparities in basic housing conditions,
including:

e Habitability — physical quality and safety of dwellings, including issues such as dampness, mould,
inadequate heating or cooling, and structural defects.

e Overcrowding —insufficient living space relative to household size.

While wider housing inequalities encompass a broader set of disparities in the availability, quality, and
accessibility of housing that extend beyond affordability or structural condition. In this report, these are
examined in two groups:

Core dimensions analysed in the literature review:

e Green and blue spaces — availability of natural areas for recreation, climate adaptation, and
wellbeing.

e Access to services —including healthcare, education, and public transport.

o Digital access —reliable internet connectivity and access to digital infrastructure.
Additional dimensions:

e Affordability — the financial burden of housing costs relative to household income.

e Tenure security — stability of occupancy and protection from forced eviction.

e Location— proximity to employment, public services, and essential infrastructure.

These dimensions collectively shape opportunities for social participation, education, employment, and
community engagement. Inadequate or insecure housing can restrict life chances, reinforce cycles of
poverty, and contribute to social exclusion, whereas access to adequate, well-located, and resource-rich
housing supports resilience, economic stability, and social cohesion. The significance of wider housing
inequalities therefore lies not only in their immediate effects on housing satisfaction but also in their
broaderimplications for equality of opportunity and quality of life.

15
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2.2 THE IMPACT OF HOUSING AND WIDER HOUSING INEQUALITIES ON HEALTH

The relationship between housing and health is well established. The World Health Organization (WHO)
identifies housing as a critical determinant of health, particularly in the context of urban growth,
demographic shifts, and climate change (World Health Organization, 2018). Housing will become
increasingly important to public health as populations age and weather patterns become more extreme.
By 2050, the global population aged over 6o—who typically spend a larger proportion of their time at
home—is projected to double (World Health Organisation, 2024). At the same time, climate change will
increase the need for housing that provides effective protection against cold, heat, and extreme weather
events.

Poor housing conditions expose people to a range of health risks. Overcrowding—often defined as a
mismatch between dwelling size and household composition, including the number and age of
occupants—has been linked to sleep disturbances, higher transmission rates of infectious diseases,
mental health problems, and, more recently, lower educational attainment. In Europe, more than 3500
deaths from tuberculosis per year are associated with household crowding (Braubach, Jacobs and
Ormandy, 2011). This especially true for certain demographic groups and tenure status (Wilson, 2023).

Cold homes, that may lead to presence of mould, contribute to increased morbidity and mortality,
particularly from respiratory and cardiovascular diseases, with older adults and children most at risk (Guo
et al., 2023; Holden et al, 2023). In Europe, for example, about 15% of new childhood asthma can be
attributed to exposure to indoor mould. These figures correspond to over 69 coo potentially avoidable
disability-adjusted life year (DALYs) and 103 potentially avoidable deaths per year (Braubach, Jacobs and
Ormandy, 2011). Socioeconomic status plays a key role in determining whether a dwelling can be
adequately heated. Low-income households are more likely to live in older, poorly constructed, and poorly
insulated homes, and face greater challenges in affording the energy needed to maintain a healthy indoor
temperature (Gama E Colombo, 2010; Kolokotsa and Santamouris, 2015; Haddad et al., 2022).

Excessive indoor heat also poses serious health risks. Prolonged exposure to high indoor temperatures,
especially in the absence of air conditioning, can lead to dehydration, heat exhaustion, and heat-related
illness. Given that people spend most of their time indoors, protection from outdoor heat is an essential
feature of healthy housing. Inadequate heating or cooling can also contribute to dampness and mould
growth, which are associated with respiratory problems, allergies, and heightened stress levels.

Finally, structural deficiencies, such as unsafe electrical installations, lack of smoke detectors, open fires,
or unprotected hot surfaces, increase the risk of injury or burns within the home. Zimmermann & Bauer
(2006), estimated that injuries at home are cause 110000 deaths and 32 million hospital admission every
year in Europe. These risks are often more prevalent among low-income households, where injury rates
are disproportionately high.

Nasrabadi et al. (2024) noted that housing inequalities are further exacerbated by, socio-economic
inequalities, which in turn influence both mental and physical health. The impacts of housing on health
are further shaped by environmental and infrastructural factors. Poor transport connections reduce
access to healthcare, education, and employment; limited digital connectivity constrains access to
services and participation in social and economic life; inadequate or poor-quality green and blue spaces
restrict opportunities for recreation and climate resilience; and proximity to pollution sources compounds
health risks.
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While these inequalities and their associated risks can affect anyone, they are disproportionately borne by
vulnerable groups. Certain groups—such as older adults, children, women, ethnic minorities, and low-
income households—are far more likely to live in inadequate or insecure housing and to face multiple,
overlapping barriers in accessing safe, affordable, and well-located homes. These unequal exposures
highlight the need to examine how wider housing inequalities intersect with socio-demographic
vulnerabilities, compounding disadvantage and shaping both health and broader life outcomes.

2.3 VULNERABILITIES INTERSECTING WITH WIDER HOUSING INEQUALITIES

Housing inequalities rarely operate in isolation. Their effects are mediated by socio-demographic
characteristics and contextual factors that place some groups at greater risk than others. In this report,
these are referred to as vulnerabilities—such as age, gender, level of education, employment status,
ethnicity, income, and area of residence—which influence not only the likelihood of experiencing poor
housing conditions but also the capacity to cope with and recover from them. The interaction between
housing inequalities, wider housing inequalities, and socio-demographic vulnerabilities, and their
combined impact on health outcomes, is summarised in Figure 1.

These vulnerabilities include but are not limited to:

e Age —both older adults and children are particularly sensitive to poor housing conditions. Older
people may face mobility challenges, spend longer periods at home, and be more susceptible to
cold and heat stress, while children are especially vulnerable to overcrowding, damp, and
inadequate ventilation.

e Gender — women, particularly single mothers or those in precarious employment, are more
exposed to affordability pressures, tenure insecurity, and unsafe neighbourhoods. Gender norms
also shape how housing responsibilities and risks are experienced.

e Education — lower levels of educational attainment are associated with reduced access to stable
and well-paid employment, limiting housing choices and increasing the likelihood of exposure to
insecure or inadequate housing.

e Employment status — precarious, informal, or unstable employment reduces financial stability
and can constrain eligibility for secure tenancies or mortgages, leaving households at greater risk
of poor-quality or insecure housing.

e Ethnicity — ethnic minority groups often face systemic barriers in housing markets, including
discrimination in access to rental and ownership opportunities, with disproportionate exposure to
overcrowding, poor housing quality, and environmentally disadvantaged locations.

e Income — low-income households are most likely to live in poor-quality housing, experience fuel
poverty, and lack access to neighbourhood amenities. Their limited financial resources reduce
resilience to shocks such as rentincreases, energy crises, or extreme weather events.

e Areaof residence —households in rural areas often face barriers related to infrastructure, such as
limited public transport, poor digital connectivity, or reduced healthcare and education provision,
while those in deprived urban neighbourhoods may be exposed to air pollution, poor-quality
green space, or unsafe housing stock.
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An increasing body of research has explored the intersections between these vulnerabilities and wider
housing inequalities, highlighting their combined effect on health and wellbeing. However, much of this
literature remains fragmented. Many studies examine single inequalities in isolation—for example,
focusing only on access to green space or only on overcrowding—while others narrow their scope to one
vulnerability, such as age or employment status. Similarly, reviews often concentrate on a single health
outcome (e.g., respiratory illness, cardiovascular disease, or mental health), without capturing the full
complexity of how housing inequalities and vulnerabilities interact (Browning et al., 2022; Zhu, Holden
and Schiff, 2024).

This siloed approach limits understanding of the compound disadvantages experienced by many
households. For example, older adults onlow incomes may simultaneously struggle with fuel poverty, lack
of transport, and digital exclusion; ethnic minority households may experience discrimination in the rental
market while also being more likely to live in overcrowded and poorly located housing; and families with
children may face overlapping challenges of affordability, limited space, and poor-quality green areas.

Despite growing recognition of these intersections, several areas remain under-researched. There is
limited evidence on how digital exclusion compounds other housing disadvantages, particularly for older
populations; the role of tenure insecurity in shaping access to services and green/blue space is not well
understood; and the combined effects of climate risks and socio-demographic vulnerabilities are only
beginning to be studied.

By framing housing inequalities through the lens of intersecting vulnerabilities, this report seeks to move
beyond single-issue analyses and provide a more comprehensive account of how disadvantages
accumulate and interact. This approach is essential for informing policies that address not only the
structural conditions of housing but also the social and demographic inequities that determine who is
most at risk.
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Figure 1 Conceptual framework.

The figure illustrates the intersection between housing inequalities, wider housing inequalities, and socio-
demographic vulnerabilities, and their combined influence on physical and mental health outcomes. The
imbalance highlights how vulnerable populations are disproportionately exposed to risks compared to
non-vulnerable groups.

2.4 STRUCTURE OF THE DELIVERABLE

This report is structured around a systematic and bibliometric literature mapping and the analysis of both
primary and secondary data. These components collectively aim to meet the objectives outlined above
and are presented in Sections 3 through 6 (Figure 2).

Section 1 presents the executive summary.

Section 2 (this section) provides the background to the study, introduces key concepts and terminology,
and outlines the aims, objectives, and overall structure of the deliverable.

Section 3 describes the methods for the systematic and bibliometric literature mapping and the analysis
of the primary and secondary data.

Section 4 presents the results and discussion of the systematic and bibliometric literature mapping on the
relationship between housing inequalities and health. It highlights the limited number of studies

W
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addressing the intersections between housing inequalities and other environmental or digital resources.
These gaps provide the rationale for the subsequent primary and secondary data analyses presented in
Section 5.

Section 5 this section presents the results and discussion of the analysis of primary data from the
multinational survey and secondary data, and is divided into three subsections:

e Section 5.1.1Building on the gaps identified in the literature review, this subsection addresses the
fragmented way in which housing inequalities have been previously studied—often examined in
isolation. Using cluster analysis, we identify distinct household profiles experiencing multiple, co-
existing vulnerabilities across housing, socio-demographic, and environmental dimensions.

e Section 5.1.2 Drawing on the gaps identified in 4 and the clustersin 5.1.3, this subsection
explores how specific vulnerable groups experience thermal discomfort (inability to heat or cool
the home adequately) and the associated impacts on general health and well-being. It also
includes a trend analysis of air conditioning ownership over time, contextualising the capacity to
adapt to climate stressors.

e Section 5.1.3 Expanding on the vulnerabilities and health risks identified in the literature review
(section 2), this subsection focuses on how households adapted during periods of crisis. It
examines behavioural responses to the 2021 energy crisis—particularly energy-saving
measures—and investigates how housing-related vulnerabilities influenced residential mobility
during the COVID-19 pandemic.

Section 6 integrates findings from the literature review and data analyses, discussing implications for
research, policy, and practice.

Section 7 summarises the main conclusions and outlines future research directions based on the identified
gaps and findings.

2.5 AIM AND OBJECTIVES

Housing inequalities and wider housing inequalities are recognised as key determinant of health (Bentley
et al, 2025; Li et al, 2025). The primary motivation for examining their intersection with population
vulnerabilities is to provide new insights and guidance on how to create environments that support
physical, mental, and social wellbeing—particularly for vulnerable populations. Improving the quality of
housing can protect health and safety, raise living standards, reduce poverty, and support efforts to
address climate change (World Health Organization, 2018). Beyond individual wellbeing, it also
contributes to broader societal goals, including poverty reduction, climate change mitigation, and the
achievement of the Sustainable Development Goals (SDG 3: Good Health and Wellbeing; SDG 11:
Sustainable Cities and Communities) (United Nations, 2015).

Recent crises have highlighted the urgency of this agenda. The COVID-19 pandemic revealed the central
role of housing in infection control, access to remote work and education, and the maintenance of social
connections, while also demonstrating the harmful effects of overcrowding, inadequate ventilation, and
digital exclusion (Aloh et al., 2025). The 2021 energy crisis placed millions of households under financial
strain, intensifying fuel poverty and exacerbating existing inequalities. Eurostat data show that the share
of the EU population unable to keep their homes adequately warm rose to 9.3% in 2022, with much higher
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rates among low-income households (Eurostat, 2022a). Similarly, overcrowding remains prevalent in
parts of Eastern and Southern Europe (Hick, Pomati and Stephens, 2022), disproportionately affecting
children and multi-generational households. These examples illustrate how economic, and health shocks
interact with existing housing disadvantages to deepen disparities.

A more systematic and comprehensive understanding of wider housing inequalities is therefore central to
advancing both scientific knowledge and policy responses. While existing research has documented the
health impacts of specific dimensions of poor housing—such as dampness, affordability, or lack of green
space—there has been less attention to how multiple inequalities intersect with socio-demographic
vulnerabilities across different European contexts. This report addresses that gap by adopting a mixed-
methods approach that integrates evidence from a systematic literature review, a cross-country survey,
and secondary data analysis (EU-SILC). The comparative design makes it possible to capture common
patterns and divergences between countries, while also highlighting the ways in which behavioural,
infrastructural, and contextual factors shape lived experiences of inequality.

In doing so, the analysis contributes to a growing evidence base that can inform more coherent and
forward-looking housing policies. Stronger integration between housing and health sectors, supported by
long-term strategic planning, is essential to reduce disparities, protect vulnerable populations, and build
resilience against future social, economic, and environmental shocks.

This deliverable addresses the following seven research questions (RQs). Each RQ is supported by specific
objectives and builds upon the findings of the previous questions to create an integrated understanding
of housing inequalities and their impact on health.

e RQ 1: How do housing inequalities and access to environmental, socio-infrastructural, and digital
resources influence physical and mental health outcomes across different populations?

Obijective 1A Identify and synthesise evidence on the impact of housing inequalities (e.g.,
affordability, accessibility, quality) on physical and mental health outcomes.

Objective 1B Map temporal and spatial trends: Identify geographic patterns and
temporal shifts in research on housing inequalities, health, and resource access since
2007.

Objective 1C Evaluate the intersection of environmental, socio-infrastructural, and digital
resources in shaping health outcomes.

Objective 1D Identify vulnerable populations: Highlight disparities in health impacts
related to housinginequalities across at-risk groups (e.g., low-income households, single-
parent families, elderly individuals, and individuals with disabilities).

e RQ 2: Which groups of households experience co-existing vulnerabilities in housing, and environmental
access and what are the socio-demographic and health profiles of these vulnerable household clusters?

Objective 2A Identify distinct groups of individuals who experience multiple housing-
related disadvantages and describe their demographic, contextual, and health
characteristics.

Objective 2B Explore country-specific differences in housing-related vulnerabilities.
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e RQ3: Which demographic groups are more likely to report difficulties in keeping their home adequately
warm or cool?

Obijective 3A Identify demographic groups most at risk of thermal discomfort.

Objective 3B Examine how these thermal discomfort experiences intersect with other
vulnerabilities identified in RQ2.

e RQ 4: How does the inability to maintain adequate indoor thermal comfort relate to health and well-
being outcomes?

Objective 4A Test whether individuals who report difficulties in keeping theirhome warm
or cool also report poorer general health and lower life satisfaction.

Objective 4B Investigate the cumulative effects of thermal discomfort in combination
with other housing-related vulnerabilities on health outcomes

e RQ 5: How have overheating risks and air conditioning ownership changed since 20127

Objective A Examine whether the proportion of individuals unable to maintain adequate
cooling has increased over time in the context of both rising temperatures and increasing
AC ownership.

Objective 5B Assess how AC ownership is distributed across different socio-economic
groups and regions, and whether disparities in ownership contribute to unequal exposure
to overheating risks.

e RQ6: To what extent did households adopt and maintain energy-saving behaviours in response to the
2021 energy crisis, and how do these behaviours vary across demographic groups?

Objective 6A Investigate whether socio-economically disadvantaged households (e.g.,
low-income, renters, single-parent families) were more likely to adopt restrictive energy-
saving behaviours during the energy crisis and whether they continued these practices
even after prices stabilised.

e RQ7: Towhat extent did housing-related vulnerabilities influence housing mobility during COVID-19?

Objective 7A: Explore how vulnerable groups were disproportionately affected by forced
housing mobility during the COVID-19 pandemic.
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3 METHODS

This section outlines the methodological approach adopted in this report, covering both the literature
review mapping and the analysis of primary and secondary data.

[tis structured as follows:

e Subsection 3.1 describes the methodology used for the literature mapping.
e Subsections 3.2 details the methods applied to the analysis of primary and secondary data,
respectively.

3.1 LITERATURE MAPPING

For a comprehensive assessment of the literature and state-of-the-art review, this study adopted a
systematic-mapping approach. While systematic mapping (Grant and Booth, 2009) and bibliometric
reviews (Cobo et al,, 2011) are well-established methods in evidence synthesis, they are rarely combined
within a single framework. Our approach integrates systematic evidence mapping, bibliometric analysis,
and qualitative synthesis to capture both the breadth of the literature and the structural and conceptual
relationships across research themes. This combined design was developed by the authors to reflect the
interdisciplinary and cross-cutting nature of housing inequalities and health, where neither quantitative
mapping nor qualitative synthesis alone would sufficiently address the complexity of the topic.

A comprehensive diagram of the methods is summarised in Figure 3. The methodology involves a
systematised literature search and selection using the Preferred Reporting ltems for Systematic reviews
and Meta-Analyses (PRISMA) protocol (Page et al., 2021); a bibliometric analysis to map thematic clusters
to identify influential topics through keyword co-occurrence and explore the structure of the research
field; and a comprehensive qualitative analysis of selected papers to examine conceptual linkages and
identify research gaps. An initial dataset of 5112-papers was identified. Then, this set of initial papers
underwent a cluster selection to (1) map and select the main clusters and (2) identify the main topics
though a topic analysis using the authors’ keywords of the included papers. Clusters were derived in VOS
viewer (Van Eck and Waltman, 2010) and then each cluster was analysed in R using bibliometrix package
(Aria and Cuccurullo, 2017) through keywords analysis. In a third step, the papers included in the cluster
selection were further screened through the title and abstract reading. The fourth and final step involved
quantitatively and qualitatively reviewing the final database of papers through a conceptual framework
further explainedin3.1.2.
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Figure 3 Overview of the review methodology.
PRISMA framework for systematic screening and selection of studies. The diagram highlights the
integration of bibliometric network analysis, quantitative assessment, and qualitative analysis in the

review process.

3.1.1 SYSTEMATIC REVIEW

e Selection of the dataset and search query
Scopus was selected as the primary database due to its broad multidisciplinary coverage and suitability
for bibliometric analysis. Compared to Web of Science (WoS), Scopus indexes a larger number of journals,
particularly in the social sciences and regional literature, making it more inclusive for this study (Mongeon
and Paul-Hus, 2016). It also offers advanced bibliometric metrics, including citation counts and research

W
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network mapping, which are critical for our analysis (Zhu and Liu, 2020). These features ensure a
comprehensive foundation for exploring global academic discourse on housing inequalities and health.

To define the research query and select the body of the literature for the quantitative analysis we ran a
preliminary search on Scopus, observing that current literature tends to fragment the topics we were
interested in. Housing inequalities are addressed in (1) general health contexts without specifically liking
to green space and other areas of potential inequalities; (2) green space and general health examine
benefits like physical activity and mental health, but not necessarily in the context of housing or socio-
economic disparities, and (3) environmental and urban planning impacts on health, but with limited focus
on how housing inequality shapes access to these benefits. Therefore, we defined a research query to
capture a broader scope to understand how housing inequalities influence health outcomes through
unequal access to green and blue spaces, infrastructures and digitalisation.

The research query has been designed to comprehensively identify relevant publications from the Scopus
database within the interdisciplinary areas of housing, health, and environmental resources. It follows a
structured approach to ensure specificity and inclusion of key terms while maintaining flexibility to capture
variations in terminology across academic disciplines. The research strategy focuses on three
interconnected thematic components, each detailed below.

First, the query targets literature related to housing inequalities by employing a broad range of keywords
(Figure 4), combined with descriptors such as “inequality,” “affordability,” “accessibility,” and “inclusivity.”
The “W/3" operator ensures that these terms appear within close proximity to each other, enhancing
precision by capturing contextually relevant results without being overly restrictive. Secondly, the search
includes health outcomes, covering physical and mental health dimensions. A comprehensive list of
terms—such as “health outcomes,” “wellbeing,” “disease risk,” “stress,” and “chronic disease”—is included
to reflect various health indicators influenced by housing conditions. This ensures that both direct and
indirect health effects associated with housing disparities are captured. The third component focuses on
accessto green and blue spaces, infrastructure, and digital resources. Keywords related to “green spaces,”
“parks,” “urban forests,” and “vegetation coverage” address the environmental aspects of housing.
Similarly, “infrastructure,” “healthcare,” and “transport” represent access to services, while terms like
“digital exclusion” and “remote work” highlight the relevance of digitalisation in housing-related health
disparities.

" ”w

The query is limited to publications between 2007 and 2025 to ensure the inclusion of recent and relevant
studies, reflecting contemporary housing and health challenges. Subject areas, publication type (journals
only), language (English), and publication stage (final) are also restricted to maintain relevance and
scholarly rigour (Table 1).

Overall, this research query embodies a comprehensive, interdisciplinary search strategy aimed at
capturing the multidimensional impacts of housing inequalities on health, with a particular emphasis on
environmental and digital determinants of wellbeing (see Annexes, Table A 1). By integrating housing,
health, and access to environmental and digital resources, the query highlights the broad scope of the
review while ensuring depth and specificity.
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Figure 4 Search terms included in Scopus research query.

Table 1 Search query limitation by disciplines according to the main research query.

Scopus discipline Abbreviation Number of results in search query
Medicine "medi” 3368
Social Sciences "soci” 1507
Environmental Science “envi” 608
Psychology "psyc” 339
Engineering “engi” 263
Agricultural and Biological Sciences “agri” 166
Arts and Humanities “arts” 164
Health Professions “heal” 137
Economics, Econometrics and Finance “econ” 132
Energy “ener” 122
Neuroscience “neurosci” 84
Decision Sciences “deci” 28

e (luster selection

To further select and map the papers, we conducted a cluster analysis based on the citation information
included in the initial Scopus database. The goal of our analysis was to identify papers that might cover

similar topics and fields. Therefore, in the bibliometric network analysis, we concentrated on examining
the relationships between papers, rather than authors, who can cover multiple topics.

The relationship between papers can be explored through citations, a bibliometric method known as
citation analysis. There are two common approaches in citations analysis: (1) co-citation, which measures

how often two papers are cited together (Small, 1973), and (2) bibliographic coupling, which looks at how
many references two papers share (Kessler, 1963). We opted for bibliographic coupling because is
particularly valuable for investigating current research (Aria and Cuccurullo, 2017). The bibliographic
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coupling builds the network using the shared citations between paper, with the Louvain clustering
algorithm and using association strength as the normalisation method. The higher the coupling strength,
the greater the topic and conceptual similarity between the papers. This approach enables us to explore
the thematic relationships between the papers in our datasets. The bibliographic coupling was conducted
using VOSviewer (Eck and Waltman, 2007; Van Eck and Waltman, 2010; Van Eck et al., 2010).

After clustering, we excluded isolated papers (i.e, those not bibliographically linked to any other
documents in the dataset). This step resulted in the removal of 3,158 papers. The final dataset comprised
974 interconnected papers, which were grouped into 13 clusters of varying sizes—ranging from a
minimum of 2 papers to a maximum of 176. For the purposes of the subsequent thematic analysis, we
focused on the 10 clusters containing at least 20 papers. This threshold allowed us to retain approximately
99% of the clustered papers (964 out of g74) for deeper analysis, ensuring meaningful interpretability and
thematic coherence.

e Thematic analysis of the clusters

To interpret the thematic content of each cluster, we used the Bibliometrix R-package (Aria and
Cuccurullo, 2017), drawing on keyword co-occurrence, term frequency, and conceptual structure analysis.
This allowed us to identify the dominant themes within each cluster, providing a richer understanding of
the intellectual landscape and key topics represented in the initial set of selected literature.

3.1.2 ARTICLE SCREENING AND STUDY

After the initial systematic selection of the literature, each selected paper was (1) assessed based on its
title and abstract and classified as either relevant (“include”) or irrelevant (“exclude”) for the purpose of
this study by a primary reviewer. To ensure objectivity, two additional reviewers independently evaluated
the decisions of the primary reviewer by assessing 10% of the screened papers in each cluster. Selected
papers were subsequently retrieved for full-text screening to assess their eligibility. Exclusion criteria were
applied based on the scope and depth of the analysis presented in each paper. Studies were excluded f,
upon full-text review, they did not engage meaningfully with at least one of the three key dimensions—
green/blue space, access to transport/infrastructure, or digitalisation. Papers that merely mentioned
these dimensions without integrating them into the analysis were also excluded. As a result, 55 documents
were included in the final qualitative analysis.

¢ Quantitative analysis

The studies included after the full-text screening underwent a quantitative analysis to explore patterns
within the literature. Specifically, the analysis aimed to identify: (1) the distribution of countries that where
the primary focus of each study, and (2) the temporal distribution of publications across the years. These
analyses were conducted using Python. This step helped to provide an overview of the geographical and
chronological trends within the selected body of literature.

¢ Qualitative analysis

The 55 selected documents were qualitatively analysed according to the framework presented in Table 2.
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Table 2 Qualitative framework of analysis.

The analytical framework applied here builds on the literature review framework developed in Work

Package 2 (WP2), ensuring conceptual alignment and methodological consistency across the Houselnc

project.
Category Review category Response(s)
General information Paper objective(s)/aim [open category]
Paper type” Conceptual
Empirical

Literature review

[open category]

Geographical information

Country/region/city

[open category]

Focus

National

Regional

Local

Other

Settings

Urban

Rural

Other

Both

Study design and methodology

Method

Quantitative

Qualitative

Mixed-methods

Other

Method description

[open category

Population studied

[open category

Sample size

[open category

Structural factor of housing
inequalities

Type of housing inequality

[open category

Indicator/measures used

[open category

Health outcomes

Physical/Mental Health

[open category

Measured used

[open category

Green/blue space Access [open category
Outcome linked to health
Type [open category
Transport/infrastructure Access [open category
Outcome linked to health [open category
Type [open category
Digital inclusion Access [open category

Outcome linked to health

[open category

Type

]
]
]
]
]
]
]
]
[open category]
]
]
]
]
]
]
]

[open category

Vulnerable group

Yes

No

If yes, description

[open category]

Key findings

Results

[open category]

Research gap

[open category]

3.1.3 BIBLIOMETRIC AND NETWORK ANALYSIS

The 55 included studies underwent a bibliometric and network analysis using the Bibliometrix R package
(Aria and Cuccurullo, 2017). This approach employs co-word analysis and clustering techniques to identify
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thematic structures within the field. The methodology follows the framework proposed by Cobo et al.
(2011), which integrates science mapping analysis with performance metrics to detect conceptual
subdomains and their relationships over time.

To systematically examine both the structure and evolution of the research field, two complementary
bibliometric analyses were conducted. The thematic analysis identified and classified key research
themes based on co-word network clustering, revealing how topics such as fuel poverty, green
infrastructure, and digital inclusion are interlinked. The thematic evolution analysis then traced how these
themes developed and shifted focus over time, showing emerging areas of inquiry and the persistence or
decline of others. Together, these analyses provide a comprehensive view of the conceptual landscape of
housing and health research, forming the basis for the results presented in Section 4.1.2 and 4.1.3.

e Thematic analysis and thematic mapping

Thematic analysis and thematic mapping were conducted using co-word network analysis based on
author keywords, with communities detected using the Louvain clustering algorithm (Blondel et al., 2008).
This method identifies groups of related keywords by analysing their co-occurrence patterns, allowing for
the detection of thematic areas within the research field. The Louvain algorithm operates through
modularity optimization, initially assigning each keyword to its own community and iteratively merging
nodes into clusters to maximize modularity gain. Once no further improvement is possible, the clusters
are aggregated and re-clustered, forming thematic structures that highlight distinct research directions.

Following cluster identification, each theme was classified based on its density (internal strength and
coherence of the theme) and centrality (degree of connection to other themes). These values were used
to position themes within a two-dimensional thematic map (Cobo et al., 2011). The thematic map is
divided into four quadrants:

e Motor themes (upper-right quadrant): Highly developed and influential themes with strong
centrality and density, driving the field's intellectual structure.

e Basic themes (lower-right quadrant): Fundamental themes with high centrality but low density,
indicating broad relevance but limited internal development.

e Emerging or declining themes (lower-left quadrant): Low centrality and low density, suggesting
either nascent research areas or declining topics.

e Highly specialized/niche themes (upper-left quadrant): High density but low centrality, indicating
well-developed but relatively isolated areas of study.

e Network analysis

To further investigate the structure and relationships within the research field, a network analysis was
conducted based on author keyword co-occurrence networks. In this approach, keywords were
represented as nodes, while the edges between them were weighted based on their co-occurrence
frequency across the dataset. The resulting network allowed for the identification of key concepts, their
interconnections, and the structural properties of the research domain.

The Louvain clustering algorithm (Blondel et al., 2008) was applied to detect communities of related
keywords, optimizing modularity to ensure that strongly interconnected keywords were grouped
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together. This process facilitated the identification of research subfields and their interrelations. Key
network metrics were computed to characterize the structure of the field, including:

e Degree centrality, measuring the number of direct connections a keyword has to other
keywords in the co-occurrence network, indicating its prominence in the field.

e Betweenness centrality, assessing the extent to which a keyword serves as a bridge between
different clusters, highlighting interdisciplinary links.

e (lustering coefficient, quantifying the tendency of keywords to form tightly connected groups,
reflecting thematic cohesion.

The results of this analysis informed the review and complemented the qualitative analysis, guiding the
interpretation of key trends and thematic developments within the field.

3.2  ANALYSIS OF PRIMARY AND SECONDARY DATA

This chapter presents the datasets and the methods used for the analysis of primary and secondary data
to investigate the relationship between housing inequalities, socio-demographic vulnerabilities, and
health outcomes.

3.2.2  DATASETS
The analysis described in the following sections relies on two datasets:

e Houseinc Multinational Survey
e EU-SILC (2007, 2012)

The 2025 Houselnc Multinational Survey is an existing dataset collected, cleaned, and anonymised under
Task 4.1 of the Houselnc Project by project partner IMEC, before being shared with the team at the
University of Exeter. The research adhered to the ethical guidelines set by the American Psychological
Association. The study protocol received approval from the Ethics Committee of the Faculty of Political
and Social Sciences at Ghent University. More in-depth information on the cleaning process, data
imputation and anonymisation are described in D4.1. The survey was conducted in May 2025 across eight
European countries and covers housing conditions, affordability, access to infrastructure, health, and
socio-demographic characteristics

The EU-SILC is a cross-sectional and longitudinal survey manged by Eurostat. It provides harmonised,
comparable data onincome, poverty, social exclusion, and living conditions across EU Member States and
associated countries. The EU-SILC collects information on household and individual-level characteristics
through national statistical offices and survey providers.

e Multinational survey

Data from the Houselnc multinational survey were collected by IMEC. The survey was conducted online
between March and June 2025, with a particular focus on marginalized communities such as low-income
homeowners and tenants. It was implemented in eight European countries: the United Kingdom, Finland,
Germany, Romania, Italy, Belgium, Czechia, and Estonia. In total, survey responses from 14,254
participants were collected.
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The survey included questions on health (self-reported general health, self-reported chronic disease or
disability), racial and ethnic origin, and political opinions. The aim was to obtain a holistic understanding
of the impact of housing inequality on various aspects of life, moving beyond the fragmented research
carried out so far. A comprehensive overview of the data cleaning steps, including data imputation, can
be found in Deliverable Dy.1. In brief, the survey retained only participants aged 18 and older who passed
two attention checks. Given the overall thematic focus of Houselnc, oversampling was carried out in the
lower income quartile to ensure adequate representation of those at risk of housing inequality.

e EFU-SILC

Publicly anonymised data from the EU-SILC survey was retrieved from the following website:
https://ec.europa.eu/eurostat/web/main/data/database?’node_code=livcon. The dataset covers all EU
Member States and associated countries, with annual participation ranging from 200,000 to 400,000
households depending on the country. For this report, EU-SILC cross-sectional microdata from the 2008
and 2012 waves were analysed for a selection of countries. These years were selected because they
include the only modules containing questions on air-conditioning ownership and the ability to keep the
home cool during summer. The analysis therefore focused on variables related to housing quality,
affordability, and indoor comfort, alongside socio-demographic characteristics, in order to examine how
thermal comfort interacts with wider housing inequalities.

3.2.2 CLUSTER ANALYSIS

To answer RQ 2 a non-experimental, exploratory cluster analysis was performed aiming at identifying
groups of individuals who experience multiple housing-related disadvantages, and to describe these
groups according to their demographic, contextual and health characteristics. This cluster analysis has
been run at two levels pooled multi-country clustering, across the eight European countries included in
the multinational survey to identify cross-national patterns of vulnerability and at country level so country-
specific clustering to account for local housing context for each country included in the multinational
survey.

This method is observational in nature, and there was no intervention or experimental manipulation
involved. The design is between-subjects (unpaired), as each observation (i.e., each household)is assigned
to only one cluster and no repeated measurements or within-subject comparisons are made. There is no
randomisation and no counterbalancing, as the data are observational, and clustering is performed post
hoc based on the measured variables.

e \Variables

The selected variables for the clustering (Table 3) primarily reflect housing and environmental
vulnerabilities, such as overcrowding, poor housing quality, lack of access to green space or sanitation,
and energy insecurity. Once clusters are identified, the design includes a post hoc descriptive phase,
where clusters are profiled based on demographic, contextual, and health-related variables (Table 4).
These descriptive variables are not used in the clustering process itself but are used to interpret and
characterise the composition of each cluster.
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Table 3 Selected variables for the Cluster analysis.

Variable Name Survey Variable  Category Type Notes
SURFACE_PP SURFACE_M2,  Wider housing Continuous Surface per person (m?2
FAM_TOTAL vulnerabilities per capita) calculated
from living area and
household size.
ROOMS_PP ROOMS_TOT  Wider housing Continuous Rooms per person
AL, FAM vulnerabilities calculated from total
rooms and household
size.
SANITATION_ACCESS SANITATION_  Wider housing Categorical Access to basic
ACCESS vulnerabilities sanitation (sink,
shower/bath, toilet).
KITCHEN_ACCESS KITCHEN_ACC  Wider housing Binary Whether the household
ESS vulnerabilities has access to a kitchen.
SPACE_SHORT SPACE_SHOR  Wider housing Categorical Whether the respondent
T vulnerabilities reports space shortage
in the dwelling.
DWELL_PROB DWELL_PROB  Wider housing Categorical Presence of problems
vulnerabilities such as leaks, mould, or
rot.
INADEQUATE_TRANSPORT  PUB_TRANS_  Wider housing Binary Inadequate public
(derived variable) NO_USE_* vulnerabilities transport access (e.g.,
distant, unsafe,
unreliable, or
unaffordable).
NO_TRANSP_OTHER PUB_TRANS_  Wider housing Binary No use of public
(derived variable) NO_USE_* vulnerabilities transport for other
reasons (e.qg., preference
for bike, car, or other).
GREEN_SPACE_* GREEN_SPAC  Wider housing Categorical Access to green space.
E_* vulnerabilities Used for both cluster
analysis and cluster
description.
HAS_GREEN_SPACE GREEN_SPAC  Wider housing Binary Access to any green
(derived variable) E_* vulnerabilities space, including
gardens, balconies, or
parks. Used for cluster
description only.
NO_GREEN_SPACE GREEN_SPAC  Wider housing Binary No access to green
(derived variable) E_NONE vulnerabilities space. Used for cluster
description only.
EPC EPC Wider housing Ordinal Self-estimated energy
vulnerabilities label from A (most
efficient) to G (least).
AFF_HEAT AFF_HEAT Wider housing Categorical Ability to afford

vulnerabilities

adequate heating (yes,
some rooms only, no).
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COMF_COOL COMF_COOL  Wider housing Categorical Ability to stay cool in
vulnerabilities summer (yes, some
rooms only, no).
LACK_ENERGY_APP LACK_ENERG  Wider housing Categorical Lacking essential
Y_APP vulnerabilities appliances considered

necessary.

Table 4 Selected variables for Cluster description.
For more information about the variables, see the extract of the Houselnc Survey in the Annexes

Variable Name

Survey Variable

Category

Type

Notes

AGE

AGE

Socio-demographic

Continuous

Calculated from year of
birth; grouped into standard
age bands (e.qg. <14, 14-19,
20—64, 65+).

GENDER

GENDER

Socio-demographic

Categorical

Low frequency responses
(e.g., < 5%) may be merged.

EDU

EDU

Socio-demographic

Categorical

Employment status.
Grouping may be applied if
categories are sparse.

HHTYPE

HHTYPE

Socio-demographic

Categorical

Household type.

GEN_HEALTH

GEN_HEALTH

Health

Categorical

Self-reported general
health.

CHRONL_ILL

CHRONL_ILL

Health

Categorical

Chronicillness in household.
Multiple responses possible.

WELLBE

WELLBE

Health

Ordinal

Current and future life
satisfaction on a o—10 scale.

FAM_TOTAL

FAM_TOTAL

Socio-demographic

Continuous

Total number of household
members, derived from
age-group composition.

COUNTRY_R

COUNTRY_R

Socio-demographic

Categorical

Country of residence. Used
for the multi-country level
analysis.

COUNTRY_B

COUNTRY_B

Socio-demographic

Categorical

Whether respondent was
born in country of residence.

ETH

ETH

Socio-demographic

Categorical

Perceived ethnic/racial
similarity with majority
population.

BORN_ETH_COMB
@)

COUNTRY_B,
ETH

Socio-demographic

Categorical

Combined indicator of
migration background and
perceived ethnicity, to
capture intersections of
migrant background and
ethnicity, to better reflect
structural disadvantage or
marginalisation.

LIVING_AREA

LIVING_AREA

Contextual

Categorical

Urbanicity of residence: city,
suburb, rural.

FIN_COMF

FIN_COMF

Socio-demographic

Categorical

Perceived financial comfort.
Used for cluster description.
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OWNERSHIP OWNERSHIP Socio-demographic Categorical Type of tenure (e.g., rented,
owned).

DWELLING DWELLING Contextual Categorical Type of dwelling (e.g., flat,
detached).

DISC_SELF_1to DISC_SELF_1to  Socio-demographic Binary Perceived housing

DISC_SELF_10 DISC_SELF_10 discrimination from low-
frequency categories.

CARS_OWN CARS_OWN Socio-demographic Continuous Number of cars owned.
Proxy for mobility or wealth.

HEAT_SRC HEAT_SRC Contextual Categorical Primary source of heating.

FINBURDEN_ECOS  FINBURDEN_E  Socio-demographic Categorical Perceived financial burden

T COST from energy costs. Test
correlation with FIN_COMF.

FIN_BURDEN_HOU  FIN_BURDEN_  Socio-demographic Categorical Subjective burden of

SECOST HOUSECOST housing costs.

AIRCO AIRCO Contextual Categorical Availability of air
conditioning.

e (lustering framework
The clustering framework was conducted in three main steps:

1. Pre-processing
2. Clustering
3. Post-hoc cluster description

3.2.2.1.1 Pre-processing

Prior to clustering, the dataset was cleaned and transformed to ensure consistency and suitability for
analysis. Key tasks included:

1. Category Merging: Response categories selected by fewer than 25% of respondents were
merged into broader categories or a residual "Other” group. This applied to variables such as
education level (e.g., EDU), employment type (EMP), and perceived discrimination (DISC_SELF)
to avoid sparse categories that may distort clustering outcomes.

2. Feature Engineering: New variables were derived to reflect relevant housing and household
characteristics, including:

- SURFACE_PP: surface area per person (m?Zperson™)
-  ROOMS_PP: number of rooms per person

3. Redundancy Check: Spearman’s rank correlation coefficient (p) was used to assess potential
multicollinearity among continuous and ordinal variables. Variables with p > 0.8 were
considered for exclusion unless theoretically justified.

The final variable selection was based on both theoretical relevance (e.g., indicators of housing
vulnerability or socio-demographic disadvantage) and statistical contribution to cluster differentiation.
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3.2.2.1.2 Clustering

To identify distinct profiles of households experiencing multiple vulnerabilities, we applied the K-
Prototypes clustering algorithm. This method is well-suited for mixed-type data, handling both numerical
and categorical variables that combines dissimilarities across variable types (Z. Huang Extensions to the
k-means algorithm for clustering large data sets with categorical values, 1998).

Clusters were initialised at random for a pre-specified number k. The value k was selected using the elbow
heuristic by plotting the objective P in (1) and selecting the point beyond which further increases yield
diminishing returns (Pham et al., 2011). The algorithm then proceeds iteratively: given current prototypes,
each observation is assigned to its nearest prototype under the mixed-type dissimilarity in (2). Prototypes
are updated accordingly - means for numeric attributes and modes for categorical attributes - and these
two steps repeat until the assignments (or P) stabilise (Li et al., 2019).

=2 2 L) ()

Where, w;idenotes the elements of the partition matrix, Q;is the prototype of cluster [, and dis the distance
between cluster points computed combining squared Euclidean distance for numeric features with
simple-matching dissimilarity for categorical features, weighted by y (Ji et al., 2012) as follows:

(.)=%2 ( - )+ 2 ¢ ) ()

Where the first term is the squared Euclidean distance measure on the numeric attributes and the second
term is the simple matching dissimilarity ~measure on the categorical attributes.
y is a weight for categorical attributes

Final selection also considered the interpretability and meaningfulness of the resulting clusters in relation
to the research objectives.

To evaluate cluster compactness, the Silhouette Score (S) was calculated for each individual point/ as:

O- 0

O= =07

(3)

Where, a(i) is the average dissimilarity of / with all other points in the same cluster, and b(j) is the lowest
average dissimilarity of i to any other cluster.

To explore the internal structure of clusters and support interpretation, Principal Component Analysis
(PCA) was applied to numerical variables to reduce dimensionality. Uniform Manifold Approximation and
Projection (UMAP) was then applied to both categorical and numerical variables to produce a two-
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dimensional embedding that preserves local distances. These projections were used to visualise cluster
structure in reduced space, aiding qualitative assessment of the validity and separation of the cluster
solution.

3.2.2.1.3 Post-hoc cluster description

Once cluster membership was assigned, each cluster was profiled using demographic, health, and
contextual variables. This involved:

e Descriptive Statistics: Cross-tabulations and summary statistics (e.g., means, proportions) were
calculated to characterise each cluster’s socio-demographic composition, housing conditions,
and reported health status.

e Visualisation: Stacked bar charts, boxplots, and other graphical tools were employed to
compare cluster characteristics and aid interpretation.

3.2.3 EXPLORATIVE ANALYSIS AND HYPOTHESIS TESTING

The explorative analysis and hypothesis testing conducted in this study are based on the variables listed
in Table 5, which provides an overview of selected variables from both the Houselnc Multinational Survey
and the EU-SILC datasets. These variables span a range of socio-demographic, housing, environmental,
and health-related domains, and were selected for their theoretical relevance to the research questions.

Prior to statistical analysis, all variables underwent a pre-processing phase. Variables with response
categories selected by fewer than 25% of respondents—such as rare education (EDU) or employment
status (EMP), or infrequent experiences of discrimination (DISC_SELF)—were merged into broader or
residual "Other" categories to ensure sufficient group sizes for meaningful analysis. In addition, Spearman
correlation matrices were used to assess collinearity among ordinal and categorical variables. Where
conceptual and statistical redundancy was identified—for example, between the perceived financial
burden from energy costs (FINBURDEN_ECOST) and the description of the currentincome FIN_COMF)—
the most theoretically and statistically robust variable was retained.

Explorative analysis relied on descriptive statistics, including cross-tabulations, to investigate associations
between housing conditions and socio-demographic profiles. These were particularly useful in identifying
patterns of disadvantage among specific household types, tenure groups, and employment categories.
Regression modelling was employed to test the hypotheses. Logistic regression was used to assess
predictors of binary outcomes, such as heating affordability (AFF_HEAT), cooling comfort (COMF_COOL),
and COVID-19-related housing mobility. Ordinal logistic regression was applied to ordinal health variables,
such as general health (GEN_HEALTH), while linear regression was used for continuous outcomes, such as
the well-being score (WELLBE).

Robustness checks were carried out by re-estimating key models using simplified binary logistic
specifications or alternative modelling approaches. For example, ordinal outcomes such as general health
(GEN_HEALTH) were also tested using linear and binary logistic regression models, to assess the
consistency of the findings.

To account for the multinational design of the Houselnc Survey, analyses considered cross-country
heterogeneity. Regression models included the country of residence as a covariate, and where relevant,
separate country-level analyses were conducted to examine contextual differences in housing markets,
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welfare systems, and climatic conditions. Descriptive and exploratory analyses were also disaggregated
by country to enable both cross-national comparison and identification of consistent patterns across
Europe.

Each research question was addressed through a tailored combination of methods explained below. Each
research question was addressed through a tailored combination of methods explained below. Research
Questions 1 and 2, which focus on the conceptual and descriptive mapping of housing inequalities and
their intersections with health, were addressed in the preceding sections.

e Socio-demographic vulnerabilities and indoor thermal comfort

e RQ3: Which demographic groups are more likely to report difficulties in keeping their home
adequately warm or cool?

This analysis aimed to identify the demographic and housing-related characteristics associated with
thermal discomfort, as outlined in Objectives 3A and 3B. Logistic regression models were used to assess
the likelihood of reporting difficulties in maintaining adequate heating (AFF_HEAT) or cooling
(COMF_COOL) based on variables such as household type (HHTYPE), employment status (EMP), number
of dependents (FAM), housing tenure (OWNERSHIP), dwelling type (DWELLING), energy cost burden
(FINBURDEN_ECOST), and country of residence (COUNTRY_R). Energy performance (EPC) was also
included to capture building-level characteristics. Descriptive statistics, including cross-tabulations, were
used to explore patterns of discomfort across socio-demographic groups.

e RQy4: How does the inability to maintain adequate indoor thermal comfort relate to health and well-
being outcomes?

In line with Objectives 4A and 4B, Section 5.1.2 examined whether individuals reporting thermal
discomfort also reported poorer health outcomes. Linear regression models were used to analyse the
relationship between thermal discomfort and life satisfaction (WELLBE), while ordinal logistic regression
was applied to general health self-assessments (GEN_HEALTH). Predictor variables included AFF_HEAT,
COMF_COOL, and relevant socio-demographic and housing controls. Sensitivity analyses were
conducted using binary logistic and linear regressions, treating GEN_HEALTH as binary or continuous, to
ensure robustness of results. Descriptive statistics were also used to illustrate the distribution of health
outcomes by affordability of heating and cooling.

e RQs: How have overheating risks and air conditioning ownership changed since 20127

Addressing Objective 5A, this analysis relied on descriptive statistics to explore temporal trends in
overheating and access to cooling technologies. The variables analysed included reported cooling
difficulties (COMF_COOL), presence of air conditioning (A/RCO), and types of cooling sources used
(COOLING_SRC). Data were stratified by country of residence (COUNTRY_R) to identify regional
variations and potential inequalities in adaptive capacity to rising temperatures.

e Strategies to overcome wider housing inequalities

e RQ6: To what extent did households adopt and maintain energy-saving behaviours in response to
the 2021 energy crisis, and how do these behaviours vary across demographic groups?
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Aligned with Objective 6A, this section explored energy-saving behaviours adopted during the 2021
energy crisis. Two key behaviour indicators were assessed: (1) whether households adopted restrictive
energy-saving actions (e.g. reducing heating/cooling, limiting appliance use) during the crisis
(ENERGY_SAVE_CRISIS), and (2) whether they continued at least one of these actions after prices
stabilised (ENERGY_SAVE).

Energy-saving behaviours were identified via a multiple-response item listing: reducing heating or
AC, limiting energy-intensive appliances, upgrading to efficient appliances, using efficient bulbs,
programmable thermostats, smart power strips/timers, using less water/fuel/energy, ‘Other’, or no
actions. A follow-up question asked if households were still engaging in these behaviours after the
crisis.

Key independent variables included household type (e.g. couples with/without children, single
parents), housing tenure (owned outright, owned with mortgage, social rental, private rental, or living
in a free residence), employment status, perceived income adequacy (on a 5-point scale from finding
it very difficult to living very comfortably), and perceived financial burden related to energy costs (on a
5-point agreement scale from strongly disagree to strongly agree with the statement "My energy costs
represent a major financial burden”).

We employed descriptive statistics and multivariate models: logistic regression for the likelihood of
adoption and continuation, and Poisson regression for number of actions. Categorical variables were
dummy coded; analysis used complete cases. While correlational, the models offer insight into
behavioural patterns and the socio-demographic conditions under which behaviours were adopted
or maintained.

Logistic regression models were used to predict the likelihood of continuing restrictive energy-saving
behaviours based on key socio-demographic and housing characteristics, including HHTYPE, EMP,
OWNERSHIP, FINBURDEN_ECOST, and COUNTRY _R.

e RQ7: To what extent did housing-related vulnerabilities influence housing mobility during COVID-
19?7

In relation to Objective 7A, this section examined forced housing mobility among tenants
(TEN_COVID_MOVE) and homeowners (OWN_COVID_MOVE) during the COVID-19 pandemic. Logistic
regression models were used to assess the role of employment status (EMP), household type (HHTYPE),
tenure (OWNERSHIP), financial vulnerability (FINBURDEN_ECOST), and ethnicity (ETH) in predicting
mobility outcomes. Descriptive statistics provided additional insight into the proportion of households
reporting COVID-19-related mobility, disaggregated by socio-economic characteristics.

Table 5 Selected variables from the Houselnc Multinational Survey and the EU-SILC database.
The variables are reported in the order they appear in the survey. For more information about the
variables, see the extract of the Houselnc Survey in the Annexes

Category Description Type of variable Dataset Variable name
Socio - Household type Categorical Houselnc survey HHTYPE
demographic (e.g., single parent,
couple, non-family
household)
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Socio - Employment status  Categorical Houselnc survey
demographic (e.g., full-time, part-
time, unemployed,
retired) EU-SILC (2007 and
2012)
Socio - Family Numerical Houselnc survey FAM
demographic composition,
including number
of dependents
Socio - Belonging to the Categorical Houselnc survey ETH
demographic same race or ethnic
group as most
peoplein the
country of
residence
Socio - Year of birth of Numerical Houselnc survey AGE
demographic respondent
EU-SILC (2007and  Derived variable
2012) using PB14o0 (year
of birth) and PBo1o
(year of the survey)
Socio - Highest level of Ordinal Houselnc survey EDU
demographic education
completed EU-SILC (2007and  PEo4o
2012)
Socio - Housing tenure Categorical Houselnc survey OWNERSHIP
demographic status (e.g., owner,
renter, social FU-SILC (2007 and
housing) 2012)
Socio-demographic  Energy saving Categorical Houselnc survey ENERGY_SAVE_CR
measures in 2021 ISIS
Socio-demographic  Energy saving after  Categorical Houselnc survey ENERGY_SAVE
in 2021
Dwelling-related Type of dwelling Categorical Houselnc survey DWELLING
(e.g., apartment,
detached house, EU-SILC (2007and ~ HHo10
mobile home) 2012)
Dwelling-related Estimated Energy Ordinal Houselnc survey EPC
Performance
Certificate (EPC)
level of dwelling
Dwelling-related Affordability to Categorical Houselnc survey AFF_HEAT
heat home
adequately in
winter EU-SILC (2012) HCo60
(Yes/No/Some
rooms only)
Dwelling-related Ability to keep Categorical Houselnc survey COMF_COOL
home cool during
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summer
(Yes/No/Some
rooms only)

EU-SILC (2012)

HCo7y0

Dwelling-related

Categorical

Houselnc survey

LIVING_AREA

EU-SILC (2007 and
2012)

DB1oo

Dwelling-related

Access to green
spaces (private
garden, shared
garden, park
nearby)

Categorical

Houselnc survey

GREEN_SPACE

Dwelling-related

Access to public
transport (e.qg., bus,
train, tram)

Categorical

Houselnc survey

TRANS_ACCESS

Dwelling-related

Overcrowding
measured by
number of rooms
per occupant and
surface area per
occupant

Numerical

Houselnc survey

ROOMS/SURFACE

This is a derived
variable using the
following variables:
family composition
(FAM), house
surface (SURFACE)
and the number of
rooms (ROOMS).

Dwelling-related

Problems in the
dwelling (a leaking
roof

damp
walls/floors/foundat
ion

rot in window
frames or floor,
mould around the
windows or in the
bathroom, mould
on any walls, mould
on furnishings (e.g.,
carpet, furniture),
None of the above

)

Categorical

Houselnc survey

DWELL_PROB

Socio -
demographic

Perceived
discrimination
when trying to rent
or buy a dwelling
(e.g. due to skin
colour, ethnic or
immigrant
background,
religion or religious
beliefs, age,
sex/gender,
disability or chronic

Categorical

Houselnc survey

DISC_SELF
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disease, sexual
orientation)

Health & Well-being  General health self-  Ordinal Houselnc survey GEN_HEALTH
Indicators assessment (Likert
scale: Very good to
very bad)
Health & Well-being  Well-being score Numerical Houselnc survey WELLBE
Indicators (0-10 scale ladder
of life satisfaction)
Dwelling-related Housing mobility Categorical Houselnc survey TEN_COVID_MOV
since COVID-1g for E
tenants (Yes/No)
Housing Mobility &  Housing mobility Categorical Houselnc survey OWN_COVID_MO
COVID-19 Impact since COVID-19 for VE
homeowners
(Yes/No)
Housing Mobility &  Primary reasonfor ~ Categorical Houselnc survey TEN_MOVE_REAS
COVID-19 Impact tenant relocation Contains multiple ON
during COVID-19 answers in the
(e.g., affordability, survey; in the
eviction) analysis, it will be
transformed into a
binary variable
where ‘relocation
due to COVID-19'is
one category, and
all other reasons
will be merged into
‘other reasons’.
Housing Mobility &  Primary reasonfor ~ Categorical Houselnc survey OWN_COVID_REA
COVID-19 Impact homeowner SON
relocation during
COVID-19
Dwelling-related Presence of air Categorical Houselnc survey AIRCO
conditioning in
dwelling (Yes/No) EU-SILC (2007 only)  MHo60
Dwelling-related Type of cooling Categorical Houselnc survey COOLING_SRC
source used (e.g,,
fan, heat pump,
natural ventilation)
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4 SYSTEMATIC AND BIBLIOMETRIC LITERATURE MAPPING

This section presents the findings and discussion of this review, beginning with the cluster analysis that
supported the selection of the final set of papers. Quantitative analysis follows, which examines the
distribution of studies by focus, geography, and themes. The bibliometric network analysis identifies key
research areas and underexplored topics using clustering techniques. Finally, the qualitative analysis
explores thematic clusters, focusing on housing inequalities, health impacts, and policy implications.

4.1 RESULTS AND DISCUSSION

Table 6 presents the results of the systematic mapping, the number of papers included after (1) title and
abstract screening and (2) full-text screening. The final number of papers included following bibliometric
clustering was n = 974. For the subsequent stages of analysis, Clusters 11, 12, and 13 were excluded as they
contained fewer than 20 papers. After the title and abstract screening, 113 papers underwent full-text
analysis, with Cluster o1 being entirely excluded as it focused on nursing homes, which falls outside the
scope of this study. Of the remaining papers, 55 were included in the final qualitative and bibliometric
network analysis.

Table 6 Overview of the included papers categorised into thematic clusters.
The table highlights key research areas in housing and health.

Cluster Cluster topic Cluster Papersincluded  Included
selection after abstract papers after
screening full text
screening

Cluster o1 Nursing and home health 176 0 o)

Cluster 02 Built environment and health 156 46 31
Cluster 03 Social determinants of health 133 10 4

Cluster o4 Housing poverty 117 4 4

Cluster og Housing quality and health 115 43 13
Cluster 06 Health inequalities 94 6 3

Cluster o7 Housing and children health 63 2 o

Cluster 08 Home-based healthcare 48 o o

Cluster og Quality of home care and COVID-19 42 2 o

Cluster 10 Access to care 24 0 0

Cluster 11 Not included as only two papers were 2 o o)

included in this cluster
Cluster 12 Not included as only two papers were 2 o o)

included in this cluster

43



¥ D4.3—Wider housing inequalities outcomes

Cluster 13 Not included e as only two papers were 2 o
included in this cluster
total 974 113

4.1.1 QUANTITATIVE ANALYSIS

Geographically, the studies included in the review are distributed across a range of countries based on
their primary focus, as shown in Figure 5. The highest proportion of papers centres on the United States,
followed by the United Kingdom. While some papers examine housing inequalities at the national or city
level, others adopt broader regional or international perspectives. The distribution shown in the map
reveals a clear predominance of research conducted in high-income countries, with relatively limited
representation from low- and middle-income regions.

Figure 6 shows the distribution of papers by publication year. The dataset spans from 2007 to 2023,
showing a generally increasing trend in the number of studies published over time. The number of papers
fluctuated in the early years, with relatively low publication rates between 2007 and 2015. However, there
is a noticeable increase from 2016 onward. Peaks in publication activity are observed in 2016, 2019, and
2022.

Percentage of Papers by Country

14
12

10

o
Percentage of Papers

Figure 5 Percentage of papers by country focus.
Lighter shades indicate fewer papers, while darker shades indicate a higher concentration of country-
focused studies.
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Figure 6 Annual distribution of publications on housing and health research from 2007 to 2023.

Most frequently examined housing inequalities concerned indoor environment deprivation—particularly
poor housing quality, damp or mould, overcrowding, and low energy efficiency—which were identified in
48 of the 55included studies (86%) (see Table A 2 in the Annexes). Neighbourhood-level stressors such as
noise, air pollution, perceived safety, and general housing deprivation were also prominent, appearing in
39 studies (70%). While housing affordability was explicitly analysed in g studies, it was mentioned in an
additional 6 studies as a relevant contextual factor, bringing the total number recognising affordability to
15 (27%).

In terms of spatial focus, 34 of the included studies (61%) adopted a neighbourhood-level approach, often
examining environmental exposures or aggregated deprivation indicators. Fifteen papers (27%)
considered both housing and neighbourhood dimensions, capturing the interaction between indoor
environmental conditions and external surroundings. Only 7 studies (12%) focused exclusively on the
housing unit, primarily those addressing indoor air quality, thermal comfort, or basic infrastructure such
as water, sanitation, and earthing systems.

With respect to intersections with wider housing-related inequalities, access to green or blue space
emerged as the most commonly addressed domain. It was mentioned or analysed in 44 studies (79%),
often in relation to health pathways such as stress reduction, physical activity, or restorative effects
(Dennis et al., 2020; Jelks, Jennings and Rigolon, 2021a; Garrido-Cumbrera et al., 2022a). Access to
transport and essential services featured in 31 studies (55%), with a focus on walkability, availability of
amenities, or broader built environment constraints (Lai et al., 2016; Wright et al,, 2017). In contrast, digital
access—including internet connectivity or digital exclusion—was considered in only 4 studies (7%0),
typically in rural or marginalised settings (Morandini et al., 20153; Horne et al., 2023).
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4.1.2 BIBLIOMETRIC AND NETWORK ANALYSIS

This section presents the findings from the bibliometric and network analysis conducted on the 55 papers
included in the review. Figure 7 shows the thematic map of housing and health research. In the upper-right
quadrant (motor themes), clusters such as mental health, depression, anxiety, hosuing affordability, and
neighbourhood emerge as well-developed and central to the field, indicating their high relevance and
conceptual maturity. The upper-left quadrant (niche-themes) includes rural and socioeconomic status,
which are specialised but less intergated with other themes. In contrast, themes such as green space and
urban planning in the lower-left quadrant are underdeveloped and peripheral, suggesting emerging or
declining interest. The lower-right quadrant (basic themes) hosts foundational but less internally cohesive
clusters like physiala activity, built environment, and food environment, pointing to their broad relevance
but lower thematic development. Central themes such as housing, vulnerability, and health disparities sit
closer to the core, bridging several domains. This distribution highlights both the dominance of mental
health-related outcomes in housing research and the relative underdevelopment of enviornmental and
planning perspective.
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Figure 7 Thematic map of housing and health research.

Themes are categorised based on their centrality (relevance) and density (development level). Thematic
quadrants are interpreted as follows: Upper-right: well-developed and central (motor themes); Upper-
left: well-developed but peripheral (niche themes); Lower-right: underdeveloped but central (basic or
transversal themes); Lower-left: underdeveloped and peripheral (emerging or declining themes). The size
of each circle indicates the number of documents associated with that thematic cluster, reflecting its
relative prominence within the research field.
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The thematic network map in Figure 8 furtherillustrates the structural relationship between key concepts.
The central red cluster — denseley connected to the others — confirms the pivotal role of mental health
and hosuing affordability within the literature, functioning as a thematic anchors. Surrounding colour-
coded clusters represents specialised or adjacent domains, such as environmental determinants (e.g,
green and blue clusters on green space, urban planning, or built enviornment) and social vulnerabilites.
Notably, multiple peripheral clusters indicate fragmented or emerging areas with limited integration,
while strong inter-cluster connections among central themes suggest increasing interdisciplinary in the
field.
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Figure 8 Thematic network map of the housing and health literature.

Each colour-coded cluster represents a distinct thematic area, with node size indicating keyword
frequency and edge thickness reflecting the strength of co-occurrence. Central clusters denote well-
integrated topics such as mental health and housing affordability, while peripheral clusters suggest more
isolated or emerging themes.

4.1.3 INTERSECTION OF WIDER HOUSING INEQUALITIES

Table A 2 in the Annexes shows that the most frequently investigated housing inequalities concerned
indoor environmental deprivation—particularly poor housing quality, damp or mould, overcrowding, and
low energy efficiency—which were identified in 48 of the 55 included studies (86%). Neighbourhood-level
stressors such as noise, air pollution, perceived safety, and general housing deprivation were also
prominent, appearing in 39 studies (70%). Housing affordability, although not included as part of our
original search query, nonetheless appeared in a notable number of studies. It was explicitly analysed in
nine papers and mentioned in a further six, bringing the total to 15 (27%). This is a somewhat unexpected
finding, as affordability was not a targeted domain of the review, yet it consistently emerged as a relevant
determinant. Its limited but recurring treatment reflects a broader trend in the literature: while
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affordability is widely acknowledged as a structural driver that shapes access to both housing and
neighbourhood quality, many studies positioned it only as contextual background rather than a central
analytical focus.

Among the wider inequalities considered, access to green and blue space emerged most prominently,
featuring in 44 studies (79%). These consistently emphasised the role of natural environments in reducing
stress, promoting physical activity, and supporting mental health (Dennis et al., 2020; Jelks, Jennings and
Rigolon, 2021a; Garrido-Cumbrera et al.,, 2022a). Some papers treated green space as the main focus
(Parry et al.,, 20073; Aerts et al., 2020; Wang, Feng and Pearce, 2022a), while others incorporated it as a
contextual or mediating factor in housing deprivation analyses (Dzhambov, 2018; Son, Liu and Bell, 201g;
Tian et al., 2021). Across this body of work, disadvantaged groups were repeatedly found to have lower
levels of access. For example, Aerts et al. (2020) and Nutsford et al. (2016) demonstrated that residents
of poor-quality housing tend to live in areas with limited greenery, while Ji et al. (Ji et al., 2023) showed
that older people in high-rise housing experienced poorer mental health when deprived of accessible
natural environments. Similar findings are echoed Garrido-Cumbrera et al. (2022a), and Schmiege et al.
(2023), who highlight the unequal distribution of green space across socio-economic groups. Importantly,
studies such as Plane and Klodawsky (2013) emphasised that proximity alone is not sufficient: design,
maintenance, and perceptions of safety strongly influence whether marginalised groups can benefit from
available spaces. More recent work confirms that perceived safety moderates the relationship between
green space and wellbeing, stressing that the experiential quality of access is as important as physical
presence (Jelks, Jennings and Rigolon, 2021b). Despite these insights, only a minority of studies explicitly
examined how housing quality interacts with green space deprivation to shape health, though where this
was done, compounded disadvantages were evident (Garrido-Cumbrera et al,, 2022a; Jiet al,, 2023).

Transport and infrastructure represented another recurrent but less integrated domain, discussed in 31
studies (55%). Findings show that deficits in mobility, walkability, and access to services are associated
with reduced autonomy, chronic stress, and higher exposure to environmental risks (Li et al., 2015; Wright
etal, 2017, Semeah et al,, 2019; Ldpez-Gay et al, 2022; Schmiege et al., 2023). For example, Lopez-Gay
et al. (2022) demonstrated how deprived areas in Barcelona, characterised by inadequate services,
experienced reduced mobility and higher COVID-19 exposure. Beyond transport and infrastructure, other
material deprivations also amplify health risks. For instance, Sharkey et al. (2011a) found that food
insecurity among rural women in Texas was strongly associated with poor general, physical, and mental
health, highlighting how poverty, limited service access, and geographic isolation compound
disadvantage. These findings resonate with housing-related inequalities, where inadequate dwellings
intersect with infrastructural deficits to create cumulative burdens on health. Mclnerney et al. (2016)
similarly found that neighbourhoods lacking food access overlapped with poor housing, constraining
healthy diets in low-income groups. Several studies described the psychological burden of degraded
infrastructures, marked by noise, crime, and pollution, which exacerbate stress among populations
already experiencing housing deprivation (Carter et al., 2009; Chor et al., 2016; Generaal et al, 2019).
However, most studies analysed infrastructure separately from dwelling conditions, rarely tracing how
inadequate housing and transport exclusion together generate cumulative health risks. Where
interactions were noted, they revealed layered vulnerabilities: Horne et al. (2023) described how low-
income households in poorly insulated homes also faced restricted access to services during COVID-1g,
while Semeah et al. (2019) showed that disabled veterans experienced the combined burdens of
inaccessible housing and absent community infrastructure. These examples reveal cumulative
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disadvantage, but they remain rare in a literature that largely analyses housing and infrastructure along
separate tracks.

Digital exclusion was the least developed domain, explicitly addressed in only four studies (7%). Where it
was considered, its health significance was clear. Horne et al. (2023), Morandini et al. (2015a), and Wright
et al. (2017) found that households living in overcrowded or poor-quality housing were often unable to
afford broadband, lacked private indoor space for digital work, or had limited digital literacy. During
COVID-19, these disadvantages translated directly into worsened mental health, heightened social
isolation, and barriers to accessing education and healthcare. Even when not studied directly, digital
exclusion surfaced as a latent inequality: Giebel et al. (2019a) and Riva et al. (2022) observed that digitally
marginalised households were frequently located in areas already marked by housing and infrastructural
deprivation. James et al. (2024) argue that digital exclusion is not simply a parallel deficit but conceptually
intertwined with housing inequality, both functioning as socio-technical barriers to social inclusion and
health. This suggests a missed opportunity for housing-health research, which rarely recognises
digitalisation as a determinant despite its growing role in shaping everyday wellbeing.

What emerges across these domains is that the health impacts of poor housing, limited green access,
weak infrastructure, and digital marginality are well-documented separately, but rarely examined as
intersecting conditions. While green access is the most extensively researched, explicit consideration of
its interaction with housing deprivation remains limited. Transport and infrastructure are often mentioned
but seldom linked analytically to housing quality, despite evidence that their deficits overlap spatially and
socially. Digital exclusion is underexplored, though the studies that do address it reveal its strong
entanglement with housing and its clear health consequences. Only a handful of studies explicitly traced
intersections across domains (Clark and Kearns, 2012; Bond et al,, 2012; Riva et al,, 2022), while most
treated them as parallel exposures.

This fragmented approach carries important implications. First, it means that cumulative disadvantage is
systematically underestimated: households in damp, overcrowded, or energy-inefficient homes often
also live in neighbourhoods with poor transport and weak digital infrastructure, yet the combined health
effects of these conditions remain poorly understood. Second, it reflects a conceptual gap: much of the
literature continues to treat “housing” and “wider environment” as analytically separate, despite evidence
that they operate together as part of socio-spatial systems of exclusion (Jankowska, Benza and Weeks,
2013; Ranmal, Tinson and Marshall, 2021). Third, itlimits policy relevance: interventions targeted narrowly
at housing quality or green space provision risk overlooking the way multiple disadvantages converge to
shape health.

4.1.4 DRIVERS AND MANIFESTATION OF WIDER HOUSING INEQUALITIES AND
HEALTH

Housing inequalities are shaped by multiple, intersecting factors including poor dwelling quality, access to
green and blue spaces, inadequate infrastructure, and digital exclusion. These material disadvantages are
closely tied to socio-economic status, creating compounding effects that disproportionately affect health
among low-income and vulnerable populations (Marmot, 2020; Riva et al., 2022). Drawing on a diverse
body of studies, this review demonstrates how these disadvantages rarely occur in isolation but rather
intersect across spatial and socio-technical domains to shape both physical and mental health.
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The three dimension that were the focus of this study - disparities in access to green and blue spaces,
limitations in local infrastructure and services (such as transport and healthcare), and unequal digital
connectivity - were often analysed separately within individual studies, only a small number of studies
explicitly investigated how these disadvantages intersect, suggesting that they frequently co-occur in
practice, compounding health risks among disadvantaged populations.

Economic disparities are a primary driver of housing inequalities, with income levels dictating access to
adequate housing, homeownership opportunities, and neighbourhood quality (Swope and Hernandez,
2019b; Tayefi Nasrabadi et al., 2024). Poor housing quality—including damp, mould, overcrowding, and
poor thermal comfort—was consistently associated with negative physical and mental health outcomes
(Jacobs et al., 2009; Holupka and Newman, 20113; Grant et al., 2012; Riva et al,, 2022). The reviewed
studies highlight that overcrowding, energy poverty, and inadequate indoor environmental conditions co-
occurred in lower-income groups, producing heightened vulnerability to chronic iliness and psychological
stress (Holupka and Newman, 20113; Grey et al., 2017; Jessel, Sawyer and Hernandez, 2019). Households
in poor housing often live in degraded neighbourhood environments, with reduced ability to access to
green infrastructure and basic services (Gruebner et al., 2011; Boch et al., 2020).

Urban planning and neighbourhood deprivation further shape how housing inequality manifests, as
demonstrated by some of the studies included in this review (Parry et al., 20073; Gong et al., 2016a). For
example, Aertsetal. (2020) and Van Herzele & De Vries (Van Herzele and De Vries, 2012) found that green
infrastructure is unequally distributed across socio-economic groups in European cities, reinforcing
inequalities in exposure to restorative environments. In the reviewed studies, poor access to green space
was exacerbated by income, density, and mobility constraints. Lopez-Gay et al. (2022) and Jiet al. (2023)
similarly show that older adults and residents in high-density housing have limited mobility and exposure
to quality green and social spaces, impacting their health and wellbeing. Importantly, studies in this review
show that the availability of green or blue space is not sufficient on its own—issues. Issues of safety, social
cohesion, and physical accessibility mediate its health benefits, particularly for marginalised groups (Plane
and Klodawsky, 2013). Environmental inequality is therefore not only about absence of green and blue
space but also about exclusion from its use.

Mental health impacts emerged across the literature, particularly where poor housing conditions
intersected with other forms of environmental and infrastructural deprivation. In Plane and Klodawsky
(2013), formerly homeless women reported that green space access and perceptions of safety influenced
their psychological resilience.

Access to infrastructure, including walkability, transport, and services, was another consistent theme
identified in the review. Multiple papers linked lack of access to nearby healthcare, schools, or transit with
reduced autonomy, chronic stress, and missed opportunities for support services, particularly among
elderly and disabled populations (Wright et al., 2017; Semeah et al., 2019; Franke et al,, 2019). Franke et
al. (2019) and Wright et al. (2017) document how poor-quality infrastructure and difficult-to-navigate
environments exacerbate the health challenges experienced by older adults and disabled individuals, even
when housing stability is maintained. Meanwhile, Carter et al. (2009) and Semeah et al. (2019) describe
how housing-related stress is intensified by lacking local services and infrastructure. These findings
highlight that socio-infrastructural inequalities—long treated as external to housing—must be considered
integral to understanding how housing conditions affect wellbeing.
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Although digital exclusion was less frequently analysed, studies like Horne et al. (2023) and Morandini et
al. (2015a) highlight how limited internet access restricts participation in education, work, and social life,
seen particularly during the COVID-19 pandemic. Within the studies included in this review, digital
inequality was often linked to dwelling-level conditions: low-income tenants and residents of
overcrowded or poorly serviced housing were less likely to have reliable internet connections, adequate
indoor space for digital work or study, or the financial means to sustain access. This suggests that digital
exclusion does not operate independently, but is entangled with housing inequalities in tenure,
affordability, and quality. As such, this indicates an emerging but underexplored intersection between
housing inequality and digital access that requires further research attention.

These patterns indicate a need for integrated housing and health strategies that not only focus on
increasing housing supply but also on improving the quality, safety, and stability of existing housing stock.
This review affirms that green/blue space deprivation, infrastructural disconnection, and digital exclusion
are not merely adjacent to housing disadvantage, but core mechanisms through which it is experienced
and reproduced. Public health systems should work in collaboration with housing agencies to identify at-
risk populations and design preventative interventions.

4.1.5 HOUSING INEQUALITIES AND COVID-19

The analysis of the reviewed studies shows that the COVID-19 pandemic revealed how housing
inequalities intersect with environmental, infrastructural, and digital vulnerabilities to shape health
outcomes during public health emergencies. Evidence across the included literature indicates that
households living in more spacious, well-maintained homes with access to private outdoor areas
experienced comparatively better outcomes—reporting improved rest, reduced exposure to infection,
and higher levels of well-being—than those living in overcrowded or inadequate dwellings. The presence
of a garden or nearby accessible green space provided an important buffer against pandemic-related
stress, though such amenities were not equitably distributed. Data from New York City during the early
stages of the pandemic indicate that while lower-income and minority neighbourhoods often had some
form of green space nearby, the quality and size of those spaces were limited, and they were more likely
to be overcrowded (Kleinschroth and Kowarik, 2020; Klompmaker et al., 2023). In Richmond, Virginia,
green space played a critical role in supporting mental health and social cohesion, particularly in low-
income households groups that depended more on small local parks within walking distance (Bower et
al.,, 2023). These observations are consistent with systematic review findings, which reveal that the
inability to access high-quality green space compounded mental health challenges, especially during
lockdowns (Garrido-Cumbrera et al., 2022b). Lockdowns and shelter-in-place policies intensified the
health impacts of indoor housing conditions. Households already exposed to damp, mould, or inadequate
heating/cooling experienced prolonged contact with these hazardous conditions, worsening respiratory
and mental health outcomes (Grant et al,, 2012; Mari-Dell'Olmo et al,, 2017; Bower et al,, 2023).

Digital exclusion further deepened vulnerability, with limited broadband access and device availability
curtailing opportunities for remote work, education, and health services (Horne et al,, 2023). Wright et al.
(2017) and Morandini et al. (2015a) also identified long-standing digital infrastructure gaps in deprived
areas that became more critical during lockdowns. The digital divide intersected with housing and
infrastructural inequalities to reinforce disadvantage across multiple domains—economic, educational,
and social—particularly for racialised and low-income communities.
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Moreover, the shift to home-based work and education imposed additional financial and energy burdens.
In energy-inefficient homes, the need for daytime heating, lighting, and electricity led to increased utility
costs, intensifying fuel poverty among renters with little control over their dwelling conditions. This
created new vulnerabilities for households already facing affordability pressures (Lou et al., 2021
Chinthavali et al,, 2022; Ata et al,, 2025) and echoed in the systematic literature. While some remote
workers experienced benefits—such as less commuting stress—these were not universal and were
contingent upon housing quality and control over the home environment.

This body of evidence shows that multiple vulnerabilities inside and outside the home—poor indoor air
quality, lack of green space, digital exclusion, and energy inefficiency—intersected to exacerbate
pandemic impacts for already-disadvantaged populations. These intersections were often spatially and
racially patterned, highlighting the need for integrated policy approaches that go beyond siloed
definitions of housing adequacy.

Ultimately, the COVID-19 pandemic reinforced that housing quality, environmental access, and digital
inclusion are not peripheral issues, but central to public health preparedness and equity. The reviewed and
supplementary literature together make clear that future responses to public health emergencies must
incorporate a multidimensional understanding of housing and its interaction with social, digital, and
environmental infrastructure.

4.1.6  VULNERABLE POPULATION

The literature reviewed highlights how housing inequalities disproportionately affect specific populations:
low-income households, older adults, disabled individuals, migrants, and ethnic minorities. Gruebner et
al. (2011), Habib et al. (2009a), and Van de Poel et al. (2009) show that slum populations, refugees, and
rural residents often face overlapping disadvantages in housing, infrastructure, and health access.

Older adults living in energy-inefficient homes face higher risks of social isolation and thermal discomfort
(Franke et al., 2019; Horne et al.,, 2023). Disabled people encounter accessibility barriers both in housing
and in the surrounding infrastructure (Semeah et al., 2019). Riva et al. (2022) further note that poor
housing quality disproportionately impacts the mental health of vulnerable groups.

Poor housing conditions also have downstream effects on educational attainment and social mobility,
particularly among children and young people. Several studies in this review highlight how overcrowding,
damp, and inadequate thermal comfort create environments that are not conducive to learning or
cognitive development (Jacobs et al., 2009; Grant et al., 2012). Limited space for study, poor indoor air
quality, and sleep disruption due to noise or discomfort can hinder academic performance. In the context
of the COVID-19 pandemic, these effects were exacerbated by school closures and the shift to remote
learning, which disadvantaged children in households lacking digital access, quiet study environments, or
parental support (Wright et al., 2017, Horne et al,, 2023). Over time, such educational barriers can limit
access to higher education and employment opportunities, thereby entrenching cycles of poverty and
reducing social mobility. Despite these implications, very few studies in the dataset directly examine the
educational pathways impacted by housing conditions, suggesting a critical gap for future research.

These patterns reflect broader structural inequalities that must be addressed through anti-discrimination
measures, inclusive urban policy, and targeted investment in marginalised communities. For instance,
retrofitting homes for thermal comfort can reduce health risks for the elderly, while expanding access to
stable, affordable housing can mitigate stress and improve outcomes for families with children. Policies
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that integrate housing with social care and community health services could better address the complex
needs of those experiencing multiple forms of vulnerability.

4.1.7 METHODOLOGICAL LIMITATIONS

This review has some methodological limitations and interpretive considerations that should be
acknowledged. First, the review was limited to studies published in English, which may have excluded
relevant evidence from non-English-speaking contexts and potentially underrepresented insights from
diverse cultural and geographic settings.

Second, while the review aimed to synthesise how housing inequalities intersect with access to green/blue
space, infrastructure, and digitalisation, the terms used across studies—such as "neighbourhood” or “area-
level”—were often inconsistent or loosely defined. This variation posed challenges for comparative
analysis and may have limited the precision with which spatial dynamics and housing-specific
mechanisms could be assessed.

Third, the included literature was heavily reliant on cross-sectional designs, which limits the ability to infer
causal relationships between housing inequalities and health outcomes. While this is a constraint of the
evidence base rather than of this review’s design, it nonetheless impacts the strength of conclusions that
can be drawn from the existing research.

Finally, although the review sought to capture studies that address lived experiences and intersectional
disadvantages, relatively few papers employed participatory, longitudinal, or mixed-method approaches.
While not a limitation of the review per se, this methodological homogeneity in the field reduces the
opportunity to fully explore how housing conditions, environmental access, and infrastructural inequalities
evolve over time or are experienced by marginalised populations.

4.1.8 FUTURE STUDIES

Future studies should prioritise the integration of housing, environmental, infrastructural, and digital
dimensions into unified conceptual frameworks. Research should move beyond siloed analyses and adopt
systems-based, intersectional approaches that reflect the complex realities of housing-related health
inequalities (Ranmal, Tinson and Marshall, 2021; James et al., 2024). A shift toward holistic models would
better account for the co-occurrence and interaction of vulnerabilities across domains such as dwelling
conditions, green space access, and socio-technical inclusion.

Greater attention to digital exclusion is especially needed. Despite its growing relevance in mediating
access to services, digitalisation remains underexamined within housing-health scholarship (Morandini et
al., 20153; Horne et al, 2023). Research into how digital access interacts with housing tenure, dwelling
quality, and neighbourhood conditions may reveal new mechanisms of inequality—especially in the post-
pandemic era.

Further, longitudinal and geographically inclusive studies are essential for understanding how inequalities
evolve overtime and vary by context. This is particularly relevant for tracking the cumulative health effects
of persistent exposure to inadequate housing or under-resourced environments (Riva et al., 2022).
Methodological innovations, including mixed-method and participatory approaches, should be
encouraged to capture the everyday experiences of those most affected and to inform grounded, equity-
focused interventions (Benfer et al,, 2021).
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Finally, bridging the gap between research and policy must remain a priority. Insights from this review
underline the need for integrated housing, health, and planning strategies that prioritise equity and
resilience—particularly in response to future public health crises and social transitions. A more
coordinated and interdisciplinary evidence base will be essential for supporting adaptive, just, and
sustainable urban systems.

4.2 CHAPTER SUMMARY

This chapter presents the findings of a systematic review and bibliometric mapping of the housing and
health literature published between 2007 and 2023, also summarised in Figure g . From an initial dataset
of 974 papers, 55 were retained for in-depth analysis through quantitative, bibliometric, and qualitative
approaches. The bibliometric clustering initially identified thirteen themes. After excluding clusters
focused on nursing homes, those with too few papers, and those irrelevant to housing inequalities, six
thematic areas were found to be central: built environment and health, social determinants of health,
housing poverty, housing quality and health, health inequalities, and COVID-19 and housing care.
Together, these themes address Research Question 1, exploring how housing inequalities and access to
environmental, socio-infrastructural, and digital resources influence physical and mental health outcomes
across populations. The results provide the conceptual foundation for the subsequent empirical analyses
in Chapter 5, which test these relationships using primary and secondary data.

The temporal distribution of publications shows a clear expansion of the field after 2016, with peaks in
2016, 2019, and 2022. Research output remains geographically skewed towards high-income countries,
especially the United States and the United Kingdom, with comparatively few contributions from low- and
middle-income regions. Across the included studies, the most consistently examined dimension of
housing inequality was poor dwelling conditions, such as damp, mould, overcrowding, and low energy
efficiency, which featured in 86 per cent of the papers. Neighbourhood stressors, including noise, air
pollution, and broader indicators of deprivation, appeared in 70 per cent, while housing affordability was
directly addressed in just over a quarter. Most research examined neighbourhood-level dynamics, with 61
per cent of studies focused primarily on this scale, while 27 per cent combined dwelling and
neighbourhood dimensions and only 12 per cent concentrated exclusively on the housing unit.

The bibliometric network analysis highlighted the central role of themes such as mental health,
depression, anxiety, housing affordability, and neighbourhood effects, reflecting the conceptual maturity
of these areas within the literature. By contrast, issues such as rural housing and socio-economic status
appeared as more peripheral, niche themes. Emerging but still underdeveloped areas included green and
blue space and urban planning, which remain marginal despite their potential importance in shaping
health inequalities. The analysis suggests that mental health and affordability have functioned as anchors
of the research field, with environmental and infrastructural determinants gradually gaining visibility.

The qualitative synthesis revealed the importance of environmental, infrastructural, and digital
dimensions of housing inequalities, which have often been treated as secondary but in practice intersect
deeply with health outcomes. Access to green and blue space was found to play a crucial role in mitigating
stress and improving mental health, yet disadvantaged groups—such as low-income households,
migrants, and elderly residents in dense urban contexts—tended to have more limited access, while
perceptions of safety and inclusivity often mediated their ability to benefit. Transport and infrastructure
deficits, including unsafe streets, limited services, and degraded environments, were shown to reinforce
housing disadvantage and exacerbate exclusion, particularly for older adults and disabled groups. Digital
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access, although rarely studied, emerged as a growing axis of inequality, with evidence pointing to the
way poor internet connectivity and digital literacy compound housing deprivation, especially in rural and
low-income settings. The COVID-19 pandemic magnified these vulnerabilities by revealing how poor
indoor environments, lack of access to green space, infrastructural deficits, and digital exclusion
converged to amplify health risks. Overcrowding and inadequate thermal comfort worsened both
physical and mental health, while digital divides constrained access to education, employment, and
healthcare. Better-housed populations benefited from gardens and private green spaces, whereas
disadvantaged households endured heightened exposure to unsafe conditions, reinforcing spatial and
racial inequalities.

The populations most affected by these overlapping disadvantages include low-income households, older
adults, disabled people, migrants, ethnic minorities, and children. Poor housing conditions and limited
access to resources not only affect immediate health outcomes but also restrict educational attainment
and social mobility, perpetuating intergenerational disadvantage.

Methodologically, the literature remains heavily weighted towards English-language, cross-sectional
studies conducted in high-income contexts. Definitions of neighbourhood or area-level disadvantage are
often inconsistent, while relatively few studies adopt longitudinal or participatory methods that could
better capture lived experience and long-term trajectories of inequality.

Overall, the chapter shows that housing inequalities are well documented in relation to poor dwelling
quality and mental health outcomes, but the intersections with environmental access, infrastructure, and
digital connectivity remain insufficiently studied. These dimensions should not be considered peripheral,
as they are central mechanisms through which housing inequalities are produced and reproduced,
particularly during times of crisis such as the COVID-19 pandemic. Future research would benefit from
adopting more integrated, intersectional frameworks, diversifying geographical scope, and strengthening
translation of evidence into policy that links housing, health, and planning in order to address systemic
inequalities.
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Figure 9 Summary of the results from the Literature Review.

a) Overview of findings from the quantitative, bibliometric and network, and qualitative analyses,
summarising main results and key messages across methods. b) Overlap between studies addressing
different dimensions of wider housing inequalities. c) Overlap between studies focused on the housing level
and those focused on the neighbourhood level
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5 PRIMARY AND SECONDARY DATA ANALYSIS

This section presents the results from both the multinational Houselnc survey and the EU-SILC dataset,
focusing on how housing-related vulnerabilities intersect with socio-demographic, environmental, and
health inequalities. The analysis begins with a cluster-based approach to identify household profiles
characterised by overlapping disadvantages, before examining in greater depth how these vulnerabilities
manifest in relation to indoor thermal comfort, self-reported health, and well-being. Finally, the section
explores household coping strategies during recent socio-economic shocks, including the energy crisis
and the COVID-19 pandemic, in order to highlight the adaptive behaviours and mobility patterns that
either mitigate or reinforce existing inequalities. These results provide a comprehensive picture of how
multiple and intersecting vulnerabilities shape households’ lived experiences across European contexts.

5.1 RESULTS
5.1.12 CO-OCCURRENCE OF HOUSING-RELATED VULNERABILITIES

This subsection corresponds to RQ2, identifying distinct profiles of households experiencing multiple,
co-existing housing and wider inequalities.

Key insights:

e Three main clusters reflect cumulative disadvantage: poor housing quality, financial insecurity,
and limited access to wider resources.

e Vulnerabilities rarely occur in isolation and strongly predict self-reported health.
Country-level clustering confirms both shared European patterns and local specificities.

To explore how housing-related vulnerabilities co-occur among different population groups (RQ 2), a
cluster analysis was conducted using data from the multinational survey. The analysis aimed to identify
distinct household profiles characterised by overlapping disadvantages in areas such as affordability,
dwelling quality, access to environmental resources, and self-reported health. This analysis responds
specifically to Objective 2A, which aims to identify distinct groups of individuals experiencing multiple
housing-related disadvantages, and Objective 2B, which seeks to explore country-specific differences in
these vulnerability patterns. Clustering was performed at two levels: first, across all countries combined
(multinational level) to capture general patterns of vulnerability, and second, separately for each country
to uncover context-specific profiles that may be masked in the aggregated analysis. The K-Prototypes
algorithm was employed to accommodate both numerical and categorical variables, and the optimal
number of clusters was selected using the elbow method. The resulting clusters were visualised using
Principal Component Analysis (PCA) and Uniform Manifold Approximation and Projection (UMAP) to aid
interpretation and to assess the separation between identified groups.

e Multinational level

The first part of the analysis focused on identifying household vulnerability profiles across all participating
countries. By pooling data at the multinational level, this approach aimed to highlight cross-national
patterns and commonalities in the co-occurrence of housing-related and health-related disadvantages.
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To determine the optimal number of clusters, the K-Prototypes algorithm was applied using varying
values of k. The associated costs for each solution were plotted using the elbow method (Figure 10). An
inflection point was observed at k = 3, beyond which the rate of cost reduction declined. This indicated
that a three-cluster solution provided a reasonable balance between model complexity and fit. This
decision was further supported by a Silhouette Score of —0.0038, computed using Gower distance to
accommodate mixed data types.

85000 \

80000 ™

75000 \

70000 \

Cost (lower = better

65000

60000 \?’

2.0 2.5 3.0 3.5 4.0 45 5.0 55 6.0
Number of clusters (k)

Figure 10 Elbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.
The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this

as an optimal choice, balancing explanatory power with model parsimony.

To explore the internal structure of the resulting clusters, a two-dimensional projection using PCA was
generated (Figure 11a). This visualisation incorporated both numerical and categorical variables and
showed that clusters were partially separated along the first principal component (PC1). Cluster 1
displayed a wider spread, possibly reflecting greater internal heterogeneity. To complement the PCA
projection, the UMAP was also applied, as shown in Figure 11b. The UMAP embedding, which preserved
local neighbourhood structures, offered an alternative visualisation of the cluster configuration in reduced
space. It revealed clearer sub-groupings, particularly within Cluster 3, which occupied much of the central
and upper areas of the plot. Together, these visualisations supported the interpretability of the three-
cluster solution and provided insights into the spatial distribution of household vulnerability profiles. The
number of households in each cluster is reported in Table 7, indicating a relatively balanced distribution
across the three groups.
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Table 7 Number of households in each cluster.

Cluster number Household count
Cluster 1 4,087
Cluster 2 4,855
Cluster 3 5,312

The PCA conducted on all continuous and categorical variables (one-hot encoded) produced ten principal
components. The first four account for more than half of the total variance, while the first six together
explain over 57% (Table 8). PCA thus reduced a large set of household characteristics into a smaller
number of interpretable dimensions. The PCA results reveal three dominant axes of inequality: dwelling
size and energy performance (PCa), personal space and environmental amenities (PC2), and energy
efficiency combined with housing conditions (PC3). A fourth component (PC4) also contributes
meaningfully to the explained variance, capturing aspects related to mobility and car ownership, which
interact with the previous dimensions. While PC3 and PCy4 are close in explanatory strength, their
interpretation suggests complementary patterns of material and spatial inequality.

Table 8 Explained variance of the principal components.

PC Explained variance ratio Cumulative variance
PCa 16.6% 16.6%
PC2 12.3% 28.9%
PC3 11.8% 59.4%
PCs, 10.5% 51.3%
PCs 5.9% 57.1%
0C6-10 <5% each 100%

The loadings (Table 9) indicate which variables define each component. Core continuous variables
(SPACE_PP, ROOM_PP, CARS_OWN, EPC_10) showed high communalities, indicating they were well
explained by the principal components. By contrast, some categorical indicators, such as dwelling
problems (DP_LEAK_1) and green space access (GREEN_SPACE_s), exhibited lower communalities,
suggesting that they contribute unique, specific information not fully captured by the dominant
components. Cluster means in the PC space (Table 10) illustrate how groups differ across these latent
dimensions.

Table 9 Selected examples of variable contributions to principal components.

Variable Name Dominant  PCa PC2 PC3 PC4 Communality
PC
SPACE_PP Space per PC2 0.083 0.705 0.691 -0.139 1.000
person
EPC_10 Energy PCa 0.578 -0.565 0.515 0.066 0.999
efficiency
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Very
highest
CARS_OWN Car PCq4 0.569 0.327 -0.207 0.723
ownership
ROOM_PP Roomper PCz1 0.699 0.190 -0.373 -0.549 0.992
person
DP_LEAK_1 Dwelling PCsg -0.072 0.144 -0.080 0.065 0.284
problem
leaking
roof
GREEN_SPACE_5 Other PC2 -0.031 0.482 0.021 0.112 0.2490.249
green
space

Table 10 Cluster positioning in PCA space (mean PC scores).

Cluster number PCa PC2 PC3 PC4 PCsg

Cluster 1 +1.16 +0.32 -0.43 -0.39 -0.08

Cluster 2 -1.08 +0.37 -0.28 +0.06 +0.06

Cluster 3 +0.08 -0.59 +0.59 +0.25 +0.01
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FigurenO#! AT A 5-10 DOI EAAOCEITO 1T &£ ET OOGAETT A A
a) shows the PCA projection based on continuous variables, annotated with the proportion of explained
variance for each component. Panel b) presents the UMAP projection based on both continuous and
categorical variables, allowing better visual separation of household clusters in a reduced two-
dimensional space.

The cluster analysis identified three distinct household vulnerability profiles across the multinational
sample, each reflecting different combinations of housing conditions, access to resources, and energy
performance. Cluster 1 corresponds to relatively advantaged households, characterised by larger and
more energy-efficient dwellings, higher levels of car ownership, and better access to amenities. This
group represents households that are comparatively resilient to housing-related vulnerabilities, with
access to both material and spatial resources. The presence of this cluster across multiple countries
suggests that some households remain largely insulated from the compounding effects of housing
deprivation, benefiting instead from conditions that support health and well-being. In contrast, Cluster 2
represents more disadvantaged households, typically occupying smaller and less energy-efficient
dwellings. The profile of this group highlights the persistence of multiple vulnerabilities, as limited space
and poor energy performance are often compounded by financial strain, restricted access to amenities,
and elevated exposure to dwelling problems such as damp or mould. Importantly, these disadvantages
are not merely technical or infrastructural; they map directly onto health outcomes, as inadequate space
and inefficient energy use exacerbate risks of poor physical and mental health, particularly during energy
or cost-of-living crises. Finally, Cluster 3 captures a distinct profile, composed of households living in
dwellings with high levels of energy efficiency but experiencing constraints in personal space and reduced
access to environmental amenities such as green space. This configuration highlights a form of
“constrained efficiency,” where improvements in building performance do not necessarily translate into
holistic well-being. Such households may benefit from lower energy needs and reduced exposure to fuel
poverty, yet the lack of adequate space and supportive environments introduces alternative pathways of
vulnerability, including overcrowding, social stress, and reduced opportunities for restorative interaction
with nature.

5.1.1.1.1 Cluster description

To betterunderstand the composition and living conditions of each cluster, this section presents a detailed
descriptive analysis across demographic, housing, health, environmental, and contextual dimensions. The
goal is to identify patterns of vulnerability and resilience, and to characterise the most and least
disadvantaged household profiles in the multinational sample.

While certain issues—most notably energy poverty—are common to all clusters, sharp divergences
emerge. Cluster 2 consistently appears as the most socioeconomically and environmentally
disadvantaged group.

5.1.1.1.1.1  Cluster household profile

Table 11 presents the socio-demographic composition of each cluster, summarising a wide range of
characteristics that frame the context for the subsequent analysis. These include age structure, gender
balance, levels of educational attainment, employment status, and household type, alongside country of
residence and origin, ethnic background, and patterns of settlement in urban, suburban, or rural areas.
The table also captures dwelling type, providing insight into the housing forms most common within each
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cluster. Together, these indicators establish a baseline profile that reveals important contrasts in social
composition. For example, clusters differ not only in their age and education distributions but also in
household arrangements—such as the prevalence of single-person households or couples with children—
and in the proportion living in high-density flats versus detached houses. These socio-demographic
differences underpin variations in economic stability, housing conditions, and access to resources, making
them a crucial foundation for understanding the vulnerabilities and resilience patterns explored in the
following sections.

Table 11 Cluster socio-demographic profile.

Variable group Vulnerability indicator Clustera  Cluster2  Cluster3
(*0) *0) *0)

Age group Adults (20-64) 72.5 82.9 78.1
Older adults (65+) 26.4 16.1 20.5

Gender Female 51.9 56.9 53.8
Male 48.1 43.1 46.2

Education Bachelors 22.7 17.2 21.4
Doctorate 2.2 11 1.9
Lower Secondary 9.8 11.9 8.5
Masters 16 12.5 16.2
Primary 17 36 32
Upper Secondary 27.3 29.9 26.2
Vocational 19.9 23.2 22.5

Employment Employed Full Time 42.8 45 46.7
Employed Part Time 9.9 10.2 10
Household Work 3.2 4.9 33
Other 0.6 0.8 0.7
Retired 26.5 17.1 20.6
Self Employed 6.1 4.8 5.2
Student A 41 4.8
Temporary Leave 11 2.1 1.8
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Unable to Work 2.7
Unemployed 2.8
Household type Couple No Children 34 23.6 28.4
Couple With Children 34.7 31.7 35.1
Living With Parents 8.7 7.3 6.2
Non-Family Household 1 2.1 1.4
Single 17.3 27.1 23.2
Single Parent 4.3 8.2 5.7
Country of BE 22 5.5 8.8
residence
o4 6.6 15.7 12.5
DE 14.2 13.7 14.3
EE 5.7 16 11.6
FI 7 10.1 17
GB 25 9.7 10.1
IT 15 15.4 123
RO 4.6 14 13.3
Country of origin No 4 6.6 5.1
same as country
of residence No Answer o 01 o)
Yes 96 93.2 94.8
Ethnicity same as Don’t Know 2.6 3.2 2.7
country of
residence No 5.5 8.1 5.8
Yes 91.9 83.7 91.5
Living area City 25 55.2 56.2
Rural 28.9 16.3 13
Town suburb 46.1 28.5 30.8
Dwelling type Detached House 49.2 19.1 20
64



¥ D4.3—Wider housing inequalities outcomes

Flat: 20+ Dwellings 4.3

Flat:1-2 Dwellings 2.3

Flat:3-9 Dwellings 6.6 21.1 18.8
Other 0.4 13 0.7
SemiTerraced House 37.2 15.3 16.6

5.1.1.1.1.2 Housing

This section examines differences in housing quality, thermal comfort, and structural conditions across
clusters, highlighting where vulnerabilities are concentrated.

Across the sample, heating unaffordability is near-universal—reported by 94.9% of Cluster 3, 93.9% of
Cluster 1, and 79.0% of Cluster 2 (Table 12). Cooling discomfort follows a different pattern, being most
acute in Cluster 1(84.1%) and Cluster 3 (75.1%), but substantially lower in Cluster 2 (44.0%). This indicates
that Clusters 1 and 3 face a “"double burden” of heating and cooling inadequacies, whereas Cluster 2's
vulnerabilities are more concentrated in other housing dimensions.

Cluster 2 records the highest rates of structural and spatial problems: space shortage (40.5%), mould
around windows/bathroom (24.0%), and damp walls/floors/foundations (19.1%). In contrast, Cluster 3,
despite high thermal discomfort, reports fewer structural defects—only 6.3% experience damp and 11.1%
mould—while Cluster 1 sits between these extremes.

Overall, Cluster 2's housing deprivation is defined by overcrowding and poor physical quality, while
Clusters 1and 3 are primarily marked by severe energy vulnerability.

Table 12 Housing characteristics by cluster, showing prevalence of thermal discomfort, space
shortage, and structural problems.
Values indicate the percentage of households experiencing each vulnerability.

Variable group Vulnerability indicator Cluster1  Cluster2  Cluster3
%) ) (%)

Indoor thermal Cannot afford to heat 93.9 79 94.9
comfort

Thermal discomfort (cooling) 84.1 Lt 75.1
Space Space shortage 14 40.5 27
Dwelling issues Leaking roof 4.3 7.7 3

Damp walls/floors/foundation 11 19.1 6.3

Rot in window frames or floor 27 8.2 2.1
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Mould around windows/bathroom 121
Mould on any walls 7.2
Mould on furnishings 2.1

5.1.1.1.1.3 Socio-demographic

This section explores demographic composition, education, financial status, tenure, mobility, and
discrimination, showing how social and economic contexts shape vulnerability.

Cluster 2's disadvantages extend well beyond housing (Table 13 - Table 14). Demographically, it has the
youngest age profile (82.9% aged 20-64) yet reports poorer health than the older Cluster 1, suggesting
that environmental and economic factors outweigh age as protective influences. Educational attainment
is lowest in Cluster 2, with only 17.2% holding a bachelor’s degree and 1.1% a doctorate, compared to
22.7% and 2.2% in Cluster 1.

Financial strain is most acute in Cluster 2: nearly half (46.8%) find it difficult or very difficult to live on
currentincome, compared to 17.5% in Cluster1and 25.2% in Cluster 3. Homeownership patterns reinforce
this picture—Cluster 2 has much lower outright ownership (36.1%) and higher dependence on private
rental (32.4%0) and social housing (10.9%), indicating reduced housing stability.

Mobility constraints are also evident in the average number of cars per household: Cluster 2 records the
lowest average (0.92), compared with 1.75 in Cluster 1 and 1.15 in Cluster 3. This reduced transport
capacity limits access to jobs, services, and social participation, especially in contexts where public
transport options are limited or inadequate.

Finally, Cluster 2 experiences the highest rates of perceived discrimination across almost all categories,
with income-related discrimination affecting nearly one-third (32.3%) of respondents, double the rate in
Cluster 1. This intersection of economic insecurity, insecure tenure, low mobility, and frequent
discrimination reinforces Cluster 2's position as the most socially marginalised.

Table 13 Prevalence of perceived discrimination by cluster, disaggregated by reason (e.g.,
income, education level, ethnicity, gender).

Variable group Vulnerability indicator Cluster1  Cluster2  Cluster3
(%) ) (%)
Discrimination Age 10.8 16.6 11.8
dueto...
Disability 4.3 8.6 5
Education level 5.8 12.4 7.9
Ethnic background 5 9.7 5.9
Family situation 6.9 14.8 8.6
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Income 17.6
Religion 3.4
Sex/gender 7.2 11.1 7.2
Sexual orientation 2.7 5.4 3.4
Skin colour 37 6.8 3.6

Table 14 Financial situation, tenure type, and car ownership patterns across clusters,
highlighting economic and mobility inequalities.

Variable group Vulnerability indicator Cluster1  Cluster2  Cluster3
(%) *0) %)
Financial comfort  Finding it very difficult to live on current income 4.1 16 6.5
Finding it difficult to live on current income 13.4 30.8 18.7
Coping on currentincome 42.5 39.2 45.8
Living comfortably on current income 34 12.2 25.3
Living very comfortably on current income 5.9 1.8 3.8
Ownership Free Residence 2.9 3.7 23
Owned, No Mortgage 55.7 36.1 41.1
Owned, With Mortgage 30.2 17 22.9
Rented: Private 8.6 32.4 244
Car [avq] 1.75 0.92 1.15

5.1.1.1.1.4 Health

This section compares self-reported health status and chronic illness prevalence, linking these to the
housing and socio-economic conditions described above. Health indicators (Table 15) show a clear
gradient. Only 36.4% of Cluster 2 members report ‘very good'’ or ‘good’ general health, compared to over
60% in Clusters 1 and 3. Chronic illness affects half of Cluster 2 respondents (50.1%), the highest rate
among the three groups, and household-level chronic illness is also more common (18.9%).

Cluster 3, while not as disadvantaged overall, has a higher proportion reporting ‘bad’ or ‘very bad’ health
(11.8%) than Cluster 1 (6.9%), suggesting that persistent thermal discomfort and energy poverty may still
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take a health toll. Cluster 1 shows the most favourable health profile, consistent with its stronger economic
and housing stability.

Well-being scores follow the same pattern: the average score on the o—10 ladder is lowest in Cluster 2
(6.77), compared with 7.53 in Cluster 1 and 7.51 in Cluster 3. This suggests that lower health status and
higher levels of chronic illness in Cluster 2 are accompanied by generally reduced life satisfaction and
subjective well-being, reinforcing the cumulative disadvantage observed in other domains.

Table 15 Self-reported health status, prevalence of chronic illness, and well-being ladder scores

by cluster.
Variable group Vulnerability indicator Clustera  Cluster2  Cluster3
(*0) () (*0)
General health Bad 6.1 10.7 6.8
Very bad 0.8 1.8 11
Chronicillness Yes 43.4 50.1 44.1
Yes, household 17.6 18.9 16.9
Well-being ladder ~ Well-being [avg] 7.53 6.77 7.51

5.1.1.1.1.5 Contextual factors

This section analyses differences in dwelling type, environmental amenities, transport access, and
household infrastructure to identify contextual barriers or supports. Contextual characteristics (Table 16)
reveal clear inequalities that further differentiate the clusters. Cluster 1 stands out for its residential
environment, with almost half of households (49.2%) living in detached houses. In contrast, Clusters 2 and
3are more likely to reside in multi-unit flats, particularly in larger buildings, a pattern often associated with
greater crowding, reduced privacy, and more limited access to outdoor space.

Green space access represents one of the most marked dividing lines between clusters. In Cluster 1, the
vast majority of households (86.1%) enjoy a private garden, compared with only around one-third in
Clusters 2 and 3. The disparity is compounded by the fact that 12.4% of households in Cluster 2 report
having no access to green space of any kind, the highest rate observed, and well above the proportions in
Clusters 1and 3.

Accesstoindoor climate controlinfrastructure also varies substantially. Despite experiencing overheating,
Cluster 2 has the lowest availability of air conditioning (21.8 %). This disadvantage extends to a broader
set of essential energy appliances, with Cluster 2 showing the highest prevalence of households lacking
cooling devices (29.8 %), freezers (11.6 %), basic cooking equipment (5.3 %), hot water (7.4 %), and heating
systems (13.4 %). Deprivations also extend to other basic household facilities, including fridges, lighting,
washing machines, tumble dryers, televisions, and telephones. The breadth of these gaps reflects deeper
material deprivation, constraining the ability to maintain a comfortable indoor climate, store and prepare
food safely, and carry out basic domestic activities.
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Transport infrastructure coverage appears broadly similar across clusters, yet disparities emerge when
considering active travel amenities. While most households have some form of public transport access,
Cluster 2 lags behind in facilities such as cycle paths (38.3%) and walkable streets (51.0%), limiting mobility
options, particularly for the sizeable share of its population without a car.

Table 16 Contextual characteristics of clusters, including access to green space, public transport,
cooling systems, and essential household appliances.

Variable group Vulnerability indicator Cluster1  Cluster2  Cluster3
%) %) %)
Green space Private garden (no access) 23.9 67.7 64.8
Shared garden (no access) 94.4 83.8 84
Private balcony/patio/roof terrace (no access) 62.4 58.1 33.5
Shared roof terrace (no access) 98.5 97.5 97.8
Accessible green space nearby (no access) 58.9 63.1 423
None of the above 17 12.4 4
Transport Bus (no access) 7.7 6.6 5.2
Train (no access) 45.8 52.8 41
Tram/metro (no access) 87 75 73.2
No public transport 5.5 33 2.8
Air conditioning  No 71 78.2 67.5
Energy No heating 4.8 13.4 6.4
appliances No cooling 14 29.8 16.4
No hot water 2.5 7.4 3.4
No cooking appliances 2 5.3 2.5
No other kitchen appliances 2.1 5.1 2.8
No fridge 1.9 5.6 2.9
No freezer 37 11.6 6.2
No lighting 1.9 4.2 2.2
No television 2 7.1 3.5
No telephone 2.9 6.7 3.4
No washing machine 2.4 7.6 3.9
No tumble dryer 15.1 35.9 23.5

5.1.1.1.2 Distribution of vulnerabilities across clusters

The composite vulnerability score ranged from o to 24 in the analytical sample, with the theoretical
maximum being 31. Figure 12 shows the household-level distribution by cluster. Cluster 1 exhibited a
concentration around 2— vulnerabilities, while Cluster 3 peaked at 3—5, and Cluster 2 displayed a heavier
right tail, with many households experiencing more than 8 concurrent disadvantages.

Cluster-level summary statistics (Table 17) confirmed these patterns: Cluster 2 had the highest mean

number of vulnerabilities (6.5, IQOR = 4-8), followed by Cluster 3 (mean = 4.1, IOR = 2—5) and Cluster 1
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(mean = 3.5, IQR = 2—5). The prevalence of households with =5 vulnerabilities was nearly three times
higher in Cluster 2 (72.7%) than in Cluster 1 (25.4%), with Cluster 3in between (35.4%).

Table 17 Cluster-level descriptive statistics of vulnerability counts

Cluster N households Mean Min Max IQR% % with o % =5
vulnerabilities  vulnerabilities

1 4,087 3.46 0 18 3 3.5% 25.4%
2 4,855 6.49 0 24 4 0.1% 72.7%
3 5312 4.07 0 19 3 2.4% 35.4%

- Cluster 1 mm Cluster 2 - Cluster 3

1000

Households

0 1 2 3 4 5 6 7 8 9 0 N1 12 13 14 15 16 17 18 19 20 21 22 23 24
Number of vulnerabilities

Figure 12 Distribution of the number of vulnerabilities per household by cluster.

Grouping households into vulnerability “buckets” (o, 1-2, 3-5, 6-—9, 10+) further illustrated these
differences (Figure 13). In Cluster 1, most households fell within 1—5 vulnerabilities, with only 15% above 6.
By contrast, in Cluster 2, more than half of households were in the 6—g or 10+ categories. Cluster 3 showed
an intermediate distribution, with nearly half of households in the 3—5 range and around 23% in 6+.

70

AV



[H[‘]U\w D4.3—Wider housing inequalities outcomes

100 I
Bucket
0
80 12
mm 3-5
9 [ 6-9
5 10+
(@]
=
()]
3 40
(@]
-
20
0
1 2 3
Cluster

Figure 13 Share of households by vulnerability bucket (o, 1-2, 3-5, 6-9, 10+) across clusters.

Across clusters, the heatmap in Figure 14 shows two cross-cutting amenity gaps dominating the profile:
absence of air conditioning (over two-thirds of households in every cluster) and limited access to green
space, with a high share lacking a nearby park/woodland and many without a private garden (particularly
in Clusters 2—3). Cluster 2 concentrates multi-domain disadvantage: the highest financial difficulty (~47%),
pronounced space shortage (~41%), elevated cooling discomfort, and greater housing quality defects
(damp/mould), alongside material deprivation (e.g., ~36% without a tumble dryer; ~30% without any
cooling device). Cluster 1is comparatively advantaged; its leading issues are environmental amenity gaps
(no AC; fewer nearby parks/woodlands) with lower financial and material hardship. Cluster 3 is
intermediate, sharing the green-space and AC deficits, with notable space constraints but less financial
stress than Cluster 2. Infrastructural deficits (no sanitation or kitchen access) are rare across all clusters
and contribute little to between-cluster differentiation.
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No AC

No park or woodland access

No private garden

Financial difficulty

Shortage of space

Cooling discomfort: some

No tumble dryer 15.1

Heating affordability: some difficulty 24.0

Cooling discomfort: severe 1.4
No cooling device 14.0

Mould around windows/in bathroom 12.1
Damp walls/floors/foundation 11.0

Mould on any walls 7.2

No heating system 4.8

% Heating affordability: cannot afford 4.6
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Figure 14 Heatmap of vulnerability prevalence by cluster, rank-ordered by overall weighted

prevalence (darker = higher)
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5.1.2.2  Country level

Building on the multinational clustering approach, this section presents the results of country-specific
cluster analyses to capture national-level variations in household vulnerability profiles. By applying the
same clustering methodology separately to each country, the analysis highlights how patterns of
disadvantage differ across local contexts. This enables a more granular understanding of how housing,
health, and environmental inequalities manifest within countries, and supports the identification of
context-specific drivers of vulnerability that may be obscured in cross-national analyses.

The optimal number of clusters for each country (Table 18) was determined using the same procedure as
in the multinational analysis but applied at the country level. Clustering was performed using the k-
prototypes algorithm, which is suitable for datasets containing both categorical and numerical variables.
The selection of the optimal number of clusters was guided by the elbow plot (see Annexes) and
subsequently evaluated using silhouette scores. Additional validation was carried out through PCA and
UMAP visualisations for each country, provided in see Annexes.

Table 18 Optimal number of clusters and corresponding silhouette scores for each country.
Negative silhouette scores indicate that, on average, observations may be closer to points in
neighbouring clusters than to those in their own cluster, suggesting overlapping or poorly
separated groups.

Household count

Country Number of Cluster1 Cluster2  Cluster3 Cluster 4 Silhouette score
clusters

BE 4 542 467 327 300 - 0.0430

(4 3 1022 674 1 - -0.1533

DE 4 712 490 336 467 - 0.0550

EE 3 811 3 812 - 0.0159

F 3 688 1 987 - 0.0748

GB 3 809 682 535 - - 0.0568

T 3 448 745 823 - -0.0121

RO 3 546 727 209 - -0.0020

5.1.1.2.1.1  Cluster description

To enable cross-national comparison, a descriptive analysis was carried out for the most vulnerable cluster
identified in each country. The national clustering analyses were conducted separately for each country,
allowing the algorithm to capture context-specific patterns of disadvantage. Within every country, the
cluster designated as most vulnerable corresponds to the group displaying the highest cumulative
prevalence of housing and wider housing inequalities—such as inadequate heating and cooling,
overcrowding, structural problems, and limited access to green space or transport—together with the
lowest levels of perceived health, well-being, and financial comfort. Although cluster numbering (e.g.
Cluster1, 2, or3) varies by country, the most vulnerable cluster consistently represents the household group
facing multiple, overlapping forms of deprivation. The following tables (Tables 19—24) describe the socio-
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demographic, housing, financial, and health characteristics of these clusters to illustrate how vulnerability
manifests across different national contexts.

5.1.1.2.1.1.1  Cluster household profile

The most vulnerable clusters across countries reveal both shared and context-specific demographic,
socio-economic, and housing characteristics. Age distributions are generally dominated by adults aged
20-64, accounting for over three-quarters of respondents in all clusters, with the highest share in Romania
(90.5%) and the lowest in Belgium (66.4%). Older adults represent a significant proportion in Belgium
(33.4%) and Germany (22.9%), whereas their presence is minimal in Romania (8.8%) and the Czech
Republic (10.4%). Gender composition shows a slight predominance of women, ranging from 53.9% in
Germany to 62.7% in Estonia. Educational attainment is diverse, with high rates of upper secondary
qualifications in Belgium (45.4%) and Romania (41.9%), vocational education in Finland (43.1%) and the
Czech Republic (26.8%), and bachelor’s degrees notably common in Italy (27.6%) and Romania (33.2%).
Doctorate-level qualifications are rare, except in Germany, where they are reported by 22.4% of the
cluster.

Employment patterns indicate that full-time work is most prevalent in the Czech Republic (55.1%) and
Romania (52.4%), while retirement is common in Belgium (36%) and Finland (24%). Unemployment is
notably high in Finland (13.8%) and Italy (11.9%). Family composition varies widely: non-family households
are dominant in Belgium (30%), singles in Finland (51%) and Germany (38.4%), and couples with children
in Romania (41.8%) and Italy (34.2%). Single-parent households are more common in Belgium (23.1%)
than elsewhere. Urban residence is predominant in Estonia (68.1%), Romania (77.3%), and the Czech
Republic (64.1%), while suburban living is prominent in Great Britain (57%) and Belgium (51.4%b).

Dwelling type profiles also differ sharply: semi-detached housing is a major feature in Great Britain
(50.9%) and Belgium (47.5%0), while large apartment blocks (10+ dwellings) are dominant in Finland
(61.6%0) and the Czech Republic (46.5%). Detached houses are most frequent in Romania (30.8%) and
Belgium (26.8%), whereas smaller apartment types (1—2 dwellings) are more common in Germany
(44.5%0). These patterns indicate that although the most vulnerable clusters are defined by their relative
disadvantage within each country, their demographic make-up and housing conditions reflect distinct
national contexts and built environments.

Table 19 Socio-demographic characteristics of the most vulnerable cluster identified in each
country.

The number in the first row indicates the cluster name (as identified in the national clustering analysis)
corresponding to the most vulnerable group. Values indicate the percentage of households. For additional
socio-demographic variables describing cluster vulnerabilities, see Table 21.

Countries
BE (@4 DE EE Fl GB IT RO

Clustername 2 1 2 3 3 1 2 1
Age group Adults (20-

64) [%0] 66.4 87.2 76.9 82.1 77.9 78.4 80.8 90.5

Older adults

(65+) [%0] 33.4 10.4 22.9 16 21.3 21 19.1 8.8
Gender Female [96] 61 55.3 53.9 62.7 56.6 54.5 58.3 56.4

Male [%] 39 447 461 373 43.4 45.5 417 43.6
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INC
Education Bachelors [%] 19.1 9.5 1.6 22.9 15.3 27.6
Doctorate
[%0] 0.6 0.9 22.4 1.6 0.6 1.9
Lower
Secondary
[%0] 8.1 6.8 16.7 8.6 4 9.8 28.1 1.5
Masters [%0] 13.3 14.5 0.8 12.9 8.9 13.2 11.3 10.4
Primary [%6] 17 0.3 13.9 8.7 14.9 0.5 2.4 0.4
Upper
Secondary
[%0] 45.4 40.9 324 23 13.2 22.4 40.5 41.9
Vocational
[96] 9.9 26.8 1.6 22.2 431 23.5 10.7 12.3
Employment  Employed
Full Time [%] 358 55.1 38.8 514 32 40.3 34.5 52.4
Employed
PartTime [%] 8.6 9.1 15.9 10.6 8.3 12.7 12.1 2.7
Household
Work [%0] 3.9 2.7 2 2.1 2.2 4.3 12.3 7.1
Other [%6] 0.4 0.6 1.2 0.6 1 0.6 0.8 2
Retired [%6] 36 12.2 22.9 12.6 24 19 16.9 17.6
Self
Employed
[96] 17 6 4.1 5.3 3.1 5.9 7.2 5.3
Student [%] 2.6 4.5 4.9 3.6 8.2 2.2 3.1 3.7
Temporary
Leave [%] 1.7 3.8 1.6 2.8 1.4 1.1 0.5 2.6
Unable to
Work [%0] 7.1 1.5 4.9 4.2 5.9 9.3 0.5 1.6
Unemployed
[%] 2.4 4.5 37 6.9 13.8 by 11.9 4.9
Family Couple No
composition  Children [%6] 23.1 23.8 30.2 18.5 27.1 23.9 22.4 25.3
Couple With
Children [%] 5.6 34.2 20 28.2 14.8 29.8 34.2 41.8
Living With
Parents [%0] 0.6 8 2 5.9 1.1 4.8 13.3 10.1
Non Family
Household
[%0] 30 3.5 2 2.2 1.4 2.5 2.3 1.8
Single [%6] 10.3 20.3 38.4 34.7 51 29.3 18.3 14.7
Single Parent
[96] 23.1 10.2 73 10.5 4.7 9.8 9.5 6.4
Living area City [%0] 28.5 64.1 57.6 68.1 62.8 30.9 45.1 77.3
Rural [%0] 20.1 12.8 14.3 14.2 4.2 12.1 16.6 17
Town Suburb
[%] 51.4 23.1 28.2 177 33 57 383 5.7
Dwelling Detached
type House [%] 26.8 12.7 22.2 17.9 3.9 17.3 17.7 30.8
Flat: 10+
Dwellings [%] 7.1 46.5 11 36 61.6 7.2 29.7 37
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Flat:1-2

Dwellings [%] 5.8 7.5 44.5 23.9 6.9 12.5

Flat:3-9

Dwellings [%] 12.6 23.8 1.4 17.6 11.4 10.3

Other [%0] 0.2 2.3 9.8 1.1 1.1 19

Semi

Terraced

House [%0] 47.5 7.1 22.2 3.6 15.1 50.9 12.2 7

5.1.1.2.1.1.2  Housing

At country level, the housing domain reveals substantial variability in the prevalence and nature of
vulnerabilities across clusters. Table 14 summarises the percentage of households experiencing key
housing issues, including indoor thermal discomfort, space shortages, and dwelling defects. While the
most vulnerable cluster—defined through the overall multidimensional profile—often shows high rates of
thermal and structural housing problems, analysis of the country-level CSV outputs reveals important
nuances.

Forindoor thermal comfort, the inability to afford adequate heating is widespread in the most vulnerable
clusters, yetin several countries this cluster is not the one with the highest prevalence for this indicator. In
Belgium, the Czech Republic, Germany, Estonia, Finland, and Romania, the cluster identified as most
vulnerable overallis outpaced by another cluster with higher rates of heating unaffordability. For example,
in Belgium, Cluster 2 is the most disadvantaged overall, yet Cluster 3 reports a slightly higher share of
households unable to afford heating (97.1%). In the Czech Republic, 100% of Cluster 2 households report
heating unaffordability, compared to 96.4% in the most vulnerable Cluster 1. In Germany, Estonia, and
Finland, clusters other than the most vulnerable reach the highest levels for this indicator, with Estonia
and Finland both showing 100% prevalence in Cluster 1. In Romania, heating unaffordability peaks in
Cluster 2 (96.2%) despite Cluster 1 being identified as the most vulnerable overall.

Cooling discomfort shows similarly uneven patterns. In some countries, such as Great Britain and Italy,
cooling discomfort is considerably higher in certain clusters regardless of their overall vulnerability
status—78.2% in Great Britain’s Cluster o and 84.1% in Italy’s Cluster o—highlighting that summer thermal
stress is not exclusive to households facing the highest multidimensional deprivation. This suggests that
climatic and dwelling characteristics, as well as adaptation capacity, may create distinctive vulnerability
patterns for winter and summer conditions.

Space shortage also varies in alignment with overall vulnerability only in part. For example, Estonia and
Romania record the highest rates of overcrowding (55.0% and 55.1% respectively) in their most vulnerable
clusters, but in Belgium the most disadvantaged group has a much lower prevalence (21.2%) compared
to other countries, showing that in some contexts structural housing quality and thermal comfort
outweigh density-related vulnerabilities.

Structural dwelling problems, including damp, mould, leaks, and rot, are consistently more prevalent in
the most vulnerable clusters, though the degree of difference across clusters varies by country and
problem type. Italy and Romania report high damp and mould prevalence across multiple clusters,
suggesting these issues are widespread ratherthan concentrated. In Great Britain, mould around windows
or in bathrooms affects nearly 30% of households in the most vulnerable cluster, while in Belgium this
drops to just over 11%, illustrating substantial cross-country variation in severity.
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Table 20 Housing characteristics of the most vulnerable cluster identified in each country.
The number in the first row indicates the cluster name (as identified in the national clustering analysis)
corresponding to the most vulnerable group. Values indicate the percentage of households.

Countries
BE CZ DE EE FI GB IT RO
Cluster name 2 1 2 3 3 1 2 1
Indoor thermal Cannot afford to heat 9o.7 858 817 816 908 784 612 8238
comfort 9]
Thermal discomfort 69.6 518 421 364 437 782 49.5 44.1
(cooling)
[%0]
Space Space shortage 21.2 44 30 55 323 365 39.6 551
[%0]
Dwelling issues Leaking roof 49 67 41 78 09 7 8.9 159
[%0]
Damp 173 148 131 148 2.2 214 293 30
walls/floors/foundation
[%0]
Rot in window frames or 5.8 59 96 71 43 91 83 82
floor [%0]
Mould around 1.3 255 214 197 4.9  29.5 334 323
windows/bathroom
[%0]
Mould on any walls 12.4 177 2.4 101 08 248 18,9 253
[%0]
Mould on furnishings 1.7 39 139 36 01 61 g 4.4
[%0]

5.1.1.2.1.1.3  Socio-demographic

Across countries, the most vulnerable clusters report widespread experiences of discrimination, but the
specific grounds on which discrimination is most prevalent vary markedly by context. Income-related
discrimination is the most consistently high indicator, exceeding one-quarter of respondents in almost all
most vulnerable clusters, and peaking above one-thirdin Italy (34.1%), Estonia (33.4%), the Czech Republic
(33.8%0), Germany (33.12%), and Romania (33.2%). Age-based discrimination is also common, with
especially high levels in the most vulnerable clusters of the Czech Republic (20.3%), Estonia (19.7%), and
Romania (20.9%), suggesting that age-related barriers intersect strongly with other vulnerabilities in
these settings.

Family situation emerges as another frequent source of perceived unfair treatment, particularly in
Germany (20.0%), the Czech Republic (17.7%), and Romania (17.4%). Discrimination based on education
level shows substantial cross-country variation, with rates above 12% in Romania (20.0%), Estonia
(16.0%), and the Czech Republic (12.5%), but much lower in countries such as Belgium (3.4%) and Italy
(7.0%).

Ethnic background discrimination is notably elevated in Romania (13.6%) and the Czech Republic (12.9%),
and reaches around 10% in Germany (10.0%) and Great Britain (11.4%). Discrimination based on disability
is most prominent in the Czech Republic (10.3%), Germany (10.8%), and Romania (10.3%), while sex or
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gender-based discrimination affects over one in ten respondents in Germany (11.4%), Estonia (13.3%),
Romania (14.1%), and Great Britain (10.9%0).

Although religion, sexual orientation, and skin colour are less frequently reported grounds for
discrimination, they remain significant in certain contexts. Religious discrimination is highest in Romania
(9.2%) and Great Britain (8.3%), while discrimination based on sexual orientation peaks in the Czech
Republic (7.1%) and Romania (7.9%). Skin colour-based discrimination reaches its highest levels in
Romania (9.9%), Great Britain (9.1%), and the Czech Republic (9.2%).

Table 21 Reported reasons for discrimination among households in the most vulnerable cluster
per country.

The number in the first row indicates the cluster name (as identified in the national clustering analysis)
corresponding to the most vulnerable group. Values indicate the percentage of households.

Countries
BE CZ DE EE FI GB IT RO
Cluster name 2 1 2 3 3 1 2 1
Discrimination Age [%0] 73 203 16.5 197 103 173 115 20.9
Disability [%6] 4.7 103 108 105 35 85 47 103
Education level [%0] 3.4 12,5 84 16 7.4 91 7 20
Ethnic background [%6] 4.5 12.9 10 97 3 11 67 13.6
Family situation [%0] 1.8 177 20 159 6 122 10.6 174
Income [%6] 188 338 331 334 273 276 341 332
Religion [%6] 1.9 5.4 67 73 2 83 4.2 9.2
Sex/gender [%0] £8 123 114 133 6.5 109 85 141
Sexual orientation [%6] 2.4 71 41 6.2 18 5.1 4 7.9
Skin colour [%0] 3.6 9.2 61 49 2 91 38 99

Financial strain is a defining feature of the most vulnerable clusters across countries (Table 22). The share
finding it difficult tolive on currentincome (category 2) is highest in Estonia (36.8%) and Finland/Romania
(both 33.3%), with Germany close behind (32.4%) and Italy near one-third (31.5). The very difficult
category (category 1) peaks in ltaly at 22.4%, followed by Estonia (19.1%), Romania (15.6%), Germany
(15.3%), Finland (14.7%), and Czech Republic (14.4); levels are lower in Great Britain (9.8%) and Belgium
(5.6). Taken together, these figures indicate that the most vulnerable clusters in EE-3, FI-3, RO-1, DE-2,
and IT-2 face the sharpest income pressures.

Constraints on mobility and assets mirror these patterns. Average car ownership is lowest in Finland (0.66
cars per household), followed by Estonia (0.86), Great Britain and Romania (both 0.80), and the Czech
Republic (0.81). Germany (0.91) and Italy (1.08) report slightly higher averages, while Belgium has the
highest figure (1.27). These differences suggest that in some contexts—such as Italy—high income strain
does not necessarily correspond to equally low car ownership, potentially reflecting differences in
transport options, settlement patterns, or household coping strategies.

These financial findings complement the socio-demographic picture (Table 21): clusters with high income
strain also report elevated income-based discrimination (e.qg., Italy 34.1 %, Estonia 33.4 %, Czech Republic
33.8 %, Germany 33.1 %, Romania 33.2 %), pointing to a reinforcing cycle between constrained resources
and perceived unequal treatment.
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Table 22 Financial by most vulnerable cluster for country, showing prevalence of financial
comfort and average car ownership.

The number in the first row indicates the cluster name (as identified in the national clustering analysis)
corresponding to the most vulnerable group.

Countries
BE CZ DE EE F GB IT RO
Cluster name 2 1 2 3 3 1 2 1
Financial comfort Finding it very difficult to 5.6 14.4 153 19.1 147 9.8 224 156

live on currentincome  [%6]
Finding it difficulttoliveon 141 26.4 324 368 333 218 315 333
currentincome [%0]

Car ownership Average car owned [n] 127 081 091 086 066 08 108 0.8

5.1.1.2.1.1.4 Health

Across countries, the most vulnerable clusters are consistently characterised by a poorer health Across
countries, the most vulnerable clusters are consistently characterised by a poorer health profile compared
to other groups, although the magnitude and type of disadvantage vary substantially by national context.
In most cases, these clusters show higher prevalence of self-reported bad or very bad health, greater
burden of chronic illness, and lower average well-being scores. However, the balance between these
indicators differs, suggesting that health disadvantage is shaped by both structural and contextual factors
in each country.

Poor self-reported health is a defining characteristic in several countries, with particularly high levels in
the most vulnerable clusters of Germany (14.9% in bad health, 1.6% in very bad health), Finland (13.3%
and 1.1%), and Estonia (11.8% and 2.3%). These are also among the contexts with some of the lowest
average well-being scores, suggesting that subjective health perceptions are closely tied to overall life
satisfaction in these settings. In other countries, such as Belgium, Italy, and Romania, the prevalence of
bad or very bad health in the most vulnerable clusters is more moderate (ranging from 4.1% to 8.6%), yet
other indicators point to substantial health disadvantage.

Chronic illness emerges as a major burden across most countries’ most vulnerable clusters, reaching
particularly high levels in Germany (60.2%), Finland (59.4%), Belgium (51.4%), and Romania (48.9%). In
some contexts, such as Belgium and the Czech Republic, high chronicillness rates coincide with relatively
moderate levels of poor self-rated health, indicating that long-term conditions may be under-recognised
in subjective assessments. Household-level chronic illness is also prominent, with the most vulnerable
clustersin Romania (21.6%), the Czech Republic (20.3%), Italy (19.6%), and Finland (20.0%) reporting that
one or more household members are affected.

Low well-being is another key feature in several contexts. The most vulnerable clustersin Germany (6.26),
Estonia (6.33), Great Britain (6.63), and ltaly (6.68) have the lowest average scores, reflecting a
combination of health and socio-economic disadvantages. In contrast, Romania’s most vulnerable group
records one of the highest well-being scores (7.59) despite a heavy chronic illness burden, suggesting that
cultural or contextual factors influence perceptions of life satisfaction.

Taken together, these patterns indicate that health inequalities among the most vulnerable clusters are
multidimensional and vary in their dominant form. In some countries, the defining feature is poor self-
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rated health and low well-being; in others, it is the high prevalence of chronic illness; and in some, these
vulnerabilities overlap. This diversity highlights the need for country-specific interventions that address
the most pressing health challenges while recognising the broader social and environmental factors that
shape them.

Table 23 Health profiles of households in the most vulnerable cluster per country, showing
prevalence of poor self-reported health, chronic iliness, and average well-being.

The number in the first row indicates the cluster name (as identified in the national clustering analysis)
corresponding to the most vulnerable group.

Countries
BE CZ DE EE F GB IT RO

Cluster name 2 1 2 3 3 1 2 1
Self-reported health Bad health [%] 86 79 149 118 133 124 7.8 77
vulnerability indicator Very bad health [%6] 09 23 16 23 11 27 05 2.4

Chronicillness [%)] 514 487 60.2 452 59.4 417 452 489

Chronicillness household 167 203 149 635 20 131  19.6 216

[%0]

Well-being [avg.] 7.7 67 62 63 72 66 66 75

5.1.1.2.1.1.5  Contextual factors

The contextual analysis reveals substantial disparities between the most vulnerable clusters in each
country, with environmental amenities, dwelling type, infrastructure, and material resources playing a
decisive role in shaping disadvantage. Access to green space varies widely: in Belgium, only 7.3% of the
most vulnerable households lack a private garden, but in the Czech Republic, Germany, Estonia, Finland,
ltaly, and Romania this figure exceeds two-thirds, peaking at 90.9% in Finland. A particularly stark
deprivation is observed in accessible public green space, with 81.3% of vulnerable households in Italy and
76.2% in Romania lacking nearby access, compared with 30.3% in Finland. The share reporting no access
to any form of green space reaches its highest in Romania (16.1%) and the Czech Republic (15.4%),
signalling a clear environmental exclusion.

Transport access presents a mixed picture: while complete lack of public transport is generally rare,
certain modes remain highly inaccessible. Tram and metro services are absent for the vast majority of
vulnerable households in most countries (over go% in Belgium and Finland), and train access is also
limited, with gaps exceeding 60% in Romania and Estonia.

Material deprivation in household infrastructure is another prominent marker of vulnerability. Air
conditioning is lacking in over four-fifths of the most vulnerable households in most countries, with
Germany, the Czech Republic, and Finland all above 85%. In southern contexts such as Italy and Romania,
absence of cooling still affects around half to two-fifths of households despite warmer climates. Lack of
essential appliances is common: Romania shows the highest deprivation rates for heating (26.4%),
cooling (40.5%), freezers (19.0%), and tumble dryers (57.0%), while Italy records high absence of heating
(15.29) and tumble dryers (39.1%). Even basic facilities such as cooking appliances and washing machines
are missing in a small but significant share of vulnerable households, highlighting persistent gaps in
meeting fundamental living standards.
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Table 24 Prevalence of households in the most vulnerable cluster per country lacking access to
green space, transport, air conditioning, and essential energy appliances.

The number in the first row indicates the cluster name (as identified in the national clustering analysis)
corresponding to the most vulnerable group.

Country
BE CZ DE EE Fl GB IT RO

Cluster name 2 1 2 3 3 1 2 1
Green space Private garden (no 7.29 79 751 773 90.9 30.4 764 685

access)

Shared garden (no 973 819 782 835 918 86.9 797 786

access)

Private 877 625 418 693 239 86.5 332 63

balcony/patio/roof

terrace (no access)

Shared roof terrace 100  97.8 98 98.4 98 98.9 942 96.9
(no access)

Accessible green 67 53.2 582 421 3029 587 813 76.2
space nearby (no
access)
None of the above 1 15.4 104 122 56 5.8 1.8 161
Transport Bus (no access) 6 4.7 8 3 5.§ 4 8.2 11.2
Train (no access) 59.7 307 39.4 60.2 42.8 33.5 45 62.5
Tram/metro (no 93 66.1 647 8o 76.8 82 781 69.6
access)
No other public 993 95 967 99 979 985 983 952
transport
No public transport g 0.8 2.7 0.9 4.8 2.5 4.3 5.1
Air No 69.7 8g9.1 89 853 8o0.5 89 0.1 636
conditioning
Energy No heating 3 9.7 8.8 12.2 9.1 8.4 152 264
appliances No cooling 187 356 233 286 g4 146 22 40.5
No hot water 13 6 6.1 9.2 0.8 6.2 4.8
No cooking 0.7 5.7 37 4.6 27.6 6.1 4.2 7.9
appliances
No other kitchen 1 3.9 3.5 5.3 2.4 3.5 4.3 103
appliances
No fridge 0.7 5.8 3.1 4.9 0.7 4.2 4.6 9.9
No freezer 13 13.9 8.2 12.4 3.1 7 13.2 19
No lighting 0.7 4.2 2 3.8 0.7 3.8 2.8 7.3
No television 1.2 9.4 3.3 8.4 2.2 5.4 4.8 10.6
No telephone 3 101 3.9 4.8 0.8 4.8 5.1 9.3
No washing 0.7 7.3 4.3 8 7 6.6 5.1
machine
No tumble dryer 3.3 40.2 243 371 33.2 221 39.1 57

5.1.1.2.1.1.6  Summary

The country-specific cluster analyses show that while the most vulnerable clusters share a
multidimensional disadvantage profile within their own national context, the composition and drivers of
vulnerability differ markedly between countries. Because the numbering of clusters is unique to each

N
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country, comparisons are based on their relative position in the vulnerability spectrum rather than the
cluster label itself. Across contexts, these clusters combine a mix of socio-demographic, housing, health,
financial, and environmental disadvantages, but the particular configuration of these factors is shaped by
local housing systems, socio-economic structures, and environmental conditions. Demographically, the
most vulnerable clusters are generally dominated by adults aged 20—64, with older adults comprising a
significant share in Belgium and Germany, and much smaller proportions in Romania and the Czech
Republic. Women are slightly over-represented, and educational attainment shows divergent patterns,
from high upper secondary completion in Belgium and Romania to high vocational education in Finland
and the Czech Republic, and elevated bachelor’s degree attainment in Italy and Romania. Employment
structures vary, with full-time work more common in the Czech Republic and Romania, but retirement
and unemployment playing a larger role in Belgium, Finland, and Italy. Family structures range from non-
family households in Belgium and high single-person households in Finland and Germany, to family-based
living in Romania and Italy. Settlement patterns are equally diverse, with urban concentration in Estonia,
Romania, and the Czech Republic, suburban residence in Great Britain and Belgium, and distinctive
housing stock profiles such as semi-detached houses in Great Britain and Belgium, and large apartment
blocks in Finland and the Czech Republic.

Housing-related disadvantages do not always align perfectly with overall vulnerability status, highlighting
the complexity of disadvantage. In some countries, the most vulnerable cluster does not have the highest
prevalence of heating unaffordability or cooling discomfort, suggesting that energy-related vulnerabilities
can be concentrated in different groups depending on climate, building stock, and adaptation capacity.
Structural dwelling problems, including damp, mould, and leaks, are widespread but vary greatly in
severity across contexts, from high prevalence in Italy and Romania to much lower levels in Belgium.
Overcrowding is a defining issue in Estonia and Romania, but less so in Belgium’s most disadvantaged
cluster, where thermal comfort and building condition play a greater role. The most vulnerable clusters
frequently report high levels of perceived discrimination, especially income-related discrimination, which
often exceeds one-third of respondents and is strongly correlated with high financial strain. Discrimination
based on age, family situation, and education level emerges as important in several contexts, reflecting
how social disadvantage intersects with economic precarity. Financial hardship is a common thread, with
Estonia, Finland, Romania, Germany, and ltaly showing the highest proportions struggling to live on
current income, and these same clusters often exhibit elevated no car ownership, reflecting constrained
mobility and asset ownership. However, in some cases, such as ltaly, high financial strain does not
correspond with high no car ownership, hinting at context-specific coping strategies or settlement
patterns.

Health disadvantage is a consistent feature of the most vulnerable clusters, though its form varies. In
Germany, Finland, and Estonia, poor self-rated health and low well-being scores dominate, while in
Belgium, chronic illness is highly prevalent despite relatively better self-rated health. Romania presents a
distinct pattern, with high chronic illness prevalence but comparatively high well-being scores, suggesting
cultural or contextual resilience. In some countries, health disadvantage is driven by a single dominant
factor; in others, multiple health vulnerabilities overlap.

These disadvantages are further reinforced by contextual and environmental deprivation. In many
countries, the most vulnerable clusters face severe green space exclusion, with over two-thirds lacking a
private garden in the Czech Republic, Germany, Estonia, Finland, Italy, and Romania, peaking at 90.9% in
Finland. A lack of accessible public green space is particularly acute in Italy (81.3%) and Romania (76.2%),
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and the share reporting no access to any type of green space reaches 16.1% in Romania and 15.4% in the
Czech Republic. Transport access gaps further compound isolation: tram and metro services are absent
for the vast majority of vulnerable households in most countries, and train access is limited for more than
60% of such households in Romania and Estonia. Material deprivation in household infrastructure is
another prominent marker of disadvantage. Air conditioning is absent in over four-fifths of vulnerable
households in most countries, including cooler-climate contexts such as Finland and Germany, as well as
in warmer southern countries like Italy and Romania. Lack of essential appliances is widespread, with
Romania recording the highest deprivation rates for heating (26.4%), cooling (40.5%), freezers (19.0%),
and tumble dryers (57.0%), while Italy reports substantial absence of heating (15.2%) and tumble dryers
(39.1%). Even basic facilities such as cooking appliances and washing machines are missing in a small but
significant share of vulnerable households, underscoring persistent gaps in meeting fundamental living
standards.

5.12.2 SOCIO-DEMOGRAPHIC VULNERABILITIES AND INDOOR THERMAL COMFORT

This subsection addresses RQs 3 and 4 by analysing which demographic groups experience heating
or cooling difficulties and how these relate to health and well-being.

Key insights:

e Thermal discomfort is a clear predictor of poorer health and well-being.
e Olderadults, renters, and low-income households are most exposed.
e Overheating risks are rising faster than access to affordable cooling.

e Ability to keep warm and cool

The analysis of respondents’ self-reported ability to keep their homes adequately warm in winter or cool
in summer reveals disparities across demographic, housing, and environmental dimensions. Several
vulnerabilities emerge, particularly among financially constrained households, single-parent families,
renters, and those living in poorly performing buildings.

Table 25illustrates the prevalence of heating inadequacy among selected vulnerable groups, focusing on
categories that reported the highest levels of difficulty in keeping their homes adequately warm. Financial
constraints emerge as one of the strongest predictors of energy vulnerability. Among households
reporting the highest level of energy burden (level 5), more than two-thirds (66.4%) were unable or only
partially able to afford adequate heating. Even those at slightly lower levels of energy burden continued
to report high levels of inadequacy, with 44.7% of respondents at level 4 indicating difficulties. These
findings highlight the direct translation of energy costs into material deprivation, underscoring how
affordability constraints remain central to heating vulnerability.

Building performance further reinforces these disparities. Respondents living in the very lowest energy
efficiency category reported heating inadequacy rates exceeding 57%, while those in the low and very low
categories also faced significant challenges, with almost half unable to keep their homes adequately
warm. This may show that technical characteristics of dwellings—particularly insulation and efficiency—
remain critical structural determinants of thermal comfort and household resilience during winter.
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Employment status is another key axis of inequality. Nearly half of respondents who were unemployed
(46.6%) or unable to work (47.9%) reported being unable to afford adequate heating. Similarly, individuals
in less stable or atypical forms of employment (“other” employment category) reported high levels of
inadequacy (44.4%), reflecting the precarious conditions under which energy vulnerability is compounded
by insecure incomes and reduced access to social protections.

Household composition also plays an important role. Single-parent households reported
disproportionately high rates of heating inadequacy, with 45% unable or partially unable to heat their
homes. This figure is substantially higher than the overall sample average and points to the compounded
effect of limited income, increased care responsibilities, and restricted housing choices.

Comparable patterns emerge when examining cooling inadequacy in summer. Here too, financially
constrained households report the highest levels of vulnerability. Those at the most severe level of energy
burden show the greatest inability to maintain adequate cooling, reflecting how affordability barriers
persist year-round and become critical during heatwaves or prolonged hot periods. Similarly, energy-
inefficient dwellings are not only cold in winter but also prone to overheating in summer, amplifying
seasonal risks and further entrenching inequalities in thermal comfort.

Cooling vulnerability is also stratified by demographic factors. Households headed by unemployed or
economically inactive individuals report disproportionately high levels of summer discomfort, reinforcing
the association between precarious employment, reduced income, and limited adaptive capacity. Single-
parent households again stand out, with elevated risks of cooling inadequacy that mirror their
vulnerabilities in heating, highlighting how constrained resources and care responsibilities translate into
year-round exposure to thermal stress.

Table 25 Prevalence of heating inadequacy among selected vulnerable groups reporting highest
levels of heating and cooling inadequacy.
The order is based on the total percentage of reported vulnerability.

Category Subcategory Unable to afford Partially unable to Total
heating afford heating [%6]
[%] [%6]
Financial burden Energy burdenlevel 419 24 .4 66.4
5
Energy efficiency Very lowest 26.0 31.1 57.1
Low 20.9 35.8 56.7
Very low 13.7 35.2 48.9
Employment Unable to work 12.4 35.5 47.9
Unemployed 17.5 29.1 46.6
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Household type Single parent 13.8 31.1
Financial burden Energy burden level 9.0 35.6
4
Employment “Other” 141 30.3 YA
Employment
Energy efficiency Low 11.4 32.7 441

Table 26 Prevalence of cooling inadequacy among selected vulnerable groups reporting highest

levels of heating and cooling inadequacy.
The order is based on the total percentage of reported vulnerability.

Category Subcategory Unable to Partially unable to Total
comfortably cool comfortably cool [96]
(%] [%]
Energy efficiency Very lowest 47.5 211 68.6
Household Type Non-Family 263 40.6 66.8
Household
Financial Burden Energy Burden Level 36.9 28.7 65.6
5
Country Estonia 50.6 12.7 63.3
Energy efficiency Very low 34.6 28.7 63.3
Energy efficiency Lowest 38.8 24.0 62.8
Employment Unemployed 37.6 24.4 62.0
Unable to Work 34.6 27.0 61.6
Energy efficiency Low 303 30.7 61.0
Country Czech Republic 24.8 35.6 60.4

An ordinal logistic regression was conducted using a binned version of the energy efficiency rating to
assess factors associated with heating affordability. The model was statistically significant (p < 0.001),
highlighting key housing and financial predictors. Households residing in homes with very poor energy
efficiency ratings were significantly more likely to report issues in affording heating, with odds ratios
between 3.3 and 4.3 when compared to the most energy-efficient homes. In addition, households

85

N



\s'f'\" D4.3—Wider housing inequalities outcomes

experiencing energy cost-related financial burden were more than twice as likely to report difficulty in
keeping the home warm (Table 27).

Table 27 logistic regression results for heating affordbaility

Predictor Coefficient Std. Error OddsRatio  p-value 95% Cl 95% Cl
Lower Upper

Energy efficiency 1.45 0.15 4.27 <0.001 3.14 5.80

Lowest

Energy efficiency Low  1.43 0.16 4.21 <0.001 3.05 5.81

Energy efficiency Very  1.20 0.14 3.32 <0.001 2.50 441

low

Energy efficiency Low 1.4 0.14 3.15 <0.001 2.39 4.15

Financial burden 0.79 0.022 2.20 <0.001 2.11 2.30

A second ordinal logistic regression explored predictors of cooling discomfort using the same binned EPC
structure. The model was statistically significant (p < 0.001), confirming that low energy efficiency is also
a strong predictor of perceived cooling inadequacy. Respondents living in homes with very lowest energy
efficiency were over 4.4 times more likely to report cooling discomfort (Table 28),
and similarly elevated risks were observed for other poorly rated homes. Interestingly, respondents from
Estonia were also significantly more likely to report cooling discomfort, suggesting potential regional
variation in cooling needs or expectations.

Table 28 Logistic regression results for cooling discomfort.

Predictor Coefficient Std. Error OddsRatio  p-value 95% Cl 95% Cl
Lower Upper

Energy efficiency  1.49 0.13 4.46 <0.001 3.41 5.85

Very lowest

Energy efficiency  1.25 0.12 3.49 <0.001 2.71 4.49

Lowest

Energy efficiency  1.24 0.11 3.48 <0.001 2.78 4.36

Very Low

Energy efficiency  1.17 0.10 3.22 <0.001 2.61 3.99

Low

Estonia 1.03 0.07 2.82 <0.001 2.43 3.26

5.12.2.1  Health impact of inability to keep warm and cool

Building on the findings of the previous section, we explored the relationship between indoor thermal
comfort and self-reported health and well-being outcomes, addressing RQ 2: How does the inability to
maintain adequate indoor thermal comfort relate to health and well-being outcomes? To this end, we
test HP1: People unable to maintain indoor thermal comfort report worse general health and well-being
outcomes.
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Figure 15a shows the distribution of general health status by affordability of adequate heating. The share
of respondents reporting "very good” or “good” health was higher among those able to afford adequate
heating. In contrast, those unable to afford heating reported higher proportions of *bad” and “very bad”
health. Similarly, Figure 15b illustrates that respondents reporting cooling difficulties had a lower
proportion of “very good” and "good” health and a higher share of “fair” or "bad” health.

The differences were confirmed by independent samples t-tests. Respondents unable to afford heating
had significantly lower mean general health scores (mean = 2.90, SD = 1.01) compared to those who could
(mean =3.24, SD = 0.88), t(2263) = 9.84, p < 0.001. A similar pattern emerged for cooling: those who
reported being unable to keep their homes cool had lower average general health scores (mean = 2.92,
SD = 0.95) than those who could (mean =3.23, SD = 0.91), t(2263) = 8.83, p < 0.001.
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Figure 15 Distribution of general health status by thermal comfort conditions.

(a) Percentage distribution of self-reported general health by ability to afford adequate heating. (b)
Percentage distribution of self-reported general health by ability to maintain comfortable indoor
temperatures during hot weather.
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Figure 16a and b show the distribution of subjective well-being scores by ability to afford heating and to
stay cool. In both cases, median well-being scores were lower among those who could not maintain
thermal comfort. The range of scores was also more dispersed among these groups, suggesting variability
in well-being among those experiencing thermal discomfort.

The results of t-tests support this trend. The mean well-being score among respondents unable to afford
heating was significantly lower (mean = 6.53, SD = 2.30) than those who could afford heating (mean =7.78,
SD =2.01), t(2263) = 10.93, p < 0.001. Similarly, those who could not keep cool reported lower well-being
scores (mean = 6.67, SD = 2.19) compared to those who could (mean =7.68, SD = 2.10), t(2263) = 9.09, p
<0.001.
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Figure 16 Distribution of wellbeing scores by thermal comfort conditions.
(a) Boxplot of wellbeing scores by ability to afford adequate heating. (b) Boxplot of wellbeing scores by
ability to maintain comfortable indoor temperatures during hot weather.
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A linear regression was conducted to evaluate the association between thermal comfort conditions,
financial burden, and socio-demographic characteristics on wellbeing. As shown in Table 29, the model
was statistically significant, F(26, 14,227) = 115.2, p < 0.001, and explained 17.4% of the variance in
wellbeing. Thermal comfort variables showed a positive association: respondents who could afford
adequate heating had significantly higher wellbeing scores ( = 0.68, 95% Cl [0.55, 0.80], p < 0.001), and
those reporting no cooling discomfort also had better wellbeing (B = 0.59, 95% Cl [0.51, 0.67], p < 0.001).
Employment and financial strain were key predictors: individuals unable to work (B = -1.58), unemployed
(B = -1.18), or performing household work (B = -0.42) had substantially lower wellbeing. Perceived
financial burden also negatively predicted wellbeing (B = -0.25, p < 0.001).

Table 29 Linear regression summary for wellbeing predictors.

Variable Coefficient Std. Error p-value 95% ClLower  95% Cl Upper
Employment, -1.58 0.09 <0.001 -1.76 -1.40

Unable to Work

Employment, -1.17 0.076 <0.001 -1.32 -1.03
Unemployed

Employment, -0.41 0.0 <0.001 -0.58 -0.25
Household Work

Financial burden -0.25 0.01 <0.001 -0.2 -0.22

Cooling comfort-  0.58 0.04 <0.001 0.51 0.67

yes

A second linear regression tested whether the relationship between heating affordability and wellbeing
varied by age group, a summary of the results is provided in Table 30. This model also reached statistical
significance, F(32, 14,221) = 94.7, p < 0.001, explaining 17.6% of the variance in wellbeing (R2 = 0.176,
adjusted R? = 0.174). Thermal comfort remained a strong predictor: lack of cooling discomfort was
associated with better wellbeing (B = 0.58, p < 0.001). However, the interaction terms between heating
affordability and age group were not significant, suggesting the relationship between heating
affordability and wellbeing was consistent across age groups. Key predictors such as unemployment,
inability to work, and financial burden showed similar effects as in the main effects model.

Table 30 linear regression summary for heating affordability and wellbeing predictors.

Variable Coefficient Std. Error  p-value 95% Cl 95% Cl Upper
Lower

Employment, Unable  -1.58 0.09 <0.001 -1.75 -1.40

to Work

Employment, -1.17 0.07 <0.001 -1.32 -1.02

Unemployed

Employment, -0.44 0.08 <0.001 -0.60 -0.27

Household Work

Financial burden -0.25 0.01 <0.001 -0.28 -0.22

Cooling comfort -yes  0.58 0.04 <0.001 0.50 0.66
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An ordinal logistic regression was conducted to examine the association between wellbeing, thermal
comfort, financial burden, and socio-demographic characteristics on self-reported general health (Table
31). The model was statistically significant, x2(27, N = 12,167), p < 0.001. Wellbeing score was positively
associated with better general health (OR = 1.45, 95% Cl [1.42, 1.49], p < 0.001). Those unable to work (OR
=0.07), retired (OR = 0.33), or in 'other' employment (OR = 0.33) had lower odds of good health.

Table 31 Ordinal logistic regression summary for predictors of self-reported general health.

Variable Coefficient Std. Error p-value 95% Cl Lower 95% Cl Upper
Employment, -2.61 0.11 <0.001 -2.84 -2.39
Unable to work

Employment, -1.13 0.21 <0.001 -1.54 -0.71
Other

Employment, -1.18 0.05 <0.001 -1.28 -1.08
Retired

Energy efficiency  0.94 0.01 <0.001 0.91 0.97
Low

Energy efficiency  -0.9 0.1 <0.001 -1.21 -0.60
Very Low

5.1.2.2  Cooling inequalities

The previous sections have demonstrated that thermal discomfort is not evenly distributed across the
population and that difficulties in maintaining adequate heating or cooling are associated with poorer self-
reported health and lower life satisfaction. However, these challenges are likely to intensify under climate
change, particularly in relation to summer overheating. Therefore, it is critical to assess how populations
are responding to rising cooling needs and whether adaptation strategies are keeping pace. The following
section examines recent trends in air conditioning ownership alongside reported difficulties in maintaining
adequate cooling, recognising that two dynamics are occurring simultaneously: an increase in AC uptake
and a warming climate. This section addresses RQ 5: How have overheating risks and air conditioning
ownership changed since 20127 The aim was to assess whether the proportion of individuals unable to
maintain adequate cooling has increased over time, despite growing AC ownership, and to consider
whether these patterns suggest a widening gap between cooling needs and available adaptation
measures.

To investigate this, we analysed longitudinal data on both the prevalence of AC and the proportion of
households reporting difficulties in maintaining adequate indoor cooling from the EU SILC database and
the multinational survey.

Between 2007 and 2025, AC ownership has increased significantly in all countries considered. The most
substantial rise is observed in Italy, where the percentage of households with AC increased from 37.8% in
200710 60.7% in 2025. Romania follows, with an increase from 17.2% to 47.1%, while Belgium and Estonia
also show notable growth—from 3.2% to 23.9%, and from 8.2% to 20.1%, respectively (Figure 17a). These
trends reflect a growing reliance on mechanical cooling technologies, likely driven by higher summer
temperatures, increased frequency of heatwaves, and changing thermal comfort expectations.
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Despite this widespread uptake of air conditioning, the proportion of households unable to maintain
adequate indoor cooling remains high in many contexts and, in some cases, has worsened over time. As
shown in Figure 17b, in 2025 an estimated 50.1% of households in Estonia report an inability to keep their
home cool, followed by 30.4% in Finland, 23.2% in Romania, 22.9% in Germany, and 19.1% in Italy. These
figures suggest that overheating remains a significant issue, even in countries with rapidly increasing AC
ownership.

Comparative data from 2012 further emphasise this concern. In Estonia, the proportion of households
reporting cooling inadequacy nearly doubled, from 26.3% in 2012 to 50.1% in 2025. In Romania, levels
remain persistently high—38.5% in 2012 versus 23.2%in 2025—when accounting only for those unable to
cool, with a further large share reporting they can only cool their homes “sometimes.”

These results indicate that the expansion of AC ownership has not translated into a proportional reduction
in cooling discomfort. This outcome is not surprising, as rising summer temperatures and the increasing
frequency of heatwaves under climate change are placing greater stress on buildings and households. In
addition, several factors compound this mismatch. First, households may lack the financial means to
operate air conditioning systems adequately. Second, poor building design, inadequate insulation, or
inefficient systems may limit the effectiveness of cooling technologies. Third, the benefits of AC are not
distributed evenly across the population, with lower-income or marginalised groups less likely to access
or afford them.

This persistent gap between AC ownership and effective cooling highlights the need for more
comprehensive and equitable adaptation strategies. These should include not only access to efficient and
affordable mechanical cooling but also the promotion of passive design solutions, improved housing
standards, and targeted financial assistance for vulnerable households.

a 2007 w2025 b I Cannot cool (2025)  mom Can cool sometimes (2025) B8 Cannot cool (2012)

@
=

60

Percentage of households
N
&

N
o

EE T
Country Country

Fl

Figure 17 Trends in air conditioning adoption and reported cooling inadequacy across surveyed
countries.

a) Percentage of households with air conditioning by country and year (2007—-2025). b) Percentage of
households reporting inability to maintain adequate cooling by country and year (2012 and 2025).
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To further understand household adaptation strategies to increasing indoor heat, we examined the types
of cooling appliances used across surveyed countries. Figure 18a presents the overall prevalence of
different cooling systems among respondents, while Figure 18b disaggregates these results by country.

At the aggregate level, the most common cooling solution is the floor or table fan, used by approximately
35% of respondents. This is followed by natural cooling methods, adopted by 30%, and no cooling system
at all, reported by around 28%. Mechanical systems such as heat pumps (10%) and ceiling fans (7%) are
less frequently used, while evaporative coolers and other systems are relatively rare, each accounting for
less than 5% of usage.

Country-level differences highlightimportant disparities in access to and reliance on cooling technologies
(Figure 18b). In Finland, for instance, nearly 48% of households report using floor/table fans, with another
37% using natural methods, and only 19% reporting no cooling. Conversely, in Belgium, although 29% use
natural methods, nearly 45% report having no cooling system, suggesting limited adaptive capacity.
Germany and Czechia show high use of floor/table fans (37% and 41%, respectively), but also a notable
share relying solely on natural ventilation or reporting no cooling at all. Estonia and Finland have the
highest use of heat pumps (15% and 23%, respectively), likely reflecting national heating and cooling
policies that encourage adoption of dual-purpose systems. Romania shows a relatively balanced
distribution, with 38% reporting no cooling system, 29% using natural methods, and 24% relying on fans.
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Figure 18 Prevalence of cooling systems among survey respondents.
(a) Overall percentage of respondents using different types of cooling systems across all countries. (b)
Country-level distribution of cooling system use. Respondents could select more than one option.
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5.12.3 STRATEGIES TO OVERCOME SHOCKS AND UNPREDICTABLE SOCIO-
ECONOMICAL EVENTS

This subsection relates to RQs 6 and 7, examining household responses to crises and housing mobility
during COVID-1q.

Key insights:

e Restrictive energy-saving behaviours persisted beyond the energy crisis.
e Financially constrained households adopted more coping strategies.
e Housing vulnerability amplified exposure to both energy and COVID-1g shocks.

Following the previous sections that explored thermal comfort and health impacts, this section
investigates how households responded to recent socio-economic shocks—namely the 2021 energy crisis
and the COVID-19 pandemic. It focuses on the strategies adopted to cope with these external stressors
and the extent to which these strategies reflect or exacerbate underlying inequalities. The results are
organised into two sections: (i) energy-saving behaviours adopted during the energy crisis, and (ii) housing
mobility in response to the COVID-19 pandemic.

5.1.3.1  Energy-savings behaviours

To assess household responses to the 2021 energy crisis, this subsection examines the adoption and
continuation of energy-saving behaviours using data from the Houselnc survey. It evaluates whether
socio-economically disadvantaged households—such as low-income families, renters, and single-parent
households—were more likely to adopt restrictive strategies, such as reducing heating or limiting
appliance use, and whether they continued these behaviours even after energy prices stabilised.

Overall, 21.1% of households reported taking no action during the crisis, while 16.3% reported no
continued actions afterward. Interestingly, 5,431 respondents (over one-third) reported new
behaviours after the crisis that had not been listed previously—likely reflecting a misunderstanding
of the follow-up question. To address this ambiguity, we categorised respondents into two distinct
groups based on response consistency: those whose post-crisis behaviours were a subset of those
reported during the crisis (labelled as consistent respondents, 62.4%), and those who reported at
least one new behaviour after the crisis (expanded respondents, 29.9%). Descriptive statistics are
presented separately for each group, while regression analyses are restricted to the consistent group
to ensure interpretability and robustness of findings.

Figure 19 shows the most common actions: switching to LED bulbs (51.6% during; 55.4% after),
reducing heating or cooling (40.1% to 42.7%), and using less water/fuel/energy (41% in both periods).
While mean actions per household appeared slightly higher post-crisis (2.14 vs. 2.07), a paired-samples
t-test among consistent respondents found a statistically significant decrease: t (9186) = —47.75, p < .001,
Cohen's d = —0.498. Engagement varied by household and country characteristics. Single-parent
households, those under greater financial burden, and those reporting low-income adequacy undertook
more actions during and after the crisis. Respondents in Italy and Romania showed higher levels of activity,
while Finland and Estonia reported fewer behaviours overall.
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Figure 19 Energy-saving behaviours adopted during and after the 2021-2023 energy crisis,
disaggregated by respondent group.

a) Households with consistent responses, i.e. those whose post-crisis behaviours were a subset of or
identical to those reported during the crisis. b) Households with expanded responses, i.e. those who
reported adopting at least one new energy-saving behaviour after the crisis.

Cross-country analysis (Figure 20a) shows Italy and Romania with over 9o% of consistent respondents
continuing at least one behaviour. Finland reported the lowest engagement both during and after the
crisis. Among expanded respondents (Figure 20b) Finland and Czech Republic had the highest rates of
newly adopted actions post-crisis.
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Figure 20 Changes in energy-saving behaviour during and after the 2021-2023 energy crisis by
country and respondent group.

a) Percentage of households in each country who reported adopting at least one energy-saving action
during the crisis and continuing at least one of those actions after it, based on respondents with consistent
responses across both questions. b) Among households whose responses expanded post-crisis, the
percentage who continued previous actions and/or adopted new ones. Continued and newly added
behaviours are shown as stacked bars. Percentages are calculated within each consistency group by

country.

Regression analysis (Table 32) shows financial burden as the strongest predictor of both adoption and
persistence. Income adequacy also independently predicted both outcomes. Retired individuals, part-
time workers, and single parents were more likely to adopt and maintain behaviours, whereas
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unemployed individuals were significantly less likely. Cross-country differences were again notable: Italy,
Romania, and Czechia showed higher levels of behavioural change, while Finland and Estonia showed
lower levels. examined both the likelihood and extent of energy-saving behaviour in response to the 2021
energy crisis.
Three logistic models predicted whether households (1) adopted any energy-saving action during the
crisis, (2) continued any action afterwards, and (3) continued specifically the same actions as before. Two
additional Poisson models estimated the number of actions taken during and after the crisis, respectively.

Across all models, perceived financial burden emerged as the strongest predictor of both adoption and
persistence, indicating that households experiencing higher energy cost pressure were more likely to
restrict consumption. Income adequacy also independently predicted both outcomes, reinforcing the link
between perceived financial strain and behavioural response. Retired individuals, part-time workers, and
single parents were more likely to adopt and maintain energy-saving measures, whereas unemployed
respondents were significantly less likely to do so. Cross-country differences were notable: Italy, Romania,
and Czechia showed higher levels of behavioural change, while Finland and Estonia showed lower levels.

Table 32 Summary of regression models

Model type Model outcome N Variance Explained

Logistic Adoption during crisis (any 9187 Nagelkerke R2=0.137
action) Accuracy = 67.6%

Logistic Continuation after crisis 7762 Nagelkerke R2=0.078
(any action) Accuracy = 64.3%

Logjistic Continuation of same 6845 Nagelkerke R2=0.079
actions only Accuracy = 64.0%

Poisson Number of actions during 9187 Deviance explained: 14.9%
crisis

Poisson Number of actions after 7762 Deviance explained: 15.7%
crisis

5.1.3.2 COVID-19 mobility

This subsection explores the relationship between housing-related vulnerabilities and forced housing
mobility during the COVID-19 pandemic. The aim is to assess whether households living in inadequate
housing conditions—such as overcrowding, damp, or unaffordable energy costs—were more likely to
move, and whether specific population groups experienced disproportionate displacement during this
period.

Figure 21 presents the proportion of respondents who reported moving, disaggregated by employment
status, housing tenure and ownership, ethnic background, and household type. Results show that tenure
status and financial vulnerability were closely associated with increased mobility. Respondents living in
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mortgaged homes were significantly more likely to have moved (28.8%) than those who owned their
home outright (11.4%). Mobility was even higher among renters, with private tenants and social renters
reaching 47.7% and 35.3% respectively. Mobility also varied by employment status. Those on temporary
leave reported the highest rates of movement (65.9%), followed by students and those in part-time or
informal employment. In contrast, only a small proportion of retired respondents moved (8.7%),
highlighting the protective effect of stable income sources (Figure 21a). In terms of ethnic background,
racialised minorities were more likely to have moved compared to white respondents (Figure 21c). While
the data do not allow for full disaggregation of the mechanisms, this pattern may reflect intersecting
inequalitiesinincome, tenure, and discrimination in the housing market. Household structure also shaped
exposure to housing shocks. Non-family households (e.g. flat hares or informal housing arrangements)
and single-parent families experienced the highest mobility rates (Figure 21), while couples with or
without children were less likely to move. These results point to the compound effects of space
constraints, affordability issues, and lack of housing stability.
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Figure 21 Proportion of respondents who moved since February 2020 by: (a) Employment status,
(b) Housing tenure and ownership, (c) Ethnic background, (d) Household type.

Alogistic regression was performed to examine the factors associated with involuntary housing relocation
among homeowners during the COVID-19 pandemic, such as employment, ownership, ethnicity and
household type (Table 33). The model was statistically significant (p < 0.001), indicating several socio-
demographic characteristics were significantly associated with the likelihood of moving involuntarily.
Homeowners with a mortgage were significantly more likely to experience a forced move (OR = 2.67, 95%
CI[2.38,3.00], p<0.001). Conversely, retired individuals (OR = 0.40), those living with parents (OR = 0.43),
and people unable to work (OR = 0.50) had significantly lower odds of involuntary relocation. Respondents
on temporary leave also showed increased likelihood (OR = 2.06).
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Table 33 Logistic regression summary for socio-demographic predictors of involuntary housing
relocation among homeowners during the COVID-19 pandemic.

Variable Odds Ratio 95% Cl Lower 95% Cl Upper p-value
Ownership, Owned 2.67 2.38 2.99 1.39
with mortgage

Employment, Retired  0.40 0.33 0.48 136
Household type, 0.43 0.32 0.58 6.8
Living with parents

Employment, 2.05 144 2.94 7.25
Temporary leave

Employment, Unable  o0.50 031 0.80 >0,001
to work

A logistic regression was conducted to assess predictors of involuntary housing relocation among tenants
during the COVID-19 pandemic (Table 34). The model was statistically significant (p < 0.001), highlighting
key socio-economic vulnerabilities. Tenants who were unemployed (OR = 2.09, 95% Cl [1.71, 2.55], p <
0.001) or on temporary leave (OR = 1.85) were more likely to report forced moves. Those unable to work
(OR =1.66) and in household work (OR = 1.56) also faced elevated risks. Conversely, retired tenants had
significantly reduced odds of forced relocation (OR = 0.43, 95% Cl [0.37, 0.54], p < 0.001).

Table 34 Logistic regression summary for socio-demographic predictors of involuntary housing
relocation among tenants during the COVID-19 pandemic.

Variable Odds Ratio 95% Cl Lower 95% Cl Upper p-value
Household type, 0.29 0.21 0.40 3.14
Living with parents

Ownership, Rented - 2.62 2.03 3.38 7.97
private

Employment, 2.52 1.63 3.89 3.07
Temporary leave

Employment, Retired  0.44 0.37 0.53 4.24
Employment, Student  1.85 1.41 2.42 8.56

5.2 DISCUSSION

This section integrates findings from all RQs, linking the results of the literature review and data
analysis to broader conceptual and policy implications.

5.2.1  EXPOSURE TO WIDER HOUSING INEQUALITIES AND MULTIPLE
VULNERABILITIES (CLUSTER)

Housing inequalities — including poor dwelling quality (e.g. overcrowding, damp and mould, and lack of
amenities) and wider housing inequalities such as lack of access to green space, financial strain, and tenure
instability — are recognised determinants of health. Yet research has often treated these dimensions as
distinct and independent, obscuring the extent to which they co-occur within the same households.
Several authors argue that disadvantages overlap and compound as integrally interrelated phenomena,
warranting methods that directly characterise complex pattern across wider housing inequalities and
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multiple vulnerabilities (Coley et al.,, 2014; Clair et al., 2019). Concepts of cumulative housing burden
(Swope and Hernandez, 2019a; Hochstenbach, 2025) similarly contend that affordability, security and
quality are not isolated attributes but act together. In line with this view, Baker and Lester (2017) suggest
thatindividual housing dimensions typically analysed in isolation are better understood as interdependent
components that “work together” within households, effectively forming bundle conditions. Against this
background, this report used cluster analysis to identify which households experience co-existing housing
vulnerabilities and environmental access constraints, and to describe their socio-demographic and health
profiles across countries.

Dimensionality reduction revealed three dominant axes of inequality: dwelling size and energy
performance (PCa), personal space and environmental amenities (PC2), and energy efficiency combined
with housing conditions (PC3). These axes indicate that exposure to wider housing inequalities and the
experience of multiple vulnerabilities are layered: demographic composition, employment, financial
situation, tenure and ethnicity intersect to produce varied patterns of health and well-being. The final
three-cluster solution at the multinational level is statistically defensible and conceptually meaningful as
a segmentation of European households. At the country level, a very small set of observation in the Czech
Republic, Estonia and Finland could not be classified, likely reflecting the complexity of categorical
variables in mixed-type clustering. However, these cases account for only 0.036% of the total household
sample and therefore do not invalidate the findings. Rather, they highlight the need to interpret
boundaries between groups with caution and to consider complementary qualitative or contextual
evidence where appropriate.

The clustering shows that households are exposed to between a minimum of three wider housing
vulnerabilities and as many as nineteen, which is consistent with prior work. Adamkiewcz et al. (2014), for
example, clustered the prevalence of key environmental conditions in low-income housing and their
associations with self-reported health, finding that most households faced three or more simultaneous
housing stressors. Our multinational results extend this evidence by showing that vulnerabilities in
housing, socio-economic position, health, environmental amenities and contextual resources intersectin
ways that reinforce one another, creating distinct profiles of disadvantage. Cluster 2, at the multinational
level, emerges as the most severely and multidimensionally deprived group, with deficit spanning almost
every domain. In housing, this cluster faces high rates of overcrowding, damp, mould and space shortage,
coupled with lower outright ownership and greater reliance on insecure rental arrangements. These
problems are compounded by reduced access to basic infrastructure, including cooling systems, and
public transport facilities. Socio-economically, Cluster 2 has the lowest educational attainment, the
highest prevalence of financial strain, and a large share without a car, restricting access to employment
and services. It also reports the highest levels of perceived discrimination — particularly on income,
education and family composition —adding and additional barrier to stability and inclusion. Environmental
and contextual vulnerabilities further amplify these disadvantages: Cluster 2 has the most limited access
to green space, with a sizeable minority having none at all, and is more likely to live in high-density flats,
conditions that restrict privacy, outdoor activity and environmental comfort (Dempsey, Brown and
Bramley, 2012; Endalew Terefe and Hou, 2024). Material deprivation —such as lack of cooling and heating
equipment, freezers and basic cooking appliances — limits the capacity to maintain healthy living
conditions and to cope with climatic extremes. Health indicators mirror these intersecting disadvantages:
Cluster 2 has the lowest share reporting good or very good health, the highest chronic illness prevalence
and poorer well-being scores than the other clusters.
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These patterns confirms that vulnerabilities do not occur in isolation but overlap and reinforce one
another, plausibly exerting compounding — potentially exponential — rather than additive effects (Corburn,
2017). Poor housing quality, insecure tenure, low income, limited mobility, restricted environmental
access, material deprivation and health problems form an interconnected web in which disadvantage in
one dimension intensifies challenges in others. This creates a cumulative and self-reinforcing cycle of
exclusion that is most acute in Cluster 2, while Cluster 1and 3 experience narrower but still consequential
combinations of vulnerabilities. These observations accord with evidence that lower-income households
tend to occupy less space than average, intensifying exposure to both winter and summer stressors (Lo et
al, 2022).

These cumulative disadvantages are particularly evident among older adults, ethnic minorities, low-
income families, and single-parent households. Within this broader picture, single-parent households
emerge as a consistently vulnerable group. In the pooled analysis they are most prevalent in the
multidimensionally deprived profile. Country-level distributions within the most vulnerable clusters
reinforce this signal: single-parent shares are highest in Belgium and remain substantial in the Czech
Republic, Estonia, Great Britain and Italy. These patterns accord with comparative findings that problems
for single parents—especially single mothers—are multidimensional and only weakly correlated across
specific housing indicators, with institutional features of housing systems shaping which dimensions are
most acute in a given country (Nieuwenhuis and Zagel, 2023). Their descriptive evidence shows that free
or reduced-rent housing can ease cost overburden even as it is associated with higher rates of deprivation,
overcrowding and neighbourhood problems—an apparent paradox that resonates with our observation
that Cluster 2 combines higher reliance on social or private renting with both material deprivation and
fabric defects. These results also align with evidence that single parents in the EU and UK are
disproportionately unable to afford adequate heating, reflecting the intersection of parenthood,
singleness and gender, further modulated by country-specific factors and income inequality that is largely
politically determined (Sunikka-Blank and Galvin, 2021). Finally, EU monitoring indicates that between
2010 and 2018 single parents experienced improvements in severe housing and material deprivation and
in at risk of poverty or social exclusion (AROPE), but not in at-risk-of-poverty itself; our findings of
persistent financial strain among single parents concentrated in the most deprived cluster are consistent
with this mixed progress, suggesting that poverty risk remains a binding constraint even where some
deprivation indicators have improved.

A further contribution of the cluster analysis is to explain why a consistently "“most vulnerable” cluster can
be distinguished overall, yet housing-related disadvantages do not align perfectly with every single
indicator in every country. In the country-level analyses, the cluster ranked most vulnerable is not always
the one with the highest heating unaffordability or cooling discomfort. This decoupling indicates that
energy-related risks are distributed across groups according to climate, building stock and adaptation
capacity. The findings also extend the social dimension of cooling vulnerability: the cluster that is most
disadvantaged overall is not always the one reporting the highest cooling inadequacy, suggesting that
summer risk can cut across socio-economic strata when space and amenity constraints are binding.
Evidence from the UK and Europe shows that well-insulated homes can still overheat when solar gains,
internal loads, ventilation practices and urban heat interact. Studies of social housing retrofitted with heat
pumps (Zahiri and Gupta, 2023) document dwellings occupied by older or low-income residents who are
simultaneously heat-vulnerable and unable to afford active cooling, and (Vellei et al., 2016, 2017) show
disproportionate summer overheating among households with older, disabled or long-term ill occupants.
Specific building characteristics—such as insulated solid walls without adequate shading or ventilation
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strategies—and tenancy arrangements with limited control over adaptations can exacerbate risk; at the
same time, Huebner et al. (2022) highlight that in England personal variables are most strongly related to
well-being, while both housing and neighbourhood variables also show significant associations. These
contrasts clarify why energy-related risks peak in different clusters across countries and why single-parent
households, although not always the most energy-poor by a single indicator, nonetheless accumulate
multiple constraints that magnify health risks.

The heterogeneity observed across countries appears to reflect the interaction of climate regimes, stock
typologies and housing systems. Apartment-dominated, colder-climate contexts tend to present a dual
burden—winter hardship and rising summer stress—even where envelopes are efficient. Southern
contexts show structural defects and moisture issues alongside growing cooling needs. Suburban systems
with higher ownership and more internal space still report persistent overheating, indicating that
behavioural, locational and design factors matter as much as nominal energy performance. These
contrasts help to explain why the worst overall profile is not uniformly the worst on every indicator, and
they support the case for country-specific reading of the clusters.

Methodological features should be taken in consideration. Mixed-type clustering in overlapping socio-
housing phenomena yields modest separation and fuzzy boundaries by design; this is not a flaw but a
reflection of reality in which vulnerabilities sit on continua. The negligible fraction of unclassified cases
attests to overall stability. As the analysis is cross-sectional, causal direction cannot be established; the
profiles should be read as co-exposures and co-occurring outcomes rather than causal pathways.
Longitudinal and qualitative follow-up would help trace mechanisms and validate profiles in context,
particularly for single-parent households who face time and care constraints that can limit behavioural
coping strategies.

5.2.2 HEATING AND COOLING INEQUALITIES

The cluster analysis highlighted how housing inequalities manifest in distinct household vulnerability
profiles, ranging from comparatively advantaged households with larger, energy-efficient dwellings to
those facing multiple disadvantages such as poor energy performance, overcrowding, and limited access
to amenities (Thomson et al., 2019). Building on these insights, this section examines heating and cooling
inequalities as critical expressions of such vulnerabilities. The ability to maintain safe indoor temperatures
is shaped not only by income and energy costs but also by the quality and efficiency of dwellings, tenure
conditions, and socio-demographic characteristics. These factors intersect to create stark disparities in
thermal comfort, leaving some households more resilient while others remain exposed to heightened risks
of fuel poverty, overheating, and associated health burdens.

Our results show that the inability to afford heating is highly stratified across socioeconomic and housing
dimensions, confirming pattern documented in the literature on energy poverty and fuel vulnerability.
Heating vulnerability appears to be more acute among household facing the highest level of financial
burden, those living in poorly performing buildings, single-parent families, and individuals in precarious or
insecure employment. These findings align with national statistics on fuel poverty in England, which show
that households in the lowest income decile spend proportionally three times more of theirincome on gas
and electricity than those in the highest income decile (Department for Business, Energy & Industrial
Strategy, 2022). While gender did not show a significant independent effect in our models, previous
studies suggest that fuel poverty often disproportionately affects women-headed households, particularly
single parent Sunikka-Blank et al (2021). Rising fuel prices, inflation, and stagnant wages have intensified
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this imbalance, reinforcing inequalities in energy affordability. They also echo existing research
conceptualising fuel poverty as a multi-dimensional problem shaped not only by low income but also by
housing quality and energy efficiency (Middlemiss and Gillard, 2015; Bartiaux, Day and Lahaye, 2021).
Recent work for Belgium highlights that energy poverty acts as a restriction on multiple capabilities,
affecting not just thermal comfort but also nutrition, education, and social participation (Meyer et al.,
2018). The systemic nature of energy vulnerability means that households have limited agency to reduce
their exposure, as their conditions are shaped by a combination of dwelling fabric, energy costs, stability
of income, tenancy status, and social relations. Our findings reinforce this view, showing that thermal
inadequacy is embedded in wider patterns of socioeconomic precarity and material deprivation.

Evidence from other European contexts confirms our results linking between precarious employment and
energy poverty. In Spain, households where the main earner was unemployed or working part-time were
significantly more likely to experience energy poverty compared to those in stable full-time employment
(Aristondo and Onaindia, 2018). Similarly, in Belgium, high unemployment among low-skilled workers,
combined with an ageing and poorly insulated housing stock, has been identified as a major driver of fuel
poverty (Bartiaux, Day and Lahaye, 2021). These studies support our finding that labour market
inequalities compound housing vulnerabilities, with unemployed and single-parent households among
the most exposed to heating inadequacy.

The health consequences of cold homes are well established. Cold housing conditions exacerbate
respiratory and cardiovascular diseases, worsen mental health, and increase excess winter mortality
(Thomson, Snell and Bouzarovski, 2017). The EU’s recognition of energy poverty in Directive (EU)
2019/944 emphasises the inability to secure essential energy services such as heating, cooling, and
lighting as a fundamental barrier to decent living standards. Our results show that respondents unable to
heat adequately reported worse general health, lower wellbeing, and heightened psychological strain,
consistent with this framing of energy poverty as both a material and health inequality.

Cooling inadequacy followed similar patterns, with affordability constraints and poor building efficiency
emerging as central drivers. Households in inefficient dwellings not only struggled to stay warm in winter
but were also more likely to overheat in summer, highlighting the year-round consequences of poor
housing performance. Single-parent households and the unemployed were particularly exposed to
cooling inadequacy, highlighting how demographic and economic disadvantage intersects with technical
deficits in housing. These results echo Cong et al. (2022), who found that low-income households endure
hotter indoor environments in summer compared to wealthier households, even where cooling
technologies are available.

As expected, our findings showed a significant increase in air conditioning ownership since 2007—
particularly in Italy, Romania, and Belgium. This trend is consistent with recent projections by Falchetta
(2024), who estimates that the share of European households with residential AC could rise from 27% to
41% in the near future. Together, these findings highlight a clear trajectory towards greater reliance on
mechanical cooling as summer heat intensifies. However, they also point to a persistent paradox: despite
substantial increases in ownership, the proportion of households reporting inability to stay cool has not
declined, and in some contexts has worsened. In Estonia, for example, reported cooling inadequacy
almost doubled between 2012 and 2025, despite rising adoption of AC. This reflects both the intensifying
effects of climate change and the uneven accessibility, affordability, and effectiveness of mechanical
cooling. Households in poorly insulated buildings or under financial stress may be unable to afford running
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costs or may find AC ineffective in reducing indoor overheating, mirroring findings from Scott et al.
(2025).

At the same time, reliance on low-cost solutions such as fans and natural ventilation remains widespread,
particularly in Belgium, Germany, and Czech Republic, while the uptake of heat pumps is more common
in Estonia and Finland, reflecting national policy and infrastructure contexts. These differences highlight
the unequal geography of adaptation, where some populations are better positioned to cope with rising
summer heatthan others. As Ripple et al. (2024) and Rocque et al. (2021) stress, exposure to extreme heat
carries serious health risks—including exacerbation of cardiovascular, respiratory, and metabolic
conditions, as well as adverse pregnancy outcomes. Besides, by 2100, heat-related mortality is expected
to rise by approximately 104—135 deaths per million people each year for every degree of global warming,
with the greatest impacts projected in Western and Eastern Europe across different population—climate
scenarios (Wu et al., 2025). making the persistence of cooling inequalities a pressing public health
concern.

5.2.3 COPING STRATEGIES TO MITIGATE VULNERABILITIES IN RESPONSE TO CRISIS

An extensive body of literature has examined household responses to crises in terms of energy-saving
behaviours and housing mobility, but few studies have considered these dynamics simultaneously. This
report contributes to this debate by analysing how households adapted to the energy price crisis that
followed Russia’s invasion of Ukraine, and how housing mobility patterns were shaped during the COVID-
19 pandemic.

With respect to energy-saving behaviour, our findings show that although many households were already
engaged in efficiency practices prior to the crisis, the outbreak of the 20212023 energy price surge
prompted a notable intensification of such behaviours. This aligns with recent work by (Liobikiene, Matiiuk
and Krikstolaitis, 2023), who found that concerns about ongoing crises—including the war in Ukraine and
the pandemic—positively influenced household engagement with energy-saving actions. In our sample,
the most common measures included switching to LED bulbs, reducing heating or cooling demand, and
lowering water, fuel, or energy use, mirroring again the patterns reported by Liobikiené (2023). Eakins et
al. (2025), using Eurobarometer data across 27 European countries, similarly found that households
responded to the energy price crisis by diversifying the range of energy-saving measures undertaken.
Evidence from Great Britain during the cost-of-living crisis further reinforces these observations: Huebner
et al. (2023) reported that households significantly reduced thermostat settings, heated fewer rooms,
shortened heating hours, and increased their overall effort to save energy, with financial stress emerging
as a key driver of behavioural change. Their study also highlighted wellbeing consequences, showing that
households struggling to keep warm or pay heating costs reported substantially lower life satisfaction.

Our results highlight the central role of economic constraints in shaping behavioural responses. Financial
burden emerged as the strongest predictor of both adoption and persistence of energy-saving actions,
demonstrating a clear dose—response relationship. This supports Hansen (2022), who identified income
as the most significant determinant of energy-related behavioural change among Danish households.
However, it contrasts with Belaid & Jounmi (2020), who also found that household size and income were
not a more relevant predictor of energy-saving attitudes. In our analysis, household structure mattered
differently: single-parent households, those reporting low-income adequacy, and part-time workers were
more likely to adopt and sustain energy-saving actions, while unemployed individuals were significantly
less likely to do so. These findings are consistent with existing research that reported positive associations
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between certain household types and energy-saving behaviours (Umit et al., 2019; Liobikiené, Matiiuk and
Krikstolaitis, 2023). Retired individuals also showed higher persistence in their actions, reflecting the
potential influence of stable, though limited, income sources.

Turning to housing mobility, the COVID-19 pandemic triggered new residential needs and preferences,
yet the literature has only begun to unpack its impact on actual relocation patterns. Lei and Lui (2022)
note that the pandemic’s effect on the long-term decline in residential mobility remains uncertain. Our
analysis highlights that mobility was strongly stratified by tenure and financial vulnerability. Homeowners
with mortgages were more likely to have moved than outright owners, while renters—particularly in the
private sector—experienced the highest rates of mobility. These results echo evidence from Spain, where
Duque-Calvache et al. (2021) found that around 10% of the population moved during lockdown, often
driven by affordability or housing quality concerns. Colomb and Gallent (2022)further observed that the
pandemic accelerated pre-existing counter-urbanisation trends, reshaping housing demand and
availability in different European contexts.

These findings illustrate that both crises intensified existing vulnerabilities rather than creating entirely
new ones. Economic strain was the dominant factor influencing energy-saving behaviour, while tenure
insecurity and employment precariousness heightened the likelihood of housing displacement.
Importantly, certain groups—such as single parents, part-time workers, private tenants, and racialised
minorities—were disproportionately affected, pointing to the intersection of socio-economic, housing,
and demographic inequalities. These results highlight the need for crisis-response policies that not only
support energy affordability and efficiency but also address the structural drivers of housing instability.

5.3 CHAPTER SUMMARY

This chapter investigated how housing-related vulnerabilities intersect with socio-economic, and
environmental and contextual inequalities and how they manifest on health, drawing on a multinational
survey and the complementary dataset EU-SILC. The analysis focuses on three areas: (i) clustering of
vulnerabilities profiles, (ii) disparities in thermal comfort and health outcomes, and (iii) coping strategies
during recent crises.

Cluster analysisidentified three distinct household profiles across countries. Cluster 1 comprises relatively
advantaged households, characterised by large, energy-efficient dwellings, higher car ownership, and
stronger resilience to housing-related risk. Cluster 2 represents the most disadvantaged group, facing
overcrowding, poor energy performance, insecure tenure, financial strain, limited access to amenities,
and high exposure to discrimination and poor health. Cluster 3 illustrates constrained efficiency:
households often live in energy-efficient dwellings but face overcrowding and reduced access to
environmental amenities such as green space. Country-level analyses revealed both shared patterns of
multidimensional deprivation and strong national specificities shaped by local housing systems, socio-
demographic structures, and environmental contexts. Across all settings, however, vulnerable clusters
consistently reported poor health, limited mobility, financial strain, and restricted access to resources,
reinforcing the interdependence of housing and wider social inequalities.

Indoor thermal comfort analysis showed that heating and cooling inadequacies are highly stratified across
income, housing quality, employment status, and household composition. Financially constrained
households, single parents, renters, and those in poorly performing dwellings were disproportionately
unable to maintain safe indoor temperatures. Logistic regression confirmed that poor energy efficiency
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and high financial burden were the strongest predictors of both heating and cooling inadequacy. These
thermal deficits translated directly into worse health and well-being outcomes, with affected households
reporting lower self-rated health, higher prevalence of chronic illness, and reduced life satisfaction. The
analysis also highlighted a paradox: despite substantial increases in air conditioning ownership since 2007,
particularly in Italy, Romania, and Belgium, the prevalence of cooling inadequacy has not declined and in
some countries has worsened. Rising summer temperatures, operating costs, and uneven distribution of
cooling technologies underpin this persistent gap, exposing disadvantaged households to intensifying
health risks under climate change.

Coping strategies during crisis revealed how households adapted to the 2021—2023 energy price surge
and the COVID-19 pandemic. During the energy crisis, many households intensified energy-saving
behaviours such as switching to LED bulbs or reducing heating, but adoption and persistence were
strongly stratified by financial capacity and household type. Single parents, retirees, and those with stable
though limited incomes were more likely to adopt and sustain changes, while unemployed households
were less engaged. During the COVID-19 pandemic, housing mobility was unequally distributed: renters,
mortgaged homeowners, those on temporary leave, and racialised minorities were more likely to move,
while outright owners and retirees were more secure. These findings confirm that crises amplify pre-
existing vulnerabilities rather than creating new ones, disproportionately affecting disadvantaged groups.

6 DISCUSSION

Policy takeaways

e Policies must move beyond single-domain interventions to integrate housing, transport, green
space, and digital access.

e Resilience requires both physical improvements of dwellings and social protection.

e Findings inform WPs Living Labs and WP6 policy modelling under Houselnc.

This deliverable set out to understand how wider housing inequalities—spanning affordability, dwelling
quality, spatial context, and socio-technical access—shape physical and mental health, and how these
disadvantages accumulate within and across populations. It does so by integrating a systematic and
bibliometric mapping of the field with original analyses of multinational survey and secondary data,
organised around seven research questions and a coherent analytic arc from evidence synthesis to
empirical testing and interpretation. This mixed design allows the report to move from "what is known” to
“how it manifests” and “what follows,” linking literature gaps to empirical modelling and policy-relevant
insights.

6.2 INTEGRATIVE SYNTHESIS OF FINDINGS

The systematic review highlighted how poor dwelling conditions, affordability constraints, and
neighbourhood deprivation dominate the field (Krieger and Higgins, 2002; Thomson et al., 2018). These
remain critical, but the review also showed that access to green and blue space, infrastructure, and
digitalisation are emerging yet underexplored axes of inequality (Marmot, 2020; Nieuwenhuijsen, 2021).
The empirical analysis reinforced these insights: multidimensional clustering demonstrated that
vulnerabilities accumulate, with households facing combined risks of poor dwelling quality, financial
strain, overcrowding, and limited access to amenities also reporting the worst health outcomes. This
echoes findings from Eurofound (Burke and European Foundation for the Improvement of Living and
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Working Conditions, 2022) that material deprivation rarely exists in isolation but tends to cluster across
housing, income, and health domains.

Thermal comfort analysis revealed that households experiencing energy poverty—often renters, single
parents, and the elderly—are unable to maintain safe indoor temperatures, with clear consequences for
physical and mental health (Liddell and Morris, 2010; Bouzarovski et al., 2022). Rising ownership of air
conditioning did not eliminate these inequalities, reflecting a broader “cooling paradox” noted in climate-
health research (IPCC, 2022), where adaptation technologies are unevenly distributed and economically
inaccessible to the most vulnerable. Behavioural responses to the 2021 energy crisis and the COVID-19
pandemic confirmed that crises exacerbate existing inequities forcing disadvantaged households into
restrictive coping strategies that can undermine long-term well-being.

6.2 CROSS-NATIONAL PATTERNS AND CONTEXT SPECIFICITY

Although the broad architecture of vulnerability is shared across Europe, national contexts matter.
Welfare regimes, housing market regulation, urban morphology, and climate all shape the depth and form
of inequalities.

The cross-country analysis of vulnerabilities demonstrates that while households face multidimensional
disadvantages across Europe, the specific composition of these vulnerabilities varies by national context.
In Italy and Romania, our cluster analysis identified overcrowding and multigenerational living
arrangements as recurrent features in the most disadvantaged groups. These findings are consistent with
Eurostat statistics showing that overcrowding is highest in Southern and Eastern Europe, where strong
cultural traditions of homeownership and limited social housing investment constrain residential mobility
(Eurostat, 2022b). Overcrowding in these contexts is not only a housing outcome but also a determinant
of health, as our data indicate that households reporting such conditions also exhibit poorer self-reported
health and higher prevalence of chronicillness.

In contrast, in colder Northern and Western European contexts such as Finland, Estonia, and Germany,
our results reveal that heating inadequacy is a defining vulnerability, with up to half of Estonian households
reporting inability to keep their homes adequately warm. Even where housing stock is relatively well
insulated, affordability barriers mean that households cannot always convert energy efficiency into actual
comfort. This pattern resonates with wider evidence on “hidden fuel poverty,” where households under-
heat their homes due to costs rather than technical performance (Liddell and Morris, 2010; Bouzarovski,
2018). Our regression analysis further shows that heating vulnerability has significant negative
associations with both general and mental health, underlining that this remains a critical determinant of
inequality in colder climates.

Our findings also highlight growing disparities in summer cooling. Across countries, air conditioning
ownership has increased substantially since 2007, most notably in Italy and Romania, yet our data show
that households unable to maintain adequate summer cooling remain numerous. In Estonia and Finland,
where AC ownership remains limited, a large share of households (over 30% in both cases) still report
inadequate cooling during summer months. This supports the argument made in climate adaptation
research thatrising AC penetration does not necessarily translate into universal resilience, as affordability,
energy costs, and building performance act as barriers for vulnerable groups (IPCC, 2022; Falchetta et al.,
2024). Our data indicate that these cooling inequalities are most pronounced among low-income renters
and single-parent households, reinforcing the socio-economic gradient in adaptation capacity.
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Cross-national heterogeneity is further reflected in the drivers of the most vulnerable clusters. For
instance, in Germany, discrimination on the grounds of family situation and income is more strongly
reported than in Southern contexts, while in Italy and Romania, discrimination by ethnic background and
education level play alargerrole. Table 20 confirms that these patterns are not random but systematically
associated with the most vulnerable groups in each country. Such results align with studies showing that
inequalities in housing access and experiences of discrimination vary along both cultural and institutional
lines, with Northern and Western countries emphasising market-based affordability constraints, and
Southern and Eastern countries reflecting deeper stratification by ethnicity and education (Filandri and
Olagnero, 2014; McKee, Soaita and Hoolachan, 2020).

Neighbourhood and infrastructural access also show important cross-country variations in our dataset.
Access to green space is higher in Finland and Estonia, yet households in vulnerable clusters in these
contexts still report poorer health outcomes, suggesting that availability alone does not guarantee health
benefits. By contrast, in Italy and the UK, the most vulnerable clusters report limited access to nearby
green areas, aligning with wider evidence that inequitable distribution and perceived inaccessibility
reduce the protective health effects of green space (Twohig-Bennett and Jones, 2018; Public Health
England, 2022). Digital exclusion follows a similar pattern: in Romania and Italy it is primarily linked to
infrastructural gaps, while in Germany and the UK it is more often related to affordability or digital literacy,
echoing findings by Helsper (2021).

Taken together, these results confirm that vulnerabilities cluster differently across countries depending
on institutional, cultural, and climatic conditions. While the cumulative impact on health is clear across all
contexts, the specific pathways—overcrowding in Southern and Eastern Europe, heating costs in colder
climates, or discrimination and affordability pressures in Western Europe—highlight the importance of
nationally tailored strategies. As our data show, a one-size-fits-all approach to housing and health
inequalities is unlikely to be effective; instead, interventions must be adapted to each country’s unique
configuration of housing systems, welfare regimes, and environmental challenges.

6.3 CONCEPTUAL IMPLICATIONS: FROM SILOS TO SYSTEMS

This deliverable demonstrates that housing inequalities cannot be understood in isolation from wider
socio-ecological systems. Dwelling quality, affordability, neighbourhood environment, infrastructure, and
digital access intersect to produce cumulative disadvantage.

The bibliometric mapping identifies the underdevelopment of environmental and planning perspectives
relative to mental health and affordability, suggesting an agenda to reconnect housing research with
urban ecology, mobility, and socio-technical infrastructures.

The evidence from our data analysis confirms that housing inequalities are not discrete challenges but
intersecting dimensions of a wider socio-ecological system. Our cluster analysis shows that vulnerabilities
rarely exist in isolation: households experiencing affordability pressures often simultaneously face
overcrowding, dwelling quality issues, or limited access to green and digital resources. This reinforces the
importance of adopting a systemic perspective where housing is seen not only as a physical structure but
as an entry point into broader inequalities in health and well-being.

The results highlight that cumulative disadvantage emerges from the interaction of multiple domains. For
example, in Romania and lItaly, households in the most vulnerable clusters were characterised by
overcrowding combined with reported discrimination on the basis of ethnicity or education. In Finland and
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Estonia, clusters facing heating inadequacy were also disproportionately affected by poor financial
security. In the UK, affordability stress was closely linked to limited access to green space and digital
connectivity. These combinations illustrate that vulnerability is not linear but shaped by intersecting
drivers across dwelling, neighbourhood, and socio-economic contexts.

This multidimensional picture reflects the wider literature on the social determinants of health, which
stresses that health outcomes are produced by the interplay of housing, income, infrastructure, and
environmental quality (World Health Organization, 2010). Our results extend this framework by showing
that digital exclusion has now become a relevant component of housing-related inequality, especially in
the wake of COVID-19, when digital connectivity became a prerequisite for work, education, and
healthcare access (Helsper, 2021).

The clustering of vulnerabilities also shows, for example, that households reporting heating inadequacy
often also report poor mental health, low financial comfort, and limited access to coping resources.
Without recognising these interdependencies, single-domain interventions risk reproducing or even
exacerbating inequalities.

Conceptually, this suggests a shift from a “housing conditions” lens to a systems-based perspective.
Housing inequalities must be understood as embedded in socio-technical systems of energy provision, in
socio-cultural structures of tenure and ownership, and in environmental planning frameworks governing
green space and infrastructure access. This resonates with recent calls for integrated, systems-thinking
approaches to urban health and housing (Mehdipanah et al, 2025). By situating our findings in this
framework, the deliverable highlights the need for cross-sectoral governance linking housing, energy,
health, and social policy, rather than treating them as parallel agendas.

6.4 POLICY IMPLICATIONS

The results point to four interrelated policy directions. First, tackling cumulative disadvantage requires
combining energy-efficiency retrofits with affordability protections and secure tenure. Without
affordability safeqguards, retrofits risk excluding or displacing low-income households; without tenure
security, improvements may not reach renters most in need.

Second, wider housing inequalities must be systematically integrated into housing and health policy.
Access to green and blue space, reliable public transport, and digital connectivity are not secondary
amenities but fundamental determinants of wellbeing. Ensuring equal access requires cross-sectoral
collaboration between housing, transport, environmental, and digital policy domains.

Third, climate adaptation must be embedded into housing strategies. Rising risks of overheating and
persistent problems of winter fuel poverty highlight the importance of policies that secure adequate
thermal comfort for all. This includes stricter building standards, targeted subsidies for efficient and
affordable cooling and heating, and neighbourhood-level planning for shaded outdoor areas.

Finally, resilience to shocks such as pandemics and energy crises should be explicitly recognised as a
housing policy goal. Measures that protect tenants from eviction, reduce the burden of energy costs, and
ensure access to digital services during crises can help buffer vulnerable households from cascading
disadvantages. Together, these directions call for a shift from siloed interventions towards systemic
strategies that address housing inequalities as interconnected drivers of health and social justice.
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6.5 METHODOLOGICAL STRENGTHS AND LIMITATIONS

The strength of this deliverable lies in its integrated design, moving from systematic evidence mapping to
empirical analysis of clustered vulnerabilities and their health effects. This multi-method approach allows
triangulation between fragmented strands of literature and large-scale survey data, producing one of the
first cross-national assessments of wider housing inequalities. The use of both EU-SILC and the Houselnc
Multinational Survey enhances robustness by combining established indicators with novel, targeted data
on emerging forms of inequality, such as digital exclusion and overheating risks. Advanced techniques,
including bibliometric coupling and mixed-type clustering, further strengthen the analytical depth.

However, limitations remain. First, the cross-sectional nature of the survey data constrains causal
inference: while associations between vulnerabilities and health are clear, directionality cannot be firmly
established. Second, self-reported measures—such as general health, housing problems, or
discrimination—may be subject to reporting bias and cultural differences in perception across countries.
Third, despite efforts to harmonise indicators, some variables differ in coverage and interpretation
between EU-SILC and the Houselnc survey, limiting full comparability. Besides, the Houselnc survey used
in this deliverable was not representative, in contrast to Eu-SILC. Fourth, the cluster analysis, while useful
for identifying vulnerability profiles, inevitably simplifies the diversity of lived experiences and may
obscure within-cluster heterogeneity. Finally, the literature review highlights important research gaps:
studies addressing multiple dimensions of wider housing inequalities remain scarce, particularly in Eastern
and Southern Europe, and evidence on digital exclusion is still emerging.

Taken together, the strengths and limitations emphasise both the novelty and the boundaries of the
present analysis. They highlight the importance of future longitudinal, mixed-method, and participatory
research to capture how housing inequalities evolve over time and how policy interventions can most
effectively reduce their health impacts.
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7 CONCLUSION

Inequalities in housing affordability, dwelling quality, and access to environmental and digital resources
rarely occur in isolation but cluster and intensify under crisis conditions. Addressing them requires moving
from fragmented interventions towards systems-based, equity-oriented strategies that bridge housing,
health, and climate adaptation policies. This deliverable set out to provide a comprehensive account of
wider housing inequalities in Europe, combining systematic evidence mapping with novel empirical
analyses of primary and secondary data. The central aim was to move beyond fragmented accounts of
housing disadvantage and to illuminate how dwelling-related vulnerabilities intersect with environmental,
infrastructural, and digital dimensions of inequality to shape health, wellbeing, and social outcomes.

The findings converge on the importance of understanding housing inequalities as cumulative and
interlinked. Vulnerabilities rarely occur in isolation: households experiencing fuel poverty are also more
likely to live in overcrowded conditions, face inadequate transport, lack access to green space, and report
digital exclusion. These overlaps intensify disadvantage, as shown by poorer self-reported health, higher
prevalence of chronicillness, and lower wellbeing among households facing multiple vulnerabilities. The
evidence from both the Houselnc Multinational Survey and EU-SILC confirms that the accumulation of
disadvantages is a defining feature of Europe’s housing landscape.

Thermal comfort emerged as one of the clearest pathways linking housing inequalities to health. The
inability to heat adequately in winter and to keep cool in summer related with negative health outcomes,
highlighting the dual challenges of energy poverty and overheating risk. The results demonstrate that
climate change and energy crises intersect with existing housing inequalities to produce new forms of
vulnerability. Ownership of cooling devices such as air conditioning has grown, yet financial barriers to
operation and poor housing design limit their effectiveness, creating unequal adaptive capacity across
socio-economic groups. These inequalities are also shaped by demographic and social factors: older
adults and chronically ill individuals are particularly susceptible to heat stress, single parents—
predominantly women—face compounded financial and care burdens that limit their adaptive options,
and migrants or minority households often occupy poorer-quality dwellings with restricted access to
efficient heating and cooling. While the results highlight inequalities in access to and use of cooling
devices, discussions during the General Advisory Board (GAB) workshop emphasised that achieving
thermal comfort should not rely solely on air conditioning. Ensuring resilience to heat requires a broader
set of adaptive strategies, including passive cooling measures, improved building design, shading,
ventilation, and the integration of green and blue infrastructure. From a policy perspective, the aim is not
universal AC ownership but equitable access to effective and sustainable cooling solutions that reduce
health risks without exacerbating energy demand or emissions.

The analysis also highlighted the role of crises as amplifiers of inequality. The COVID-19 pandemic
exposed the compounded risks of overcrowding, poor housing quality, and digital exclusion, while the
energy crisis highlighted the fragility of household energy security. Vulnerable households adopted
restrictive energy-saving behaviours that reduced expenditures but posed long-term health costs.
Similarly, housing mobility during the pandemic disproportionately affected groups already experiencing
disadvantage, such as renters and minority households. These crises demonstrate that existing
vulnerabilities magnify the consequences of external shocks, with implications for future resilience.

Cross-national comparison revealed both shared and context-specific patterns of vulnerability. Southern
and Eastern European countries such as Italy, Romania, and the Czech Republic showed a higher
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prevalence of multiple housing disadvantages, reflecting greater exposure to poor dwelling conditions
andenergy poverty. In contrast, Northern European countries such as Finland and Estonia displayed lower
overall vulnerability but stronger links between affordability pressures and overheating risk, indicating
that no country is immune to housing-related inequalities. Differences in tenure structures, welfare
regimes, and climatic conditions partly explain these variations, underscoring the need for policy
responses tailored to national contexts while guided by common European objectives.

Conceptually, the deliverable makes the case for treating housing inequalities as systemic rather than
siloed. The literature review showed that most research continues to treat dimensions such as fuel
poverty, green space access, or digital exclusion as separate domains, rarely analysed in conjunction. Our
integrated approach reveals how these domains intersect to shape lived experiences of inequality and
points to the limitations of narrowly focused policy measures. The cluster analysis confirmed that
vulnerability profiles cut across traditional disciplinary categories, combining structural housing problems
with socio-demographic and contextual disadvantages.

Methodologically, this deliverable demonstrates the added value of combining systematic evidence
synthesis with large-scale empirical analysis. The bibliometric mapping provided a structured overview of
the fragmented literature and identified gaps, while the Houselnc survey and EU-SILC enabled a cross-
national assessment of vulnerability patterns. Techniques such as mixed-type clustering and bibliometric
coupling offered innovative ways to map both research and household vulnerabilities. At the same time,
limitations remain: the cross-sectional nature of the survey data prevents causal inference, cultural
differences may affect self-reported measures, and cluster typologies simplify the diversity of household
experiences.

Improving housing conditions through energy-efficiency retrofits or rent subsidies is essential but
insufficient unless complemented by measures that address wider inequalities. Access to green and blue
spaces, reliable transport, and digital connectivity must be treated as integral to housing policy, not as
secondary concerns. Ensuring thermal comfort requires not only building-level interventions but also
systemic action on neighbourhood design, energy markets, and social protections. Crises highlight the
need for resilience-oriented policies that protect vulnerable households from eviction, unaffordable
energy costs, and digital exclusion during shocks.

These conclusions align with European strategic priorities, including the European Green Deal, the
Sustainable Development Goals, and the EU Pillar of Social Rights. By situating housing inequalities within
their wider environmental and infrastructural context, this deliverable offers an integrated perspective
that can inform more effective, equitable, and forward-looking housing policies.

In sum, this deliverable has shown that housing inequalities in Europe extend far beyond the dwelling.
They are cumulative, systemic, and deeply intertwined with broader social, environmental, and
infrastructural conditions. Their health impacts are profound, affecting not only physical and mental
wellbeing but also resilience to crisis and opportunities for participation in society.

Addressing these inequalities requires moving from fragmented to holistic responses. This entails
recognising that interventions on housing quality, affordability, and tenure security must go hand in hand
with strategies for environmental justice, mobility, and digital inclusion. By adopting this systemic lens,
policymakers can move closer to creating housing systems that not only provide shelter but also promote
health, social cohesion, and equality of opportunity.
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9 ANNEXES
9.1 LITERATURE REVIEW ADDITIONAL MATERIAL

Table A 1 Research query adopted in the Scopus database.

(TITLE-ABS-KEY (hous* W/3inequal* ) OR TITLE-ABS-KEY (hous* W/3 equal* ) OR TITLE-ABS-KEY
(hous* W/3 discriminat* ) OR TITLE-ABS-KEY ( hous* W/3 afford* ) OR TITLE-ABS-KEY (‘hous* W/3
accessib *) OR TITLE-ABS-KEY (hous* W/3 inclusiv* ) OR TITLE-ABS-KEY ( hous* W/3 segregat* )
OR TITLE-ABS-KEY ( hous* W/3 disparat* ) OR TITLE-ABS-KEY ( hous* W/3 just* ) OR TITLE-ABS-
KEY (injust* W/3 social* ) OR TITLE-ABS-KEY ( hous* W/3 unequal*) OR TITLE-ABS-KEY (hous* W/3
sustainab* ) OR TITLE-ABS-KEY ( hous* W/3 quality ) OR TITLE-ABS-KEY ( hom* W/3 equal* ) OR
TITLE-ABS-KEY (hom* W/3 discriminat* ) OR TITLE-ABS-KEY (hom* W/3 afford* ) OR TITLE-ABS-
KEY ( hom* W/3 accessib* ) OR TITLE-ABS-KEY ( hom* W/3 inclusiv* ) OR TITLE-ABS-KEY ( hom*
W/3 segregat* ) OR TITLE-ABS-KEY ( hom* W/3 disparat* ) OR TITLE-ABS-KEY ( hom* W/3 just* )
OR TITLE-ABS-KEY (hom* W/3 injust* ) OR TITLE-ABS-KEY (hom* W/3 unequal* ) OR TITLE-ABS-
KEY ( hom* W/3 sustainab* ) OR TITLE-ABS-KEY ( hom* W/3 quality ) OR TITLE-ABS-KEY (
neighbourhood* W/3 equal* ) OR TITLE-ABS-KEY ( neighbourhood* W/3 discriminat* ) OR TITLE-
ABS-KEY ( neighbourhood* W/3 afford* ) OR TITLE-ABS-KEY ( neighbourhood* W/3 accessib*) OR
TITLE-ABS-KEY ( neighbourhood* W/3 inclusiv* ) OR TITLE-ABS-KEY ( neighbourhood* W/3
segregat™ ) OR TITLE-ABS-KEY ( neighbourhood* W/3 disparat* ) OR TITLE-ABS-KEY (
neighbourhood* W/3 just* ) OR TITLE-ABS-KEY ( neighbourhood* W/3 injust* ) OR TITLE-ABS-KEY (
neighbourhood* W/3 unequal* ) OR TITLE-ABS-KEY ( neighbourhood* W/3 sustainab* ) OR TITLE-
ABS-KEY (neighbourhood* W/3 quality ) ) AND ( TITLE-ABS-KEY ( "health" OR "health outcomes" OR
"physical health" OR "mental health" OR '"respiratory health" OR "cardiovascular health" OR
"wellbeing" OR "quality of life" OR "chronic illness" OR "disease risk" OR "stress" OR "anxiety" OR
"depression" OR "infectious disease" OR "heat stress" OR "cold exposure” OR "mortality" OR
"morbidity" OR "at-risk population" OR "public health" OR "environmental health" OR "health equity"
OR "pandemic" OR "asthma" OR "chronic disease" OR "crowding" OR "thermal comfort" OR
"disability" OR"DALYs" OR"YLLs" OR "YLDs" OR "suicide" ) ) AND (( TITLE-ABS-KEY ("green space*"
OR "blue space*" OR "garden*" OR "park*" OR "natural space" OR "green infrastructure" OR "tree*"
OR "tree coverage" OR "greening" OR "vegetation coverage" OR "vegetation" OR "urban forest" OR
"greenness")) OR ( TITLE-ABS-KEY ("service*" OR "hospital*" OR "school*" OR "infrastructure*" OR
"transport*" OR "healthcare" OR "recreational space*" OR "sport facility*" ) ) OR ( TITLE-ABS-KEY (
"internet" OR "remote work" OR "remote education" OR "digital desert" OR "digital poverty" OR
"digital exclusion") ) ) AND PUBYEAR > 2006 AND PUBYEAR < 2026 AND ( LIMIT-TO ( SUBJAREA,
"MEDI" ) OR LIMIT-TO ( SUBJAREA , "SOCI" ) OR LIMIT-TO ( SUBJAREA , "ENVI" ) OR LIMIT-TO (
SUBJAREA , "ENGI" ) OR LIMIT-TO ( SUBJAREA , "PSYC" ) OR LIMIT-TO ( SUBJAREA , "AGRI" ) OR
LIMIT-TO ( SUBJAREA , "ARTS" ) OR LIMIT-TO ( SUBJAREA , "DECI" ) OR LIMIT-TO ( SUBJAREA
"NEUR") OR LIMIT-TO ( SUBJAREA , "ENER") OR LIMIT-TO ( SUBJAREA , "ECON" ) OR LIMIT-TO (
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SUBJAREA, "HEAL") ) AND (LIMIT-TO (LANGUAGE, "English") ) AND (LIMIT-TO (SRCTYPE, "))
AND (LIMIT-TO (PUBSTAGE, "final"))

Table A 2 overview of wider housing inequalities for papers (present themes are marked with
‘x’, and unrelated are unmarked).

Author(s) Year Dimension Related inequality Green/blue  Transport/service  Digital
space access access
access

Bower et (2023) House & Energy inefficiency X X X

al. Neighbourhood  Cold

Overcrowding

Noise

Damp

Housing affordability —
analysed

Horneetal. (2023)  House & Energy-inefficiency — X X X

Neighbourhood = mentioned
Cold—house —
mentioned
Unsafe (shared spaces,
transmission risk) —
mentioned
Housing affordability —
analysed
Neighbourhood
deprivation —analysed

Jietal. (2023) Neighbourhood  High-rise residential X X

environment issues
(crowdedness, poor
design for elderly) -
analysed

Schmiege  (2023)  Neighbourhood  Overcrowding (rooms X

etal. per person) — analysed
Living space per person
—analysed
Urban greenness —
analysed

Garrido- (2022b) House Views of nature from X

Cumbrera home related to

etal. wellbeing (mentioned,

restorativeness)

Lopez-Gay  (2022)  Neighbourhood — Overcrowding (persons X

etal. per dwelling) —

mentioned

Population density —
analysed

Poor housing conditions
— mentioned
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Presence of nursing
homes —analysed

Riva et al. (2022) House & Indoor air quality — X X

Neighbourhood  analysed
Thermal comfort —
analysed
Noise —analysed
Lighting —analysed
Overcrowding —
analysed
Energy inefficiency —
analysed

Wangetal. (2022b) Neighbourhood Sociceconomic X X
inequalities in mental
health (analysed in
relation to green space
quantity and quality)

Zhang et (2022)  Neighbourhood  Built environment X X

al. impacting physical
activity (mentioned,
contextual factors)

Dietler et (2021)  House & Poor building materials X

al. Neighbourhood  —analysed
Use of traditional
cooking fuels (air
pollution) —analysed
Indoor tobacco
smoking —analysed
Lack of finished
infrastructure —
analysed

Dzhambov  (2021) House & Poor indoor X

etal. Neighbourhood  environment during
COVID-1g isolation —
mentioned

Jelksetal.* (2021b) Neighbourhood  Green gentrification X
and risk of
displacement (analysed
as inequality affecting
access to green space
and health pathways)

Tian et al. (2021) Neighbourhood  Park accessibility X
inequality (analysed as
environmental justice
issue linked to
mortality)

Aertsetal.  (2020) Neighbourhood  Overcrowding (persons X
per dwelling) —
mentioned
Population density —
analysed
Poor housing conditions
—mentioned
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Presence of nursing
homes —analysed

Bochetal.

(2020)

House &
Neighbourhood

Poor housing quality
(holes, pests, plumbing
issues, cracks) —
analysed

Perceived safety —
analysed

Dennis et
al

(2020)

Neighbourhood

Housing quality and X
green infrastructure
analysed in relation to
health

Won & Lee

(2020)

House &
Neighbourhood

Housing quality X
Neighbourhood
environment

Frank et
al.*

(2019)

Neighbourhood

Housing along polluted  x
and unsafe transport
corridors —mentioned

(in relation to exposure

and health inequalities)

Franke et
al.

(2019)

House &
Neighbourhood

Housing affordability X
and accessibility

Generaal
etal.

(2019)

Neighbourhood

Noise —analysed X
Air pollution — analysed
Low SES —analysed

Social security

beneficiaries (proxy of
deprivation) —analysed
Social cohesion —

analysed

Safety —analysed

Giebel et
al.

(2019b)

House &
Neighbourhood

Poor housing quality —
analysed

Damp, Cold —
mentioned

Housing affordability —
mentioned

Schinasi et
al.

(2019)

Neighbourhood

Housing quality X
(indicator included in
analysis of infant

mortality)

Semeah et
al.

(2019)

House &
Neighbourhood

Poor housing quality —
mentioned

Housing accessibility —
analysed (barriers for
disabilities)
Neighbourhood safety
—analysed

Sonetal.*

(2019)

Neighbourhood

Cold (analysed, X
temperature-related
mortality), Poor housing
quality (mentioned)
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Dzhambov
etal.

(2018)

Neighbourhood

Noise and air pollution
(analysed as mediators
in green/blue space and
mental health link)

Rautio et
al.

(2018)

Neighbourhood

Poor housing quality
Non-functioning built
environment
(mentioned)

Mari-
Dell'Olmo
etal.

(2017)

House &
Neighbourhood

Cold —analysed
Energy-inefficiency —
analysed

Fuel poverty —analysed
Housing unaffordability
—analysed

Housing insecurity —
analysed

Novoa et
al.

(2017)

House &
Neighbourhood

House affordability —
analysed

Habitability problems:
damp, mould,
inadequate
temperature, poor
ventilation, infestations
—analysed

Noise, violence, security
—analysed

Ruijsbroek
etal.

(20717)

Neighbourhood

Safety and social
cohesion —analysed
Socioeconomic status

Wright et
al.*

(20717)

House &
Neighbourhood

Housing accessibility —
analysed

Safety —analysed

Poor infrastructure, lack
of services —analysed

Choret al.

(2016)

Neighbourhood

Perceived
neighbourhood quality,
including walkability
and availability of
healthy foods —
analysed in relation to
physical activity and
diet

Gong et
al.*

(2016b)

Neighbourhood

Housing quality, deck
access, recent
construction (analysed
in relation to
depression)

Habib et al.

(2016)

House &
Neighbourhood

Poor housing conditions
(holes, leaks, damp,
pests, lack of heating,
water shortage) —
analysed
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Poor infrastructure
(water, sanitation) —
analysed

Lai et al.

(2016)

Neighbourhood

Housing affordability

<

Mclnerney
etal.

(2016)

Neighbourhood

Socioeconomic
deprivation —analysed

Nutsford et
al.

(2016)

Neighbourhood

Housing quality —
analysed

Crime —neighbourhood
—analysed

Lietal.

(2015)

Neighbourhood

Poor infrastructure —
analysed

Lack of healthcare
facilities (—analysed

Morandini
etal.

(2015b)

Neighbourhood

Discrimination and
housing stress linked to
rural areas — analysed

Rosenthal
etal.

(2014)

House &
Neighbourhood

Poor housing quality
Air conditioning access

Jankowska
etal.

(2013)

Neighbourhood

Poor housing quality —
analysed

Slum characteristics
(unsafe, overcrowding)
—analysed

Plane &
Klodawsky

(2013)

Neighbourhood

Safety concernsin
public spaces —
analysed

Fear and exclusion from
certain places —
analysed

Bond et al.

(2012)

House &
Neighbourhood

Poor housing quality
(damp, warmth,
insulation) — mentioned
Neighbourhood
aesthetics, safety,
incivilities —analysed

Clark &
Kearns

(2012)

House &
Neighbourhood

Cold (energy efficiency
and heating)

Internal and External
dwelling conditions
(state of repair,
insulation, heating,
security, decoration,
storage) —analysed
Neighbourhood issues
like noise, vandalism,
safety, social cohesion
discussed in relation to
perceived quality —
analysed

Grantet al.

(2012)

House

Mould —analysed
Damp —analysed
Crowding — analysed
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Smoking exposure —
analysed

Herzele &
de vries

(2012)

Neighbourhood

Population density
Noise

Air pollution
Safety for crime

Pearce et
al.

(2012)

House

Damp — analysed
Overcrowding —
analysed

Lack of central heating
—analysed

Poor housing quality
(measured with several
indicators) —analysed

Gruebner
etal.

(2011)

House &
Neighbourhood

Housing quality —
analysed

Sanitation —analysed
Overcrowding —
analysed
Environmental health
knowledge —analysed

Holupka &
Newman

(2011b)

House &
Neighbourhood

Cold, Energy-efficiency
(fuel poverty) —
analysed

Unsafe housing quality
—analysed
Overcrowding —
analysed

Sharkey et
al.

(2011b)

House &
Neighbourhood

Housing affordability —
analysed

Housing quality —
analysed

Carter et
al.

(2009)

Neighbourhood

Noise —analysed
Pollution —analysed
Safety —analysed
Perceived deprivation —
analysed

Habib et al.

(2009b)

House &
Neighbourhood

Housing conditions:
dampness, pest
infestation, inadequate
ventilation, heating,
cracks, poor lighting —
analysed

Poor infrastructure and
services like sewage,
electricity — analysed

Jacobs et
al.

(2009)

House &
Neighbourhood

Poor housing quality
(moisture, pests, lead,
ventilation, heating, air
conditioning) —
analysed

Crowding — analysed
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Van de
Poel et al.

(2009)

House &
Neighbourhood

Poor housing materials
(unsafe) —analysed
Lack of safe drinking
water —analysed

Lack of electricity —
analysed

Poor sanitation —
analysed

Parry et al.

(2007b)

House &
Neighbourhood

Poor housing quality —
mentioned

Safety concerns, fear of
crime, poor
neighbourhood
maintenance —
mentioned

Zippay et
al.

(2007)

House

Water and sanitation

9.2 CLUSTER ANALYSIS ADDITIONAL MATERIAL

Table A 3 Health outcomes across household clusters in Belgium.

Distribution of self-reported general health, chronic illness prevalence (individual and

household level), and well-being ladder scores by cluster.

Belgium
Variable group  Vulnerability indicator ~ Clustera Cluster2  Cluster3  Cluster 4
(%) (%) (%0) (%0)
General health  Bad 5 8.6 5.5 5
Very bad 13 0.9 0.3 1
Chronicillness  Yes 39.5 51.4 38.5 36.0
Yes, household 12.2 16.7 10.7 17.3
Well-being 1 0.7 0.9 0.6 0.3
ladder
2 3 0.4 21 1.3
3 41 1.9 5.5 2
4 33 3.2 37 37
5 6.6 4.5 5.5 33
6 15.1 11.8 12.2 6.7
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7 30.6 18 30.6 15.7
8 27.5 29.1 29.4 313
9 7.7 24.6 8.9 287
10 13 4.7 15 67
1 0.7 0.9 0.6 03

Table A 4 Health outcomes across household clusters in Czech Republic.
Distribution of self-reported general health, chronic iliness prevalence (individual and
household level), and well-being ladder scores by cluster.

Czech Republic

Variable group Vulnerability indicator Clustera Cluster 2
() ()
General health Bad 7.9 5.3
Very bad 2.3 0.4
Chronicillness Yes 48.7 47.6
Yes, household 203 24.8
Well-being 1 1.4 0.3
ladder
2 21 0.7
3 3.5 2.7
4 6.9 4.2
5 81 5.5
6 24.4 16.5
7 13.7 14.1
8 18 22.7
9 15.7 22.4
10 3.6 8.8
11 2.6 2.2
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Table A 5 Health outcomes across household clusters in Germany.

Distribution of self-reported general health, chronic illness prevalence (individual and

household level), and well-being ladder scores by cluster.

Germany

Variable Vulnerability indicator Clustera  Cluster 2 Clusters Cluster 4
group (%) (%) %) (%)
General Bad 10.1 14.9 30.1 3.4
health

Very bad 0.6 1.6 9.5 o
Chronic Yes 46.6 60.2 48.8 441
illness

Yes, household 9.6 14.9 16.4 18.4
Well-being 1 0.6 1.4 1.2 11
ladder

2 15 2.2 3.9 3.2

3 4.5 73 4.8 5.8

4 5.3 10.6 6.8 9

5 10.5 11 16.7 12

6 17.6 19.4 14.3 14.8

7 17.7 15.1 25 28.9

8 21.2 20.8 21.7 19.5

9 15.6 9.8 2.7 4.9

10 4.2 0.8 3 0.9

11 13 1.4 1.2 11

Table A 6 Health outcomes across household clusters in Estonia.
Distribution of self-reported general health, chronic iliness prevalence (individual and
household level), and well-being ladder scores by cluster.

Estonia

Variable group ~ Vulnerability indicator Clustera Cluster3
(%) )
General health Bad 8.1 11.8
Very bad 1.4 2.3
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Chronicillness Yes 45.9 45.2
Yes, household 22.2 183

Well-being 1 0.2 1.6

ladder
2 0.2 17
3 32 53
4 7.5 11
g 8.8 11.1
6 17.8 25.1
7 14.5 14.2
8 21 15.5
S 18 9.4
10 5.8 27
11 3 2.5

Table A 7 Health outcomes across household clusters in Finland.
Distribution of self-reported general health, chronic illness prevalence (individual and
household level), and well-being ladder scores by cluster.

Finland
Variable group  Vulnerability indicator Cluster1 Clusters
(%) )
General health Bad
5.1 13.3
Very bad
0.7 1.1
Chronicillness Yes
54.8 54.8
Yes, household
23.4 23.4
Well-being 1
ladder 03 0.2
2
1.9 1.3
3
2.5 3.9
4
3.6 6.8
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5

7.6 9.6
6

8.9 10.7
7

23.7 14.1
8

32.7 23.8
S

17 20
10

1.9 8.4
11

0.3 1.2

Table A 8 Health outcomes across household clusters in Great Britain.
Distribution of self-reported general health, chronic illness prevalence (individual and
household level), and well-being ladder scores by cluster.

Great Britain

Variable group ~ Vulnerability indicator Cluster1 Cluster2  Cluster3s
(%) %) %)
General health Bad
12.4 5.1 9.5
Very bad
2.7 1.6 13
Chronicillness Yes
417 417 417
Yes, household
13.1 13.1 13.1
Well-being 1
ladder 1.2 1.2 0.9
2
2.8 1.8 1.5
3
5.6 3.8 37
4
7-7 43 32
5
10.1 6 5.4
6
18.4 12 12.7
7
15.7 12.9 15.5
8
18.9 23.2 26.2
9
12.2 22 22.2
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10

11

33 4t

Table A 9 Health outcomes across household clusters in Italy.
Distribution of self-reported general health, chronic iliness prevalence (individual and
household level), and well-being ladder scores by cluster.

ltaly
Variablegroup ~ Vulnerability indicator Cluster1 Cluster2  Cluster3
(%) *0) *0)
General health Bad
4.9 7.8 4.1
Very bad
0.9 0.5 0.1
Chronicillness Yes
41.5 41.5 41.5
Yes, household
18.8 18.8 18.8
Well-being 1
ladder 0.7 2 0.2
2
13 1.6 0.5
3
11 3.8 1.5
4
3.8 6.8 2.7
5
6.7 7.8 4.3
6
13.2 203 11.8
7
183 203 20
8
27 21.9 26.9
9
21.2 10.5 24.5
10
4.7 3.8 6.8
11
2 13 0.9
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Table A 10 Health outcomes across household clusters in Romania.
Distribution of self-reported general health, chronic illness prevalence (individual and
household level), and well-being ladder scores by cluster.

Romania
Variable group ~ Vulnerability indicator Cluster1 Cluster2  Clusters
(%) ") )
General health Bad
77 51 37
Very bad
2.4 0.7 13
Chronicillness Yes
48.9 48.9 48.9
Yes, household
21.6 21.6 21.6
Well-being 1
ladder 15 0.1 0.7
2
1.5 03 13
3
2.9 03 23
4
2.9 2.1 13
5
4.6 2.5 1
6
15.9 91 S
7
13 9.6 12.4
8
167 21.9 19.4
9
253 29.8 20.4
10
9.5 15.7 13.7
11
6.2 8.7 9.4

9.2.2 COUNTRY-LEVEL ADDITIONAL FIGURES

9.2.2.1  Belgium
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Figure A 1 Elbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.

The cost function decreases with increasing number of clusters. A visible inflection at k = 4 suggests this
as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained
variance for each component. Panel (b) presents the UMAP projection based on both continuous and
categorical variables, allowing better visual separation of household clusters in a reduced two-

dimensional space.
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9.2.1.2 Czech Republic
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Figure A 3 Elbow plot for determining the optimal number of clusters using the K-Prototypes

algorithm.

The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this
as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained
variance for each component. Panel (b) presents the UMAP projection based on both continuous and
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HOUSEINC

categorical variables, allowing better visual separation of household clusters in a reduced two-
dimensional space.

9.2.2.3 Germany
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Cost (lower = better)

Figure A 5 EIbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.

The cost function decreases with increasing number of clusters. A visible inflection at k = 4 suggests this
as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained
variance for each component. Panel (b) presents the UMAP projection based on both continuous and
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categorical variables, allowing better visual separation of household clusters in a reduced two-
dimensional space.

9500 -4‘\

9000 AN

ol N
\
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2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Number of clusters (k)

90.2.1.4 Estonia

Cost (lower = better)

Figure A 7 EIbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.
The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this

as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained
variance for each component. Panel (b) presents the UMAP projection based on both continuous and

categorical variables, allowing better visual separation of household clusters in a reduced two-
dimensional space.

9.2.1.5 Finland
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Figure A 9 Elbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.

The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this
as an optimal choice, balancing explanatory power with model parsimony.
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@ Cluster 1 @ Cluster 2 @ Cluster 3
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FigureA1oO #! AT A 5-10 DPOT EAAOEITO 1T &£ EI OOAET 1T A Al 00O
(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained

variance for each component. Panel (b) presents the UMAP projection based on both continuous and

categorical variables, allowing better visual separation of household clusters in a reduced two-

dimensional space.

9.2.1.6  Great Britain
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Figure A 11 EIbow plot for determining the optimal number of clusters using the K-Prototypes

algorithm.
The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this

as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained

variance for each component. Panel (b) presents the UMAP projection based on both continuous and

categorical variables, allowing better visual separation of household clusters in a reduced two-

dimensional space.
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Figure A 13 Elbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.

The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this
as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained

variance for each component. Panel (b) presents the UMAP projection based on both continuous and

categorical variables, allowing better visual separation of household clusters in a reduced two-

dimensional space.

9.2.2.8 Romania
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Figure A 15 Elbow plot for determining the optimal number of clusters using the K-Prototypes
algorithm.

The cost function decreases with increasing number of clusters. A visible inflection at k = 3 suggests this
as an optimal choice, balancing explanatory power with model parsimony.
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(a) shows the PCA projection based on continuous variables, annotated with the proportion of explained
variance for each component. Panel (b) presents the UMAP projection based on both continuous and

categorical variables, allowing better visual separation of household clusters in a reduced two-
dimensional space.

9.3 EXTRACT OF THE HOUSEINC SURVEY FROM D4.1

This Annex presents the selected questions from the Houselnc survey, developed for Deliverable 4.1, that
were used in this report.

AGE In what year were you born? (e.g., 1981)

GENDER Which gender do you identify with?
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Male (1)

Female (2)
Gender-queer (3)
Non-binary (4)

| prefer not to say (5)
EDU What is the highest level of education you have completed?

None (1)

Primary education (2)

Lower secondary education (3)

Upper secondary education (4)

Vocational or technical training/education (5)
Bachelor's or equivalent level (6)

Master's or equivalent level (7)

Doctoral or equivalent level (8)

EMP What is your current employment status?

Employed (full time) (1)
Employed (part time) (2)
Self-employed / Freelancer (3)
Student / Trainee (4)
House-wife [ House-husband (5)

Currently unemployed (6)
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Temporary leave (e.qg., sick leave, parental leave, career break) (7)

Unable to work due to long-term illness or disability (8)
Retired (9)

Other (20)

HHTYPE Which of the following best describes your household type?

Single person (1)

Single parent with 1 or more children (2)
Couple, without children (3)

Couple, with 1 or more children (4)
Living with parent(s) (5)

Non-family household (e.g., co-housing friends) (6)

GEN_HEALTH How is your health in general?

Very good (1)

Good (2)

Fair (neither good, nor bad) (F3)
Bad (4)

Very bad (5)

| prefer not to say (6)

CHRON_ILL Do you or one or more household members have any chronic illness or long-standing health
problem? You can select more than one option if both you and other household members are affected.

No (1)
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Yes, I do (2)

Yes, one or more members of my household do (3)

| prefer not to say (4)

WELLBE Please imagine a ladder with steps numbered from o at the bottom to 10 at the top. The top of
the ladder represents the best possible life for you and the bottom of the ladder represents the worst
possible life for you.

On which
step  of
the ladder
would you
say  you
oy C C C C C C C C C O O
feel  you
stand at
this time?

(1)

On which
step do
you think
you  will

ed | C C C C C C C C C O O

years
from
now? (2)

COUNTRY_R What is your country of residence?

© United Kingdom (1)
O Finland (2)

O Germany ()

O taly (4)

O Flanders (Belgium) (5)
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Czech Republic (6)
Estonia (7)
Romania (8)

Other (please specify): (9)
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COUNTRY_B Were you born in your current country of residence?

Yes (1)
No (2)

| prefer not to say (3)

ETH Do you feel you are part of the same race or ethnic group as most people in your current country of

residence?

Yes (1)

No (2)

I don't know (3)

LIVING_AREA What type of area do you currently live in?

Inacity (2)

In a town or suburb (outskirts of a city) (2)

Inaruralarea (3)

FIN_COMF How would you describe your household's current income?
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Finding it very difficult to live on currentincome (1)

Finding it difficult to live on currentincome (2)
Coping on current income (3)
Living comfortably on current income (4)

Living very comfortably on currentincome (5)

OWNERSHIP Which of the following best describes your housing situation?

Owned without mortgage (i.e. without any loans) (z)

Owned with mortgage (2)

Rented, from social, municipal or non-profit housing provider (3)
Rented, from private landlord or company (4)

Living in a free residence (e.qg., in return for services, tasks) (5)

DWELLING What kind of dwelling do you live in?

Single-family dwelling: detached house (1)

Single-family dwelling: semi-detached or terraced house (2)

Flat, studio flat, loft or room in a building with 1 or 2 dwellings (3)

Flat, studio flat, loft or room in a building with 3 to 9 dwellings ()

Flat, studio flat, loft or room in a building with 10 or more dwellings (5)

Other accommodation (eg houseboat, mobile home, ...) (6)
SURFACE What is the living area of your dwelling in terms of square meters? Please round to the nearest
multiple of 10 (e.g., 30, 330).

Living area (m?): (1)
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I don't know (2)

ROOMS_TOTAL How many rooms are there in the dwelling you live in? Please include bedrooms (used
by adults and children), living rooms, dining rooms and studies. Exclude kitchens, bathrooms, toilets,
corridors, storerooms, balconies and rooms used for commercial purposes.

SANITATION_ACCESS To which of the following sanitation facilities do you have access in your dwelling?
Please tick all that apply.

Asink (1)
A shower or a bathtub (2)
Atoilet (3)

None of the above (4)

KITCHEN_ACCESS Do you have access to a kitchen in your dwelling?

Yes (1)

No (2)

SPACE_SHORT In your opinion, is there a shortage of space in your current dwelling?

Yes (1)

No (2)
DWELL_PROB Do you have any of the following problems with your dwelling? Please tick all that apply.

A leaking roof (1)
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Damp walls/floors/foundation (2)

Rot in window frames or floor (3)

Mould around the windows or in the bathroom ()
Mould on any walls (5)

Mould on furnishings (e.g., carpet, furniture) (6)

None of the above (7)

DISC_SELF When trying to rent or buy a dwelling in the country you live in, have you ever felt like you have
been treated unfairly or unfavourably by others or have been made to feel looked down upon because of

any of the following reasons?
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Yes (1)
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No (2)

| prefer not to say (3)

Skin colour
(DISC_SELF_1)

Ethnic ~ or  immigrant
background (e.g,
assumed by your name or
your appearance)
(DISC_SELF_2)

Religion or religious beliefs
(DISC_SELF_3)

Age (DISC_SELF_4)

Sex/gender (e.g., being a
man or a woman)
(DISC_SELF_5)

Disability ~ or  chronic
disease (DISC_SELF_6)

Sexual orientation (e.g,,
being gay or lesbian)
(DISC_SELF_7)

Please clickon 'Yes'. Thisis
a  control question.
(CONTROL_1)

Income (DISC_SELF_8)

Degree  of  education
(DISC_SELF_g)

Family situation (e.g,
being a single parent)
(DISC_SELF_10)

O

PUBLIC_TRANSP What kind of public transportation is available where you live? Please tick all that apply.

Bus (2)

Train (2)
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Tram/Metro (3)

Other, namely (4)

No public transportation available (5)

CARS_OWN How many cars do you own in your household? Please also include leased cars or e.g.
company cars that are at your permanent disposal.

GREEN_SPACE Does your household have access to any of the following where you live? Please tick all
that apply.

A private garden (1)

A shared garden (2)

A private balcony, private patio, or private roof terrace (3)
A shared roof terrace (4)

A park, wood, or other green space your household can still access within easy walking
distance of your home (5)

None of the above (6)

EPC Estimate the Energy Performance Certificate (EPC) of your dwelling on the colour scale below. A
dwelling with a green EPC label is very energy-efficient with low energy costs, and on the other side a
dwelling with a red EPC label is not at all energy-efficient with high energy costs.

FINBURDEN_ECOST To what extent do you agree with the following statement: My energy costs (e.g.,
for heating, cooling, hot water, and electricity) represent a major financial burden for me.

Strongly disagree (1)
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Disagree (2)

Neither agree nor disagree (3)
Agree (4)

Strongly agree (5)

AFF_HEAT Can your household afford heating to an adequate temperature (during cooler periods/in
winter)? An adequate temperature means having a temperature you find comfortable and acceptable.

Yes (1)
Some rooms only (2)

No (3)

COMF_COOL Can you keep comfortably cool in your accommodation during the summer time?

Yes (1)
Some rooms only (2)

No (3)

AIRCO Do you have air conditioning in any rooms? Please do not count fans, ceiling fans or evaporative
coolers.

Yes (1)

No (2)

LACK_ENERGY_APP Which of the following appliances do you currently lack access to (e.g., due to cost,
unavailability, or lack of space), but consider necessary to meet your needs? Please tick all that apply.

Heating (e.g., central heating, space heaters) (1)
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Cooling (e.g., fans, air conditioning) (2)

Hot water (3)

Cooking appliances (e.g., stove, oven) (4)

Other kitchen appliances (e.g., kettle, toaster, blender) (5)

Fridge (6)

Freezer (7)

Lighting (e.g., bulbs, lamps) (8)

Television (g)

Telephone (landline/Mobile Phone) (10)

Washing machine (11)

Tumble dryer (12)

None of the above (13)

FIN_BURD_HOUSECOST To what extent are your household's total housing costs per month a financial
burden? Please include rent, payments on your mortgage, interest on loans for housing, expenses for
maintenance or repairs, incidental expenses, such as waste collection or water costs. Please exclude
payments for electricity, heating or cooling.

A heavy burden (1)
A slight burden (2)

No burden atall (3)
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