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Preface 

This document constitutes the final report of a study on the prevalence of poor indoor climate in Europe, 
its impact on health and well-being, as well as its wider socio-economic costs. It presents the findings of 
four distinct methodological approaches:  

1. A targeted data review providing a comparative analysis on the prevalence of poor indoor climate 
in Europe. 

2. A targeted literature review providing evidence on the relationship between indoor climate hazards 
and health, and the wider socio-economic costs related to these hazards.  

3. A statistical analysis of pan-European household survey data. 

4. A well-being valuation analysis to estimate the association between indoor climate hazards and life 
satisfaction, and to put a monetary figure on the potential loss in well-being associated with these 
hazards. 

5. A macroeconomic model assessing the economic implications of reducing exposure to indoor 
climate hazards in residential and office buildings.  

The report will be of interest to policymakers in the field of public health, housing, labour markets and 
education. It will also be of interest to a much broader spectrum of readers, including homeowners, tenants, 
employers, as well as private and public sector actors, particularly those in the construction, renovation and 
property management domains.  

This research, prepared for VELUX Group, was subject to RAND Europe’s rigorous evaluation and quality 
review process, and should not be taken to imply endorsement of any product, position or service. RAND 
Europe independently conducted the analyses performed and presented here and had full editorial control 
of this report. 

RAND Europe is a not-for-profit policy research organisation that aims to improve policy and decision 
making in the public interest through independent research and analysis. This report has been peer-reviewed 
in accordance with RAND’s quality assurance standards. For more information about RAND Europe or 
this document, please contact William Phillips (williamp@randeurope.org) at: 

 

RAND Europe 
Westbrook Centre, Milton Road 
Cambridge CB4 1YG 
United Kingdom 
Tel. +44 1223 353 329 
 

 

 

 

mailto:williamp@randeurope.org
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Executive summary 

Background 
The healthiness of indoor environments has received increasing attention over the last decade and has 
been the subject of publications and guidelines. The World Health Organisation (WHO) distinguishes 
between the following aspects of the indoor environment: 

• Thermal environment – covering temperature, humidity, heat radiation and air movement  
• Air quality environment – covering gaseous matter, liquid matter and particulate matter 
• Noise environment 
• Light environment.1  

Many, if not all, of these aspects are directly influenced by the condition and structure of buildings. For 
the purpose of this report, we adopt the term ‘indoor climate’ to cover all these aspects. 

There is strong evidence that poor indoor climate has a significant impact on people’s health and well-
being, and this, in turn, has wider consequences at the socio-economic level (such as school and work 
attendance, productivity and performance). The COVID-19 pandemic and a wide-ranging lockdown of 
public life across Europe bound significant parts of European populations to their homes for prolonged 
periods. As a result, residential homes suddenly became a place of home-schooling and working (in addition 
to a place of living and resting). The relevance of the indoor climate for health and well-being became 
even more important, and this is likely to continue beyond the current pandemic. Indeed, it can be assumed 
that some of the living and working trends observed during the pandemic will continue (i.e. working from 
home), requiring policies and investments to adapt to the new post-pandemic realities. 

Study objectives and research questions 
The overarching objective of this study is to undertake a detailed analysis of the impact of the indoor 
climate across all age groups. 

The study is guided by the following research questions: 

1) How widespread are problems related to poor indoor climate in European homes? What is the 
prevalence of people affected by country, differentiating between working-age population, children 
and the elderly? 

  

 
1 WHO (1990). 
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2) What is the evidence in terms of existing studies and literature concerning the relationship and 
impact of indoor climate on the health of adults? More specifically, what are the health and socio-
economic impacts of the following hazards: damp and mould, noise pollution, excess cold, lack of 
daylight, and indoor air pollution? 

3) What is the impact of poor indoor climate hazards on well-being? How can this impact be 
expressed in monetary terms?  

4) What would be the economic implications (risks and benefits) associated with reducing adults’ 
and children’s exposure to poor indoor climate? 

Study design 
This study analyses the impact of the following four aspects of the indoor climate, for which prevalence 
data are available: 

1. Damp and mould 

2. Noise pollution 

3. Indoor temperature (excess cold) 

4. Lack of daylight. 

In addition, our targeted literature review also assesses the impact of indoor air pollution and excess heat, 
although prevalence data are not available here.  

This study assesses the following three categories of impact: 

1. Impacts on health (without any upfront limitation on specific diseases or conditions). 

2. Impacts on well-being measured in terms of percentage decrease in the level of life satisfaction, as 
well as compensating income variation. 

3. Macroeconomic impacts measured in terms of productivity and wider societal costs (benefits and 
losses).  

Our study team examined the research questions through several distinct but interlinked methodological 
approaches, including:  

• Targeted data review focusing on establishing patterns and relationships between particular factors 
associated with indoor climate hazards, examining the extent to which each population group is 
affected by particular hazards, and identifying similarities and differences between population 
groups and countries.  

• Targeted literature review focusing on identifying and assessing evidence from existing systematic 
reviews and other relevant sources on the relationship between poor indoor climate, the health of 
particular population groups, and the wider socio-economic costs related to these hazards. The 
literature review also contributed to identifying data (i.e. attributable risks with regard to specific 
diseases) that fed into the modelling task.  

• Well-being valuation analysis estimating the relationship between well-being, life satisfaction and 
the indoor climate. In other words, the econometric regression analysis was used to estimate how 
much individuals are willing to trade off income for not being exposed to an indoor climate hazard.  
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• Macroeconomic modelling assessing the economic implications of adults’ exposure to particular 
indoor climate hazards in terms of productivity and wider societal costs. The modelling exercise is 
conducted using a multi-country computable general equilibrium (CGE) model.  

The study covers European countries (all EU27 member states2, the United Kingdom, Norway and 
Switzerland, called hereafter EU27+). In addition, the literature review brings in relevant findings from 
other high-income countries outside of Europe. The study focuses on the adult working-age population 
(18-64 years old), and includes relevant data on children (< 18 years old) and the elderly population (≥ 65 
years old) to complement the analysis, where relevant (e.g. to discuss specific socio-economic benefits and 
costs related to these population groups). The statistical and econometric analyses are predominantly based 
on European Union Statistics on Income and Living Conditions (EU-SILC) data, with other data sources 
– i.e. WHO and Eurofound – bringing in additional insights.  

Prevalence of poor indoor climate in Europe  

Across the analysed countries, 31.4 per cent of households (nearly 163 million people) are exposed to at 
least one of the four indoor climate hazards. Portugal (50.0 per cent) and Cyprus (49.3 per cent) are among 
the most highly affected countries, whereas Norway (18.6 per cent) and Finland (19.3 per cent) are among 
the least affected countries.  

In more detail, across the EU27+: 

• 13 per cent of the population live in a dwelling with a leaking roof, damp walls, floors or 
foundations, or rot in window frames or the floor.  

• 18 per cent of the population live in a household affected by noise pollution. A strong link between 
the level of urbanisation and the prevalence of noise pollution in a given country can be noted. 

• 7 per cent of the population are unable to keep their home adequately warm. Low-income 
households have a much higher likelihood of being exposed to this indoor hazard, with 18 per cent 
considering their home to be too cold. 

• 5 per cent of the population consider their home to be too dark.  

The likelihood of being exposed to poor indoor climate is associated with a variety of factors, such as 
financial/economic status, type and age of dwelling, and tenancy status. In general, those living in older 
properties and rented properties, and people with a poorer economic status are more likely to experience a 
number of household hazards.  

 

Poor indoor climate and its impact on health and society 
Evidence suggests a link between exposure to poor indoor climate and negative impacts on health, 
including a higher risk of respiratory, cardiovascular, circulatory and gastrointestinal disorders; well-being 
and mental health conditions; and mortality and morbidity. Many of these health effects are strongest on 
children and elderly populations, and those with existing and/or complex health conditions. 

The most commonly reported health effects of damp and mould, indoor air pollution, and excess indoor 
cold are respiratory-related diseases. Exposure to excess indoor cold also increases the incidence of 

 
2 For the full list of EU countries, see: https://europa.eu/european-union/about-eu/countries_en  

https://europa.eu/european-union/about-eu/countries_en


Poor indoor climate: Its impact on health and life satisfaction, as well as its wider socio-economic costs 

vii 
 

circulatory conditions, hypothermia, and falls and injuries. Excess heat has been associated with sleep 
disorders, high blood pressure, respiratory and cardiovascular disease, poor mental health issues, and poorer 
pregnancy outcomes. Exposure to noise pollution has been found to lead to cardiovascular, 
immunosuppressive and gastrointestinal disorders, whereas a lack of daylight has negative impacts on vision, 
well-being, mental health, work- and education-related performance, and sleep. Indoor air pollution has 
also been associated with poorer cardiovascular health-related outcomes.  

WHO data provide indications for the disability-adjusted life year (DALYs) for a number of indoor 
environment hazards. There is also evidence that poor indoor climate has negative impacts on children’s 
school absences, their academic performance, and short- and long-term economic impacts for children 
and adults in terms of work attendance, productivity and performance, and increased health and social 
care costs.  

The well-being effects from indoor climate hazards 
Applying the well-being valuation approach, this study assesses the impact of living in a house with/without 
indoor climate hazards on life satisfaction. We found that a person reporting being exposed to the following 
indoor climate hazards also reported a decreased level of life satisfaction compared with a person not 
exposed to the hazard. These differences were as follows: 

• 1.6 per cent lower life satisfaction for damp in a dwelling 

• 1.1 per cent lower life satisfaction for the lack of daylight in a dwelling 

• 0.6 per cent lower life satisfaction for noise in a dwelling  

• 3.9 per cent lower life satisfaction for excess cold in a dwelling.  

These shares of decreased life satisfaction exceed the impacts of environmental pollution (0.4 per cent) and 
crime in the area (0.7 per cent), except for the noise impact. In addition, exposure to damp in a dwelling 
reduces life satisfaction on average to almost the same extent as being separated from a partner (2.0 per 
cent), whereas living in a home that is not warm enough reduces life satisfaction by about the same level as 
of being disabled and therefore not in a position to work (3.5 per cent).  

This study finds that, on average across the EU27+, the individual compensating income variation (CIV) 
for being exposed to four indoor climate hazards (for which analyses were feasible), damp, noise, the lack 
of light and the inability to keep the house adequately warm, is EUR 6,288 for all four hazards combined. 
CIV represents a measure of the necessary income a working-age individual would have to be compensated 
for being exposed to these hazards in order to achieve the same level of well-being as an individual not 
exposed to such hazards. At an aggregated level, i.e. adding up the CIVs of all individuals affected by a 
specific hazard in a given country, the monetised well-being impact of four indoor climate hazards is EUR 
258 billion for the EU27+. This means that across the EU27+, all individuals affected by poor indoor 
climate would have to be paid collectively EUR 258 billion to achieve the same level of well-being they 
would have in the absence of these hazards.  

The economic effects from indoor climate hazards  
Using the CGE model, we estimate that the future economic benefits are substantial if the current and 
future cohorts of children and adults living in the EU27+ are not exposed to damp and mould, and do not 
report a lack of daylight. According to our model, the macroeconomic cost associated with exposure to 
damp and mould and the lack of daylight in residential buildings over the next 30 years would be about 
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EUR 53 billion. Furthermore, improving ventilation rates in offices could lead to economic benefits of a 
cumulative total increase of EU27+ gross domestic product (GDP) from EUR25.6 billion to EUR 180 
billion by 2050 (respectively for an improvement in ventilation rates of 1 litre per second (l/s) per person 
and 7 l/s per person). Finally, improving access to daylight in European offices could lead to a cumulative 
increase in EU27+ GDP from EUR 25.2 billion to EUR 200 billion by 2050 (respectively for an 
improvement of 100 lux3 and 800 lux). 

 

 
3 Lux measures lumen per square metre, whereby lumen is a measure of visible light. 
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1. Introduction  

1.1. Background 

The healthiness of indoor environments has received increasing attention over the last decade, and has been 
the subject of publications and guidelines by governmental agencies and the World Health Organization 
(WHO). WHO has distinguished the following aspects of the indoor environment:  

• Thermal environment – covering temperature, humidity, heat radiation and air movement 
• Air quality environment – covering gaseous matter, liquid matter and particulate matter (PM)  
• Noise environment 
• Light environment.4  

Many, if not all, of these aspects, are directly influenced by the condition and structure of buildings. For 
the purpose of this report, we adopt the term ‘indoor climate’ to cover all these aspects. Housing 
inadequacies that have a negative impact on the indoor climate affect a significant number of EU citizens. 
According to the EU Statistics on Income and Living Conditions (EU-SILC)5 database, 13 per cent of EU 
residents are living in dwellings with a leaking roof, damp walls, floors or foundation, or rot in window frames 
or floor, 7 per cent are unable to keep their home adequately warm, 5 per cent consider their dwelling as too 
dark; and 18 per cent are exposed to noise from neighbours or from the street. All these are averages, and in 
some countries the numbers are even higher. For example, 28 per cent of Latvians and 26 per cent of 
Cypriots live in a dwelling with a leaking roof, damp walls, floors or foundation, or rot in window frames or 
floor; 30 per cent of Bulgarians and 27 per cent of Lithuanians are unable to keep their home adequately warm; 
10 per cent of Maltese and UK citizens consider their dwelling as too dark; and 27 per cent of Dutch citizens 
and 26 per cent of Germans state that they are exposed to noise from neighbours or from the street.6  

There is strong evidence that poor indoor climate has a significant impact on people’s health and well-being, 
which in turn has wider consequences at the socio-economic level. A WHO study analysing the relationship 
between European housing and health status found that 16.8 per cent of residents living in houses assessed 
as being of bad quality declared bad health, while in houses of good quality the corresponding rate was 
4.7 per cent.7 However, the health and well-being impact of poor indoor climate differs and depends on 
various conditions and factors, most notably age. It was against this background that RAND Europe carried 
out a study ‘Poor indoor climate, its impact on child health, and the wider societal costs’ in 2019. The study 
included a rapid evidence assessment (REA), various quantitative analyses and a modelling exercise. It 
established a statistically significant association between damp in residential buildings and poor health 
outcomes in children who lived in these buildings. On that basis, the study calculated a significant health 
burden for society at large and, as a result, considerable economic costs of children’s exposure to damp. 

  

 
4 WHO (1990). 
5 Eurostat (2019). 
6 EU-SILC data 2019 (latest available data at the time of writing of this report). The EU-SILC database is maintained by Eurostat, and the data are 
provided by the national statistical offices of the EU members states and several additional European countries.  
7 WHO (2007). 
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Only a few months after the publication of the final report from this study the COVID-19 pandemic began, 
resulting in a wide-ranging lockdown of public life across Europe. As a consequence, almost all children, 
but also a significant part of the adult population, suddenly spent almost the entire day at home throughout 
a prolonged period of several months, first during spring 2020 and again in winter 2020/21. Activities such 
as schooling and office work suddenly took place at home, something that would have been unthinkable 
on this scale prior to the onset of the pandemic. These developments gave our 2019 report a relevance that 
could not have been anticipated at the time of carrying out the study.  

The current report presents the findings of a study conducted in 2021 (a follow up on the 2019 study) and 
focuses on a population of working-age adults (18-64 years old). In order to give the complete picture, we 
also provide evidence on the impact of indoor climate on the elderly population (≥ 65 years old) and include 
some of the key findings of our 2019 study on children (< 18 years old). The study focuses on the following 
four aspects of the indoor climate: (1) damp and mould; (2) noise pollution; (3) indoor temperature (excess 
cold); and (4) lack of daylight. Our targeted literature review also assesses the impact of indoor air pollution 
and excess heat, although prevalence data are not available here. As the subsequent chapters will show, the 
indoor climate does have a strong impact on the health of the adult population.  

The relevance of this becomes even more important in the immediate context of the current COVID-19 
crisis. It can be assumed that once the pandemic has been overcome, teleworking will remain in place to 
some extent, and the share of people who work remotely from their home will remain significantly higher 
than it was before the crisis.  

1.2. Prevalence and characteristics of telework in Europe 

This section provides a high-level overview of working from home trends across European countries, 
focusing on telework prevalence before and during the COVID-19 pandemic, characteristics of teleworkers, 
and some indications on how telework trends may unfold in the future. As explained in Box 1, different 
terms are used to define this new reality of working from home. Throughout this section, when presenting 
and referring to secondary data, we use the same terms and concepts as in the original sources.  
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Box 1: Teleworking – definitional issues  

Academic and public policy makers use a variety of terms to define the concept of working from home, such as 
remote working, telework, smart working and teleworkable jobs/sectors. These definitions and how they are being 
applied are not always clear cut, with many sources and stakeholders mixing these terms and using them as 
synonyms.  

Overall, the term ‘working from home’ encompasses the capacity of a workforce to shift from working in an office 
or at an employer’s premises to working at another place of their choosing (typically their home).8 Remote working 
refers to activities and services that do not involve direct physical interaction (either with things or with people) 
that can be remotely provided making use of information and communication technology (ICT) equipment.9 
Eurofound’s definition of teleworking refers to a form of organising and/or performing work using information 
technology, so that work that could be performed at the employer’s premises is carried out in a different fixed 
location on a regular basis. It further highlights that the ‘characteristic feature of telework is the use of computers 
and telecommunications to change the usual location of work’.10 As the ICT-based mobile work or smart work 
inherently assumes that workers use ICT, such as smartphones, tablets, laptops and/or desktop computers to 
perform work outside the employer’s premises, for most employees this type of working could be considered a 
variation of telework, even if ICT-based mobile workers/smart workers work in a range of locations.11 Finally, 
some sources (e.g. Joint Research Centre, JRC) refer to the concepts of teleworkability and teleworkable 
jobs/sectors to define work that is not place-dependent and that offers remote working conditions. These 
jobs/sectors could continue operating during the COVID-19 pandemic as the physical presence was not critical.12  

 

 Prevalence of telework prior to the COVID-19 pandemic  
Before the onset of the COVID-19 pandemic, a relatively small share of the European workforce worked 
from home. Overall, it is estimated that, on average, just 15 per cent of those employed13 in the EU had 
ever teleworked before the COVID-19 outbreak.14  

On average, as of 2019, only 5 per cent of employed people in the EU27 usually worked from home, and 
9 per cent sometimes worked from home.15 However, there were large differences in the prevalence of 
telework across countries, economic sectors and occupations. First, there were regional patterns of telework, 
with a generally higher share of teleworkers in Western European and Nordic countries, and a generally 
lower share in Southern, Central and Eastern Europe. For instance, in Sweden, the Netherlands, 
Luxembourg and Finland, over 30 per cent of employed people were working from home regularly or at  

  

 
8 Eurofound (2021). COVID-19: Implications for employment and working life. 
9 Fana, M. et al. (2020). 
10 Eurofound (2021). Teleworking. 
11 Eurofound (2021). Teleworking. 
12 Fana, M. et al. (2020). 
13 Typically, European sources define employed persons as those aged 15 years and over who perform work for profit or family gain. Employed 
persons include employees (working for wages under employment contract for another individual or an organisation) and self-employed (working 
on their own account). The employment rate is calculated by dividing the number of employed persons by the number of the economically active 
population. The economically active population comprises employed and unemployed persons (not employed but looking for work). The 
economically inactive population covers persons not in work and not looking for work (e.g. students, retired, homemakers). Source: Eurostat (n.d.).  
14 Fana, M. et al. (2020). 
15 Milasi, S. et al. (2020). 
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least sometimes, whereas this share was below 10 per cent in half of EU member states (see Figure 1).16 
Second, working from home was more common among those self-employed17; high-skilled professionals 
and managers; and people working in IT/communication services, knowledge-intensive business services, 
education and publishing services (see Figure 2).18  

Figure 1: Prevalence of telework across EU member states 

 
Source: Eurostat Labour Force Survey, variable code: lfsa_ehomp, cited in Milasi S. et al. (2020).19 

 
16 Milasi, S. et al. (2020). 
17 36 per cent were sometimes or usually working from home in 2018.  
18 Over 30 per cent of employed people in these sectors sometimes or usually worked from home in 2018.  
19 Please note that we refer to the title verbatim, e.g. using the term ‘after the COVID-19’, even if the COVID-19 pandemic is still ongoing.  
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Figure 2: Prevalence of telework by sector, EU27, 2018 data  

 
Note: The group ‘Knowledge-intensive business services’ includes the following sectors: legal and accounting activities (activities of 
head offices, management consultancy activities), architectural and engineering activities, technical testing and analysis (scientific 
research and development), advertising and market research (other professional, scientific and technical activities). The group ‘IT 
and other communication services’ includes: computer programming, consultancy and related activities (information service 
activities). JRC calculations from ad hoc extractions of EU labour force survey data provided by Eurostat. 

Source: Milasi, S. et al. (2020).  

 Prevalence of telework during the COVID-19 pandemic  
There are some variations in assessments of the prevalence of teleworking during the pandemic. According 
to Eurofound’s e-survey conducted in July 2020, nearly half of respondents (48 per cent) classified as 
‘employee’ teleworked at least some of the time, with 34 per cent of them reporting working exclusively 
from home during this period (see Figure 3).20 The JRC’s estimations on the distribution of employment 
defined by the likely impact of COVID-19 (see Figure 4) suggest that roughly 25 per cent of all work in 
EU member states is in sectors that can partly or entirely operate via telework.21 The shift towards telework 
during the COVID-19 confinement means that more than half of the workers in many EU countries who 
have started teleworking during the pandemic had no prior experience of working from home.22 

 
20 Eurofound (2020). Living, working and COVID-19. 
21 Fana, M. et al. (2020). 
22 Milasi, S. et al. (2020). 
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Figure 3: Employees’ place of work during the pandemic, by country, EU27 (%) 

 
Note: *Low reliability; Cyprus, Estonia, Latvia, Luxembourg, Malta and Slovenia not included due to insufficient number of cases.  

Source: Eurofound (2020), Living, working and COVID-19. 
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Figure 4: The distribution of employment defined by the likely impact of COVID-19 

 
Note: Employment figures from 2018 annual LFS data.  

Source: Fana, M. et al. (2020). 

 Characteristics of telework during the COVID-19 pandemic  
Despite an increase in the prevalence of working from home during the pandemic, there are still large 
differences in the characteristics of teleworkers. According to Eurofound’s survey results (see Figure 5), the 
strongest single correlate of telework was the educational level of the employee, with 74 per cent of 
employees with tertiary qualifications working from home compared to 34 per cent of those with secondary-
level education and 14 per cent of those with primary-level education.23 There were also sectoral and 
occupational divides. The highest incidence of telework was recorded in the education sector, public 
administration, and financial and other services sectors. Younger workers and older workers (aged 65+), and 
workers living in a city or city suburb were more likely to work from home during the pandemic. However, 
the survey results indicate that the incidence of working from home was nearly equally distributed between 
female and male workers, and the presence of school-age children in the household did not make a large 
difference to the incidence of telework.24 However, as concluded by Eurofound, it seems that the main 
determinant of working from home was the feasibility of working from home and job requirements, rather 
than the individual or household circumstances of employees.25 

 
23 Eurofound (2020). Living, working and COVID-19. 
24 Eurofound (2020). Living, working and COVID-19. 
25 Eurofound (2020). Living, working and COVID-19. 
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Figure 5: Working from home during COVID-19, EU27 (%) 

 
Source: Eurofound (2020), Living, working and COVID-19. 

JRC’s study of the teleworkable sectors confirms Eurofound’s findings about the nearly equal gender 
distribution among teleworkers, and a higher incidence of telework among highly-skilled workers (with 
tertiary education) versus low-skilled workers (with primary education or below).26 JRC’s analysis also 
indicates that self-employed27 and temporary28 workers were less likely than other workers to work in 
teleworkable sectors during the pandemic. In terms of the age distribution of teleworkers, in contrast to 
Eurofound’s study, JRC’s findings suggest that the youngest workers (aged 15 to 29 years) and the oldest 
workers (aged 50+) were less likely to work from home than other age groups of workers.29 However, several 
other studies have noted that the profile of teleworkers is rapidly changing due to more employers 
encouraging (at least) occasional telework, and the broader availability of IT tools. As a result, teleworking 
trends are diffusing into a wider range of occupations and sectors, including ‘spreading into more precarious, 
temporary, and lower-paid jobs, especially among home-based teleworkers and highly mobile teleworkers’.30 
This could have consequences for the future socio-economic characteristics of teleworkers and the 
conditions of their workplaces (e.g. their homes).31  

 
26 Fana, M. et al. (2020). 
27 11 per cent of self-employed people across the EU28 were working in the teleworkable sectors during the pandemic.  
28 12.1 per cent of temporary workers across the EU28 were employed in the teleworkable sectors during the pandemic. 
29 Fana, M. et al. (2020). 
30 López-Igual, P. & Rodríguez-Modroño, P. (2020).  
31 López-Igual, P. & Rodríguez-Modroño, P. (2020); Elldér, E. (2019); Vilhelmson, B. & Thulin, E. (2016). 
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 Future trends in telework  
According to Eurofound’s survey results, almost four in five employees (78 per cent) who were teleworking 
in July 2020 expressed a preference for working from home at least occasionally after the COVID-19 
restrictions were lifted. Among those working from home during the pandemic, one-third (32 per cent) 
indicated that they would like to continue teleworking several times a week, and 13 per cent indicated that 
they would like to work from home daily (see Figure 6).  

Figure 6: Preference regarding regularity of working from home if there were no 
COVID-19 restrictions, by teleworking status, EU27 (%) 

 
Source: Eurofound (2020), Living, working and COVID-19, COVID-19 series, Publications Office of the European Union, 
Luxembourg. 
 

While the full impact of COVID-19 on the mode of working is still unfolding, it is likely that the rates of 
telework will change in the longer term. Ultimately, the shift towards telework will depend on a range of 
factors, including employer and workers’ preferences, productivity, working conditions, aspects related to 
flexibility and autonomy (e.g. monitoring and control, increased work intensity and stress levels), and home 
working conditions. Broader policy objectives, such as moving towards digital and green transitions, will 
also play a role, as well as social inclusion policies (to avoid the potential exclusion of certain groups from 
the labour market, e.g. low-skilled, older people, place-bound occupations) and work-life balance policies 
(e.g. blurring spheres of work and private life, and ‘limitless work’).32  

1.3. Objectives and research questions  

Against the above background, the overarching objective of this study is to undertake a detailed analysis of 
the impact of the indoor climate (as defined in the Background section) on the adult working-age 
population (18-64 years old). To provide a complete picture of the impact of the indoor climate on all age 
groups, the report also includes data and analysis on the elderly population (≥ 65 years old) and some of the 
key findings of our 2019 study on children (< 18 years old). 

More specifically, the study has the following underlying research questions: 

 
32 Eurofound (2020). New forms of employment: 2020 update. 
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1. How widespread are problems related to poor indoor climate in European homes? What is the 
prevalence of people affected by country, differentiating between working-age population, children 
and the elderly? 

2. What is the evidence in terms of existing studies and literature concerning the impact of poor 
indoor climate on the health of adults? More specifically, what is the impact of the following 
hazards: damp and mould, noise pollution, excess cold, and lack of daylight? 

3. What is the impact of poor indoor climate hazards on well-being and life satisfaction? How can 
this impact be expressed in monetary terms? What is the impact of poor indoor climate on direct 
healthcare costs?  

4. What would be the economic benefits associated with reducing adults’ and children’s exposure to 
poor indoor climate? 

1.4. Scope 

 Indoor climate hazards covered 
We have taken a deliberate decision to align the selection of indoor climate hazards covered with those for 
which prevalence data are available in the EU-SILC database, which is by far the most comprehensive 
dataset in this regard. While there are a number of other indoor climate hazards that may impact human 
health (e.g. air quality, existence of particulate matter, radiation, heat), the statistical analyses that we have 
undertaken in this study are only possible for those hazards for which data are available.  

On this basis, the study focusses on the following indoor climate hazards: 

• Damp and mould33 

• Noise pollution 

• Indoor temperature (with a focus on excess cold) 

• Lack of daylight. 

 Types of impact covered 
Based on a thorough assessment of both data availability and novelty of research, the study team has decided 
to focus on the following three categories of impact: 

• Impacts on health (without any upfront limitation on specific diseases or conditions). 

• Impacts on well-being measured in terms of percentage decrease of the level of life satisfaction and 
the potential impact on healthcare costs associated with poor indoor climate. 

• Macroeconomic impacts measured in terms of productivity and wider societal costs (benefits and 
losses). 

 
33 Please note that due to the strong correlation between damp and mould, they are often discussed in conjunction with each other in academic 
literature. Our study follows this approach.  
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 Geographical scope 
This study has a clear focus on Europe. Notwithstanding, the literature review that we undertook also 
included, to a certain extent, studies and research results from high-income countries outside Europe that 
are comparable to Europe in terms of living conditions. The various statistical analyses and the modelling, 
however, were strictly focused on the following 30 countries (called thereafter EU27+): 

• All EU27 member states 

• The United Kingdom 

• Norway 

• Switzerland. 

 Age groups covered 
The main population covered in this report are adults in the working-age population but additional analysis 
is provided that covers also children and the elderly (e.g. adults over age 65). In essence, this study covers 
all the following demographic groups: 

• Children (< 18 years old) 

• Working-age population (18-64 years old)34 

• Elderly (≥ 65 years old).  

The exact age ranges of these three groups have been defined based on commonly used definitions of 
‘children’ or ‘minors’35 and of ‘elderly’,36 with the working-age population covering the age group in 
between. 

1.5. Report structure  

Chapter 2 of this report lays out the overall study approach, as well as the methods of individual tasks that 
address specific research questions.  

Chapter 3 addresses research question 1 concerning the prevalence of poor indoor climate across Europe, 
differentiated by age group affected. More concretely, it presents the results of a review of available statistical 
datasets and of some descriptive statistical analyses carried out based on EU-SILC microdata. 

Chapter 4 addresses research question 2 regarding the evidence in terms of existing studies and literature 
relating to the impact of poor indoor climate on the health of adults and children. It presents the results of 
a targeted literature review focusing on the health impacts of the five hazards (including indoor air pollution) 
on the three population groups, as well as the wider socio-economic impacts.  

Chapter 5 addresses research question 3 on the impact of poor indoor climate hazards on well-being and 
life satisfaction. Specifically, it presents the results of multivariate regression analyses examining the 
relationship between the four indoor climate hazards and self-reported life satisfaction, as well as of a 
‘willingness-to-pay’ analysis, based on EU-SILC microdata. 

 
34 Some of the data relating to working-age population cover the age group 16-64 years old. 
35 See definition as of: https://fra.europa.eu/en/publication/2017/mapping-minimum-age-requirements/age-majority  
36 See definition as of: https://ec.europa.eu/eurostat/cache/infographs/elderly/index.html  

https://fra.europa.eu/en/publication/2017/mapping-minimum-age-requirements/age-majority
https://ec.europa.eu/eurostat/cache/infographs/elderly/index.html
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Chapter 6 addresses research question 4 on the economic costs related to adults’ and children’s exposure 
to poor indoor climate, and presents the results of the macroeconomic modelling exercise.  

Finally, Chapter 7 provides a concise summary of key findings and discusses the implications of these 
findings.  
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2. Study design and methods 

2.1. Overall study design 

Our study design was built on the following main components: 

• Targeted data review. 

• Targeted literature review. 

• Statistical analysis of EU-SILC database. 

• Well-being valuation analysis (including multivariate regression analysis, using data identified in 
the targeted data review). 

• Macroeconomic modelling (using data identified in the targeted data review and literature review). 

Figure 7 maps each of these components to the research questions guiding this study, as well as to the 
relevant chapter in the report where results from these tasks will be elaborated.  

All relevant results and analysis from the Healthy Homes Barometer study conducted in 2019 are integrated 
within the findings chapters (Chapters 3 to 6) as appropriate and are referenced clearly in respective 
chapters.  

Figure 7: Study tasks and their interaction 
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2.2. Targeted data review 

The data review task focused on examining existing quantitative sources that provide statistical data relating 
to poor indoor climate, and circumstantial factors such as income level, level of urbanisation, type of 
tenancy/ownership and type of dwelling. This allowed us to establish patterns and relationships between 
particular factors associated with indoor climate hazards, examine the extent to which each population 
group was affected by particular hazards, and identify similarities and differences between population groups 
and European countries. The EU-SILC database was the main data source for the descriptive statistics and 
regression analysis. 

The results of the targeted data review were subsequently taken up by the well-being valuation analysis 
(multivariate regression analysis) and by the macroeconomic modelling task.  

2.3. Targeted literature review 

The objective of the targeted literature review was to assess existing evidence on the relationship between 
the various indoor climate hazards included in this study and the health of particular population groups, as 
well as the wider socio-economic costs related to these hazards. It focused on identifying and assessing 
evidence from existing systematic reviews and other relevant sources to identify the main health impacts of 
indoor climate hazards, as well as the facilitators and barriers for the improvement of these hazards. This 
task also covered examining the methodologies applied in reviewed research studies, including the variables 
used for cost modelling. Our search strategy covered both academic and grey literature using scientific 
databases such as PubMed and publications produced by international, European and national 
organisations. The review covered studies published since 2010, and when evidence was sparse we extended 
the timeframe and reviewed studies published since 2000, with a small number of older studies also 
included.  

The targeted literature review also contributed to identifying data that fed into the modelling task, for 
example indications of attributable risks regarding the specific diseases associated with indoor climate 
hazards. 

2.4. Statistical analysis of EU-SILC database 

Chapter 3 provides an overview of the prevalence of different indoor climate hazards in residential dwellings 
across European countries, and examines what household characteristics are associated with the prevalence 
of these indoor climate hazards. For the purpose of the analysis, we use the EU Statistics on Income and 
Living Conditions (EU-SILC) database, which is provided by Eurostat.37  

 EU-SILC database and frequency of indoor climate hazards 
The EU-SILC is an annual pan-European survey of private households and their current members. It 
collects cross-sectional and longitudinal microdata on a variety of social indicators including income, 
poverty, social exclusion and living conditions. The initial release, regarding data collected in 2004, included 

 
37 For more information, see: https://ec.europa.eu/eurostat/web/microdata/european-union-statistics-on-income-and-living-conditions  

https://ec.europa.eu/eurostat/web/microdata/european-union-statistics-on-income-and-living-conditions
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information on 13 EU member states plus Norway and Iceland.38 From 2007 onwards it has included all 
EU member states at time of collection, as well as non-member states Switzerland and Norway, among 
others. Data are available from 2004 to 2019.39 EU-SILC data are collected by national statistical institutes 
in each country, with information extracted from administrative registers or obtained through interviews. 
Information collected on social exclusion and housing conditions is largely collected at the household level, 
while health, education and labour information is collected at the individual level, with interviews 
undertaken with all individuals aged 16 years and over in the household.40  

Every year, around 130,000 households and 270,000 individuals are interviewed across EU countries for 
the collection of the cross-sectional microdata. In order to enable descriptions and comparisons of 
population characteristics across the countries and regions of the EU, data need to be collected using 
probability sampling, in line with the appropriate procedures outlined by the EU.41 This means that for all 
frequencies in this report based on EU-SILC data, we apply the appropriate sampling weights to make the 
findings representative for the population in a given country.  

Four different indicators related to indoor climate hazards are provided in the EU-SILC database, with a 
description of how they are applied in the analysis in Table 1,42 including whether a household reports 
suffering from the following: (1) a leaking roof, damp walls or rot in windows; (2) problems with a lack of 
light; (3) noise from neighbours or outdoors; and (4) the inability to keep the house adequately warm.  

Table 1: Definitions of EU-SILC variables of indoor climate hazard indicators 

VVaarriiaabbllee  nnaammee  EEUU--SSIILLCC  ccooddee    QQuueessttiioonn//ddeessccrriippttiioonn  VVaalluueess  RReeccllaassssiiffiieedd  

Leaking roof, damp 
walls/floors/foundati
on, or rot in window 
frames or floor 

HH040 Do you have any of the following 
problems with your 
dwelling/accommodation? 

§ A leaking roof 
§ Damp 

walls/floors/foundation 
§ Rot in window frames or floor 

1 – Yes 

2 – No  

0 – No 

1 – Yes  

Problems with the 
dwelling: too dark, 
not enough light 

HS160 Is your dwelling too dark, meaning is 
there not enough day-light coming 
through the windows? 

1 – Yes 

2 – No 

0 – No 

1 – Yes 

Noise from 
neighbours or from 
the street 

HS170 Do you have any of the following 
problems related to the place where 
you live: too much noise in your 
dwelling from neighbours or from 
outside (traffic, business, factory, etc.)? 

1 – Yes 

2 – No 

0 – No 

1 – Yes  

Ability to keep home 
adequately warm 

HH050 Can your household afford to keep its 
home adequately warm? 

1 – Yes  

2 – No  

0 – Yes 

1 – No  

 
38 The 13 member states includes: Austria, Belgium, Denmark, Estonia, Finland, France, Greece, Ireland, Italy, Luxembourg, Portugal, Spain and 
Sweden. 
39 Iacovou, M., Kaminska, O., & Levy, H. (2012). 
40 Eurostat. (2019). 
41 Iacovou, M., Kaminska, O., & Levy, H. (2012). 
42 A complete list of the latest EU-SILC variables, and in-depth information on how they are derived, can be found in the ‘Methodological 
Guidelines and Description of EU-SILC Target Variables’ document: European Commission (n.d.). Methodological Guidelines and Description of 
EU-SILC Target Variables. 
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Note: ‘Reclassified’ column refers to how variables were re-coded for quantitative data analysis purposes 

 The association between indoor climate hazards and personal and household 
characteristics 

This report uses multivariate regression analysis to examine the personal and household characteristics 
associated with the prevalence of indoor climate hazards in dwellings across Europe. Specifically, as the 
outcome variables of the analysis are binary (e.g. taking either the value 0 for “no” or 1 for “yes”), we 
primarily apply ordinary least squares (OLS) regression analysis, which leads automatically to the linear 
probability model (LPM). One issue that may arise with LPM is that it might predict values for the 
probability of reporting for rot or damp that lie outside the probability interval between 0 and 1. A Probit 
or Logit response estimator would take this into account, but makes (strong) assumptions about the error 
terms using maximum-likelihood techniques. However, as long as the relative proportion of LPM predicted 
values that fall outside the unit interval is small, the LPM estimator is expected to be unbiased.43 The LPM 
is our preferred estimator, as for interpretational practicality it directly delivers the marginal effects (or 
probabilities) of our variables of interest without the need for conversion of odds ratios into meaningful 
metrics. For instance, the estimated parameters directly tell us that one variable may increase (or decrease) 
the likelihood of reporting one or more indoor climate hazard by a certain percentage point, all else being 
equal. 

As EU-SILC data are at the level of the country, we include country fixed effects in each regression, adjusting 
for country-specific variables such as size, economic strength, legislation and country-specific institutions 
(e.g. different health systems or housing systems). All statistical analyses are conducted in STATA 16. 
Results are reported at the 5 per cent significance level, but we provide p-values for each of the coefficients. 
This means that for statistical significance we expect the p-value to be less than the significance level 
(p<0.05).  

2.5. Well-being valuation analysis 

The well-being valuation analysis (WVA) is a way of assessing whether people’s life satisfaction or happiness 
is affected by events such as crime, pollution, terrorism or any other public goods, and then monetising the 
impact on a person’s life satisfaction. The empirical approach taken can be described as follows: first, the 
association between the exposure to an indoor climate hazard (e.g. damp, lack of daylight) to both a person’s 
household income and individual life satisfaction is estimated; second, the necessary income (or so-called 
‘compensating income variation’) needed to counteract for the reduced life satisfaction from being exposed 
to an indoor climate hazard is estimated. For instance, if exposure to damp reduces a person’s life satisfaction 
by 2 per cent, and a 1 per cent increase of household income improves a person’s life satisfaction by 2 per 
cent, then 1 per cent of a person’s household income would be required to compensate the person for the 
loss in life satisfaction from being exposed to damp. These relationships are measured using econometric 
regression analysis based on EU-SILC 2018 and 2013 data, which had special modules asking about indoor 
climate hazards, as well as people’s life satisfaction. More details on the methods applied can be found in 
Chapter 5.  

 
43 Angrist, J.D. & Pischke, J.S. (2010). 
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2.6. Macroeconomic modelling 

To assess the economic implications of an adult’s exposure to damp and mould, as well as lack of daylight, 
we use a multi-country computable general equilibrium (CGE) model. Such a model simultaneously solves 
multiple equations that relate to production from firm and household demand within a country and 
between countries through trade linkages. This type of modelling approach has gained ground in health 
economics applications, such as anti-microbial resistance (AMR), pandemic influenza and non-
communicable disease.44  

Within a CGE modelling framework, the current economic projection for each country is computed using 
the current underlying economic factors (e.g. so-called ‘status quo’ or ‘baseline scenario’), and subsequently 
compared against a ‘what-if’ scenario in which various parameters are changed. For instance, for the purpose 
of this analysis we compare and analyse how various outcomes (e.g. economic output of a country) would 
change (e.g. compared with status quo) in the long term if we hypothetically completely eradicated adults’ 
exposure to damp and mould and lack of daylight. In the baseline scenario, the underlying assumption is 
that the country’s economy grows under a long-term growth rate, and in the counterfactual, or ‘what-if’, 
scenario, we compare by how much this long-term growth is affected if the underlying parameters change 
(e.g. people become healthier).  

In the field of health economics, the application of CGE models has recently become more common due 
to its advantages over more traditional approaches, such as cost of illness (COI) methods.45 COI is an easy-
to-understand method that summarises the direct and indirect cost associated with ill health, considering, 
for instance, the sum of all direct personal medical costs, as well as indirect costs (e.g. income loss due to 
absenteeism or premature death). While the approach is relatively straightforward, it does not consider the 
potential spillover effects on other agents or markets in an economy. For instance, in reality many 
adjustment mechanisms play out, such as the substitution between labour and capital should the labour 
supply be negatively affected due to ill health or caregiver responsibilities. In contrast, a general equilibrium 
model, such as CGE, considers these ripple effects on other parts of the economy by reporting how overall 
economic output is affected. A more detailed description of the model and the underlying economic data 
used can be found in Chapter 5. 

2.7. Limitations 

 Limitations with respect to the targeted literature review 
Our review was subject to a number of limitations. First, we aimed to review literature published since 
2010; however, as the evidence was sparse for some indoor climate hazards, we subsequently expanded the 
publication timeframe and included sources published since 2000. Our review also includes a small number 
of sources published before 2000, when more recent studies on particular aspects were not available. Our 
search strategy and literature review included solely sources published in English. This approach was applied 
because important and ground-breaking studies published in languages other than English are typically 
referenced in English-language articles within a few years of publication. In addition, our review focused on 
evidence from Europe and other high-income countries, and did not include studies covering other regions. 
Finally, we prioritised reviewing systematic reviews and comparative reports published by European and 

 
44 Taylor, J. et al. (2014); Rutten, M., & Reed, G. (2009); Smith, R. et al. (2011). 
45 Bloom, D.E. et al. (2011). 
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international agencies. This strategy was applied for efficiency reasons and based on an assumption that the 
most relevant studies would have been included in earlier systematic reviews and other comparative reports. 
Other studies and publications were reviewed as and when required. The potential drawback of this strategy 
is that some potentially relevant studies were not included in our review. 

 Limitations with respect to the quantitative analyses 
For the vast majority of the statistical analyses conducted, we have only cross-sectional data available, and 
hence we cannot infer causal relationships in the data within the statistical analyses presented in this report. 
However, the dataset includes a large set of control variables that allows for the adjustment of some 
confounding factors, which allows us to examine the independent association between two variables. As 
EU-SILC data are at the country level, we include country-fixed effects in each regression, adjusting for 
country-specific variables such as size, economic strength and legislation, as well as country-specific 
institutions (e.g. different health systems).  

Furthermore, it is important to highlight that the answers to many of the questions reported in the EU-SILC 
database depend on the subjective interpretation of the respondent. For instance, if the respondent answers 
that they are affected by noise in the dwelling, their answer most likely depends on their self-reported 
perception of noise. A more noise-sensitive person could answer this question differently from a less noise-
sensitive person, even though the level of noise affecting the dwelling is equal. This holds for the other 
variables used as indicators for poor indoor climate. For instance, the wording ‘adequately warm’ could be 
interpreted by a respondent as referring either to too warm or to too cold, depending on the respondent. 
Using self-reported data that are subject to interpretation does have its limitations; however, it also brings 
many advantages. Evidence has shown that subjective indicators can lead to lower non-response rates, can 
be more relatable and easier to respond to, and can enable questions to be asked where an objective answer 
cannot be elicited.46 

As the well-being valuation analysis is also based on the EU-SILC database, similar caveats as above 
regarding self-reported data and causality apply. Specifically, previous research has determined that not 
considering the reverse causality of income and life satisfaction could lead to largely estimated aggregated 
well-being effects.47 Reverse causality could best be addressed by finding ‘instrumental variables’, i.e. 
variables that create exogenous variation for income not directly related to a person’s happiness. Previous 
research uses lottery wins to address this exogeneity, and finds much lower overall monetised well-being 
effects from different events (e.g. participation in sports). While our analysis does not enable finding 
instrumental variables (e.g. the EU-SILC database does not include any information about a person’s lottery 
participation or wins), we use estimated parameters for the relation between income and happiness/life 
satisfaction based on such instrumental variable methods and apply them in our analysis. This means that 
our estimated well-being effects should be on the conservative side, and take any potential over-estimation 
of well-being effects into account.  

 Limitations with respect to the macroeconomic modelling 
The application of a CGE modelling framework to assess the different economic implications of potential 
changes in the exposure of adults to damp and mould and/or lack of daylight has several strengths, as 

 
46 Fleche, S. et al. (2011). 
47 Fujiwara, D. (2019).  
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outlined in section 2.6, including the ability to directly take into account simultaneously the costs and 
benefits associated with a scenario, and assessing the overall net effects. However, there are some limitations 
to the modelling approach taken. First, the CGE model applied for the economic analysis is not intended 
to provide an exact forecast of the economy at a given future point in time. The deterministic model does 
not consider transitory (stochastic) short-term changes to the overall economic growth path. The aim of the 
applied modelling framework is to examine the effects of changes across different modelling parameters 
representing different scenarios, and then compare how the economy of a country would evolve in the 
medium to long term in the counterfactual scenario compared with the baseline, holding all other factors 
constant. This is a simplification of how events would affect the economy in reality; however, it allows for 
the analysis of specific factors (such as changes in the health of a working-age population) in isolation. 
Second, the scenarios examined within the economic modelling framework depend heavily on input data 
and parameters based on empirical evidence from other studies. In some cases, the estimated parameters 
drawn from other studies may not represent causal effects, but rather associations between two variables 
(e.g. whether exposure to damp leads to adverse health outcomes). In those instances we use those 
parameters that have adjusted for most control variables or have been estimated based on a sufficient number 
of sensitivity analyses to ensure that the direction and magnitude of the estimate is robust. 
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3. Prevalence of poor indoor climate in Europe: Results of data 
review 

Box 2: Summary of key findings from the data review 

• The likelihood of being exposed to poor indoor climate is associated with a variety of factors, 
such as financial/economic status, type and age of dwelling, and type of tenancy/ownership. Most 
notably, ‘deprived’48 households have a 57 per cent higher likelihood of not being able to keep 
their house adequately warm and a 38 per cent higher likelihood of being exposed to at least one 
of the four indoor climate hazards.  

• Across the countries covered in this study, 31.4 per cent of households are exposed to at least 
one of the four indoor climate hazards. The most highly affected countries are Portugal (50.0 per 
cent) and Cyprus (49.3 per cent), the least affected are Norway (18.6 per cent) and Finland (19.3 
per cent).  

• 13 per cent of the EU27+ population live in a dwelling with a leaking roof, damp walls, floors 
or foundations, or rot in window frames or floor. The most highly affected countries are Cyprus 
(31 per cent) and Portugal (24 per cent), the least affected are Finland (4 per cent) and Slovakia 
(6 per cent). 

• 18 per cent of the EU27+ population live in a household affected by noise pollution. The most 
highly affected countries are Malta (28 per cent), the Netherlands (27 per cent) and Germany (26 
per cent), with the urban population in the latter two countries particularly affected (34 per cent 
in Germany and 33 per cent in the Netherlands). Also, generally speaking a strong positive 
association between the level of urbanisation and the prevalence of noise pollution in a given 
country can be noted.  

• 7 per cent of the EU27+ population are unable to keep their home adequately warm. The most 
highly affected countries are Bulgaria (30 per cent) and Lithuania (27 per cent), the least affected 
are Norway (1 per cent) and Switzerland (0 per cent). Low-income households have a much 
higher likelihood of being inadequately warm, with 18 per cent in the EU27+ as a whole, 
reaching levels of 51 per cent in Bulgaria and 48 per cent in Cyprus. Generally speaking, Nordic 
and Alpine countries are the least affected. Indoor overheating and heat stress may become a more 
prevalent issue due to climate change and population ageing in Europe (see Chapter 4).  

• 5 per cent of the EU27+ population consider their home as too dark. The most highly affected 
countries are Malta and the UK (10 per cent in both cases), the least affected are Slovakia, 
Norway, the Netherlands, Italy and Czechia (3 per cent in all five cases).  

 

The nature of housing stock, and how households live, varies considerably across the continent, with many 
of these physical and social factors shaping residents’ quality of life. The United Kingdom and Belgium, for 
instance, are reported to have the largest share of residential buildings built before 1945 in Europe, with 37 
and 34 per cent, respectively, compared to as low as 3 in Cyprus and 7 per cent in Greece.49 Those living 
in older properties are more likely to experience a number of household hazards, including damp and mould 

 
48 A household is considered deprived if they cannot afford four or more of the following nine things: rent, mortgage or utility bills; keeping the 
home adequately warm; ability to face unexpected expenses; ability to eat meat or proteins regularly; a holiday; owning a television set; owning a 
washing machine; owning a car; owning a telephone. Please see the following for more information:  
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Material_deprivation  
49 Based on 2014 data provided by the EU Building Stock Observatory: https://ec.europa.eu/energy/eu-buildings-database_en  

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Material_deprivation
https://ec.europa.eu/energy/eu-buildings-database_en
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growth, excessive heat and cold, and issues with light and noise. In the UK, around one-quarter of 
households living in properties built before 1919 experience at least one of these hazards.50 However, the 
risk of overheating is also becoming a more prevalent issue, particularly in urban dwellings during extreme 
hot weather spells and in newly built low energy houses.51  

In order to consider the comparative experience of household hazards, and factors which may shape this, 
this chapter reviews the prevalence of the main indoor climate hazards across Europe, by country and age 
group affected. The discussion begins with a general overview of the key indoor climate hazards, along with 
an assessment of the relationship between factors across Europe. The prevalence of each hazard is then 
considered across European countries, along with, where available, a breakdown of prevalence by age group.  

3.1. Main indoor climate hazards and their prevalence across age 
groups  

 General overview  
This chapter provides an overview of selected indoor climate hazards across Europe. As explained in the 
introduction, we have made a choice to align the selection of hazards with those for which we have relevant 
statistical data. On this basis, we focus on the following four hazards: 

• Damp and mould 

• Noise 

• Excess cold  

• Lack of daylight.  

Data presented in this section focus on each hazard in turn. Where possible, EU-SILC 2019 micro-data 
were further disaggregated by the study team into the following age groups: the working-age population 
(18-64), children (under 18) and the elderly (65 and over).  

Descriptive statistics contained within this section are largely drawn from EU-SILC, a pan-European 
longitudinal survey instrument. The EU-SILC is stated to be the ‘main survey that measures income and 
living conditions in Europe’.52 It is conducted annually across a reference population of private households 
and their members residing within Europe.53  

Overall prevalence of poor indoor climate 
Table 2 provides a summary from our calculations of the total population, by country, exposed to at least 
one of the four poor indoor climate indicators as reported in the EU-SILC.54  

 
50 In accordance with the Health and Safety Rating System (HHSRS), which identifies 29 hazards which can affect housing stock, including: (1) 
physiological requirements; (2) psychological requirements; (3) protection against infection; and (4) protection against accidents. For a full list, see 
Piddington, J. et al. (2020).  
51 Santamouris, M. & Kolokotsa, D. (2015); Lomas, K.J. & Porritt, S.M. (2017).  
52 Eurostat (2020). Housing Statistics. 
53 This dataset also includes non-EU nations and EFTA candidate countries. Relevant to this study, EU-SILC data is provided for Iceland, 
Norway, Switzerland and the United Kingdom (see European Commission – EU-SILC implementation, available at: 
https://ec.europa.eu/eurostat/documents/203647/203704/EU-SILC+implementation+by+country.pdf   
54 The proportion of respondents in the EU-SILC 2019 data that reported at least one poor indoor climate indicator was calculated per country 
(please note that being exposed to a risk factor is a highly subjective feeling, self-reported by the EU-SILC participants). This proportion was then 
multiplied by the country’s population (obtained from United Nations data) to obtain the absolute figures. As the EU-SILC dataset is a 
representative subset of each country’s profile, this produces an accurate estimate of the population living in poor housing conditions. 

https://ec.europa.eu/eurostat/documents/203647/203704/EU-SILC+implementation+by+country.pdf
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Table 2: Percentage and total population exposed to at least one poor indoor climate 
indicator across the EU27+ 

 At least one poor indoor climate indicator 

 Total population Per cent Absolute 

EU27+ 527,212,388 31.4** 162,888,000 

Austria 9,006,398 28.8 2,591,141 

Belgium 11,589,623 34.2 3,960,174 

Bulgaria 6,948,445 39.4 2,734,213 

Croatia  4,105,267 22.8 936,001 
Cyprus 1,207,359 49.3 594,987 

Czechia 10,708,981 21.7 2,318,494 

Denmark 5,792,202 32.6 1,888,258 

Estonia 1,326,535 23.5 312,266 
Finland 5,540,720 19.3 1,069,913 

France 65,273,511 31.5 20,548,101 

Germany 83,783,942 34.6 29,006,001 

Greece 10,423,054 41.0 4,275,537 
Hungary 9,660,351 30.7 2,968,626 

Ireland 4,937,786 23.9 1,180,131 

Italy 60,461,826 30.4 18,380,395 

Latvia 1,886,198 35.8 675,636 
Lithuania 2,722,289 43.7 1,190,185 

Luxembourg 625,978 34.7 217,027 

Malta 441,543 41.3 182,136 

Netherlands 17,134,872 36.7 6,286,785 
Norway 5,421,241 18.6 1,006,182 

Poland 37,846,611 24.8 9,389,744 

Portugal 10,196,709 50.0 5,094,276 

Romania 19,237,691 32.3 6,213,774 
Slovakia 5,459,642 20.4 1,114,313 

Slovenia 2,078,938 33.1 688,544 

Spain 46,754,778 30.2 14,119,943 

Sweden 10,099,265 26.7 2,694,484 
Switzerland 8,654,622 29.0 2,507,244 

United Kingdom 67,886,011 27.6 18,743,328 

Note: Based on EU-SILC 2019. Entries are weighted with appropriate cross-sectional weights. Total population based on 2020 
United Nations population data. *Household data from the UK were taken from the 2018 version of EU-SILC. ** Based on 2019 
EU-SILC data only. Source: Eurostat (2019). 

On average, we find that 31.4 per cent of people across the EU27+ are exposed to at least one of the four 
poor indoor climate indicators, representing about 163 million people. The highest shares of population 
exposed to at least one poor indoor climate indicator are found in Portugal (50.0 per cent), Cyprus (49.3 
per cent), Lithuania (43.7 per cent), Malta (41.3 per cent) and Greece (41.0 per cent); whereas Norway 
(18.6 per cent), Finland (19.3 per cent) and Slovakia (20.4 per cent) have the lowest shares. 

 Damp and mould  

Prevalence across entire population 
Studies that report on the prevalence of damp and mould in residential buildings use data derived from two 
main sources: (1) household occupants’ perception data; and (2) observations made by independent 
assessors. Household occupants’ perception data are the most widely available and used for country-level 
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comparisons, and as such reported in this study.55 However, it is important to note when interpreting such 
data that occupants are often found to under-report the prevalence of damp and mould compared to data 
provided by independent assessors.56  

Damp and mould are reported to be more likely to occur in residences that are overcrowded, lacking in 
appropriate heating and with poor ventilation.57 One empirical study that used a mixture of occupants’ 
perception data (from the European Community Respiratory Health Survey) and inspection data from 
trained assessors found that the prevalence of damp and mould was associated with the respective country’s 
climate and age of its residences.58 Countries in Southern Europe, and those regions which experience larger 
amounts of annual rainfall, were reported to be at higher risk of damp and mould within a dwelling.59  

Meta-analysis techniques have also been used to estimate the prevalence of damp and mould in the 
European housing stock. Haverinen-Shaughnessy used data from multinational studies (EU-SILC data 
from 2007), on-site inspection studies and epidemiological cohort studies from data cross 31 European 
countries. In 2012, they estimated that damp or mould was likely in one out of every six dwellings across 
Europe.60 Weighted prevalence estimates reported that around 12 per cent of properties experienced damp, 
10 per cent mould and 10 per cent water damage, with a combined prevalence of 17 per cent.61 As above, 
prevalence was partly explained by differences in regional climate.62  

Our own analysis of the latest EU-SILC data for 2019 (Table 3) identifies that, similarly, approximately 
one in seven (13 per cent) of the EU27+ population experience ‘a leaking roof, damp walls, floor or 
foundations, or rot in their window frames or floor’. The countries with the highest prevalence rates are 
Cyprus (31 per cent), Portugal (24 per cent) and Latvia (19 per cent). The countries with the lowest 
prevalence rates are Sweden (7 per cent), Slovakia (6 per cent) and Finland (4 per cent). 

Table 3: Percentage of EU27+ population living in a dwelling with a leaking roof, 
damp walls, floors or foundations, or rot in window frames or floor 

 EU-SILC 2019 

 Percentage of population living in a dwelling with a 
leaking roof, damp walls, floors or foundations, or rot in 

window frames or floor 

EU27+ 13% 

Austria 9% 
Belgium 17% 
Bulgaria 12% 
Croatia  10% 
Cyprus 31% 
Czechia 7% 
Denmark 15% 
Estonia 14% 

 
55 The United Kingdom is reportedly the only European country with a series of continuous housing survey data based on inspections by trained 
independent assessors. See Piddington et al. (2020). 
56 WHO (2011). Environmental burden of disease associated with inadequate housing. 
57 WHO (2009). Dampness and Mould: WHO Guidelines for Indoor Air Quality. 
58 Norbäck et al. (2016).  
59 Norbäck et al. (2016).  
60 Haverinen-Shaughnessy (2012).  
61 Haverinen-Shaughnessy (2012).  
62 Haverinen-Shaughnessy (2012).  
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 EU-SILC 2019 

 Percentage of population living in a dwelling with a 
leaking roof, damp walls, floors or foundations, or rot in 

window frames or floor 

EU27+ 13% 
Finland 4% 
France 11% 
Germany 12% 
Greece 12% 
Hungary 22% 
Ireland 12% 
Italy 14% 
Latvia 19% 
Lithuania 14% 
Luxembourg 15% 
Malta 8% 
Netherlands 15% 
Norway 7% 
Poland 11% 
Portugal 24% 
Romania 9% 
Slovakia 6% 
Slovenia 21% 
Spain 15% 
Sweden 7% 
Switzerland 11% 
United Kingdom* 18% 

Note: Percentages rounded to nearest whole number.  
* Data for UK derived from 2018 EU-SILC survey wave due to missing data.  
Source: Eurostat (2019). 

Prevalence by age group  
Micro-data analysed from the EU-SILC database indicate that for the working-age population (18-64), 
around 14 per cent of people in European countries live in a house with a leaking roof, damp in 
walls/floors/foundations or rot in window frames or floors. The highest proportion of the working-age 
population that reported experiencing household damp are found in Cyprus (32 per cent) and Portugal (24 
per cent); whereas this proportion is lowest in Finland (5 per cent) and Slovakia (6 per cent) (see Table 4).  

Meanwhile, 15 per cent of children experience leaking roof, damp in walls/floors/foundations or rot in 
window frames or floors. In certain countries, this figure is considerably higher, with 28 per cent of children 
in Hungary, 25 per cent in Cyprus and Portugal, and 22 per cent in the UK experiencing such issues.63 

Furthermore, 10 per cent of elderly people live in a dwelling with the same damp conditions. The EU27+ 
countries with the highest proportion of its elderly population experiencing problems with mould or damp 
in their dwellings are Cyprus (34 per cent), Portugal (25 per cent), Slovenia (22 per cent) and Hungary 
(21per cent). The countries with the lowest proportion of elderly people exposed to such problems are 
Slovakia, Switzerland and Sweden (5 per cent), Norway (4 per cent) and Finland (3 per cent). 

 
63 Based on 2018 EU-SILC data, the latest available for the UK. Source: Eurostat (2019). 
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Table 4: Percentage of EU27+ population, by age group, living in a dwelling with a 
leaking roof, damp walls, floors or foundations, or rot in window frames or floor 

 Percentage of population living in a dwelling with a leaking roof, damp 
walls, floors or foundations, or rot in window frames or floor 

 

 All age groups Working age 
population  

(16-64)  

Children 
(18 and under)   

Elderly population  
(Over 65)  

EU27+ 13% 14% 15% 10% 

EU27+ (absolute) 69,402,742 47,332,875 16,270,232 10,782,531 

Austria 9% 10% 10% 6% 
Belgium 17% 18% 19% 12% 
Bulgaria 12% 11% 13% 11% 
Croatia  10% 10% 10% 12% 
Cyprus 31% 32% 25% 34% 
Czechia 7% 7% 8% 6% 
Denmark 15% 17% 18% 6% 
Estonia 14% 13% 14% 16% 
Finland 4% 5% 4% 3% 
France 11% 12% 13% 7% 
Germany 12% 13% 15% 7% 
Greece 12% 12% 11% 15% 
Hungary 22% 21% 28% 21% 
Ireland 12% 12% 12% 11% 
Italy 14% 14% 11% 15% 
Latvia 19% 19% 20% 20% 
Lithuania 14% 14% 15% 13% 
Luxembourg 15% 16% 18% 10% 
Malta 8% 7% 7% 9% 
Netherlands 15% 16% 16% 9% 
Norway 7% 7% 8% 4% 
Poland 11% 11% 11% 11% 
Portugal 24% 24% 25% 25% 
Romania 9% 8% 11% 11% 
Slovakia 6% 6% 6% 5% 
Slovenia 21% 21% 19% 22% 
Spain 15% 15% 16% 13% 
Sweden 7% 7% 8% 5% 
Switzerland 11% 11% 14% 5% 
United Kingdom* 18% 19% 22% 9% 

Note: Percentages rounded to nearest whole number.  
*Data for UK derived from 2018 EU-SILC survey wave due to missing data. 
Source: Eurostat (2019).  
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 Noise pollution  

Prevalence across entire population 
Noise pollution is the most common environmental issue affecting quality of life within dwellings across 
the EU.64 Table 5 reports on the total prevalence of noise experienced in dwellings across European 
countries. These data are derived from EU SILC survey data 2019, combining measures which ask if 
respondents suffer from either noise from neighbours or noise from the street. In interpreting these data, it 
should be noted that an assessment of noise pollution is subjective; indicators used for EU SILC data seek 
to account for both the level of noise pollution experienced and the respondents’ standards as to what they 
consider acceptable. Thus, an increase in one indicator may represent both an increase in noise pollution 
levels and a decrease of the levels that European citizens tolerate in each country.  

Across the European countries included in the analysis, 18 per cent of the population report having issues 
with noise in their dwelling from neighbours or from outside. The highest proportions of residents reporting 
experiencing noise in their dwellings are found in Malta (28 per cent), the Netherlands (27 per cent) and 
Germany (26 per cent), and the lowest are found in Croatia, Bulgaria, Estonia, Hungary and Ireland 
(around 9 per cent).   

A key factor in explaining variations in reported high levels of noise in the household is the degree of 
urbanisation. In the EU27+ in 2019, 21 per cent of those living in cities considered their household to 
suffer from noise from neighbours or from the street, while only 14 per cent of those living in towns and 
suburbs and 9 per cent of those living in rural areas identified this problem. Urban noise issues were most 
prevalent for approximately one-third of residents in Germany and Greece.   

As observed with experience of damp and mould, exposure to noise in dwellings is generally negatively 
correlated with household income, meaning that those with low income tend to have a higher exposure to 
noise. Income appears to produce the largest differential in France and Denmark, with the proportion of 
households exposed to noise increasing by factor 1.5. 

Table 5: Percentage of EU27+ population living in a household suffering from noise 
pollution 

 Percentage of population living in households considering that they suffer 
from noise 

(noise from neighbours or noise from the street) 

 Total   Low income    In cities In towns In rural 
areas 

EU27+ 18% 20% 21% 14% 9% 

Austria 20% 25% 28% 18% 14% 
Belgium 16% 20% 21% 14% 14% 
Bulgaria 9% 10% 12% 8% 5% 
Croatia  8% 7% 9% 10% 6% 
Cyprus 15% 15% 18% 14% 11% 
Czechia 14% 17% 20% 14% 9% 
Denmark 20% 30% 29% 17% 13% 
Estonia 8% 8% 9% 9% 6% 
Finland 13% 15% 17% 13% 8% 

 
64 Eurostat (2020). Living Conditions in Europe – housing quality. 
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 Percentage of population living in households considering that they suffer 
from noise 

(noise from neighbours or noise from the street) 

 Total   Low income    In cities In towns In rural 
areas 

EU27+ 18% 20% 21% 14% 9% 
France 17% 26% 26% 16% 9% 
Germany* 26% 33% 34% 24% 17% 
Greece 20% 18% 32% 20% 5% 
Hungary 10% 13% 13% 9% 8% 
Ireland 9% 14% 14% 9% 4% 
Italy 11% 11% 18% 9% 6% 
Latvia 13% 11% 19% 19% 7% 
Lithuania 13% 13% 21% 7% 9% 
Luxembourg 20% 25% 23% 22% 16% 
Malta 28% 31% 30% 17% 17% 
Netherlands 27% 37% 33%** 29%** 22%** 
Norway 11% 16% 14% 11% 8% 
Poland 13% 13% 17% 14% 8% 
Portugal 23% 23% 31% 20% 12% 
Romania 18% 16% 25% 21% 12% 
Slovakia 11% 15% 8% 15% 8% 
Slovenia 15% 15% 20%** 28%** 17%** 
Spain 14% 14% 20% 9% 7% 
Sweden 17% 21% 20% 16% 12% 
Switzerland 19% 23% 23% 17% 12% 
United 
Kingdom* 20% 22% 23% 16% 12% 

Note: Percentages rounded to nearest whole number. Households of ‘low income’ are defined as those whose income is below 
60 per cent of the median equivalised income. Data on people living in cities is missing for the Netherlands and Slovenia.  
* Data for UK derived from 2018 EU-SILC survey wave and data for Germany derived from 2014 EU-SILC survey wave due to 
missing data in other waves.  
** Data for Netherlands and Slovenia derived from 2016 European Quality of Life Survey (EQLS) wave due to missing data in 
EU-SILC65. Hence, these figures may not correspond completely with the EU-SILC data on noise prevalence.  
Source: Eurostat (2019).  

 

Under the EU Environmental Noise Directive (END),66 EU member states are required to prepare and 
publish noise maps and noise management action plans every five years. Whilst there is no common 
methodology used across EU countries to produce these maps, approaches are said to combine objective 
sound measurement tools and predictive software using algorithms to simulate sound propagation 
characteristics. Data provided under the directive are being used to assess (and in some instances estimate67) 
the number of people exposed to high levels of certain noise types across EU countries, namely from 
exposure to road, rail, air and industry.  

 
65 For more information on the EQLS, see: https://www.eurofound.europa.eu/surveys/european-quality-of-life-surveys  
66 Directive 2002/49/EC, available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32002L0049  
67 Data reported under the Environment Noise Directive (END) used by the European Environment Agency (EEA) are said to be 66 per cent 
complete for 2017. Any missing data were estimated based upon previous years submissions. That said, the EEA claims that the ‘data in this 
assessment serve as the best available information on population exposure to environmental noise in the EU’. 

https://www.eurofound.europa.eu/surveys/european-quality-of-life-surveys
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32002L0049
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Findings from the European Environment Agency’s (EEA) recent analysis of END data reveal that road 
traffic noise was the most dominant source of environmental noise pollution across the EU, based on data 
from 2017.68 At least 20 per cent of the EU’s population live in areas where road traffic noise levels are 
harmful to health, with 113 million people affected by levels above 55 decibels (dB).69 To put this into 
context, WHO recommends less than 30dB for good quality sleep, and an average night time noise of less 
than 40dB to prevent adverse health effects from noise.70 Average exposure to road traffic noise levels above 
53dB has been linked to adverse health effects including increased incidence of hypertension and ischaemic 
heart disease.71     

Table 6 below reports the percentage of the population affected by road traffic noise pollution for EU27+ 
countries. As with Table 5, it shows that noise pollution is far more prevalent in urban than in rural areas, 
with a substantially higher proportion of urban residents exposed to levels above 55 dB. Urban populations 
in Cyprus (49 per cent) are the most exposed to urban road noise above 55 dB; furthermore, those in 
Switzerland (31 per cent), Bulgaria (29 per cent) and Latvia (27 per cent) also experience high levels of 
urban noise pollution compared to other European countries. Urban residents in Portugal (5 per cent), 
Slovakia (7 per cent) and Germany (7 per cent) are least likely to be affected. This is in contrast to the 
survey results returned in the EU-SILC data, where around one-third of urban households in Portugal and 
Germany reported experiencing problems with noise from neighbours or from the street – some of the 
highest proportions across the Europe. Given the lack of a harmonised approach to END data measurement 
and submissions, direct comparisons between countries should be interpreted with caution. However, these 
findings raise important questions about the differences between objective and subjective measurements of 
noise pollution in the reported data. 

Table 6: Percentage of EU27+ population exposed to road noise inside and outside of 
urban areas (EEA 2017) 

 Percentage of countries’ total population exposed to equal to or 
greater than 55 dB of road noise (EEA 2017) 

 Inside urban areas Outside urban areas     
Austria 24.2% 8.2% 
Belgium 14%* 8.6% 
Bulgaria 28.8%* 1.5% 
Croatia  7.7% 2.8% 
Cyprus 49.2% 4.7%* 
Czechia 16.7% 6.9% 
Denmark 18.5% 5.0% 
Estonia 22.7% 0.5% 
Finland 8.8% 2.1% 
France 23.5%* 9.8% 
Germany 6.9%* 3.3% 
Greece 7.9%* 0.2%* 
Hungary 16.4% 1.8% 
Iceland  16.6% 0% 

 
68 EEA (2020).  
69 EEA (2020).  
70 WHO (2009). Night noise guidelines for Europe, Copenhagen. 
71 WHO (2018). Environmental Noise Guidelines for the European Region. 
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 Percentage of countries’ total population exposed to equal to or 
greater than 55 dB of road noise (EEA 2017) 

 Inside urban areas Outside urban areas     
Ireland 14.4% 4.8% 
Italy 13.7% 12%* 
Latvia 27% 1.2% 
Lithuania 26.3% 0.8% 
Luxembourg 24.5% 11.2% 
Malta 22.4% 3.7% 
Netherlands 19.3% 1.0% 
Norway 15.2%* 2.6%* 
Poland 11.6% 5.7% 
Portugal 5.2% 8.6%* 
Romania 13.3%* 1.6% 
Slovakia 6.7%* 2.9% 
Slovenia 9.8% 5.5% 
Spain 24.8%* 4.2%* 
Sweden 13.2% 3.3% 
Switzerland 30.6% 5.1% 
United Kingdom 14.5% 5.9%* 

Note: Due to differences in definitions of ‘being exposed to noise’ applied, there are some differences between values reported in 
Table 5 and Table 6, e.g. values reported for Germany.  
* Data totally or partially estimated  
Source: EEA (2020). 

Prevalence by age group  
EU-SILC data for 2019 are reported across a number of different age groups and household types. Across 
the age groups listed in  

Table 7, those in the working-age population appear to be the most affected by noise in comparison to 
households with children and the over 65s72 in Denmark, Finland, Germany, Lithuania, the Netherlands, 
Norway and Sweden. The working-age population in the Netherlands (30 per cent), Malta (29 per cent) 
and Germany (28 per cent) are the most affected by noise across Europe; those in Bulgaria, Croatia and 
Estonia are the least affected, with around 9 per cent of the working-age population reporting noise from 
the street or neighbours. Among households with children reporting issues with noise pollution, the highest 
shares are found in Malta (26 per cent), the Netherlands and Portugal (both 25 per cent), and Germany 
(24 per cent), and the lowest shares in Estonia (8 per cent) and Croatia (7 per cent). Among the population 
aged 65 or above, on average, a lower proportion of households (15 per cent) report problems with noise 
pollution across the EU27+, compared to 19 per cent for the working-age population. The highest 
prevalence of problems with noise pollution is reported in Malta (30 per cent) and Germany (21 per cent), 
and the lowest in Finland and Bulgaria (both 8 per cent), Estonia and Norway (both 7 per cent), and Ireland 
(5 per cent).  

 
72 It can be noted that hearing decreases with age, so older people may be less prone to report being affected by noise pollution.  
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Table 7: Percentage of EU27+ population, by age group, who experience noise 
pollution 

 Percentage of population living in households with noise from neighbours 
or noise from the street 

 All age groups Working-age 
population  

(16-64)  

Proportion of 
children 

(18 and under)   

Elderly population  
(Over 65)  

EU27+ 18% 19% 17% 15% 

EU27+ 
(absolute) 

92,496,081 64,237,473 18,439,596 16,173,796 

Austria 20% 20% 18% 19% 
Belgium 16% 16% 17% 14% 
Bulgaria 9% 9% 10% 8% 
Croatia  8% 8% 7% 10% 
Cyprus 15% 15% 13% 19% 
Czechia 14% 14% 15% 13% 
Denmark 20% 24% 16% 11% 
Estonia 8% 9% 8% 7% 
Finland 13% 16% 10% 8% 
France 17% 19% 19% 12% 
Germany 26% 28% 24% 21% 
Greece 20% 20% 19% 19% 
Hungary 10% 10% 11% 9% 
Ireland 9% 9% 9% 5% 
Italy 11% 12% 11% 13% 
Latvia 13% 14% 12% 11% 
Lithuania 13% 15% 13% 10% 
Luxembourg 20% 20% 20% 21% 
Malta 28% 29% 26% 30% 
Netherlands 27% 30% 25% 18% 
Norway 11% 13% 11% 7% 
Poland 13% 13% 12% 13% 
Portugal 23% 23% 25% 19% 
Romania 18% 18% 19% 18% 
Slovakia 10% 10% 10% 12% 

Slovenia 15% 14% 12% 17% 

Spain 14% 15% 14% 13% 

Sweden 17% 20% 15% 10% 

Switzerland 18% 19% 17% 17% 

United 
Kingdom* 

20% 21% 21% 14% 

Note: Percentages rounded to nearest whole number.  
* Data for UK derived from 2018 EU-SILC survey wave due to missing data. 
Source: Eurostat (2019).  
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In addition to noise exposure within their dwelling, those in the working age population may also be 
exposed to high noise levels as part of their occupation, although more recent survey data report significant 
reductions in those across the EU exposed to excess noise in the workplace.73 Data from the European 
Survey of Enterprises on New and Emerging Risks (ESENER 2), which is a telephone survey of employees 
at 320 establishments across Europe, identified that exposure to loud noise in the workplace is most 
commonly reported by those working in mining and quarrying industries, construction, and waste 
management and sewerage remediation.74 Those working shifts may be at an increased risk of experiencing 
environmental noise if they sleep during the day, when environmental noise levels are likely to be highest.75   

 Excess cold  

Prevalence across entire population   
According to WHO, low indoor household temperatures are the combined result of poor thermal 
insulation, inadequate or inefficient heating systems, the social and economic status of the household, and 
the cost of energy.76 As discussed in Chapter 4,77 the impact of excess cold on a household has been 
associated with a range of physical (namely respiratory diseases) and mental health conditions, particularly 
for vulnerable populations such as the elderly and young children.78 The EU Energy Poverty Observatory 
recently identified a ‘dual energy poverty problem across the EU’ for those in low income urban areas and 
those in marginalised rural areas.79,80 

EU-SILC data across all households suggest that Bulgaria (30 per cent), Lithuania (27 per cent), Cyprus 
(21 per cent) and Portugal (19 per cent) are the countries with the highest percentage of people who cannot 
keep their homes adequately warm. According to EU-SILC 2019 data, the following countries have the 
lowest prevalence of households who are unable to keep their home adequately warm: Switzerland (0.3 per 
cent), Norway (1 per cent), and Austria, Finland, Luxembourg, Slovenia and Sweden (2 per cent).  

EU-SILC data identify that the general socio-economic situation of a household is an influential factor in 
shaping the ability of households to keep warm. As shown in Table 8, on average approximately 7 per cent 
of households across the EU27+ report struggling to keep their dwelling adequately warm; this increases to 
an average of 18 per cent for households with an income below 60 per cent of the median equivalised 
income. EU-SILC 2019 data highlight that for households in Bulgaria (51 per cent), Cyprus (48 per cent), 
Lithuania and Portugal (38 per cent) the impact of low income is particularly acute when attempting to 
keep a household warm. 

  

 
73 Eurofund (2017). Page 8.  
74 European Agency for Safety and Health at Work (2016). Page 18.   
75  WHO (2009). Night noise guidelines for Europe. 
76 WHO (2011). Environmental burden of disease associated with inadequate housing.  
77 Please note that it was not feasible to present prevalence data for excess heat. However, based on a literature review, the evidence on the impact 
of excess heat is presented in Chapter 4.  
78 WHO (2011) Environmental burden of disease associated with inadequate housing. 
79 European Commission (2020). Page 54. 
80 It can be also argued that renovating homes to make them more energetically sustainable could lead to better health outcomes and, at the same 
time, could help achieve climate/sustainability goals.  
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Table 8: Percentage of EU27+ total population and those on low incomes who are 
unable to keep their home adequately warm 

 Percentage of population without ‘ability to keep home 
adequately warm’ 

 Total   Low income    
EU27+ 7% 18% 

Austria 2% 5% 

Belgium 4% 13% 
Bulgaria 30% 51% 
Croatia  7% 19% 
Cyprus 21% 48% 
Czechia 3% 9% 
Denmark 3% 8% 
Estonia 3% 6% 
Finland 2% 4% 
France 6% 18% 
Germany 3% 8% 
Greece 18% 34% 
Hungary 6% 14% 
Ireland 5% 12% 
Italy 11% 30% 
Latvia 8% 16% 
Lithuania 27% 38% 
Luxembourg 2% 5% 
Malta 8% 14% 
Netherlands 3% 11% 
Norway 1% 3% 
Poland 4% 12% 
Portugal 19% 38% 
Romania 9% 20% 
Slovakia 8% 27% 
Slovenia 2% 8% 
Spain 8% 20% 
Sweden 2% 5% 
Switzerland 0.3% 1% 
United Kingdom* 5% 12% 

Note: ‘Low income’ data for EU SILC 2017 represents those with a household income 60 per cent below the median equivalised 
income.  
* Data for UK derived from 2018 EU-SILC survey wave due to missing data. 

Source: Eurostat (2019). 

Prevalence by age group  
As illustrated in Table 9 and Figure 8, the inability to keep a home adequately warm is generally more likely 
to affect elderly populations than working-age or younger populations. This difference is most pronounced 
in Bulgaria, Lithuania and Portugal, where there is an 11 per cent, 10 per cent and 5 per cent percentage 
point difference, respectively, between the elderly population and the working-age population experience 
of excess cold in homes. 
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Table 9: Percentage of EU27+ population, by age group, who are unable to keep 
their home adequately warm 

 Percentage of population without ‘ability to keep home adequately warm’ 

 All age groups Working-age 
population  

(16-64)  

Proportion of 
children 

(18 and under)   

Elderly population  
(Over 65)  

EU27+ 7% 7% 6% 7% 

EU27+ 
(absolute) 

34,223,826 23,666,437 6,508,093 7,547,771 

Austria 2% 2% 2% 2% 
Belgium 4% 4% 4% 2% 
Bulgaria 30% 28% 27% 39% 
Croatia  7% 6% 4% 10% 
Cyprus 21% 22% 22% 16% 
Czechia 3% 3% 2% 3% 
Denmark 3% 3% 3% 2% 
Estonia 3% 2% 1% 5% 
Finland 2% 2% 1% 2% 
France 6% 6% 6% 6% 
Germany 3% 3% 2% 2% 
Greece 18% 18% 17% 19% 
Hungary 6% 5% 8% 6% 
Ireland 5% 5% 6% 3% 
Italy 11% 11% 10% 11% 
Latvia 8% 7% 7% 11% 
Lithuania 27% 25% 22% 35% 
Luxembourg 2% 2% 3% 1% 
Malta 8% 7% 7% 10% 
Netherlands 3% 3% 3% 2% 
Norway 1% 1% 1% 1% 
Poland 4% 4% 3% 6% 
Portugal 19% 18% 15% 23% 
Romania 9% 9% 11% 11% 
Slovakia 8% 8% 7% 10% 
Slovenia 2% 2% 2% 4% 
Spain 8% 8% 9% 6% 
Sweden 2% 2% 2% 2% 
Switzerland 0% 0% 0% 0% 
United 
Kingdom* 

5% 6% 7% 4% 

Note: Percentages rounded to nearest whole number.  
* Data for UK derived from 2018 EU-SILC survey wave due to missing data. 

Source: Eurostat (2019).  
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Figure 8: Percentage of population, by age group, living in households that reported 
being unable to keep their home warm (EU-SILC, 2019) 

 
Source: Eurostat (2019).  

Fuel/energy poverty as a closely interrelated problem 
Some of the key drivers of low indoor temperatures are socio-economic, and this applies to all population 
age groups. This is often expressed as ‘fuel poverty’ or ‘energy poverty’ – where households do not have 
sufficient income to pay for indoor heating. A measure of fuel/energy poverty can be expressed in different 
ways. For instance, a UK study developed a fuel poverty risk index which comprised measures of low 
income, numbers of those in the household who are pensioners, and low thermal efficiency and under-
occupancy of housing.81 The EU Energy Poverty Observatory created a combined measure of fuel poverty 
through survey measurements of the following indicators: (1) where the share of energy expenditure in 
relation to household income is twice the national median or higher (derived from household budget 
surveys); (2) self-reported measures on ability to keep a home warm (EU-SILC); and (3) self-reported 
measures on inability to pay utility bills (EU-SILC).82 In doing so, they found a clear inverse relationship 
across European countries between the income decile that a household belongs to and their average rate of 
energy poverty.83 This is with the notable exception of Sweden, owing to structural differences in how 
energy bills are combined with rent for the lowest income households.84 In addition, 6.6 per cent of 
households across EU28 member states85 – or 33.8 million people – were also found to be unable to keep 

 
81 Rudge and Gilchrist (2007). 
82 Those with a low share of energy expenditure to income (< 1/2 national median) are also included at the national level.  
83 European Commission (2020). Page 48. 
84 European Commission (2020). Page 48. 
85 EU28 member states includes the UK.  
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up with their utility bills.86 A study by Bridgeman et al.87 identified that for those in Europe, people 
unemployed or on a low income were more likely to experience energy poverty than those on higher 
incomes.88 Energy poverty is also experienced by vulnerable populations, such as the elderly or those who 
experience disabilities. For example, amongst the 240,000 low-income households in Wales (UK), 
30 per cent are classed as households containing members of the elderly population.89 A review of 
UK government statistics between 2003 and 2010 found that ‘20 per cent of households which included at 
least one person with a disability or long term illness were in fuel poverty, compared to 15 per cent amongst 
other households’.90 

In its analysis of fuel-poor population groups in the UK, the Centre for Sustainable Energy identified that 
the working-age population may be differentially at risk of fuel poverty not only in relation to their income, 
but also regarding the type of home and heating system in place.91 These interactions for groups living in 
UK properties rated in bands F and G on the Energy Performance Certificate (EPC) are summarised in 
Table 10 below. Whilst low-income working-age populations living in privately rented homes are most at 
risk of fuel poverty, older working-age groups living in housing off the national gas grid network were also 
identified as higher risk – despite 70 per cent being in employment.  

Table 10: Archetypes of fuel poor dwellings (based on UK data) 

 Archetypes by dwelling rated as EPC band F or G for energy efficiency* 

 

Private rented low-
income tenants living in 
least efficient solid wall 
and electrically heated 
converted flats  

Wealthier middle age 
or retired households 
living in villages in 
solid walled, oil heated 
detached houses with 
high fuel costs  

Off-gas ‘empty nesters’ 
in low paid 
employment living in 
old solid wall dwellings 

Very low income retired 
households living in off-
gas dwellings that they 
own outright  

Age 
30% under 35 

25% 65+  

Majority working age 
above 45 

33% 65+ 

Older households 
mostly over 45 

33% 65+ 
80% 65+ 

Income  

Low (average £14,900 
pa)  

57% on means tested 
benefits  

High (average 
£41,000 pa)  

No means tested 
benefits  

Below average 
(£18,000 pa)  

Very low (£11,000 pa)  

57% on means tested 
benefits  

Employment status  

30% employed  

29% unemployed  

29% retired  

10% education 

66% employed  

34% retirement  

70% employed  

14% retired  

13% unemployed 

80% retired  

Proportion in fuel 
poverty  84%  24% 39% 48% 

Note: *These are the lowest energy efficiency ratings in accordance with EU Directive 2002/91/EC. 

Source: Bridgeman et al. (2018). Page 29.  

 
86 European Commission (2020). Page 42. 
87 Bridgeman et al. (2018). 
88 Bouzarovski (2014).  
89 Bridgeman et al. (2016). Page 98. 
90 George et al. (2013). 
91 Bridgeman et al. (2018). Page 29.  
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As evidenced above, fuel poverty can acutely affect elderly populations. In their study investigating the 
possible eligibility criteria for energy efficiency schemes for vulnerable groups in Wales, Bridgeman et al. 
suggest that there are 46,305 households with residents aged over 65 that had an average fuel poverty ratio 
of 13.8 per cent (with a median income of £10,521, average energy cost of £1,386 and living in a dwelling 
with an average Standard Assessment Procedure – SAP – rating of 46.2). At the same time, 31,916 
households of residents over the age of 75 had an average fuel poverty ratio of 13.3 per cent (with a median 
income of £10,196, an average energy cost of £1,269 and living in a dwelling with an average SAP rating 
of 47.6 per cent).92 These ratios are in comparison to other vulnerable groups, such as those from low 
income only (14.7 per cent), households with dependent children (25.6 per cent), and households with a 
physical or mental long-term illness or disability (27.4 per cent).93  

Evidence collected during the COVID-19 pandemic suggests that as people stayed more at home, their 
energy bills increased, which may precipitate households falling into energy poverty. As argued by Housing 
Europe, this predicted increase in poverty and inequalities resulting from housing conditions means that 
the energy performance of buildings will become an ever more pressing issue that policymakers will have to 
address.94  

 Lack of daylight  

Prevalence across entire population 
Another type of hazard affecting the indoor climate is that of homes considered too dark, with not enough 
daylight (Table 11).  

Table 11: Percentage of EU27+ population, by age group, who consider their home 
as too dark 

 Percentage of population considering their home as too dark, by age group 
(EU SILC 2019)  

 All age groups Working-age 
population  

(16-64) 

Proportion of 
children  

(under 18)    

Elderly  
(65 and over) 

EU27+ 5% 6% 5% 4% 

EU27+ 
(absolute) 

29,099,507 20,285,518 5,423,411 4,313,012 

Austria 5% 5% 5% 4% 

Belgium 7% 7% 7% 6% 

Bulgaria 5% 5% 7% 4% 
Croatia  4% 4% 4% 5% 

Cyprus 3% 3% 3% 3% 

Czechia 3% 3% 3% 2% 

Denmark 4% 4% 3% 2% 
Estonia 4% 5% 3% 4% 

Finland 4% 4% 3% 3% 

France 7% 8% 7% 6% 

Germany 4% 5% 4% 2% 
Greece 5% 5% 5% 6% 

Hungary 8% 8% 10% 6% 

 
92 Bridgeman et al. (2016). 
93 Bridgeman et al. (2016). 
94 Housing Europe (2021). 
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Ireland 6% 6% 7% 4% 

Italy 3% 3% 2% 3% 
Latvia 8% 8% 8% 8% 

Lithuania 6% 6% 7% 6% 

Luxembourg 6% 7% 6% 6% 

Malta 10% 10% 10% 10% 
Netherlands 3% 4% 3% 3% 

Norway 3% 3% 2% 2% 

Poland 4% 4% 4% 3% 

Portugal 8% 8% 8% 9% 
Romania 4% 4% 5% 4% 

Slovakia 3% 3% 3% 3% 

Slovenia 4% 4% 4% 4% 

Spain 6% 6% 6% 5% 
Sweden 6% 7% 6% 5% 

Switzerland 6% 6% 6% 4% 

United Kingdom* 10% 11% 10% 8% 
Note: Percentages rounded to nearest whole number. The EU27+ average percentage is based on the available countries in 2019. 
* Data for UK derived from 2018 EU-SILC survey wave due to missing data. 

Source: Eurostat (2019).  

According to EU-SILC 2019 data, on average 5 per cent of households in the EU are affected by their 
dwelling being too dark. This proportion is highest in Malta and the UK (both 10 per cent), and Hungary, 
Latvia and Portugal (all 8 per cent). Conversely, only 3 per cent of households reported their households to 
be too dark in Cyprus, Czechia, Italy, the Netherlands, Norway and Slovakia.  

Around 5 per cent of households in the working-age population across the EU27+ report that their dwelling 
is too dark. There is, however, considerable variation across European countries. Similar to the total 
population, around 1 in 10 people in the working age population of Malta and the UK report that their 
dwelling is too dark. Among households with children, in Hungary, Malta and the UK, 10 per cent report 
that their house does not have enough light. Proportions for the elderly population were mostly in line with 
the trends observed for the total population across countries.  

3.2. Personal and household characteristics associated with indoor 
climate hazards in European residential dwellings  

Based on the linear probability model (LPM) regression analysis, Table 12 reports associations between 
personal and household characteristics and the likelihood of reporting four different indoor climate hazards. 
In interpreting this section, it is important to note that households which experience one indoor climate 
hazard are likely to experience many more conjunctively. In addition to reporting publicly available survey 
data, our research team conducted further quantitative analyses on available EU-SILC micro-level data.  

Table 12 reports the parameter estimates from a regression analysis using as dependent variables the binary 
indicators of whether respondents in the EU-SILC data report having issues with (1) leaking roofs, damp 
or rot; (2) a lack of light; (3) noise from indoors or outdoors; (4) a lack of ability to keep dwelling adequately 
warm; or (5) at least one of the four poor indoor climate indicators.95  

 
95 The empirical analysis uses the LPM with EU-SILC 2018 data at the person level, with added household information.  
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The parameter estimates reported in column (1) of Table 12 suggest that if a household reports issues with 
a leaking roof, damp and rot (damp), then this household is also more likely to report issues with a lack of 
light (dark), noise (noise) and the ability to keep the house adequately warm (not warm), all else being 
equal.96 In other words, different indoor climate hazards tend to be clustered together. Furthermore, 
households in more urban areas are more likely to report poor indoor climate than those in rural areas. 
When looking at the ownership status, we find that those renting (either as tenant or as having a reduced 
or free rent) are also more likely to report having issues with a leaking roof, damp or rot.  

Overall, we find that all households with a leaking roof, damp or rot, lack of daylight and an inability to 
keep the house warm are associated with lower household incomes. The evidence surrounding the 
relationship between income and noise is less conclusive. That is, all else being equal, households in higher 
household income quintiles are less likely to report three of the four housing deficiencies.  

Table 12: Increase or decrease in likelihood of being exposed to indoor climate 
hazards, by variable, across EU27+ 

  (1) (2) (3) (4) (5) 

Variable Damp Dark Noise Not warm At least 1 
Deprived (vs. not deprived) 7.3%* 1.9%* -0.2% 56.8%* 38.2%* 

Overcrowded (vs. not overcrowded) 2.9%* 1.3%* 0.3% -0.5% 2.3%* 

Suburban (vs. rural) -1.6%* -0.9% 2.0%* 0.4% -0.4% 

Urban (vs. rural) -1.0% 0.0% 2.9%* 0.4% 2.0%* 

Mortgage (vs. full owner) 0.3% -0.4% -0.3% 0.0% 0.2% 

Rent (vs. full owner) 3.4%* 1.7%* 2.0%* 0.3% 5.3%* 

Reduced (vs. full owner) 4.8%* 2.2%* 4.3%* -0.5% 7.5%* 

Free (vs. full owner) 4.5%* 1.1% 1.2% -0.2% 3.4%* 

Semi-detached (vs. detached) 1.4% 1.2%* 1.2%* 0.0% 3.3%* 

Flat with <10 dwellings (vs. detached) -2.1% 0.9%* 5.2%* -0.7% 2.8%* 

Flat with >10 dwellings (vs. detached) -6.2%* 0.5% 6.3%* -1.7%* 0.6% 

HHI: 2nd quintile (vs.1st quintile) -0.7% -0.3% 0.5% -1.5%* 1.2% 

HHI: 3rd quintile (vs.1st quintile) -1.2%* -0.4%* 1.0%* -1.7%* -1.5%* 

HHI: 4rd quintile (vs.1st quintile) -1.3%* -0.9%* 0.2% -1.8%* -2.9%* 

HHI: 5th quintile (vs.1st quintile) -1.5%* -0.7%* 0.4% -3.1%* -3.8%* 

Observations 317,917 317,917 317,917 317,917 317,970 

R-squared 0.116 0.068 0.187 0.348 0.201 
Notes: Percentage figures are based on correlation coefficients. A ‘*’ represents a coefficient with a p-value of less than 0.05. 
Based on EU-SILC data pooled across years. The outcome variables include binary indicator variables taking the value 1 if any of 
the poor indoor climate indicators in Columns 1 to 4 are prevalent. The coefficients are from LPM regressions including the control 
variables reported in the table in addition to country-fixed effects, as well as person-level variables from the household head, 
including life satisfaction, a range of other well-being indicators (including feeling depressed, feeling nervous, satisfied with personal 
relationships, satisfied with financial situation, satisfied with leisure time, feeling calm and peaceful, feeling down in the dumps), 
health status, highest level of education, gender, age, marital status, employment status, occupation, trust in other people, trust in 
institutions and whether they were born abroad. For entries where information was not available, we added a category ‘missing’ 
in the analysis. HHI = household income. The 1st quintile represents the lowest income group. 

Source: Eurostat (2019).

 
96 For example, the parameter estimates are positively associated with damp and statistically significant.  
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4. Poor indoor climate and its impacts on health and society: 
Results of literature review 

Box 3: Summary of key findings from the literature review 

• The most commonly reported health effects of damp and mould are symptoms relating to the 
airways, including increased asthma development and exacerbation, rhinitis, coughing and 
wheezing. These health effects are strongest in children.  

• Evidence suggests a link between exposure to noise pollution and negative impacts on health, 
including cardiovascular, immunosuppressive and gastrointestinal disorders, as well as other 
mental and physical health problems. WHO has called for more epidemiological research on 
vulnerable groups, as there is limited evidence on their vulnerability to noise. 

• Even if both indoor excess cold and excess heat may have negative impacts on health, most 
recommendations primarily focus on minimum indoor temperature. This is because the 
prevalence of living in a cold house in Europe is much higher than experiencing indoor excess 
heat, and because living in Europe in a home that is too cold is generally considered to have much 
stronger impacts on health than living in a home that is too warm. However, some studies 
indicate that heat stress will have more impact on health outcomes than excess cold due to climate 
change and population ageing in Europe. 

• Children, the elderly, and those with existing and/or complex health conditions are at a 
particularly high risk of health conditions resulting from too high and too low indoor 
temperatures. Living in homes that are too cold increases the incidence of respiratory diseases, 
influenza, circulatory conditions, heart attack, stroke, falls and injuries, and hypothermia, and 
negatively affects mortality and morbidity, blood pressure, mental health, and strength and 
dexterity. Research establishing a direct link between indoor overheating and health outcomes is 
sparse. Too high temperature has been associated with negative impacts on health, including sleep 
disorders, high blood pressure, respiratory and cardiovascular disease, as well as deterioration of 
general health, poor mental health and poorer pregnancy outcomes.  

• Lack of daylight has a negative impact on vision, well-being and mental health, mood, cognition, 
alertness, performance, and sleep. Some sources suggest that the health effects of indoor exposure 
to daylight may be strengthened by the effects of views through windows, or by the brightness, 
colour and/or quality of the indoor lighting.  

• Indoor air pollution has been associated with a range of acute and chronic respiratory and 
cardiovascular health-related outcomes, with children (particularly infants), the elderly population 
and people engaged in heavy work or exercise more susceptible to ill health due to air quality. 
Ventilation can improve at least some of these negative health outcomes.  

• Evidence suggests a positive association between an increase in the amount of daylight, improved 
heating, air humidity and ventilation, and work attendance and performance. Poor indoor climate 
is also associated with increased school absences among children, worse academic performance, 
and short- and long-term economic impacts for children and adults in terms of reduced working 
days and lower work performance. However, evidence assessing the direct costs of poor housing 
on the elderly is more limited, with some studies suggesting that it has some economic impact on 
informal family carers, and health and social care costs. 
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4.1. General overview 

This chapter presents findings from the literature review. Sections 4.2 to 4.6 outline how each of the indoor 
climate hazards impact health, first focusing on the overall population health impacts, followed by the 
impact on particular population age groups (when evidence existed). Section 4.7 discusses the wider socio-
economic impacts in relation to morbidity and mortality, work attendance and productivity, school 
attendance and performance, healthcare and social care costs, and the economic impacts on family carers. 
This review focused on evidence from Europe; however, we have also included studies from other high-
income countries when evidence from Europe was sparse.  

4.2. Damp and mould 

Significant associations between dampness, microbial exposure and health effects have been consistently 
reported since the 1990s. The most commonly reported health effects are symptoms relating to the airways, 
including increased asthma development and exacerbation, rhinitis, coughing, and wheezing. Other 
respiratory effects, and skin and more general symptoms, have also been reported in both allergic and 
nonallergic individuals, including irritations of the throat and eyes, allergies, rhino-conjunctivitis, eczema, 
fever, headache, and fatigue.97 However, WHO guidelines still indicate that the relationship cannot be 
quantified precisely.98 

Evidence is not generally considered sufficient to document a causal relationship between indoor dampness 
and mould and any of these health outcomes, although evidence is strongly suggestive of causality for asthma 
exacerbation,99 as well as asthma development in children specifically.100 Conclusions on causality are 
limited by the fact that most studies looking at the association of indoor damp and mould with respiratory 
illnesses are cross-sectional.101 Moreover, in most cases the biological mechanisms behind the observed 
associations remain unclear,102 although epidemiologic evidence suggests the involvement of both allergic 
and nonallergic mechanisms.103  

There is some evidence to suggest that the impact of damp and mould is strongest on children, and that 
early exposure to these conditions constitutes a particularly high risk factor.104 While it could be 
hypothesised that the elderly population would be particularly vulnerable to indoor air quality as they spend 
much of their time indoors and are particularly susceptible to chronic diseases,105 there is very limited 
research on the relative risk of exposure to damp and mould for this population group specifically. Little 
research has likewise been conducted around potential sex differences in the impacts of damp and mould, 
although at least two studies have reported results that suggest women are more susceptible than men to the 
effects of dampness.106 A number of hypotheses for this difference have been proposed, including higher 

 
97 WHO (2009). Dampness and Mould: WHO Guidelines for Indoor Air Quality; Karvala et al. (2011); WHO (2012); Bornehag et al. (2001); 
Institute of Medicine (2004); Fisk et al. (2007); Mendell et al. (2011). 
98 WHO (2009). Dampness and Mould: WHO Guidelines for Indoor Air Quality. 
99 Mendell et al. (2011); Caillaud et al. (2018). 
100 Caillaud et al. (2018). 
101 Wang, J. et al. (2019). 
102 Norback et al. (2013). 
103 Mendell et al. (2011). 
104 Simoni et al. (2005); Tischer et al. (2011). 
105 Aguiar et al. (2014). 
106 Norback et al. (2011); Rennie et al. (2005). 
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susceptibility for biological reasons, or longer periods of exposure due to women often spending more time 
in the home.107 

There are a number of commonly reported potential weaknesses in studies examining possible associations 
between mould and damp exposure and health effects. For example, the reliability of reports of damp and 
mould in some studies has been questioned,108 with discrepancies between self-reported house dampness 
and what research investigators find varying as much as up to 30 per cent.109 Evidence suggests, however, 
that occupants with respiratory symptoms could be more aware of environmental risk factors such as 
dampness and visible moulds in their homes, and are more likely to report it compared with occupants 
without respiratory symptoms.110 

 Asthma  
Asthma is a term used to describe a group of clinical symptoms with reversible expiratory airflow limitation 
or bronchial hyperresponsiveness.111 These symptoms may or may not have allergic triggers.112 It is a 
common disease that affects people of all ages across Europe.113 In total, approximately 30 million children 
and adults under 45 years old across Europe have asthma.114  

General population 
Numerous studies have found exposure to damp and/or mould in the home to be associated with increased 
odds ratios for asthma across the general population.115,116 A quantitative meta-analysis117 of the scientific 
literature pertaining to the association of indoor dampness and mould contamination with adverse health 
effects reported that building dampness is associated with approximately 30-50 per cent increases in the 
prevalence of a variety of respiratory and asthma-related health outcomes, although the report dates from 
2007, so these figures may have since shifted.118 There is evidence to suggest these associations regard both 
the aggravation of existing asthma and the onset of new asthma.119  

There is also some evidence to indicate that the remediation of damp buildings is associated with a decrease 
in the risk of asthma,120 with one study observing that acute care visits for children at 6–12 months after 
intervention were 90 per cent fewer in remediated homes than in control homes, with statistical 

 
107 Norback et al. (2011). 
108 Hulin et al. (2012). 
109 Williamson et al. (1997). 
110 Williamson et al. (1997). 
111 Wenzel (2012). 
112 Wenzel (2012). 
113 European Respiratory Society (2021). 
114 European Respiratory Society (2021). 
115 Abrahamsen (2016); Norback et al. (2014); Norback et al. (2013); Hulin et al. (2013); Tischer et al. (2015); Zock et al. (2002); Björnsson et 
al. (1995); Sharpe et al. (2015). 
116 For example, for young adults a risk ratio (RR) of being exposed to indoor mould has been reported to increase new asthma by 1.3 (95% 
confidence interval [CI] 1.00 to 1.68). See: Norback et al. (2013). In children, (0-3 years old), early exposure to mould has been found to increase 
asthma and allergenic rhinitis by 1.39 (adjusted odds ratios – aOR) (95% CI, 1.05-1.84). See Tischer et al. (2011). In a meta-analysis, damp and 
visible mould increased current asthma (odds ratio [OR] 1.56 95%; CI 1.04–1.85) and adult wheeze (OR 1.39 95%; CI 1.04–1.85). See Fisk et 
al. (2007). Similar effect sizes were found by Sharpe et al. (2015). 
117 As explained by the authors, it was a critical review of the studies included in the US Institute of Medicine of the National Academy of Sciences 
report, plus other related studies. 
118 Fisk et al. (2007). 
119 Karvala et al. (2011). 
120 Karvala et al. (2011); Jarvis & Morey (2001); Patovirta et al. (2004). 
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significance.121 Another study found that remediation of mould in an office building decreased asthmatic 
symptoms, although it did not quantify the strength of this association.122 

Regarding the possibility of specifically vulnerable groups within the general population, there is some 
evidence to suggest that the risk factor of mould for the onset of asthma in adulthood is two-and-a-half 
times as high for adults over the age of 50 years123 and three-and-a-half times as high for females than for 
males.124,125 One French study of a representative sample of dwellings found particularly strong associations 
between the fungal index and current asthma in rural areas.126  

Research regarding the role of atopy and/or sensitivity in the associated health effects for damp and mould 
remains inconclusive.127 While some studies indicate a differential association for allergic versus nonallergic 
asthma,128 in others no difference is observed.129 Moreover, where differential associations are observed, 
evidence is inconsistent regarding whether associations are stronger with allergic or nonallergic asthma. 

A meta-review of studies assessing the relationship between mould and dampness, and the health effects, 
concluded that some reviewed studies reported mixed results.130 In addition, the authors observed that while 
studies finding no statistically significant link between damp, mould and asthma do exist, these tend to 
involve very small sample sizes and/or are underpowered.131 One study, for example, reported mixed results 
as the authors found associations with asthma prevalence, but not onset, for both adults and children.132 
Some studies have even suggested that early exposure to mould may actually have a preventative effect on 
asthma,133 but the evidence is inconsistent and largely contested.134 

Working-age adults 
While a 2015 UK study of social housing properties observed a twofold increased risk of adults seeing a 
doctor for asthma and the presence of a mouldy/must odour in their home,135 these are not the only 
buildings in which associations between damp and/or mould and asthma have been observed. A 2018 review 
concluded that there is sufficient evidence to identify an association between mould in the workplace and 
the incidence and exacerbation of occupational asthma.136 One 2011 Finnish study found that continued 
exposure to damp or mouldy workplaces was associated with more than a fourfold increase in the risk of 
asthma,137 while another identified a significantly increased risk of adult-onset asthma in relation to visible 
mould or mould odour in the workplace.138 A longitudinal study across Estonia, Denmark, Iceland, Norway 

 
121 Kercsmar et al. (2006). 
122 Jarvis & Morey (2001). 
123 OR 2.4, 95% CI 1.10–5.34. 
124 OR 3.5, 95% CI 1.37–9.08.  
125 Moses et al. (2019). 
126 This study monitored a sample of the 24 million dwellings of metropolitan France (n = 567). Some 727 subjects answered a standardised 
questionnaire on respiratory diseases and had a microbial Volatile Organic Compounds assessment sampled in their bedrooms and a fungal index 
(FI) defined. Among the 431 dwellings with complete data, one out of three was contaminated by moulds as assessed by a positive FI: 27 per cent 
in urban, 38.2 per cent in periurban and 34.9 per cent in rural dwellings. Positive associations were observed between fungal index and current 
asthma (8.6 per cent) and chronic bronchitis-like symptoms (8.4 per cent), especially in rural areas – OR = 2.95, 95% CI (1.10; 7.95) and 3.35, 
95% CI (1.33; 8.48) respectively – See: Hulin et al. (2013). 
127 Thacher et al. (2017); Pekkanen (2007); Hulin et al. (2012). 
128 Thacher et al. (2017); Norback et al. (2013). 
129 Pekkanen (2007). 
130 Tischer et al. (2011).  
131 Tischer et al. (2011); Madureira et al. (2016).  
132 Gunnbjornsdottir et al. (2006). 
133 Douwes et al. (2006). 
134 Mendell et al. (2011). 
135 Sharpe et al. (2015). 
136 Caillaud et al. (2018). 
137 Karvala et al. (2011). 
138 Jaakkola et al. (2002). 
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and Sweden found dampness at work to be statistically significantly associated with the onset of asthma in 
working-age adults.139 A 2011 study of water damaged schools in Finland, the Netherlands and Spain found 
that teachers exposed to these conditions reported more asthma symptoms, with the effect stronger in 
teachers who had been working there for more than five years.140  

Children 
As the most common chronic childhood disease, asthma in children is of major public health importance, 
and has consequently been a particular focus of research around damp and mould.141 Multiple studies have 
found statistically significant associations between asthma in children and exposure to damp and/or 
mould,142 and in some cases this effect has been found to be dose-dependent.143 One 2017 Swedish cohort 
study found that exposure to mould or dampness indicators during early childhood increased the odds of 
persistent nonallergic asthma through adolescence by two-fold.144 Overall, WHO has judged available 
evidence around the impact of damp and mould on asthma in children to be sufficient for identifying 
causation, and has estimated the percentage of asthma onset in children attributable to indoor mould and 
dampness in their living environment as 12 per cent and 15 per cent, respectively.145 

Elderly population 
Few studies have examined associations between mould and/or damp and respiratory health among the 
elderly population,146 although mould growth and odour have been reported to be a risk factor for asthma 
onset in adults aged 50 or over.147 The scarcity of research for this population group may be partially due 
to the difficulties of distinguishing asthma onset from Chronic Obstructive Pulmonary Disease (COPD) in 
older individuals.148  

 Rhinitis 
Rhinitis is an umbrella term for various upper airway diseases with nasal symptoms149 that may or may not 
be mediated by environmental allergens.150 As of 2004, some 22 per cent of the European general population 
had allergic rhinitis.151 Fewer epidemiologic studies have been reported on nonallergic rhinitis, and it is 
often misdiagnosed as allergic rhinitis, although in 2017 its prevalence in the United States was reported to 
be 7 per cent.152  

 
139 Wang, J. et al. (2019). 
140 Zock et al. (2011). 
141 Asher & Pearce (2014). 
142 For instance, for children from birth to 6 years old, mould in the bedroom has been found to nearly fivefold increase asthma (OR 4.82; CI 1.29–
18.02), whereas mould in the living room increased asthma by over seven-and-a-half times (OR 7.51; CI 1.49–37.83) – see Karvonen et al. (2015). 
In children under the age of 16, mould was found to increase asthma by 1.73 (OR 1.73 95%; CI 1.20–2.50) – see Thacher et al. (2017). Another 
study found that mould increases asthma in children by over two times (OR 2.16 95%; CI 1.01–4.63) – see: Weber et al. (2017) – see Madureira 
et al. (2016); Pekkanen (2007).  
143 For instance, when assessing the moisture-damage characteristics of the whole home and the associations with asthma, the authors found the 
following associations: for any suspected moisture damage: 0.63 (0.28–1.45), for visible mould 1.24 (0.73–2.11), for some mould odour 1.35 
(0.42–4.36), for clear mould odour (meaning a clearly detected mould odour) 4.12 (0.65–26.01) – see Pekkanen, (2007). 
144 1.73 (95% CI 1.20-2.50) – see Thacher et al. (2017). 
145 WHO (2011). Environmental burden of disease associated with inadequate housing. 
146 Bentayab et al. (2013). 
147 Moses et al. (2019). 
148 European Respiratory Society (2021). 
149 Mullol (2020).  
150 Hellings et al. (2017). 
151 Bauchau & Durham (2004). 
152 Huang et al. (2018). 
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A 2013 systematic review concluded that exposure to damp and mould is significantly associated with 
rhinitis.153 Associations in children have been at the centre of this research, with only 2 of the 31 studies 
considered in this systematic review involving adult rhinitis.154  

As with asthma, there is inconclusive evidence regarding the role of allergies in the associations with damp 
and mould. For example, while a Swedish prospective birth cohort study observed significant associations 
only with nonallergic rhinitis,155 a German cross-sectional study found significant associations only for 
allergic rhinitis.156 A meta-analysis of eight European birth cohorts found that early-life exposure to visible 
mould and/or dampness significantly increased the risk of allergic rhinitis symptoms only in school-age 
children.157 As noted above, however, many studies have observed significant associations with both 
phenotypes. It has also been suggested that rhinitis may be affected by mould alone, not damp.158 

Working-age population 
There is evidence to suggest that exposure to damp and/or mould, including in the workplace, increases the 
risk of an inflammatory nasal mucosal response in adults, as demonstrated by studies conducted on 
teachers,159 hospital staff160 and office workers.161 A 2011 study of schools in Finland, the Netherlands and 
Spain found that nasal symptoms were more commonly reported by teachers from water damaged 
schools.162 One 2019 longitudinal study across Estonia, Denmark, Iceland, Norway and Sweden also found 
that dampness at work during follow-up was associated with rhinitis.163 Moreover, the presence of these 
conditions in both the home and the workplace may have a cumulative effect, with this same longitudinal 
study observing an increased risk of rhinitis onset and decreased remission with the combined presence of 
dampness at both work and home.164 

Children 
Evidence from numerous studies suggests that damp and mould increase the risk of all types of rhinitis in 
children by between 40 and 200 per cent,165 although there remains a need for further longitudinal studies 

 
153 Jaakkola et al. (2013). 
154 Jaakkola et al. (2013). 
155 Mould: OR 1.28 (95%; CI 1.04–1.58) mould odour: OR 1.29 (95%; CI 1.03–1.62) – see Thacher et al. (2017). 
156 Mould: OR 1.75 (95%; CI 1.07–2.87) – see: Weber et al. (2017). 
157 Early exposure to mould and asthma (0-3 years): aOR 1.39 (95%; CI 1.05–1.84) – see Tischer et al. (2011). 
158 Thacher et al. (2017). 
159 For instance, 50 per cent of the study participants reported at least one nasal symptom during the week prior to the medical investigation. Most 
common was nasal obstruction (40 per cent). Nasal drop, nasal itching and sneezing were less common (19 per cent, 10 per cent and 24 per cent, 
respectively). See Norbäck et al. (2000). 
160 Dampness in the floor construction was associated with an increase of lysozyme in nasal lavage fluid (NAL) in two geriatric hospitals. However, 
the strength of this association has not been specified by the authors. See: Wieslander et al. (1999). 
161 A study by Walinder et al. (2001) reported an increase of both eosinophil cationic protein, myeloperoxidase and albumin in nasal lavage fluid 
among office workers in a building with dampness and mould growth compared with the control group. Another study indicated that building 
dampness may cause eosinophilic inflammation in the nasal mucosa – see Wieslander et al. (2007). 
162 Across all three countries, teachers from schools exposed to moisture damage (dampness and/or mould) confirmed by standardised building 
inspections reported more asthma symptoms. The adjusted ratio of the mean asthma symptom score was 1.34 (95%; CI 1.01–1.78). This effect 
was stronger among teachers who had been working more than five years in the same school (1.60; 1.04–2.45) than among those employed five 
years or less (1.20; 0.81–1.76). Work-related wheeze or chest tightness (2.98; 1.78–4.97) and nasal symptoms (1.58; 1.13–2.21) were also more 
commonly reported by teachers from damaged schools. See: Zock et al. (2011). 
163 The study reports that the baseline water damage, floor dampness, mould and mould odour at home were associated with onset of respiratory 
symptoms and asthma (ORs from 1.23–2.24). Dampness at home during follow up was associated with onset of respiratory symptoms, asthma and 
rhinitis (ORs from 1.21–1.52). Dampness at work during follow up was associated with onset of respiratory symptoms, asthma and rhinitis (ORs 
from 1.31–1.50). See Wang, J. et al. (2019). 
164 Wang, J. et al. (2019). 
165 The attributable risk of allergic rhinitis among children due to mould has been calculated at OR 1.39 (95%; CI 1.28–1.51) by Caillaud et al. 
(2018). 
The attributable risk of allergic rhinitis among children aged 1-7 years old has been calculated at OR 1.98 (95%; CI 1.32–2.99), whereas the meta-
analysis results show that the attributable risk of allergic rhinitis due to mould among children and adults is OR 1.51 (95%; CI 1.39–1.64), due to 
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on the subject.166 One study, for example, found that dampness or mould at home increases the likelihood 
of symptoms of rhinitis in children aged 6 to 9 years in the last 12 months in Austria by 50 per cent.167 A 
study of schools in Denmark, France, Italy, Norway and Sweden found that children exposed to elevated 
levels of viable moulds had an almost threefold higher risk of rhinitis than children exposed to low levels of 
mould.168 Rhino-conjunctivas, which involves additional eye symptoms, has also been found to be positively 
associated with mould and/or dampness exposure in both children and adolescents.169 

Elderly population 
This targeted review found no research relating to the associations between damp and mould and rhinitis 
in the elderly population specifically. 

 Other allergic conditions 
A 2011 review of the epidemiological literature considered evidence of an association between dampness or 
mould and allergy/atopy to be ‘inconsistent enough’, and for that reason the authors considered it as ‘only 
(strongly) suggestive’.170 

Working-age population 
Exposure to visible mould growth and mouldy odour has not been identified as a risk factor for allergy 
among adults,171 although one Swedish study of majority working-age adults found that pollen allergy was 
statistically significantly associated with humid air and mould odour in the home, nearly twofold increasing 
the risk of atopic dermatitis.172  

Children 
Evidence from a number of studies suggests that mould and/or damp have a negative impact on the atopic 
sensitisation of children173 and young adults.174 One longitudinal study in Finland, for example, conducted 
an initial study at birth and a follow-up after six years and found that atopic children were more likely to 
develop asthma due to major moisture damage in their homes175,176 In another study, mould and damp in 

 
damp is OR 1.50 (95%; CI 1.38–1.62), and due to mould odour is OR 2.18 (95%; CI 1.76–2.71). The attributable risk of rhinoconjunctivitis 
due to mould is OR 1.66 (95%; CI 1.27–2.18) and due to damp is 1.67 (95%; CI 1.41–1.98). See Jaakkola et al. (2013). See also analysis of 
Hurrass et al. (2017); Mendell et al. (2011).  
166 Caillaud et al. (2018). 
167 OR 1.51; CI 1.31–1.74 – see Zacharasiewicz et al. (2001).  
168 Simoni et al. (2011). 
169 Rhino-conjunctivitis in children (early exposure): OR 1.46, 95% CI 1.17 to 1.82; rhino-conjunctivitis in adolescents (early and current 
exposure): OR 1.78, 95% CI 1.30 to 2.45) – see: Simoni et al. (2005); Jacob et al. (2002). 
170 Mendell et al. (2011). 
171 Moses et al. (2019). 
172 OR 1.96 (95%; CI 1.05–3.68) – see: Norback et al. (2014). 
173 Richter et al. (2018); Karvonen et al. (2015); Hurrass et al. (2017); Garrett et al. (1998); Beate et al. (2002). 
174 Matheson et al. (2005). 
175 These authors measured moisture damage on a 6-point scale. No damage was defined as class 0 or 1. Major moisture damage was defined as ‘(1) 
a need for repair class 2 with the area of damage ≥1 m2; (2) a need for repair class 3 with the area of damage ≥0.1 m2 ; or (3) a need for repair class 
4 or 5’. Damage other that these types was classed as minor. Damage was assessed using observation only, which may be a limiting factor of this 
study. 
176 For minor moisture damage with or without mould spots: children without atopy aOR 1.24 (0.57–2.71) and for children with atopy aOR 0.95 
(0.34–2.63). For major moisture damage or any moisture damage with visible mould: children without atopy aOR 0.82 (0.27–2.45) and for 
children with atopy aOR 9.08 (1.95–42.23, p <.01). See: Karvonen et al. (2015). 
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the bathroom specifically was found to be particularly significant.177 The effect has also been found to be 
strongest in children who have lived in the same house since birth.178.  

Elderly population 
This targeted review found no research relating to the associations between damp and mould and other 
allergic conditions in the elderly population specifically. 

 Wheezing 
Wheezing is most commonly studied and appears to be most prevalent in young children, with 
approximately one-third of children aged 1 to 6 years in Europe having wheezed in the last six months, as 
of 2007.179 

Working-age population 
A 2011 review of epidemiological studies observed that positive associations for wheezing and mould were 
found in most studies for both adults and children.180 Indeed, a 2006 large-scale study across Estonia, 
Denmark, Iceland, Norway and Sweden and found a significantly higher prevalence of wheeze and 
nocturnal breathlessness among adult subjects living in damp housing,181 and a 2011 study of schools in 
Finland, the Netherlands and Spain found that wheezing was three times more commonly reported by 
teachers from water damaged schools.182 There are some studies, however, that reported no association 
between exposure to mould growth and mouldy odour and wheezing among adults specifically.183 A 2007 
meta-analysis of 17 studies concluded that associated risks of wheezing from exposure to damp and mould 
were slightly higher for children than for adults.184 

Children 
Among other studies with similar results,185 a longitudinal study from birth to age 6 in Finland has identified 
a significant relationship between visible mould and non-cold-related wheezing.186 This is supported by a 
meta-analysis of 17 studies, which found that damp and mould at home is associated with a 53 per cent 
greater chance of developing childhood wheeze.187 Another study found a significant relationship between 
wheezing in adolescents and early exposure to damp and mould, and wheezing in children and early and 

 
177 As the authors explain: ‘if the objective assessment of the apartment showed moisture and mould in the bathroom, the affected children had a 
higher likelihood of being sensitized than children who lived in apartments without these exposures (p = 0.017 and 0.022 respectively)’. See: Richter 
et al. (2018). 
178 Beate et al. (2002). 
179 Bisgaard & Szefler (2007). 
180 Mendell et al. (2011). 
181 For wheeze – significantly higher prevalence (19.1 per cent vs. 26.0 per cent); for nocturnal breathlessness – significantly higher prevalence 
(4.4 per cent vs. 8.4 per cent). See: Gunnbjornsdottir et al. (2006). 
182 OR 2.98; 1.78 to 4.97. See: Zock et al. (2011). 
183 Moses et al. (2019).  
184 The odds ratios for wheezing were somewhat higher in studies on children than in those on adults: OR for wheeze were 1.53 (1.39–1.68) for 
children and 1.39 (1.04–1.85) for adults. See Fisk et al. (2007). 
185 See, for example: Weber et al. (2017). 
186 The strength of this association differed depending on the area of house assessed (e.g. kitchen living room, bedroom) and for major/visible mould 
ranged from around OR 1.2 to 5.77, see Karvonen et al. (2014).  
187 For children wheezing – OR 1.53 (1.39–1.68, 95% CI), for adults OR 1.39 (1.04–1.85, 95% CI), see: Fisk et al. (2007).  
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current exposure to damp and mould.188 At least two other studies have reported, however, no significant 
association between wheezing and mould189 or a damp home.190 

Elderly population 
This targeted review found no research relating to the associations between damp and mould and other 
allergic conditions in the elderly population specifically. 

 Respiratory tract infections 
Respiratory infections include common colds and bronchitis, and symptoms often involve a cough.191 The 
prevalence of these conditions varies, including across age group, gender and location, although one survey 
reported that 7 per cent of Northern European participants demonstrated a non-productive chronic cough, 
and 9 per cent a productive chronic cough.192  

Working-age adults 
One large-scale study of adults found a significantly higher prevalence of nocturnal cough and productive 
cough among adults living in damp housing.193 Another found a positive association between the 
combination of visible moulds and water damage and most kinds of respiratory symptoms, with strongest 
associations found for daytime attacks of breathlessness and long-term cough.194 A longitudinal study across 
Estonia, Denmark, Iceland, Norway and Sweden also found that mould odour in the home at baseline, and 
dampness indicators at baseline and during follow-up, were risk factors for the onset of wheeze and 
nocturnal chest tightness, breathlessness and cough, as well as productive cough in the case of dampness 
alone in working-age adults.195 The combined presence of dampness at home and at work was associated 
with an increased risk of onset and decreased remission of respiratory symptoms.196 A 2011 study of schools 
in Finland, the Netherlands and Spain found that chest tightness was more commonly reported by teachers 
from water damaged schools.197 A 2007 meta-analysis of 17 studies concluded, however, that associated 
risks of cough from exposure to damp and mould were slightly higher for children than for adults.198 

Children 
There is limited evidence around the impact of dampness and mould on respiratory infections in children 
specifically, although one review of the epidemiological evidence reported that most of the studies assessed 
found positive associations between dampness or mould and cough, upper respiratory tract symptoms and 

 
188 Wheeze in adolescents (early exposure): OR 1.56, 95% CI 1.15 to 2.11; wheeze in children (early and current exposure): OR 1.98, 95% CI 
1.47 to 2.66, see: Simoni et al. (2005). 
189 Alvarez-Alvarez et al. (2016). 
190 Bjerg et al. (2015). 
191 NHS (2018). 
192 Johansson et al. (2020).  
193 Nocturnal cough – significantly higher prevalence (27.2 per cent vs. 36.5 per cent); productive cough – significantly higher prevalence 
(16.6 per cent vs. 22.3 per cent), see: Gunnbjornsdottir et al. (2006). 
194 Attacks of breathlessness when resting – OR 3.2 (95% CI 1.4–7.2); attacks of breathlessness after effort – OR 2.7 (95% CI 1.3–5.6); long-term 
cough – OR 2.2 (95% CI 1.2–4.0), see: Gunnbjornsdottir et al. (2003). 
195 According to authors, ‘baseline water damage, floor dampness, mould and mould odour at home were associated with onset of respiratory 
symptoms and asthma (ORs from 1.23 to 2.24). Dampness at home during follow up was associated with onset of respiratory symptoms, asthma 
and rhinitis (ORs from 1.21 to 1.52). Dampness at work during follow up was associated with onset of respiratory symptoms, asthma and rhinitis 
(ORs from 1.31 to 1.50)’, see: Wang, J. et al. (2019). 
196 Wang, J. et al. (2019). 
197 According to authors, work-related wheeze or chest tightness (2.98; 1.78 to 4.97), and nasal symptoms (1.58; 1.13 to 2.21) were more commonly 
reported by teachers from damaged schools’, see: Zock et al. (2011). 
198 The odds ratios for cough were somewhat higher in studies on children than in those on adults: OR for cough was 1.75 (1.56–1.96) in children 
and 1.52 (1.18–1.96) in adults, see Fisk et al. (2007).  
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bronchitis in both adults and children.199 Within the existing evidence there appears to be a focus on mould 
specifically. One study of schools in Denmark, France, Italy, Norway and Sweden found that schoolchildren 
exposed to elevated levels of visible moulds had an almost threefold higher risk for dry cough at night and 
an almost fourfold higher risk of cough.200 Significant relationships between the presence of mould in the 
basement, bathroom and kitchen and persistent colds among children have been reported.201 While one 
Italian study observed exposure to damp and mould to be significantly related to persistent cough/phlegm 
among children, but not adolescents,202 growing up in a damp house was associated with an increased risk 
of cough and phlegm, or phlegm alone, in adulthood in a UK-based prospective cohort study.203 One 
New Zealand study reported that a dose-response relationship existed between dampness and mould and 
early childhood hospitalisation rates for acute respiratory infection, and assessed that 19 per cent of acute 
respiratory infection admissions for children under 2 years old would be prevented if all housing were free 
from damp and mould.204 

Elderly population 
This targeted review found no research relating to the associations between damp and mould and respiratory 
tract infections in the elderly population specifically. 

 Skin conditions 
Eczema, which causes the skin to become itchy, dry and cracked,205 is the most common inflammatory 
disease in children, with a prevalence of between 10 per cent and 15 per cent in high-income countries.206 
Adults make up about one-third of all community cases.207  

Working-age population 
One 2014 Swedish study of mainly working-age adults identified a statistically significant association 
between eczema and humid air and mould odour in the home.208 

Children 
Multiple studies have identified significant associations between damp and mould exposure and eczema in 
children, although it was noted that further research is required to confirm these associations and to consider 
causation.209  

Elderly population 
This targeted review found no research relating to the associations between damp and mould and skin 
conditions in the elderly population specifically. 

 
199 The strength of this association is not provided in the article, see: Mendell et al. (2011). 
200 The results were statistically significant. Simoni et al. (2011). 
201 For children aged 6-10 years exposed to mould the attributable risk of colds was assessed to be OR 1.33 (95% CI 1.09–1.62) – 2.85 (95% CI 
1.70–4.77), and the risk of asthma and colds have been assessed to be OR 1.39 (95% CI 1.06–1.82), see: Polyzoi & Polyzois (2017); Polyzois et 
al. (2016). 
202 For ‘only current exposure’, OR 1.86 (1.9–2.91), for ‘only early’ exposure OR 1.89 (1.31–2.71), and for ‘both’ OR 1.64 (0.96–2.79), see: 
Simoni et al. (2005). 
203 Cough and phlegm: RR 2.73 (95% CI, 1.88–3.99); cough only: RR 1.26 (95% CI, 0.80–1.99), see: Cable et al. (2014). 
204 Ingham et al. (2019). 
205 NHS (2019). 
206 McNally et al. (2008). 
207 Hoare et al. (2000). 
208 Norback et al. (2014). 
209 Simoni et al. (2005); McNally et al. (2008).  
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 Sick building syndrome (SBS) 
The term ‘sick building syndrome’ (SBS) has been used to describe symptoms, including headaches, fatigue, 
and irritation in the upper respiratory tract, nose, throat, eyes, hands and/or facial skin, that can be 
attributed to specific building conditions.210,211 Several studies have identified indoor dampness and/or 
mould as predictors of SBS symptoms,212 with a study of Swedish residential buildings reporting that all 
indicators of dampness were related to an increase of all types of symptoms, which were significant even 
when adjusted for age, gender, population density, type of ventilation system and building ownership, with 
a dose-response relationship between symptoms and number of signs of dampness observed.213 In addition, 
a cohort study, again in Sweden, on damp and mould in homes identified exposure to damp as a risk factor 
in new onset SBS symptoms.214 The authors also found evidence to suggest that the effect of dampness on 
SBS may be mediated by inflammatory mechanisms.215  

Working-age population 
A Swedish paper that involved a longitudinal study of a random sample of workplaces concluded that 
cumulative exposure to dampness and mould in the workplace is associated with increased incidence (new 
onset) and decreased remission of SBS, with the effect more pronounced regarding remission.216  

Children 
This targeted review found no research relating to the associations between damp and mould and SBS in 
children specifically. 

Elderly population 
This targeted review found no research relating to the associations between damp and mould and SBS in 
the elderly population specifically. 

 Reduced lung function 
A number of studies have reported associations between reduced lung function and dampness and mould. 
For instance, a 2014 population-based study in Finland found mould odour exposure to be related to lower 
lung function levels among non-asthmatic adults.217 However, a 2011 review of epidemiological evidence 
reported insufficient evidence to draw any conclusions.218 

 
210 Zhang et al. (2012); Lu et al. (2018).  
211 This term is mainly used in relation to offices.  
212 Bornehag et al. (2001); Fisk et al. (2007); WHO (2009) Guidelines for indoor air quality, dampness and mould; Engvall et al. (2001); Nordstrom 
et al. (1999).  
213 For a combination of mouldy odour and sign of high air humidity, the OR 3.7–6.0 were reported for SBS, see: Engvall et al. (2001); Smedje et 
al. (2017). 
214 The authors reported that those who had dampness or moulds in the dwelling during follow-up (related to the SBS) had an increased risk for 
onset of any skin symptoms (RR 2.32, 1.37–3.93), mucosal symptoms (RR 3.17, 1.69–5.95) or general symptoms (RR 2.18, 1.29–3.70), see: 
Sahlberg et al. (2010). 
215 Zhang et al. (2012). 
216 The authors concluded that: ‘Signs of dampness in the floor construction in any workplace building during follow up (cumulative exposure) was 
associated with incidence of mucosal symptoms (OR = 2.43). Cumulative exposure to moldy odour was associated with incidence of work-related 
symptoms (OR = 2.69). Cumulative exposure to dampness or moulds was associated with decreased remission of work-related symptoms (OR = 
0.20 for water leakage, OR = 0.17 for floor dampness, and OR = 0.17 for visible indoor mould growth). Working in a building repaired because of 
dampness (repaired building) or mould was associated with decreased remission of work-related symptoms (OR = 0.32).’ See: Zhang et al. (2012). 
217 The reduced values of FVC level/FEV1 level ranged between -0.55 to -0.20, see: Hernberg et al. (2014). 
218 Mendell et al. (2011). 
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There is some evidence to suggest that women are particularly vulnerable to the effects of dampness on lung 
decline.219 The effect of damp for women was found to be of the same order of magnitude as the estimated 
impact for moderate tobacco smoking among the same cohort.220 Associations have also been found to be 
strongest for mould and condensation in the bedroom specifically.221 There have been some suggestions, 
supported by multiple studies, that the effect could be the result of dampness-related exposures other than 
fungal growth.222 Evidence also suggests that exposure to damp may exacerbate reduced lung function in 
existing respiratory conditions, with subjects with asthma living in damp homes having a lower forced 
expiratory volume (FEV1)223 than those in dry homes.224 

Working-age population 
Two Swedish prevalence studies observed a lower FEV1 in subjects living in dwellings with dampness in 
the floor construction, and in staff at a rehabilitation centre with dampness and 2-ethyl-1-hexanol in the 
floor construction.225 It should be noted, however, that the evidence of an association between lung function 
and damp exposure is not consistent across all studies conducted in this area, and in a number of cases no 
association has been found, including in a study looking at lung function in teachers and water damage or 
mould exposure at school.226  

Children 
This targeted review found no research relating to the associations between damp and mould and reduced 
lung function in children specifically. 

Elderly population 
This targeted review found no research relating to the associations between damp and mould and reduced 
lung function in the elderly population specifically. 

 Other health impacts 

Sleep disturbance 
One study was identified that looked at the impact of dampness and mould on sleep, and it relied on self-
reported data. It reported that dampness and mould were associated with a higher risk of sleep problems, 
problems sleeping through the night and a short sleep time among children.227 

 
219 Norback et al. (2011); Hernberg et al. (2014). 
220 The authors assessed that the decline in forced expiratory volume in 1s (lung decline) for dampness in the home was -2.25ml/year (95% CI 
4.25–0.25), and for damp spots in the bedroom it was an additional decline of -7.43 ml/year (95% CI 13.11–1.74), see: Norback et al. (2011). 
221 The authors assessed that the decline FEV1 was aß 95% CI: −90 (−160; −10) (significant), see: Tischer et al. (2015). 
222 Norback et al. (2011); Norbäck et al. (1999); Wieslander et al. (2010). 
223 Forced Expiratory Volume (FEV1) is one of the most common indices used to assess airway obstruction.  
224 Subjects living in homes with confirmed areas of dampness had greater evidence of airflow obstruction than those living in dry homes (mean 
difference in forced expiratory volume in one second [FEV1] 10.6 per cent, 95% CI 1.0 to 20.3), see: Williamson et al. (1997). 
225 Norbäck et al. (1999); Wieslander G. et al. (2010). The strength of associations was not provided in these studies. In a subsequent study, the 
authors assessed that the decline in forced expiratory volume in 1s (lung decline) for dampness in the home was -2.25ml/year (95% CI -4.25–0.25), 
and for damp spots in the bedroom it was an additional decline of -7.43 ml/year (95% CI -13.11–1.74), see: Norback et al. (2011). 
226 Gunbjörnsdottir et al. (2003); Ebbehoj et al. (2005). 
227 The authors reported that the results were significant for any sleep problems OR 1.77 (95% CI 1.21–2.60), problems sleeping through the night 
OR 2.52 (1.27–5.00) and a short sleep time OR 1.68 (1.09–2.61), see: Tiesler et al. (2015).  
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Poor mental health 
It has been suggested that living with damp conditions, and potentially the associated physical impacts of 
this, may have an impact on individuals’ mental health.228 One 2015 review concluded that sufficient 
evidence exists to link cold and damp homes with sub-optimal mental well-being;229 however, the 
relationship with damp directly may have been confounded by its equation with financial stresses related to 
fuel poverty.230 The association has thus been identified as the consequence of a variety of stressors relating 
to finances, fear of damage to possessions from mould, stigma and social isolation.231  

4.3. Noise pollution 

Noise pollution, caused by environmental noise, is considered a non-specific stressor that affects people in 
both physiological and psychological ways, interfering with basic activities such as sleep, rest, study and 
communication.232 There have been large-scale epidemiological studies observing a link between exposure 
to noise pollution and negative impacts on health,233 including cardiovascular, immunosuppressive and 
gastrointestinal disorders, as well as other mental and physical health problems.234 

Environmental noise produced inside the indoor environment, for example noise from other children at 
school, or noise produced by workplaces such building sites, fall outside the scope of this study. The most 
common forms of external noise pollution relate to transportation, including road, air and railway traffic. 
While environmental noise is unlikely to reach a level to cause auditory problems, non-auditory 
physiological impacts have been identified, including negative impacts on stress hormones and classic 
biological risk factors including blood pressure, blood lipids, glucose level, blood clotting factors and cardiac 
output.235 Indeed, an Environment Burden of Diseases (EBoDE) study in six European countries ranked 
noise from road traffic as second among the environmental stressors evaluated in terms of their public health 
impact,236 and the EEA has recently reported that sufficiently strong evidence exists to conclude causal 
relationships between environmental noise exposure and high annoyance and high sleep disturbance, as well 
as incidence of ischaemic heart disease.237 

Moreover, studies such as that by the EEA assessing the health impacts of environmental noise are likely to 
be underestimations, as recent WHO evidence has emerged of impacts of noise at levels below the obligatory 
Environmental Noise Directive (END) reporting thresholds.238 The END also does not comprehensively 
cover all urban areas, roads, railways and airports across Europe.239 Moreover, there is strong evidence to 
suggest that annoyance and sleep disturbance due to noise from rail and air sources have increased in recent 
years.240 

 
228 Bridgeman et al. (2016). 
229 Please note that the authors concluded that there were only ‘nine studies of sufficient rigour and quality on which to base this conclusion. More 
studies are needed’, see: Liddell & Guiney (2015). 
230 Liddell & Guiney (2015). 
231 Liddell & Guiney (2015); Boomsma et al. (2017). 
232 EEA & JRC (2013). 
233 EEA & JRC (2013). 
234Ortiz, et al. (2019); WHO (2011a); Munzel et al. (2014). 
235 WHO (2011b). 
236 EEA & JRC (2013). 
237 EEA (2020). 
238 EEA (2020). 
239 EEA (2020). 
240 EEA (2020); Banerjee (2014). 
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The vulnerability of specific groups to environmental noise has been understudied, and these groups tend 
to be underrepresented in study populations.241 As a result, any differential effects are still largely 
anecdotal,242 and WHO has called for vulnerable groups to be a focus of future epidemiological research.243  

 Mental health  
According to EEA estimates, some 22 million people in Europe suffer chronic high annoyance as a 
consequence of long-term exposure to environmental noise.244 There is evidence to suggest that exposure to 
aircraft noise leads to higher levels of annoyance than exposure to road traffic noise245 followed by rail traffic 
noise, for equivalent noise levels.246 Annoyance from neighbour noise has also been significantly associated 
with higher odds of poor mental health and/or perceived stress,247 as well as with sleeping problems or 
insomnia, headaches, fatigue, and physical pain or discomfort in various parts of the body, although only 
for women in this final case.248  

The stress and annoyance caused by environmental noise exposure has also been linked to mental health 
problems including depression and anxiety.249 Evidence in this area is mixed, however.250 For example, three 
studies identified an association between road traffic noise annoyance and poor mental health and/or 
perceived stress, 251 while at least two studies found no association between aircraft noise and risk of mental 
ill health (after adjusting for socio-economic status).252 A further two studies found no statistically significant 
association for poor mental health and road traffic noise253 or aircraft noise.254 Moreover, one study noted 
that while it found consistent and negative impacts for exposure to daytime aircraft noise across five 
subjective well-being measures, the magnitude of the associations was still small relative to other common 
socio-economic factors including unemployment, poor health and smoking.255 Evidence for an association 
between traffic noise and more severe mental health problems is still thin.256 

Moreover, due to the largely cross-sectional designs of these studies, it has not been possible to determine 
causality, leaving open the possibility that individuals with poor mental health or a high level of stress are 
simply more vulnerable to noise and consequently experience higher levels of annoyance.257 

Working-age population 
This targeted review found limited research relating to the associations between noise pollution and poor 
mental health in the working-age population specifically. One large-scale Dutch study of individuals aged 
15 to 102 years did, however, observe that the largest number of highly annoyed individuals were found in 

 
241 van Kamp & Davies, (2013). 
242 van Kamp & Davies, (2013). 
243 WHO (2011a.). 
244 EEA (2020). 
245 Babisch, W. et al. (2009) ‘HYENA Consortium: annoyance due to aircraft noise has increased over the years-results of the HYENA study.’ 
246 Munzel et al. (2014). 
247 Jensen et al. (2018); Hammersen et al. (2016); Niemann et al. (2006); Jensen et al. (2019). 
248 Jensen et al. (2019). 
249 EEA (2020); Beutel et al. (2016); Orban, E., et al. (2016); Hardoy et al. (2005). 
250 Stansfeld et al. (2000). 
251 Jensen et al. (2018); Hammersen et al. (2016); Dratva et al. (2010).  
252 Wright et al. (2018); Baudin et al. (2018). 
253 Sygna et al. (2014). 
254 Hammersen et al. (2012). 
255 Lawton & Fujiwara (2016). 
256 Sygna et al. (2014). 
257 Jensen et al. (2018). 
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the middle-aged segment of the sample, peaking at around 45 years, independent of self-reported noise 
sensitivity.258 

Children 
There is some evidence to suggest that children may be less vulnerable to annoyance from exposure to 
environmental noise than adults, 259 although severe annoyance responses to aircraft noise exposure have 
been observed both at home and at school.260 As social surveys into annoyance tend to be carried out among 
adults, there is very little quantitative data on annoyance among children.261 

Elderly population 
It has been suggested that the elderly population may, like children, have less severe annoyance responses 
to noise pollution than the middle-aged segment of the population, with the large-scale Dutch study of 
individuals aged between 15 and 102 years observing an inverted U-shape pattern regarding age and level 
of annoyance in response to environmental noise, with the lowest number of highly annoyed individuals 
found in the youngest and oldest age segments.262 

 Cardiovascular disease 
Cardiovascular disease (CVD) is a general term for conditions affecting the heart or blood vessels, including 
ischaemic heart disease (IHD) and stroke.263 The EEA has recently estimated that chronic exposure to 
environmental noise causes 12,000 premature deaths and contributes to 48,000 new cases of ischaemic 
heart disease in Europe every year.264 It has been hypothesised that these most severe effects of noise exposure 
are triggered by long-term physiological and emotional stress reactions, as well as a reduction in sleep 
quality.265 As a result, it has been hypothesised that nocturnal noise exposure may be more relevant to 
cardiovascular health than day-time exposure.266 

More specifically, associations have been found between night-time aircraft noise and ‘heart disease and 
stroke’ for adults who had lived in their current location for 20 years or more.267 This aligns with a previous 
study that found a statistically significant effect of aircraft noise on myocardial infarction (MI) only among 
residents who had lived in the same place for more than 15 years,268 and adds to growing evidence that 
habituation to environmental noise over time is rarely, if ever, complete.269 Some studies have reported no 
association, however, between aircraft noise exposure and stroke mortality,270 stroke271 or ischaemic heart 
disease mortality.272  

 
258 These results are based on the analysis of a large metadata set (N = 62,983) that found evidence of a non-linear relation. The analysis revealed 
an inverted U-shaped pattern for both road and air traffic noise plotted against age. The lowest frequency of highly annoyed were found in both 
the youngest and the oldest groups. These effects were independent of noise level and noise sensitivity. See: Gerven et al. (2009). 
259 van Kamp & Davies, (2013). 
260 Van Kempen et al. (2009); Haines et al. (2001). 
261 Houthuijs et al. (2014). 
262 Gerven et al. (2009). 
263 NHS (2018). Cardiovascular disease.  
264 EEA (2020). 
265 EEA (2020); Floud et al. (2013). 
266 Munzel et al. (2014). 
267 Night-time aircraft noise per 10 dB: the risk of heart disease and stroke is OR 1.12 (95% CI 0.98–1.29), and after more than 20 years of 
residence: OR 1.25 (1.03–1.51). In comparison, daytime aircraft noise per 10 dB: OR 1.06 (95% CI 0.92–1.21), and after more than 20 years 
residence: OR 1.11 (0.92–1.34). See: Floud et al. (2013). 
268 Huss et al. (2010).  
269 Munzel et al. (2014); Basner et al. (2011); Oftedal et al. (2015). 
270 Huss et al. (2010). 
271 Sorensen et al. (2011). ‘Road traffic noise and stroke: a prospective cohort study.’ 
272 Gan et al. (2012). 
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Chronic exposure to road traffic noise has been found to increase the risk of ischaemic heart disease, 
including myocardial infarction,273 and to increase the risk of heart failure and ischaemic stroke.274 A 
number of studies have also found an association between road traffic noise and increased risk of MI,275 as 
well as elevated risks of MI mortality,276 with two studies finding an association only for residents who had 
lived in the same place for at least 10 years.277 There have been some studies published, however, that report 
no association observed, indicating that more research on this topic is required.278 

There have been fewer studies looking at railway noise specifically as compared to other transportation 
noise.279 Evidence for associations with heart failure is mixed,280 whereas evidence in relation to other 
cardiovascular outcomes indicates that railway noise increases the risk of these illnesses. It must be noted, 
however, that this evidence is based on a small number of studies. For instance, one study found a borderline 
significant increase of risk in cardiovascular disease in subjects exposed to railway noise,281 while another 
observed associations between railway noise and IHD, MI, and CVD mortality.282  

When analysing the health effects of noise pollution (for all sources of noise pollution) through the gender 
lens, there is evidence to suggest that the risk is greater for men,283 although not in all cases,284 and it has 
been noted that gender differences regarding vulnerability to cardiovascular effects requires further study.285 
Moreover, knowledge of the mechanisms behind potential gender differences in the health effects of noise 
is still sparse.286  

It has also been noted that further studies are required to assess the possible confounding of noise 
pollution287 by air pollution.288 While numerous studies have found associations between road traffic noise 
exposure and risk of ischaemic heart disease, MI and stroke, even after adjustment for air pollution,289 
instances of confounding have also occurred.290 The vibration created by railways and large vehicles has also 
been identified as a potential confounding factor, although it has received little attention in the area of 
environmental noise research.291 

 
273 The pool effect estimates (meta-analysis) of the association between road traffic noise level and the incidence/prevalence of myocardial infarction 
(+/- 95% CI) were assessed at OR 1.63, whereas a fixed-effect meta-analysis of a linear trend revealed an OR of 1.17. See: WHO & JRC (2011). 
274 10dB increase of road traffic noise has been reported to increase the risk of myocardial infarction: OR 1.038 (1.019–1.058), see: Héritier et al. 
(2017). 
275 The estimations on the relationship between road traffic noise level and the incidence/prevalence of myocardial infarction, depending on a study 
ranged between OR 0.9 to 1.76 (95% CI). See: Gan et al. (2012); Sorensen et al. (2011). ‘Road traffic noise and stroke: a prospective cohort study.’; 
Babisch et al. (1994); Babisch et al. (2005); Sorenson et al. (2012); Beelen et al. (2009).  
276 The risk of MI mortality was found to depend on the noise level, and was estimated to range between OR 0.987 to 1.045 (95% CI), see: Héritier 
et al. (2017). 
277 ≤ 60 dB(A): 1; 61–65 dB(A): OR 1.01 (0.77–1.32); 66–70 dB(A): OR 1.13 (0.86–1.49); 71–75 dB(A): OR 1.27 (0.88–1.84) (all results 95% 
CI), see: Babisch et al. (2005). 
278 Beelen. et al. (2009); de Kluizenaar et al. (2013); Babisch et al. (1999). 
279 Munzel et al. (2014). 
280 Héritier et al. (2017); Seidler et al. (2016). 
281 Railway noise ≥50 dB(A) has been found to increase cardiovascular diseases by OR 1.55 (95% CI, 1.00–2.40; P< 0.10), see: Eriksson (2012). 
282 10dB increase of rail traffic noise was found to increase the risk of myocardial infarction by OR 1.018 (95% CI, 1.004–1.031), see: Héritier et 
al. (2017). 
283 Jarup et al. (2008). ‘Hyena Study Team: Hypertension and exposure to noise near airports: the HYENA study.’; Huss et al. (2010); Sorensen et 
al. (2011). ‘Road traffic noise and stroke: a prospective cohort study.’; Babisch et al. (2005); Héritier et al. (2017); Vienneau et al. (2015). 
284 Floud et al. (2013); Beelen et al. (2009); Willich et al. (2006). 
285 van Kamp & Davies, (2013). 
286 Oftedal et al. (2015). 
287 For all sources of noise pollution.  
288 Floud et al. (2013). 
289 Gan et al. (2012); Sorensen et al. (2011). ‘Road traffic noise and stroke: a prospective cohort study.’; Sorenson et al. (2012). 
290 Beelen et al. (2009); Floud et al. (2013). 
291 Dratva et al. (2012). 
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Working-age population 
Among the working-age population, mortality rates for ischemic heart disease and MI have been observed 
to increase in accordance with nocturnal noise exposure levels.292 One 2014 review of the effect of 
transportation noise on cardiovascular health reported a tendency towards stronger effects in middle-aged 
subjects, although inconsistency across the available studies was still emphasised.293  

Children 
This targeted review found no research relating to the associations between noise pollution and 
cardiovascular disease in the population of children specifically. 

Elderly population  
Evidence around whether the association with stroke and MI is stronger for the elderly population is 
mixed,294 with age found to be a modifier in some studies295 but not others.296 However, one study has 
found that roughly each increase of 1 dB(A) of noise at night increases the rate of mortality by ischemia by 
about 2.9 per cent, of heart attack by 3.5 per cent, of cerebrovascular accident by 2.4 per cent and of COPD 
by 4.0 per cent among the elderly population.297 

 Hypertension 
Hypertension, or elevated blood pressure, is one of the leading modifiable risk factors for cardiovascular 
disease.298 A number of studies have found an association between aircraft noise and hypertension,299 
although there are still some studies that contest this association,300 and inconsistencies in the results 
remain.301 A meta-analysis of 24 cross-sectional studies also found a significant association between road 
traffic noise and hypertension.302 A Swiss cohort study also found railway noise to have an adverse effect 
on blood pressure, with a stronger association regarding night-time exposure.303 

There is evidence to suggest that the associations between transportation noise levels and hypertension may 
be stronger in men. A large Danish cohort study found stronger and significant associations between 
increases in road traffic noise level and higher systolic blood pressure in men specifically.304 This outcome 

 
292 Recio et al. (2016). ‘The short-term association of road traffic noise with cardiovascular, respiratory, and diabetes-related mortality.’ 
293 For adults 18–85 years old, the authors assessed the OR 1.08 (1.04–1.13, P < 0.05) per 10 dB increase of the weighted day-night noise level 
(LDN) within the range of 50–75 dB, see: Munzel et al. (2014). 
294 Basner & Griefahn (2010); van Kamp & Davies (2013). 
295  Sorensen et al. (2011). ‘Road traffic noise and stroke: a prospective cohort study.’; Sorenson et al. (2012); Vienneau, D. et al. (2015). 
296 Beelen et al. (2009). 
297 Recio et al. (2016). ‘The short-term association of road traffic noise with cardiovascular, respiratory, and diabetes-related mortality.’ 
298 Wang, Z. et al. (2018). 
299 Daytime aircraft noise per 10 dB has been estimated to increase heart disease and stroke: OR 1.06 (95% CI 0.92–1.21), and for more than 
20 years residence: OR. 1.11 (0.92–1.34). Night-time aircraft noise per 10 dB has been estimated to increase heart disease and stroke by OR 1.12 
(95% CI: 0.98–1.29), and for more than 20 years residence: OR 1.25 (1.03- 1.51), see: Floud et al. (2013); Jarup et al. (2008) ‘Hyena Study Team: 
Hypertension and exposure to noise near airports: the HYENA study.’; Eriksson et al. (2007); Matsui et al. (2001); Rosenlund et al. (2001); Greiser 
et al. (2007); Babisch et al. (2009) ‘Exposure-response relationship of the association between aircraft noise and the risk of hypertension.’  
300 Carugno et al. (2018). 
301Stansfeld & Crombie (2011). 
302 Data aggregation revealed OR 1.034 (95% CI, 1.011–1.056) per 5 dB(A) increase of the 16 h average road traffic noise level (LAeq16hr) [range 
45-75 dB(A)], see: van Kempen & Babisch (2012). 
303 Railway noise increase of 10 dB(A) at night impact on systolic blood pressure: β 0.84; 95% CI: 0.22, 1.46 and diastolic blood pressure: β 0.44; 
95% CI: 0.06, 0.81; whereas railway noise increase of 10 dB(A) during the day impact on systolic blood pressure β 0.60; 95% CI: 0.07, 1.13, and 
diastolic blood pressure: β 0.60; 95% CI: 0.07, 1.13, see: Dratva et al. (2011). 
304 The authors found a 0.26 mm Hg higher systolic blood pressure (95% CI -0.11; 0.63) per 10 dB(A) increase in one-year mean road traffic noise 
levels, with stronger associations in men (0.59 mm Hg (CI: 0.13; 1.05) per 10 dB(A)) and older participants (0.65 mm Hg (0.08; 1.22) per 10 
dB(A)), see: Sorensen et al. (2011) ‘Exposure to road traffic and railway noise and associations with blood pressure and self-reported hypertension: 
a cohort study.’  
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is supported by the results from a number of other studies,305 including a large study across six European 
countries on the exposure-response relationship for road traffic noise,306 but not consistent across all 
studies.307 Diabetic co-morbidity has also been found to be an effect modifier of the association between 
road traffic noise and blood pressure readings.308 

Working-age population 
This targeted review found limited research relating to the associations between noise pollution and 
hypertension in the working-age population specifically, although one large-scale Swedish study observed 
an association between road traffic noise at high average levels and self-reported hypertension in the middle-
aged participants.309 

Children 
Exposure to road traffic noise has also been significantly associated with increases in blood pressure among 
children,310 although inconsistencies in results remain. 311 One large-scale study of children aged 9 to 11 
years in the United Kingdom and the Netherlands observed a statistically significant increase in blood 
pressure relating to aircraft noise exposure at home, and a statistically non-significant increase in blood 
pressure and heart rate in relation to aircraft noise exposure at school.312  

Elderly population 
There is some indication that associations between road traffic noise level and increased systolic blood 
pressure are stronger and more significant in older subjects,313 although one large-scale cross-sectional 
Swedish study of adults aged 18 to 80 years observed no effect of road traffic noise exposure on hypertension 
among elderly participants.314  

 Sleep disturbance 
Sleep is a key factor in maintaining health and quality of life, with chronic sleep loss having been associated 
with higher work absenteeism and healthcare utilisation, gastrointestinal symptoms, hypertension, 
automatic nervous system dysfunction, impairment of glucose control and increased inflammation.315 As a 
result, sleep disturbances represent a significant public health concern.316 The EEA has estimated that 
6.5 million people in Europe suffer from chronic high sleep disturbance as a consequence of long-term 
exposure to environmental noise.317 It has been found that the consequence of sleep disturbance due to 
noise is similar to that observed in endogenous sleep disorders,318 with both observational and experimental 

 
305 Babisch et al. (2005); Belojevic & Saric-Tanaskovic (2002). 
306 Prevalence of high blood pressure due to road traffic noise (and aircraft noise) outdoors, LAeq,24h: OR 1.097 (1.003–1.201), see: Jarup et al. 
(2008) ‘Hypertension and exposure to noise near airports - the HYENA study.’ 
307 Bluhm et al. (2007). 
308 Dravta et al. (2011). 
309 Bodin et al. (2009). 
310 Babisch et al. (2009). 
311 van Kempen et al. (2006). 
312 At home, the pooled sample results ranged from B 0.01 to 0.08 (95% CI), see van Kempen et al. (2006). 
313 The authors found a 0.26 mm Hg higher systolic blood pressure (95% CI -0.11; 0.63) per 10 dB(A) increase in 1-year mean road traffic noise 
levels, with stronger associations and older participants (0.65 mm Hg (0.08; 1.22) per 10 dB(A)), see: Sorensen M. et al. (2011) ‘Exposure to road 
traffic and railway noise and associations with blood pressure and self-reported hypertension: a cohort study.’ 
314 Bodin et al. (2009). 
315 Ranjbaran et al. (2007). 
316 McLean (2020). 
317 EEA (2020). 
318 Halperin (2014). 



Poor indoor climate: Its impact on health and life satisfaction, as well as its wider socio-economic costs 

57 
 

studies indicating that night-time environmental noise exposure can cause disruptions in sleep structure, 
vegetative arousals increasing blood pressure and heart rate, and increased stress hormone levels and 
oxidative stress.319 Associations between traffic noise and difficulties falling asleep and waking up too early 
have also been observed.320 Other environmental noises beyond transportation, such as church bells, have 
also been associated with sleep disturbances,321 and may have even more of an effect than aircraft noise. 

Sleep disturbance is consequently commonly considered the most severe non-auditory effect of 
environmental noise exposure due to these secondary health impacts in a broad range of areas,322 including 
cardiovascular health,323 blood pressure,324 mental health,325 obesity and type 2 diabetes.326 It may also 
influence lifestyle choice, with evidence suggesting that sleep disturbance may mediate associations between 
transport noise and physical inactivity.327 Studies demonstrating a causal pathway linking environmental 
noise and related disturbed sleep with long-term health outcomes are still lacking, however.328 It has also 
been argued that earlier suggestions of the long-term health effects of sleep disturbance being dependent on 
the person’s level of sensitivity have not been supported by more recent studies.329 

Working-age population 
This targeted review found limited research relating to the associations between noise pollution and sleep 
disturbances in the working-age population specifically, although studies suggest that shift workers may be 
particularly vulnerable to noise-induced sleep disturbance.330 

Children 
Children are commonly considered to be particularly at risk of noise-induced sleep disturbances,331 as they 
are often in bed during the ‘shoulder hours’ of increased airport operations, an hour or so before the night 
curfew restrictions begin.332 Evidence suggests, however, that children may in fact be less vulnerable to 
awakenings due to environmental noise than adults, but more vulnerable regarding the physiological effects 
during sleep and related motility.333 Associations between poor sleep and obesity, diabetes and depression 
have also been observed in children and adolescents.334 

 
319 For children and adults, road traffic noise has been associated with a risk of myocardial infarction: OR 1.17 (95% CI, 0.87–1.57, P = n.s.) per 
10 dB increase of the 16-h average road traffic noise level (LAeq16h) in the range of <60 to >75 dB. In 18–85 year olds, the risk of hypertension: 
OR 1.08 (1.04–1.13, P < 0.05) per 10 dB increase of the weighted day-night noise level (LDN) within the range of 50–75 dB. For older people, 
residential road traffic noise has been a risk factor of stroke: Incidence rate ratio = 1.27, CI = 1.13–1.43, P < 0.0001. See: Munzel et al. (2014). 
320 For difficulties falling asleep: OR 1.05 (95% CI 1.01-1.09), for awakening during the night: OR 1.04 (95% CI 1.00-1.08), for waking up too 
early: OR 1.06 (95% CI 1.02-1.11), see: Evandt et al. (2017). 
321 Brink et al. (2012). 
322 Munzel et al. (2014); Basner et al. (2014). 
323 EEA (2020); Floud et al. (2013). 
324 Munzel et al. (2014); Jarup et al. (2008) ‘Hypertension and exposure to noise near airports - the HYENA study.’  
325 Johnson et al. (2006). 
326 Knutson (2010). 
327 EEA (2020); Foraster et al. (2016); Roswall et al. (2017). 
328 Hume et al. (2012). 
329 van Kamp & Davies (2013). 
330 Basner et al. (2014). 
331 Basner et al. (2014). 
332 Hume (2010). 
333 van Kamp & Davies (2013). 
334 For short sleep duration the pooled OR 1.58 (95% CI: 1.26, 1.98) for total general paediatric population. Compared with children having 
recommended sleep duration, those with much shorter sleep duration had significantly higher risk of overweight/obesity (OR = 1.60; 95% CI: 
1.22, 2.10). The shortest sleep duration had much higher risk of overweight/obesity (OR = 1.92; 95% CI: 1.15, 3.20). The association between 
shorter vs. longer sleep duration (based on individual studies' own criteria) and overweight/obesity was stronger in boys than in girls (OR = 2.50 
[1.88, 3.34] vs. 1.24 [1.07, 1.45], P < 0.001), but the authors found no significant differences by age group or BMI status measurements. When 
sleep duration was treated as a continuous variable through meta-regression analysis, for each 1 h unit increase in sleep duration, the pooled OR for 
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Elderly population 
While elderly people are commonly considered to be particularly at risk of noise-induced sleep 
disturbances,335 it has been argued that there is no evidence to suggest this,336 and that the inverse may in 
fact be true.337 

 Respiratory disease and infection 
The psychological stress caused by exposure to environmental noise has also been considered a possible 
aggravating factor of respiratory disease.338 Increased rates of emergency calls and hospitalisations for 
respiratory symptoms, 339 as well as excess respiratory mortality,340 have been associated with short-term road 
traffic noise exposure in adults. 

Significant associations have also been observed between noise level and asthma exacerbation in a Swiss 
adult population, although not asthma incidence, even when accounting for air pollution and other relevant 
risk factors.341 In this same study, noise annoyance was associated with respiratory symptoms and prevalent 
asthma in the general adult population, with the association with current asthma observed to be more 
pronounced in obese participants.342 However, there are studies that report no association between noise 
level and asthma,343 leading some authors to suggest that the emotional response to noise (i.e. noise 
annoyance level) is more significant than the objective noise level in determining respiratory effects.344 

Working-age population 
Apart from the above-mentioned studies relating to adults in general, this targeted review found no research 
relating to the associations between noise pollution and respiratory disease in the working-age population 
specifically. 

Children 
Significant associations have also been found between road traffic noise levels and hospital admission for 
respiratory disease, pneumonia and organic diseases in children under 10 years old in Madrid (Spain), 
although the possible confounding effect of socio-economic status was not examined.345 Evidence is mixed, 
however, with one study identifying no association between long-term noise exposure and lung function 

 
overweight/obesity was 0.91 (0.84, 1.00), P = 0.044. See: Chen et al. (2008). The Diagnostic and Statistical Manual of Mental Disorders (DSM) 
is a standard classification of mental disorders used by mental health professionals. The lifetime associations of DSM-IV insomnia with each anxiety 
disorder and with depression were moderate (OR=3.2-6.8), see: Johnson et al. (2006). 
335 Basner et al. (2014). 
336 Muzet (2007). 
337 van Kamp & Davies, (2013). 
338 EEA (2020); Recio et al. (2016) ‘Road traffic noise effects on cardiovascular, respiratory, and metabolic health: an integrative model of biological 
mechanisms.’. 
339 For every increase of 1db in Leqn, the relative risks (RRs) were as follows: 1.11 (95% CI 1.09–1.13) for organic causes; 1.14 (95% CI: 1.11–
1.18) for respiratory causes; and 1.08 (95% CI: 1.05–1.10) for circulatory causes, see: Carmona et al. (2017). Around 5 per cent of all emergency 
admissions can be attributed to high noise levels, with a lower figure for specific causes, see: Tobias et al. (2001). 
340 Overall, 71 (7,135) deaths from respiratory causes would be avoided in the over-65 age group in Madrid, Spain, if the mean Leqn value were 
reduced by 1 dBA. In addition, a reduction of 10 µg/m3 in the PM2.5 concentration would avoid 96 (16, 159) deaths from respiratory outcomes 
in the over-65 age group. See: Recio et al. (2017). 
341 The impact ranged between OR 1.03 (95% CI: 1.01, 1.06) and OR 1.07 (95% CI: 1.04, 1.11) per 1-point difference in noise annoyance, see: 
Eze et al. (2018). 
342 Eze et al. (2018). 
343 Cai et al. (2017). 
344 Eze et al. (2018). 
345 For respiratory diseases statistically significant associations were detected for noise levels (AR=4.7%) and cold temperatures (AR=3.8%). The 
main association detected for causes of admissions due to bronchitis was for O(3) (AR=36.8%) and for pneumonia was for noise levels (AR=7.7%). 
See: Linares et al. (2006). 
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impairment in children.346 A significant association has also been found between night-time noise 
annoyance and asthma in children, although only among girls.347 

Elderly population 
One Spanish study using a time-stratified case-crossover design found that roughly each increase of 1 dB(A) 
of noise at night increases the mortality rate of pneumonia by 3 per cent for the elderly population.348 

 Other health impacts  
There is some evidence to suggest associations between transportation noise exposure and obesity and type 
2 diabetes. One population-based study in Norway, for example, found significant associations between 
road traffic noise and obesity, with no effect modification of noise annoyance or sleep disturbances, but 
only in highly noise sensitive women.349 Another Swedish study reported an association between aircraft 
noise and increases in waist circumference, but not body mass index (BMI), again with no effect 
modification by sleep disturbances.350 A Danish cohort study observed an association between road traffic 
noise and a higher risk of type 2 diabetes, with indications of a stronger association among women,351 and 
a Spanish study with a time-stratified case-crossover design found that roughly each increase of 1 dB(A) of 
noise at night increases the mortality rate of diabetes by about 11 per cent in the elderly population.352 
Associations have also been reported between environmental noise exposure and unhealthy lifestyle choices 
including smoking, alcohol consumption and medication use.353 

Several recent studies have provided evidence suggesting that exposure to environmental noise may 
contribute to the development of certain forms of breast cancer.354 

4.4. Indoor temperature (excess cold and excess heat) 

Most recommendations for indoor temperature fall between 18°C and 24°C (e.g. WHO and the National 
Institute for Health and Care Excellence in England), noting that for most of the European population the 
general comfortable temperature indoors is 21°C.355 However, the ideal indoor temperature may need to be 
slightly higher to prevent cold-related health outcomes in some vulnerable populations, such as the elderly, 

 
346 Franklin & Fruin (2017). 
347 Prevalence of doctor-diagnosed asthma was 13 per cent in boys and 5 per cent in girls; 73 per cent of the boys and 74 per cent of the girls 
reported at least some degree of noise annoyance during the day and night time. In girls, asthma was associated with a significantly increased total 
noise annoyance at night (adjusted odds ratio aOR 1.5, 95% CI 1.1;2.1), for noise within the home/apartment (aOR 3.5, 95%CI 1.5;8.0), and in 
or around the house (aOR 3.3, 95% CI 1.7;6.3). No statistical significant effects were seen in boys. See: Bockelbrink et al. (2008). 
348 Recio et al. (2016) ‘The short-term association of road traffic noise with cardiovascular, respiratory, and diabetes-related mortality.’ 
349 In highly noise sensitive women, a 10 dB increase in noise level was associated with a slope (=beta) of 1.02 (95% CI: 1.01, 1.03) for BMI, 1.01 
(CI: 1.00, 1.02) for waist circumference, and an odds ratio (OR) of 1.24 (CI: 1.01, 1.53) for waist-hip ratio ≥0.85. See: Oftedal et al. (2015). 
350 Based on an ordinal noise variable, a 5-dB(A) increase in aircraft noise was associated with a greater increase in waist circumference of 1.51 cm 
(95% CI: 1.13, 1.89), see: Eriksson et al. (2014). 
351 A 10-dB higher level of average road traffic noise at diagnosis and during the 5 years preceding diagnosis was associated with an increased risk of 
incident diabetes, with incidence rate ratios (IRR) of 1.08 (95% CI: 1.02, 1.14) and 1.11 (95% CI: 1.05, 1.18), respectively, after adjusting for 
potential confounders including age, body mass index, waist circumference, education, air pollution (nitrogen oxides), and lifestyle characteristics. 
After applying a stricter definition of diabetes (2,752 cases), the authors found IRRs of 1.11 (95% CI: 1.03, 1.19) and 1.14 (95% CI: 1.06, 1.22) 
per 10-dB increase in road traffic noise at diagnosis and during the 5 years preceding diagnosis, respectively. See: Sorensen et al. (2013). 
352 Recio et al. (2016) ‘The short-term association of road traffic noise with cardiovascular, respiratory, and diabetes-related mortality.’ 
353 EEA (2020); Roswall et al. (2018); Bocquier et al. (2014). 
354 Among women with estrogen receptor negative breast cancer, a 10-dB higher level of road traffic noise (continuous scale) during the previous 1, 
5 and 10 years were associated with 28 per cent (95% CI: 1.04–1.56), 23 per cent (95% CI: 1.00–1.51) and 20 per cent (95% CI: 0.97–1.48) 
higher risks of estrogen receptor negative breast cancer, respectively, in fully adjusted models. Similarly, a 10-dB increase in railway noise (1-year 
mean at diagnosis address) increased risk for estrogen receptor negative breast cancer by 38 per cent (95% CI: 1.01–1.89). See: Sorensen et al. 
(2014); EEA (2020); Hegewald et al. (2017); Andersen et al. (2018). 
355 WHO (1985); NICE (2015).  



RAND Europe 

60 

young children and those with existing health conditions. Even if both too low and too high indoor 
temperatures may have a negative impact on health, most recommendations primarily focus on minimum 
indoor temperature.356 Our review indicates that this is down to two factors: 

1. In Europe, the prevalence of living in a cold house is much higher than experiencing indoor excess 
heat. 

2. Living in a home that is too cold is generally considered to have much stronger impact on health 
than living in a home that is too warm. 

As a result, the number of studies and the breadth of research investigations examining the impact of indoor 
temperature focus predominantly on excess cold. This section first summarises findings related to living in 
homes that are too cold and their impact on health. This is followed by an overview of the main findings 
related to living in too warm homes. All subsequent sections summarise evidence on the particular health 
impacts resulting from excess indoor temperatures (both cold and heat).  

Main findings on health effects of excess cold  
As noted in Chapter 3, the statistical indicator ‘inability to keep home adequately warm’ can be used as a 
proxy indicator for excess indoor cold and a proxy indicator for energy poverty (which may or may not lead 
to excess indoor cold) (see also discussion in section 3.1.4).357 However, as both concepts are closely related, 
in this study we assume that energy poverty often leads to excess cold, and this, in turn, may be an 
underlying cause of negative health impacts.  

Excess cold can result from a variety of factors, including inability to afford heating costs; old, inefficient or 
faulty heating systems; a lack of heating regulation; insufficient ventilation or insulation; as well as other 
housing deficiencies, such as a leaking roof, damp walls, floors or foundations, or rot in window frames or 
floors.358 Some populations are more at risk of living in homes with excess cold conditions, including: 

• Households with very young or old (elderly) members. 

• Households with members with existing health conditions. 

• Low-income households. 

• Households living in certain type of housing, such as older homes, living in rural location and those 
owning/privately renting homes compared to those in social housing.359  

The reviewed evidence suggests that poor health outcomes resulting from living in cold homes are similar 
regardless of the cause of excess cold.360 Overall, the study found a strong association between thermal 
problems in the dwelling and bad self-reported health and a range of health conditions.361 The available 
evidence suggests that living in too cold homes increases the incidence of respiratory diseases, influenza, 
circulatory conditions, heart attack, stroke, falls and injuries, and hypothermia. It also affects (typically 

 
356 Hocking et al. (2019).  
357 As explained by Santamouris & Kolokotsa (2015), fuel and energy poverty is typically estimated on the basis of consensual parameters including 
6 indicators: (1) unable to afford to heat home adequately; (2) unable to pay utility bills on time; (3) lack of adequate heating facilities; (4) damp 
walls and/or floors; (5) rotten window frames; (6) lacking of central heating.  
358 Hocking et al. (2019).  
359 Hocking et al. (2019).  
360 Hocking et al. (2019).  
361 WHO (2017). 
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in a negative way) a range of conditions, such as cold-related mortality and morbidity (including excess 
winter deaths), blood pressure, mental health, and strength and dexterity.362  

In addition, dampness and mould, which are fostered by low indoor temperatures, have been found to be 
related to the development of various health conditions, such as asthma and allergic conditions, including 
allergic rhinitis and atopic dermatitis.363  

The evidence suggests that those populations who spend proportionally more time at home, such as children 
(particularly those in early childhood) and the elderly, are at a particularly high risk of health conditions 
resulting from low indoor temperatures.364 Other populations also susceptible to the risk of developing 
health problems associated with excess cold homes include those with complex health needs, existing 
medical conditions (in particular respiratory and cardiovascular conditions), mobility difficulties (e.g. due 
to a fall), disabilities and mental health conditions that have an impact on self-care, pregnant women, 
individuals with addictions, and those who move in and out of homelessness.365  

The majority of literature analysing the relationship between indoor excess cold and health focuses on the 
risk faced by those aged 65 and over, and suggests that elderly people living in cold homes are more at risk 
(compared to elderly people in warm homes, and compared to other population groups in cold homes) of 
several illnesses and conditions, including respiratory conditions, flu, heart attack, stroke, circulatory 
conditions, and falls and injuries.366 In terms of the older population, some evidence shows that the risk of 
living in excess cold conditions peaks at early old age (from around the age of 50) and reduces over time, 
with those aged 80 and over significantly less likely to live in cold homes than those aged 50 to 79.367  

Main findings on health effects of excess heat  
A recent systematic review conducted by WHO on the effect of indoor heat (temperatures above 24°C) on 
health found that there may be a health risk of overheating in the indoor environment. Indoor temperature 
may adversely affect health because high temperatures can potentially compromise the ability of the human 
body to thermoregulate.368 However, the review also concluded that there is limited evidence published 
after 2003369 that would allow for a direct link to be established between indoor dwelling temperature 
(excess heat) and negative health outcomes.370,371 This lack of robust evidence results, at least partly, from 
difficulties in conducting a study with a sufficient number of participants to have enough power to detect 
significant differences in health outcomes, and the difficulty of installing temperature sensors in homes.372  

The existing evidence is focused on specific health outcomes, including sleep disorders, general health, 
blood pressure, respiratory and cardiovascular disease, body temperature, mental health, and pregnancy 
outcomes.373  

 
362 WHO (2017); Santamouris & Kolokotsa (2015); Gilbertson et al. (2012); UK Government (2015); Marmot Review Team. (2011); Gómez-
Acebo et al. (2010). 
363 Reginald et al. (2012); Jaakkola et al. (2013); Ha-Jung et al. (2015). 
364 Maidment et al. (2014); Hocking et al. (2019). 
365 NICE (2016); Fisher & Dorning (2016); UK Government (2015); all sources cited in Hocking et al. (2019). 
366 Bridgeman et al. (2016); Fisher & Dorning (2016); Ige et al. (2018); Liddell & Guiney (2015); Maidment et al. (2014); Mould & Baker (2017); 
Hocking et al. (2019). 
367 Shiue (2016). 
368 Head et al. (2018). 
369 Most research articles assessing the impact of heatwaves in Europe are based on the experience of the 2003 heatwave.  
370 Head et al. (2018). A similar conclusion was reached by Anderson et al. (2013). 
371 It is worth noting that some countries have adopted national heatwave strategies/plans, for instance French Government (2015); UK Government 
(2019). 
372 Ormandy & Ezratty (2012); Head et al. (2018).  
373 Head et al. (2018); Tham et al (2020). 
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Wider studies have also explored the effect of outdoor heat on health, as some populations spend most of 
their time indoors during hot weather and heatwaves. Studies examining heat exposure, often in the context 
of heatwaves, suggest that sustained periods of extreme heat over consecutive days can have startling health 
consequences. The anticipated increases in temperatures projected in the context of climate change give 
increased attention to the impacts of heat exposure.  
In general, high outdoor temperature was associated with increased risk of dying from some specific 
cardiovascular, respiratory and cerebrovascular diseases, such as ischemic heart disease, congestive heart 
failure and myocardial infarction.374 For instance, around 70,000 deaths in Europe were attributable to 
extreme heat during the summer of 2003,375 and 750 heat-related deaths were recorded in Chicago during 
five days in the summer of 1995.376 

The effects of excess heat on health also seem to depend on the duration of heat exposure. In general, 
certain temperatures may be harmful over a period of a few days, while higher temperatures may have more 
acute impact, even if the heat exposure is only for a number of hours. The heat effects may also depend on 
the level of the overnight minimum temperature and humidity levels. For instance, high temperatures 
experienced during a heatwave may be less harmful if the temperature decreases significantly during the 
night, while high humidity (e.g. due to lack of effective ventilation) may increase the negative effect of high 
temperature.377 

Available evidence suggests that some populations are particularly vulnerable to health impacts resulting 
from high temperature, including several age groups, particularly the elderly over 65 years of age; infants 
and young children (under 15 years old; women; those with lower socio-economic status; and those with 
cardiovascular or respiratory diseases, diabetes, chronic mental disorders, or other pre-existing medical 
conditions.378 Results from a recent systematic review also suggest that the exacerbation of symptoms in a 
warm indoor environment may have clinical significance to at-risk groups and those caring for them.379 
However, there are insufficient data to support an assessment of the statistical significance of the associations 
between excess indoor heat and health outcomes.380  

Given the ageing of European societies, a high level of urbanisation, and the potential for higher 
temperatures and heatwaves due to climate change, the adverse health outcomes of excess heat may gain 
more importance in the future. Some evidence suggests that indoor overheating should be incorporated 
into risk management and climate change adaptation plans.381 This is because heat stress is already becoming 
a more acute health issue due to its increasing prevalence, with excess heat becoming more significant in 
producing negative health outcomes than excess cold.  

 Respiratory health 
Evidence suggests that too low and too high indoor temperatures can have an impact on respiratory health, 
and that children and elderly populations are more prone to experiencing the health effects of excess cold 

 
374 Basu (2009). 
375 During the 2003 European heatwave France was particularly hard hit, with some cities/regions experiencing temperature of more than 40°C 
for eight consecutive days. See for instance 
https://web.archive.org/web/20081023163448/http://www.metoffice.gov.uk/education/secondary/students/european_heatwave/index.html (as of 
18 November 2021).  
376 Hansel et al. (2016). 
377 Head et al. (2018).  
378 Basu (2009); Head et al. (2018). 
379 Tham et al. (2020). 
380 Hocking et al. (2019).  
381 Tham et al (2020). 

https://web.archive.org/web/20081023163448/http://www.metoffice.gov.uk/education/secondary/students/european_heatwave/index.html
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and warm indoor temperature than the working-age population. Cold indoor temperatures are mostly 
associated with respiratory problems, and respiratory outcomes are a commonly measured impact of indoor 
excess cold. Evidence shows that homes that are too cold lead to worsening respiratory health and lung 
conditions, including asthma and non-asthma-related chest problems such as bronchitis, dry throat, itchy 
eyes, blocked nose and runny nose,382 allergic conditions, wheeze, and respiratory infections.383  

A systematic review examining health impacts following improvements in warmth or energy efficiency 
found improvements in general, respiratory and mental health in the short term. However, the authors 
noted large discrepancies in the range and level of improved health, and in improvements in the long 
term.384 For instance, significant health improvements were reported in randomised controlled studies in 
New Zealand. Compared with the control group, there were improved respiratory measures for asthma 
symptoms (e.g. decreased sleep disturbed by wheeze) for adults and children in the intervention group.385 
However, evidence from other high-income countries (including Germany and the United Kingdom) was 
not sufficiently robust to assess the link between housing improvements and health benefits.386 The authors 
concluded that the baseline housing conditions, specific types of housing improvements, existing 
diseases/health conditions, and the targeting of interventions (e.g. at people with poor health and/or living 
in poor housing conditions) may be the key factors determining the potential for health benefits.  
There is also evidence showing an association between the quality of heating systems and carbon monoxide 
(CO) poisoning, with those spending more time at home (e.g. older individuals, unemployed and those of 
ill health) being more at risk from CO exposure and to the effects of CO poisoning.387 A number of studies 
also show that heating homes by burning coal, using biomass for fuel and cooking, and using asbestos 
(which can be used in insulation) can increase the risk of developing lung cancer.388 For instance, the users 
of solid fuels (which include wood and coal) have a 70 per cent higher risk of developing lung cancer than 
non-users of solid fuels.389 Some risks vary among different groups, for example exposure to biomass fuel is 
a statistically significant risk for developing lung cancer for men but not for women.390  

Studies analysing the impact of excess heat on health have found a relationship between heat exposure and 
COPD and respiratory morbidity.391  

Working-age population 
Overall, reviewed literature suggests that for people working in office-type environments, a colder indoor 
temperature increases respiratory problems and has a negative impact on lung function, as workers with 
longer-term exposure to a lower average temperature experienced respiratory diseases, asthma and chronic 
airway obstruction.392 Due to cold indoor temperature increasing respiratory problems, WHO suggests a 

 
382 Ige et al. (2018).  
383 Sundell et al. (2011); Lin et al. (2013); Krieger et al. (2010); Sharpe et al. (2015); Stafford (2015); Hocking et al. (2019); Shiue (2016).  
384 Thomson et al. (2009). 
385 For children, the “sleep disturbed by wheeze” decreased by around a half (in first assessed study: OR 0.550; 95% CI, 0.350, 0.85021; in a second 
assessed study OR 0.57; 95% CI, 0.400, 0.81223). 
386 As the authors concluded, ‘It is important that the uncertainties around the potential for health improvement are not confused with evidence of 
no health impact. The potential for longer-term health impacts remains but has rarely been investigated.’ See: Thomson et al. (2009).  
387 For instance, an increased maximum CO levels were noted in households reporting stress and anxiety about energy affordability (p=0.026; 
r=0.237). The number of CO spikes above 10 ppm (the threshold at which prolonged exposure can have possible health effects) was significantly 
negatively correlated with the minimum temperature (p=0.04; r=-0.23) and the mean temperature (p=0.003; r=-0.32) in households. See: National 
Energy Action (2018).  
388 Kurmi et al. (2012); Bruce et al. (2015); Health and Safety Executive (2018). 
389 Kurmi et al. (2012). 
390 Bruce et al. (2015). 
391 Head et al. (2018); Tham et al. (2020). 
392 Azuma et al. (2018); Maula et al. (2016), both studies cited in Wolkoff et al. (2021). 
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minimum indoor temperature of 18°C.393 Some studies also note that excess heat is beginning to have an 
important health effect on the working-age population, but no further evidence is provided. 

Children 
Respiratory outcomes in children after exposure to excess cold at home include asthma, allergic conditions 
and hypothermia. The risk of poor health outcomes due to living in low indoor temperatures is particularly 
high for children with pre-existing respiratory conditions, although evidence of effect is limited.  

A WHO study conducted in eight European cities394 found that compared to the general population, 
children (0-17 years old) living in homes that are too cold due to the low quality of the heating system had 
twice the prevalence of respiratory problems. The findings from this study also suggest that respiratory 
symptoms were 2.1 times more prevalent in children if the residents were dissatisfied with the heating 
system in their home.395 Findings from a systematic review suggest that home energy efficiency interventions 
and heating have a positive effect on children's respiratory health.396 

Evidence from Portugal indicates significantly lower temperature in the bedrooms of asthmatic school age 
children (8 to 10 years old) vs. non-asthmatic school age children, but as noted by study authors, the small 
sample sizes (30 to 40 children in each group) and reliance on self-reported data may have influenced these 
findings.397 Evidence from Poland suggests a significant link between the presence of central heating (used 
as a proxy for adequate indoor temperature) and fungal sensitisation in young children (aged 6 to 7 years 
old), but not older children (13 to 14 years old). However, the risk of children developing allergic rhinitis 
was not found to be significant when central heating was present.398 Finally, some studies also show that 
cold indoor temperatures can negatively affect the health and well-being of both asthmatic and non-
asthmatic children.399  

Elderly population 
Analysis of the respiratory health of the elderly population offers a mixed picture. For instance, on one 
hand, evidence from a systematic literature review focusing on the elderly population in the 
United Kingdom suggests that respiratory symptoms were on average nearly two times more prevalent if 
the house was cold in winter, and nearly two-and-half times more prevalent if the resident was dissatisfied 
with the insulation in their home.400 On the other hand, results from other studies conducted in the 
United Kingdom reported both negative and positive impacts, and did not find statistically significant 
results across the different respiratory measures used, suggesting little overall impact.401 

 
393 WHO (2018) Housing and Health Guidelines.  
394 This study was conducted in the following cities: Angers (France), Bonn (Germany), Bratislava (Slovakia), Budapest (Hungary), Ferreira do 
Alentejo (Portugal), Forlì (Italy), Geneva (Switzerland) and Vilnius (Lithuania). See: WHO (2017). 
395 WHO (2017). 
396 The exact assessment of the health effect of indoor temperature varies between reviewed studies. On average, children living in homes with a 
temperature below 18C were twice more likely to experience respiratory health problems. See: Jevons et al. (2016). 
397 Cited in Gehrt et al. (2019). 
398 Piekarska (2018). 
399 Hocking et al. (2019) identified two studies that found evidence that asthma outcomes are worsened by living in a cold home; however, neither 
provided details on statistical significance. 
400 Bridgeman et al. (2016).  
401 Platt et al. (2007); Shortt & Rugkasa (2007), cited in Thomson et al. (2009). 
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Furthermore, some evidence from Spain demonstrates that lacking heating and feeling frequently cold were 
linked to an increased risk of exhaustion and transportation disability among the elderly; however, it was 
not clear whether this referred to respiratory or circulatory health.402 
A WHO study conducted in eight European cities403 found that respiratory problems were related to living 
in houses with subjectively perceived cold temperature in winter or inadequate insulation. In addition, 
elderly people living in homes perceived as cold in winter were also significantly more likely to report 
arthritis.404 

Results from some studies suggest that excessive cold temperatures have an impact on increased mortality 
and morbidity among people with COPD. For instance, in a study conducted among a population of people 
aged 65 years old and over in Michigan in the United States, those with COPD had a 19 per cent increased 
risk of dying on cold days, and the results from a study conducted in New Zealand showed a death rate 
18 per cent higher in winter vs. non-winter months, and that 31 per cent of excess deaths in winter are 
attributable to respiratory disease.405 Furthermore, there is evidence that cold temperatures impact lung 
function and the risk of exacerbations among those with COPD. In a large study in Taiwan, an increase of 
0.8 per cent was reported in COPD exacerbations for every 1°C decrease in mean daily temperature, and 
in a study conducted in East London, cold temperatures were linked to decreases in lung function in people 
with COPD.406  
Finally, there is evidence to suggest that living in cold homes can have a negative impact and increase the 
risk of a loss of strength and dexterity in the elderly population.407 
In terms of heat exposure, studies have consistently found an increased risk for adverse health effects of heat 
exposure, particularly among elderly populations, those in care and nursing homes, and those with 
underlying cardiac and respiratory diseases, including COPD. Although these studies have been based on 
outdoor temperatures, it seems likely that many of the research participants have spent a lot of their time 
indoors and therefore have been exposed to high indoor temperatures.408 
Analysis of data from across 12 US cities estimated that the effect of high temperatures during hot weather 
can increase the risk of death attributable to COPD by up to 25 per cent. Results from a study conducted 
in New York (US) showed that the risk of COPD hospitalisation increased by 7.6 per cent for every 1°C 
increase above a threshold temperature of 29°C, and the findings from a study that included 12.5 million 
elderly people in 212 urban US areas indicated a 4.7 per cent increased risk of hospitalisation for COPD 
for every 10°F. The analyses of Medicare data confirm that these estimations are representative of a broader 
share of the US population.409 Even if the mechanisms by which heat exposure has an adverse impact on 
COPD are not fully understood, a review by Hansel et al. (2016) suggests that residents of more temperate 
climates are more likely to experience adverse health effects of extreme heat exposure.410  

 
402 The authors observed that ‘after multivariate adjustment, participants who lived in homes with more than one poor condition showed a higher 
risk of frailty (OR 2.02; 95% CI: 1.09-3.75) and transportation disability (OR 3.50; 95% CI: 1.38-8.88). Lacking heating and feeling frequently 
cold were associated with an increased risk of exhaustion (OR 2.34; 95% CI: 1.00-5.48) and transportation disability (OR = 3.31; 95% CI: 1.07-
10.2), respectively., see: Perez-Hernandez et al. (2018).  
403 This study was conducted in the following cities: Angers (France), Bonn (Germany), Bratislava (Slovakia), Budapest (Hungary), Ferreira do 
Alentejo (Portugal), Forlì (Italy), Geneva (Switzerland) and Vilnius (Lithuania). WHO (2007). 
404 OR 1.9 (CI 1.2–3.2), see: WHO (2017). 
405 Schwartz (2005); Davie (2007); both studies cited in Hansel et al. (2016). 
406 Tseng et al. (2013); Donaldson (1999), both studies cited in Hansel et al. (2016). 
407 Cold homes have been estimated to increase the prevalence of arthritis symptoms in seniors 1.92 times, see: Hocking et al. (2019). 
408 For instance, a mean relative risk of 1.03 (95% CI 1.02–1.03) was estimated per degree increase above the heat threshold, defined as the 95th 
centile of the temperature distribution in each English and Welsh region, see: Hajat et al. (2007); See also Klenk et al. (2010); Dhainaut (2004), 
all studies cited in Head et al. (2018). 
409 Lin (2009); Anderson (2013); Gronlund (2014); all sources cited in Hansel et al. (2016). 
410 Hansel et al. (2016). 
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 Circulatory conditions  
Living in a home that is too cold has been found to increase the incidence of the following health-related 
circulatory issues: heart attack, stroke, respiratory disease and hypothermia.411 In addition, low indoor 
temperature has been found to have an impact on blood pressure, with both systolic and diastolic blood 
pressure significantly increasing as temperature decreases. For instance, evidence from a large Scottish survey 
suggested that people living in homes below 18°C are twice as likely as the general population to have high 
blood pressure,412 and an analysis of Health Survey for England data indicated that a 1°C decrease in indoor 
temperature was associated with a 0.5 mmHg (millimeters of mercury) increase in blood pressure.413 
Furthermore, living in a cold home was found to reduce recovery speed from circular conditions, as evidence 
showed that those with central heating were significantly more likely to recover from circulatory conditions 
compared to those without central heating.414 

High temperatures have been found to have health impacts on people with diabetes, as evidence suggests 
that insulin absorption is accelerated in high temperature indoor conditions.415  

Working-age population 
For workers in an office-like environment, working in cold workplaces was associated with higher blood 
pressure and higher platelet count, which, as authors suggest, may be a potential cause of cardiovascular 
disease mortality.416 In addition, low indoor temperature was also reported in a few epidemiological studies 
to be associated with high blood pressure and cardiovascular disease417. Nevertheless, WHO guidelines 
suggest that, overall, available evidence provides mixed findings, and the risk of bias indicated low certainty 
of a direct causality between low temperature and high blood pressure and cardiovascular disease.418 

Children  
No specific evidence was identified in this review in relation to circulatory conditions in children.  

Elderly population 
In general, elderly people residing in cold homes are found to be more at risk of circulatory conditions, 
including heart attack and stroke.419 The reviewed evidence suggests that an energy efficiency intervention 
of upgrading or installing central heating or insulation to households of elderly residents decreases the risk 
of residents’ ill-health due to circulatory conditions such as circulation problems, hypertension, heart disease 
and angina420. In addition, a cohort study from Slovenia found worse cardiovascular symptoms resulting 
from higher heat and low indoor air quality,421 and a study from the South Korea found a significant positive 

 
411 Gilbertson et al. (2012); UK Government (2015); Marmot Review Team. (2011). 
412 Ambrose (2018). 
413 Zhao et al. (2019).  
414 Curl (2015); Hocking et al. (2019).  
415 Tham (2020). Page 9–17.  
416 A 1℃ lower daytime indoor room temperature (IRT) was associated with a significant increase in platelet count. Compared with the warmest 
group (>17.92 ℃), the coldest group (≤14.35 ℃) showed a 5.2 per cent higher platelet count, see: Saeki (2017), cited in Wolkoff (2021). 
417 Wolkoff (2021). 
418 WHO (2018) WHO Housing and health guidelines.  
419 Hocking et al. (2019). 
420 First diagnosis of hypertension OR 0.770 (95% CI, 0.610, 0.972), first diagnosis of heart disease 0.690 (95% CI, 0.520, 0.916), see Platt et al. 
(2007). Angina OR 0.200 (95% CI, 0.041, 0.966), see Shortt & Rugkasa (2007), both studies cited in Thomson et al. (2009). See also: Thomson 
et al. (2013).  
421 Fink (2017).  
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association between indoor temperature and diastolic blood pressure, but a non-significant positive 
relationship with a systolic blood pressure.422 

 Mental health 
Some studies have shown a clear association between living in excess cold and the prevalence of mental 
health issues. One study found that people who were able to maintain a temperature of 21°C in their 
bedrooms were 50 per cent less likely to suffer from depression and anxiety than those whose bedroom 
temperature only reached 15°C.423 Similarly, a study in the United Kingdom showed a clear association 
between excess cold and a higher incidence of mental disorders such as depression and anxiety, even when 
controlling for different socio-economic factors such as debt, income and education.424 
Most studies did not imply that excess cold itself was the cause for mental health issues, but that the two 
variables were associated because they both resulted from fuel poverty. Indeed, excess cold can be a 
consequence of fuel poverty, which is also likely to be detrimental to mental health and to exacerbate anxiety 
over the financial costs of heating, and worries about the consequences of excess cold and related damp for 
health.425 Evidence also suggests that warmth and/or energy efficiency improvements are often associated 
with significantly improved mental health outcomes and well-being.426,427 Results from a systematic review 
have indicated that schizophrenia and dementia are temperature sensitive and can be worsened by excess 
heat.428 This demonstrates how challenging home environments and financial worries can have negative 
impacts on mood and psychological health.  

Working-age population 
Reviews of indoor working conditions suggest that the satisfaction with thermal comfort plays an important 
role in the work and cognitive performance of the working-age population. Evidence suggests that 
temperatures between 22°C and 24°C429 are considered optimal for work performance, health and the 
productivity of office and care home workers, and that both lower and higher temperatures may deteriorate 
workers’ performance, learning efficiency and well-being.430 High temperature has been also linked with 
sleep disturbance, headaches, dizziness, fatigue and stress levels, all of which impact performance and 
psychological state.431  

Children  
Some studies suggest that adolescents living in cold homes have an increased risk of multiple mental health 
problems.432 However, there is also some evidence that children and young people are less likely to be 

 
422 The authors reported that ‘diastolic blood pressure decreased by 2.05 mmHg (95% CI, 0.05 to 4.05 mmHg), showing a statistical significance, 
as the indoor temperature increased by 1℃, while it increased by 0.20 mmHg (95% CI, -0.83 to 1.22 mmHg) as outdoor temperature increased 
by 1℃. Systolic blood pressure decreased by 1.75 mmHg (95% CI, -1.11 to 4.61 mmHg) and 0.35 mmHg (95% CI, -1.04 to 1.73 mmHg), as 
the indoor and outdoor temperature increased by 1℃, respectively’, see: Kim et al. (2012). 
423 Marmot Review Team (2011). 
424 Please note that the authors could not conclude on the presence of a direct causal relationship. See: Harris (2010). 
425 Liddell & Guiney (2015); Bennett (2016); Gilbertson et al. (2012); UK Government (2015); Marmot Review Team (2011).  
426 Out of 29 studies reviewed by Thomson et al. (2009), all but one showed improved mental health outcomes. The authors have also noted that 
‘one of these studies was a well-conducted randomized controlled trial (for Short Form-36 score for low happiness, OR=0.560; 95% CI=0.409, 
0.767)’. See also Liddell & Guiney (2015). 
427 CSIP (n.d.). 
428 One study reviewed by Tham et al. (2020) showed that ‘people with schizophrenia in a psychiatric ward, patients' core symptoms were positively 
and significantly correlated with ward temperature (r = 0.53–0.64; P = 0.001–0.002)’. 
429 Please note that this temperature is at a higher spectrum of the recommended indoor temperature.  
430 Wolkoff (2021); Vimalanathan  (2014); Rashid & Zimring (2015). 
431 For instance, for sleep problems: OR 3.47 (95 CI) for sleep problems, see: Tham et al. (2020). 
432 Hocking et al. (2019).  
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exposed to cold indoor temperatures than previous research has shown, due to protective environments 
from carers.433  

Elderly population 
There is evidence that an energy efficiency intervention of upgrading or installing central heating or 
insulation to households of elderly residents decreases the risk of ill-health due to stress and mental illness.434 
At the same time, there is also evidence suggesting that keeping indoor temperatures lower than 26°C is 
beneficial for the elderly population’s mental health and well-being.435  

 Morbidity and mortality 
In general, studies show that too cold houses lead to excess winter deaths,436 but, as concluded by WHO, 
determining a robust quantitative assessment is challenging.437 It is worth noting that the outdoor 
temperature does not account for all the seasonal variation in deaths, as indoor temperature also depends 
on building characteristics and effectiveness in maintaining warm indoors.438 For instance, a comparative 
study of 14 EU countries found that countries with the poorest housing in terms of thermal efficiency had 
the highest level of excess winter mortality (Portugal: 33 per cent mortality increase; Spain: 21 per cent; 
Ireland: 21 per cent; UK: 19 per cent),439 and according to data from England, those living in the coldest 
quartile of homes are three times more at risk of excess winter deaths than those in the warmest quartile of 
homes.440 Furthermore, one study from England shows that cold climate outdoors can have an impact on 
indoor temperatures, and consequently health, and found that those living in the North of England are 
significantly more at risk of cold-related mortality.441 A study conducted by WHO reported that 
50-70 per cent of excess winter deaths are attributed to cardiovascular conditions, and around 
15-33 per cent to respiratory diseases, and estimated that each year 38,200 excess winter deaths in 
11 European countries are related to low indoor temperatures, representing 12.8 excess deaths per 
100,000 people due to indoor cold.442  

However, comparisons between health impacts resulting from excess warm homes are difficult due to several 
classifications of temperature exposure, and when comparisons are made, there are often variations between 
study results. For instance, with similar threshold values in the Mediterranean countries (29.4°C) and South 
Korea (27-29.7°C), a 1°C increase of apparent temperature led to a 3.1 per cent increase in daily mortality 
in Mediterranean cities, and a 6.7 per cent to 16.3 per cent increase in six cities in South Korea for a similar 
time period.443 In the United States, a number of studies found a 2.0 per cent increase in mortality associated 
with a 10°F increase in apparent temperature.444  

Overall, energy efficiency improvements are associated with a reduced number of excess winter deaths, but 
the evidence is more mixed when looking at more specific health conditions, health improvements and 

 
433 Jevons (2016).  
434 Thomson et al. (2013); Thomson et al. (2009). 
435 Tham et al. (2020). 
436 These are typically defined as the number of deaths in winter (December to March) above the average for the previous and subsequent 4-month 
seasons (August – November; April – July). See: Braubach et al. (2011).  
437 Braubach et al. (2011).  
438 Braubach et al. (2011).  
439 Braubach & Fairburn (2010). 
440 NICE (2016). 
441 A stronger effect for those living in northern England: ROR 1.040 per 1°C, 95% CI = 1.013 to 1.066, P = 0.002, see: Tammes et al. (2018). 
442 Braubach et al. (2011).  
443 Baccini et al. (2008), cited in Basu (2009). 
444 Basu, Feng & Ostro (2008); Basu & Ostro (2008); Zanobetti & Schwartz (2008), all sources cited in Basu (2009). 
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outcomes. 445 There is also evidence showing an association with a higher number of heat-related deaths in 
summer, some of which may result from energy efficiency improvements (as these improvements might 
contribute to problems of excess indoor heat in summer).446 Most studies examining excess heat-related 
mortality and morbidity have focused on outdoor temperature as the exposure, even if developing an index 
to link indoor temperature and outdoor temperature has proved difficult.447 Nevertheless, reviewed studies 
suggest that the outdoor temperature may be a cause of overheating in the indoor environment. This, in 
turn, can have an impact on health, as evidence suggests that in highly developed countries, individuals 
spend 90 per cent of their time indoors during hot summer months, particularly the elderly who are most 
affected by too high temperatures.448 For instance, results from a study conducted in the United States show 
that over 90 per cent of people aged over 65 years spend most of their time indoors during hot weather and 
heatwaves.449 In addition, one model estimates that a healthy person in an indoor unventilated building is 
3.8 times more likely to have an adverse health effect due to too high temperature than a healthy individual 
outdoors.450 Another study suggests that a reduction in the number of days with an outdoor temperature 
above 27°C corresponds with improved quality of health and life, reduced emotional distress, and increased 
hours of sleep.451  

However, as concluded in a systematic review, assessing the magnitude and effect of heatwaves on morbidity 
and mortality is difficult due to the lack of a universally consistent heatwave definition globally.452 
Depending on the applied definition of a minimum temperature of the heatwave (ranging from minimum 
temperatures of 25°C to 37°C) and heatwave duration (from a minimum of 2 to 5 days), the authors assessed 
heatwave-related mortality risk increases at 4 per cent (using ‘mean temperatures ≥ 95th percentile for 
≥ 2days’ as a heatwave definition), 3 per cent (mean temperatures ≥ 98th percentile for ≥ 2days), 7 per cent 
(mean temperatures ≥ 99th percentile for ≥ 2days) and 16 per cent (mean temperatures ≥ 97th percentile 
for ≥ 5days). Therefore, as concluded by the authors, heatwave intensity seems to play a relatively more 
important role than duration in determining heatwave-related deaths.453  

Working-age population 
This targeted review found no research papers directly linking workplace temperature with morbidity and 
mortality. However, workplace environments can be a cause of stress and thus lead to a deterioration in 
health and well-being. In addition, one study conducted in the United States found a significant relationship 
between sleep problems and the prior day’s temperature in the summer, but not in winter.454 

 
445 Hocking et al. (2019).  
446 For instance, a study by Taylor et al. (2018) modelled the impact of retrofitting UK homes on mortality, and found that retrofitting increased 
the number of heat-related deaths by 14 per cent during average summer temperatures and by 1 per cent during the 2010 summer heatwave 
compared to homes that hadn’t been retrofitted. However, the authors noted that this increase in summer mortality was likely to be offset by the 
reduction in cold-related deaths seen during winter after homes are retrofitted. Taylor et al. (2018), cited in: Hocking et al. (2019).  
447 Quinn (2014), cited in Head et al. (2018). 
448 Uejio et al. (2015); Basu R. (2009). 
449 Basu & Samet (2002).  
450 Chan et al. (2001). 
451 This result comes from a quasi-experimental study of 57 older adults in the US. A reduction of temperature to below 27C was associated with: 
improvement in the quality of life (OR 3.179), emotional distress (OR -2.85), and number of hours sleep (OR 2.15), all p<.05, see: Ahrentzen 
(2016). 
452 Xu (2016). 
453 Xu (2016). 
454 These results were reported for residents of a working age, see: Quinn & Shaman (2017). 



RAND Europe 

70 

Children 
For children, lack of indoor heating is associated with the incidence of hypothermia, which can lead to 
death.455 In terms of excess heat, a systematic review conducted by WHO did not find any relevant 
information about the health risks of increased heat in infants and children.456 

Elderly population 
The research evidence suggests that the ability to regulate body temperature tends to decrease with ageing. 
For this reason, older people are most prone to the health risks of overheating457 and a winter death.458 
Elderly populations also generally spend more time indoors and are less mobile, which makes them prone 
to temperature related ill-health. Some studies have also suggested that the elderly may find it difficult to 
identify excess heat exposure and may feel comfortable at temperatures that are outside of the recommended 
indoor temperature.459 Furthermore, studies have identified that people aged over 65 years, predominantly 
those living in care and nursing homes, are particularly vulnerable during a heatwave.460 

In terms of excess winter deaths, data from 20 Western European countries show a significant positive 
correlation between total mortality rates for those aged 65 years and older and relative excess winter 
mortality.461 In addition, in England and Wales, around 93 per cent of excess winter deaths are among those 
over the age of 64.462 

Examining the impact of excess heat on sleep, one study from the Netherlands observed that an increase of 
1°C of indoor temperature raised the risk of sleep disturbance by 24 per cent (in the temperature range of 
20.8 to 29.3°C),463 and a study conducted in the United States reported that humidity exposure and indoor 
heat above 26°C increased the proportion of emergency calls in New York that were due to cardiovascular 
cases and respiratory distress calls (in particular among older people), although the increase was not 
statistically significant.464  

People confined to their own homes and unwell people also seem to be more vulnerable to excess heat. For 
instance, a review of deaths from the 2003 heatwave in France suggests that the number of deaths at home 
was far higher than previous years without extreme heat events, and that variations in mortality were age-
dependent, with older people being more vulnerable.465 Another study, also examining the impact of the 
2003 heatwave in France, reported that the risk of death at home from heat-related causes for those who 
had been at home for at least 24 hours before their death was higher for those who had a lack of mobility, 
were confined to bed or had pre-existing medical conditions.466 However, the results are mixed as to whether 
the mortality rate differed between the less dependent residents of nursing homes versus the highly 
dependent residents.467  

 
455 The authors noted, however, that the reviewed studies did not include information on statistical significance, see: Gehrt (2019). 
456 Head et al. (2018). 
457 Fink et al. (2017).  
458 Laake & Sverre (1996). 
459 Ormandy & Ezratty (2012); van Hoof et al. (2010), both sources cited in Head et al. (2018). 
460 Dhainaut et al. (2004); Hajat et al. (2007); Klenk et al. (2010), all sources cited in Head et al. (2018). 
461 Braubach et al. (2011).  
462 Hajat et al. (2007), cited in Braubach et al. (2011).  
463 This study was conducted on a population of 113 elderly people in the Netherlands. See: van Loenhout et al. (2016). 
464 Results from a case-control study. See: Uejio et al. (2015). 
465 The authors reported that ‘from the age of 35 years, the mortality ratios were significantly greater than 1 and increased regularly with age, rising 
from 1.19 for subjects aged 35–44 years to 2.00 for subjects aged 95 years and over’, see: Fouillet et al. (2006).  
466 The most significant risk factors included: confinement to bed (OR 7.12, 95% CI 1.54–33.02), cardiovascular diseases (OR 4.73, 95% CI 1.23–
18.24), and high blood pressure (OR 4.05, 95% CI 1.50–10.90), see: Vandentorren (2006). 
467 Holstein (2005); Klenk et al. (2010); Lorente et al. (2004), all sources cited in Head et al. (2018). 
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 Other health effects  
Reviewed evidence suggests that excess heat is becoming a more acute health issue for the working-age 
population than excess cold. This is due to climate change and increasing temperatures in many parts of the 
world.468 For instance, a systematic review of 111 studies conducted in 30 countries and including 
447 million workers from more than 40 different occupations suggests that occupational heat strain469 has 
important health and productivity outcomes, and should be recognised as a public health problem.470 Based 
on data from nearly 12,000 workers, the review indicates that workers working a single shift in a temperature 
beyond 22°C or 24.8°C (depending on work intensity) are over four times more likely to experience 
occupational heat strain than workers in thermoneutral conditions. Working in excess heat temperatures 
increased working core temperature by 0.7°C and workers’ urine specific gravity by 14.5 per cent. Overall, 
by the end of a work shift under heat stress, 35 per cent of workers (data from over 13,000 workers) 
experienced occupational heat strain, and 30 per cent reported productivity losses. In addition, 15 per cent 
of workers (data from nearly 22,000 workers) who typically or frequently worked under heat stress 
(minimum of 6 hours per day, 5 days a week, for 2 months of the year) experienced kidney disease or acute 
kidney injury. As the authors conclude, their review captured data from a variety of populations of workers 
and exposures, but the overall assessment is heterogeneous in terms of the negative effect of excess heat on 
workers’ health and productivity outcomes. Given the anticipated rise in excess heat, the authors suggest 
that this issue is a priority for action to mitigate its potential negative effects.471  

Similar conclusions were reached by researchers of the HEAT-SHIELD comparative European project, 
which aims to address the negative impact of increased workplace heat stress on workers’ health and 
productivity. Focusing on five strategic European industries (manufacturing, construction, transportation, 
tourism and agriculture), the authors analysed a range of heat-related illnesses (cardiovascular, respiratory 
and kidney diseases) resulting from high temperatures and heatwaves, and the impact of these illnesses on 
workers and the economy. They found that occupational heat stress is increasingly becoming a societal 
challenge that calls for inter-sectoral solutions.472 

Focusing on office-type workers, researchers have also shown that there are ocular effects (e.g. dry eye, ocular 
surface disorders, exacerbation of allergic conjunctivitis and higher traction retinal detachment) resulting 
from exposure to elevated temperatures.473 Other health effects of exposure to excess heat include thinking 
difficulties, poor concentration, fatigue and depression.474 

4.5. Lack of daylight  

Light conditions have been found to not only have an impact on vision, but also potentially strong direct 
effects on mood, well-being, cognition, alertness, performance and sleep.475 As a result, the types of light 
humans are exposed to (such as brightness and contrast, high luminance differences, and flickering), and 
the duration and regularity of this exposure, may be a key public health issue. Moreover, research studies 
suggest that the health effects of indoor exposure to daylight may be strengthened by the effects of views (of 

 
468 It has to be noted that some of these effects related to excess outdoor heat, thus only indirectly on excess indoor heat.  
469 The authors define occupational heat strain as ‘the effect of environmental heat stress on the body’.  
470 Flouris et al. (2018). 
471 Flouris et al. (2018). 
472 Morris (2021). 
473 Wolkoff et al. (2021).  
474 Wolkoff et al. (2021).  
475 Wirz-Justice et al. (2020). 



RAND Europe 

72 

nature) through windows, or with the brightness, colour and/or quality of the indoor lighting, which also 
covers electrical light sources. Some evidence suggests that contact with the outside environment facilitated 
through windows, patio doors and roof lights is important psychologically as it provides a sense of 
orientation and can help relieve the feeling of being closed in, can counteract the monotony of the indoor 
environment, and can give the experience of the weather and time (daily and seasonal) changes.476 

There is a growing body of literature that seeks to understand the perceived importance of daylight for 
human beings. This includes a number of systematic review studies and research projects measuring 
outcomes using objective scales, and reporting on a wide range of lighting parameters and behavioural and 
health effects.477 These research studies are also addressing the need for further research and evidence-based 
recommendations on the human preferences of, and the effects of, daylight versus electric light on general 
health, visual capabilities, levels of alertness, performance and mood, and productivity.478  

 Mental health 
The most significant evidence available regarding the possible health effects of daylight specifically is in 
relation to mental health. For example, one large cross-sectional study across eight European countries 
observed that inadequate exposure to natural light within the home increases the likelihood of reporting 
depression by 1.3 times, even after controlling for major confounders.479 Moreover, an online panel study 
reported that the incidence of depressed mood decreased as exposure to indirect sunlight increased (which 
includes sunlight exposure through windows) in the workplace, but also the incidence of anxiety decreased 
as exposure to direct sunlight increased. This implies that increased exposure to direct sunlight is associated 
with lower levels of anxiety.480  

There is also evidence to suggest that daylight exposure may have an impact on more severe mental health 
conditions, with one Italian study observing that bipolar inpatients in rooms with eastern windows had a 
significantly shorter stay on average than those in rooms with western windows,481 supporting similar results 
found in an earlier Canadian study.482 

Working-age population 
A direct correlation has also been documented between the severity level of seasonal affective disorder483 and 
exposure to natural light in the workplace, with workers in windowless environments reporting poorer well-
being and sleep quality outcomes than their counterparts in workplaces with significantly more daylight.484 
In addition, one German study comparing workers operating under solely artificial light and those working 
with a combination of artificial and natural light found that in winter, when daylight penetration was not 
sufficient to make a substantial contribution to the lighting level, there was very little difference between 

 
476 Boyce et al. (2003); Boyce (2021). 
477 Brown (2020). 
478 Brown (2020).  
479 Brown et al. (2011). 
480 The authors reported that: ‘Direct sunlight was positively related to anxiety (β = .21, p < .01), job satisfaction (β = .20, p < .01), and organizational 
commitment (β = .18, p < .01). Indirect sunlight was negatively related with depressed mood (β = -.20, p < .01) and positively related with 
organizational commitment (β = .36, p < .01).’ See: An et al. (2016). 
481 The authors reported that bipolar inpatients in rooms exposed to direct sunlight in the morning had a mean 3.67-day shorter hospital stay than 
patients in rooms with Western-oriented windows (not exposed to direct sunlight in the morning), see: Benedetti et al. (2001). 
482 Beauchemin & Hays (1996). 
483 It is worth noting that the prevalence of the seasonal affective disorder (SAD) ranges from 1.5 per cent to 9 per cent depending on latitude. SAD 
is characterised by a seasonal pattern of recurrent major depressive episodes that most commonly occurs during autumn or winter and remits in 
spring. See for instance: Nussbaumer-Streit et al. (2019).  
484 The authors concluded that the physical outcomes (p=.09) and mental outcomes (p=.11) of those workers in workplaces without windows were 
lower than scores of those working in workplaces with windows. See: Boubekri et al. (2014). 
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the recorded stress levels between the two groups. In spring, however, the group with exposure to daylight 
had considerably lower stress complaint levels.485 

More ‘soft’ effects on mental health were observed in relation to the presence of windows in an acute-care 
nursing unit in the United States, with findings of a significant increase in communication and laughter 
among staff, and a decrease in the subsidiary behaviour indicators of sleepiness and deteriorated mood.486 A 
study in the Mediterranean region of Southern Europe also reported a significant direct effect of sunlight 
penetration on the general well-being (including being worn out, upright and tense) of a sample of both 
white- and blue-collar workers.487 

Children 
This targeted review found no research relating to the associations between daylight exposure and mental 
health in children specifically. 

Elderly population 
This targeted review found no research relating to the associations between daylight exposure and mental 
health in the elderly population specifically. 

 Circadian rhythm and sleep disturbances 
Light is the most significant external factor contributing to circadian rhythms that regulate an individual’s 
behaviour, physiology, endocrinology and metabolism.488 Research suggests that disruption to circadian 
rhythms is associated with an increased risk of obesity, diabetes489 and stroke.490 Seasonal affective disorder 
is another well-known consequence of disrupted circadian rhythms.491 Nonetheless, a possible causal 
relationship between building daylighting and circadian rhythm is yet to be explored in any significant or 
comprehensive way.492  

Working-age population 
One US study observed that workers in windowless environments reported poorer overall sleep quality and 
sleep disturbances,493 which have been frequently associated with changes in circadian rhythms.494 Another 
US study also found that nurses in an acute-care nursing unit with windows had significantly increased 
body temperatures compared to those in a unit without windows, which is a positive marker of body 
circadian rhythm.495 Moreover, as discussed in section 3.4.4 regarding environmental noise exposure, 

 
485 Cited in van Bommel & van den Beld (2004). 
486 The authors reported the following outcomes among nurses who were working in the nursing stations with windows: ‘communication (p < 
0.0001) and laughter (p = 0.03) both increased, and the subsidiary behaviour indicators of sleepiness and deteriorated mood (p = 0.02) decreased. 
Heart rate (p = 0.07), caffeine intake (p = 0.3), self-reported sleepiness (p = 0.09), and the frequency of medication errors (p = 0.14) also decreased, 
but insignificantly.’ See: Zadeg et al. (2014). 
487 Leather et al. (1998). 
488 Dunleavy et al. (2019); Boyce et al. (2003). 
489 Marcheva et al. (2010). 
490 Videnovic & Zee (2015). 
491 Boubekri et al. (2016). 
492 Boubekri et al. (2016). 
493 The authors reported that workers in windowless environments reported poorer overall sleep quality from the global Pittsburgh Sleep Quality 
Index score and the sleep disturbances component of the same index. See: Boubekri et al. (2014). 
494 Myers & Badia (1995). 
495 The authors reported the following outcomes among nurses who were working in the nursing stations with windows: decreased blood pressure 
(p < 0.0001) and increased body temperature (p = 0.03), see: Zadeg et al. (2014). 
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chronic sleep disturbances can lead to a number of additional physiological and psychological health 
problems, including various cancers, obesity, type 2 diabetes, and mood and neurodegenerative disorders.496  

Children 
This targeted review identified little systematic research regarding the association between daylight and 
circadian rhythms in European children specifically, although the impact of sleep disturbances for children 
as explored in section 4.7.3 would likely also be a consequence of circadian rhythm disruption, resulting at 
least partly from insufficient daylight exposure. 

Elderly population 
This targeted review identified little systematic research regarding the association between daylight and 
circadian rhythms in the elderly population of Europe specifically. A study of nursing home residents in 
Iran has concluded, however, that daylight exposure could contribute to correcting the circadian rhythm of 
the elderly, which in turn would improve anxiety and insomnia.497 

 Vision 
While it has been argued that daylight is an effective stimulant for the human visual system, it can also cause 
visual discomfort through creating glare,498 although subjective perceptions of glare are reported to be higher 
under electric light than under daylight for the same illuminance levels.499 There is some suggestion that an 
inadequacy of natural light in classrooms may contribute to the development of myopia in children. 
Evidence presented in a recent study suggests that spending more time outdoors in childhood (thus more 
exposure to daylight) can reduce the risk of developing myopia , but other factors may also play a role.500 

Academic literature highlights that exposure to natural daylight is an important consideration in the design 
of nursing homes. In a study on lighting conditions in Dutch nursing homes, the authors suggest that 
exposure to adequate daylight is important to compensate for likely vision loss in older adults. The authors 
found that nursing homes did not have adequate lights for the age of residents, and suggest that such 
environments may limit their daily activities and social participation, and that nursing homes should thus 
have better light conditions for residents. The authors recommend that long-term solutions could be future 
renovations to improve daylight, and that new building projects should consider the effective use of 
daylight.  

 Falls 
One study across eight European countries observed that inadequate exposure to natural light within the 
home increases the likelihood of an individual reporting a fall by two-and-a-half times, even after controlling 
for major confounders.501 

 
496 Boubekri et al. (2014); Nang et al. (2019). 
497 Karami et al. (2016).  
498 Boyce et al. (2003).  
499 van Duijinhoven et al. (2017). 
500 Please note that other factors may also be important and contribute to this effect. See: Boyce (2021).  
501 Brown (2011). 
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 Vitamin D deficiency 
In adults, vitamin D supplementation has been found to reduce the risk of fractures and falls.502 Other 
positive health outcomes have been associated with vitamin D levels, including reductions in the risk of 
mortality, cardiovascular conditions, diabetes, cancer, multiple sclerosis, allergies, asthma, infections, 
depression and pain, but these are primarily based on observational studies and require further controlled 
clinical trials to conclusively demonstrate the benefits.503 While daylighting through windows bears no 
significance on vitamin D deficiency, as only direct contact of skin with the sun is sufficient for producing 
the necessary levels of vitamin D, such direct contact could be facilitated through the provision of balconies 
and terraces.504 

 Other health effects 
Associations between daylight exposure and a number of other health effects have also been observed in 
various studies, although the supporting evidence is still limited.  

Physical recovery 
One US study found that patients undergoing elective cervical and lumbar spinal surgery exposed to an 
increased intensity of sunlight experienced significantly less perceived stress, took significantly less analgesic 
medication and experienced marginally less pain.505 Similarly, in a Canadian study of patients admitted 
directly to a cardiac intensive care unit with a first attack of MI, a significant difference in average length of 
stay was observed between patients in bright and dark rooms, although only for women.506  

Blood pressure 
In a US study, the presence of windows in an acute-care nursing was observed to result in significantly 
decreased blood pressure and increased blood oxygen saturation among the nurses.507 A Canadian study 
reported that renal transplant recipients demonstrated higher blood pressure in the winter than in summer, 
and attributed the difference at least in part to changes in length of daylight, although this may have been 
confounded by changes in temperature.508 

4.6. Indoor air pollution 

Indoor air pollution in residential, office and public buildings has a very strong impact on health, quality 
of life and work productivity. Indoor air pollution is the presence of unwanted substances in the air, 
resulting, for example, from old or poor heating and cooking systems (e.g. from solid fuel use, inadequately 

 
502 Thacher & Clarke (2011). 
503 Thacher & Clarke (2011). 
504 Boubekri (2016). 
505 The authors reported that: ‘Patients staying on the bright side of the hospital unit were exposed to 46 per cent higher intensity sunlight on 
average (p = .005). Patients exposed to an increased intensity of sunlight experienced less perceived stress (p = .035), marginally less pain (p = .058), 
took 22 per cent less analgesic medication per hour (p = .047), and had 21 per cent less pain medication costs (p = .047).’, see: Walch et al. (2005). 
506 The authors reported that: ‘Patients stayed a shorter time in the sunny rooms, but the significant difference was confined to women (2.3 days in 
sunny rooms, 3.3 days in dull rooms). Mortality in both sexes was consistently higher in dull rooms (39/335 dull, 21/293 sunny).’, see: Beauchemin 
& Hays (1998). 
507 The authors reported the following outcomes among nurses who were working in the nursing stations with windows: decreased blood pressure 
(p < 0.0001) and blood oxygen saturation increased (p = 0.02), but the difference was clinically insignificant; see: Zadeg et al. (2014). 
508 The authors reported the following: ‘When the most recent pair from each patient was analyzed (n=163), diastolic and mean blood pressure 
were found to be higher in winter than summer (by 2.5 and 2.3 mmHg, respectively, P<0.01 for each) by a paired Student t test. In a separate 
analysis using all blood pressure pairs (n=432), systolic, diastolic, and mean BP were found to be significantly higher in winter (by 5.3, 2.7, and 3.5 
mmHg, respectively, P<0.001 for each).’, see: Prasad et al. (2001). 
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ventilated stoves and ovens), asbestos and other fibres, tobacco smoke, textile fibre and elevated 
concentrations of tropospheric (ground-level) ozone exposures, and human bio-effluents. As source control 
can be difficult for some of these substances, air renewal is necessary to maintain low air pollution levels, 
and therefore inadequate ventilation in dwellings is a threat to indoor air quality.509 

Children, elderly populations, and people engaged in heavy work or exercise that spend more time indoors 
are more susceptible to ill health due to indoor air pollution. Infants, due to their lungs continuing to 
develop after birth,510 and elderly people (aged 80 years and over), due to their frailty, reduced immune 
response capacity and impaired respiratory health, are particularly vulnerable. For instance, evidence from 
a study conducted in seven European countries focusing on elderly people permanently living in nursing 
homes showed that even at low levels of pollution, poorer indoor air quality affected the respiratory health 
of older people, and that effects were mitigated by increased ventilation.511 

Evidence from a number of studies conducted in residential and commercial buildings shows that a large 
number of residents and workers express dissatisfaction with air quality. Air pollution has been associated 
with a range of acute and chronic respiratory and cardiovascular health-related outcomes, such as 
transmission and infectivity of the influenza virus, airway infections, asthma, allergic reactions, respiratory 
infections, pneumonia, bronchitis, bronchoconstriction, COPD, SBS, lung cancer, hardening of the arteries 
or atherosclerosis, heart attacks, heart rate variability, ischemia, and myocardial infarctions.512 SBS is directly 
related to the condition of the building. Its common symptoms include inflammation of the eyes (itching 
and burning); irritation of the nose and sinus problems; irritation of the respiratory system; and headaches, 
lethargy and mental fatigue513 (see also section 4.2). Indoor air quality and air humidity (in particular ‘dry 
and cool’ office environments) have also been found to be strongly associated with poorer ocular heath, 
such as dry eye symptoms.514 There is also some evidence that poorer air quality and lower ventilation rates 
are associated with poorer sleep quality and next-day cognitive performance. However, as the study authors 
indicate, these results require further validation.515  

A systematic review of studies assessing ventilation rates found a close relationship between levels of 
ventilation and respiratory health, such as nasal symptoms, allergy symptoms and nasal openness.516 In 8 out 
of 11 studies examined in this review, an increase in ventilation rates had a statistically significant effect on 
improving at least some of the health symptoms and on improving students’ performance.517 This study 
also found an association between ventilation rates and/or CO2 concentrations and reduced student 
absences, but the data on this aspect were limited.  

The findings from the SINPHONIE study (N=2,387) conducted in 23 countries and 114 schools indicate 
that the concentration of indoor air pollutants in classrooms is often significantly higher than levels found 
outdoors, and has been associated with asthma-like symptoms in schoolchildren, as well as irritation of the 
nose, throat and eyes.518 

 
509 WHO (2010); Hocking et al. (2019); Armon & Hänninen (2015) 
510 Vallero (2014); Hocking et al. (2019). 
511 Bentayeb et al. (2015).  
512 WHO (2010); Mujan et al. (2019); Shendell (2019); Vallero (2014).  
513 Mujan (2019).  
514 Wolkoff et al. (2021).  
515 Sekhar (2020). 
516 Fisk (2017). This paper summarises a review of literature (55 academic publications) about ventilation problems in schools, its impact on student 
performance, health and absence. 
517  The authors reported that: ‘performance generally improved a few percent, to as much as 15 per cent, with increased ventilation rate or with 
lower CO2 concentration’.  
518 Csobod (2010). 
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4.7. Socio-economic impacts 

 Impact on morbidity and mortality 
Disability-adjusted life year (DALY) is a summary measure of population health calculated as the present 
value in years of disability-free life that might be lost as a result of premature death and disability. 
Accounting for both mortality and non-fatal health consequences, DALY measures the relative magnitude 
of losses of healthy life due to different causes of disease and injury.519 

Evidence from WHO suggests that within Europe alone, indoor dampness and mould problems in the 
home environment account for an estimated 55,842 DALYs based on the exposure prevalence of 
10 per cent of indoor mould in home environment, and 69,462 DALYs based on the exposure prevalence 
of 15 per cent of indoor dampness in the home environment.520 The total asthma burden in 2011 was 
1,768 DALYs/million, with 25 per cent being attributable to the selected risk factors. Indoor dampness and 
mould combined was the third biggest identified contributor (86 DALYs/million).521  

An estimated 0.07 asthma-related deaths and 50 asthma-related DALYs per 100,000 children per year are 
associated with exposure to dampness in dwellings, and 0.06 asthma-related deaths and 40 asthma-related 
DALYs per 100,000 children per year are associated with exposure to mould. In total, WHO estimates that 
mould exposure is associated with 83 deaths per year in WHO’s European region.522  

In addition, it is estimated that over 2 million DALYs are lost annually in the EU due to compromised 
indoor air quality,523 and that 5 per cent of the burden of disease in the EU26524 caused by indoor exposures 
is from dampness.525 It is also estimated that around 20 per cent to almost 50 per cent of all these health 
risks related to compromised indoor air quality could be reduced with adjusted ventilation, filtration of 
intake air and by controlling indoor sources of air pollution. This would translate to 400,000 to 900,000 
saved DALYs in the EU26.  

Assessing the impact of indoor temperature on health and DALYs, WHO estimated that low indoor 
temperature can be linked to 13 deaths per 100,000 population per year in its European region.526 These 
estimates are consistent with data from other studies, for instance Rudge et al. (2007) estimate that 38,200 
excess winter deaths in 11 European countries are related to low indoor temperature each year, representing 
12.8 excess deaths per 100,000 population due to excess indoor cold.527 Overall, 50-70 per cent of excess 
winter deaths are attributable to cardiovascular diseases and 15-33 per cent to respiratory disease.528  

WHO’s analysis of the disease burden from indoor smoke from solid fuel has been calculated to correspond 
to 14,280 deaths in the Euro B region and 394,600 DALYs per year in the Euro C subregions, as these 
solid fuel air pollutants have been linked to COPD and lung cancer in adults and to pneumonia in 

 
519 Salomon (2014); Tulchinsky & Varavikova (2015). 
520 Please note that throughout this chapter we provide DALYs data in the format they were included in the referred sources.  
521  WHO (2012). 
522 WHO (2012). 
523 The authors calculated the burden of disease due to compromised indoor air quality examining the potential efficiency of control policies to 
health effects caused by residential indoor exposures of fine particulate matter (PM2.5), outdoor bioaerosols, volatile organic compounds (VOC), 
carbon oxide (CO) radon and dampness. The calculations also included polluted outdoor air used to ventilate indoor spaces. The analysis was based 
on scenario comparison, using an outdoor-indoor mass-balance model and varying the ventilation rates. Health effects were estimated with burden 
of diseases (BoD) calculations taking into account asthma, cardiovascular (CV) diseases, acute toxication, respiratory infections, lung cancer and 
chronic obstructive pulmonary disease (COPD). 
524 EU26 includes all EU countries at the time of the study (including UK) except Croatia and Malta. 
525 Asikainen et al. (2016). 
526 Braubach et al. (2011). 
527 Rudge & Gilchrist (2007). 
528 Braubach et al. (2011). 



RAND Europe 

78 

children.529 The largest combustion-related indoor pollutant health impact is found among children under 
the age of 5 who are unwell due to acute lower respiratory tract infections, which is estimated to cause 
16.7 deaths and 577 DALYs per 100,000 children per year in WHO’s European region.530 Furthermore, 
7,500 deaths and 200,000 DALYs have been attributable to a lack of window guards (at second level and 
higher) and smoke detectors, with 0.9 deaths per 100,000 population recorded due to the lack of smoke 
detectors.531  

A conservative assumption of the environmental disease burden of noise, calculated as DALYs, in the 
European population is an estimated 61,000 years for cardiovascular disease, 45,000 years for cognitive 
impairment of children, 903,000 years for sleep disturbance, 22,000 years for tinnitus and 587,000 years 
for annoyance. These results indicate that there are 22 DALYs per 100,000 population532 and at least 1 
million healthy life years lost every year from road traffic noise alone in Europe.533 

 Focus on working-age population: Impacts on work attendance and 
productivity 

The economic impact of adults experiencing health conditions associated with exposure to a poor indoor 
environment may be best understood in terms of work productivity and work performance.  

In general, studies indicate a positive association between improved heating and ventilation in the work 
environment and work attendance and performance.534 A review of evidence concerning the physiological 
effects of thermal stress indicates that optimal cognitive and work performance is at 22°C to 24°C for regions 
with temperate or cold climates, with deteriorated cognitive and work performance, productivity and 
learning efficiency at temperatures both lower and higher than this optimal range.535 The authors observed 
a negative linear relationship between the rise in indoor air temperature and the decline in work 
performance, with mental alertness declining at 25°C and the ability to concentrate disappearing completely 
at 30°C.536 Evidence from wider studies suggest an upper limit of thermal comfort in work offices at 25°C, 
and when exceeded, productivity decreases by 2 per cent for each additional 1°C increase in temperature 
(within the temperature range of 25°C to 32°C), with no effect on performance in the temperature range 
of 21°C to 25°C.537 Evidence also suggests that high temperature combined with low ventilation would 
further decrease productivity due to the increased prevalence of SBS symptoms.538  

In terms of low indoor temperatures, studies have found that improvements in thermal insulation reduced 
the odds of adults taking a day off work,539 whereas poor indoor heating has been associated with a negative 
impact on work attendance, performance and productivity, as well as poorer economic and energy costs.540  

 
529 WHO’s Euro B region includes: Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Georgia, Kyrgyzstan, Montenegro, Poland, 
Romania, Serbia, Slovakia, Tajikistan, the former Yugoslav Republic of Macedonia, Turkey, Turkmenistan, Uzbekistan. Euro C region includes: 
Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of Moldova, Russian Federation, Ukraine.  
530 Braubach et al. (2011). 
531 Keall et al. (2011). 
532 Braubach et al. (2011). 
533 EEA & JRC (2013). 
534 Hocking et al. (2019). 
535 Wolkoff et al. (2021). The inefficient heating systems are also of concern in light of increasing climate change challenges and the environmental 
effects of energy (in)efficiency; however, this aspect was not examined in depth in this study as it was outside of the study’s scope.  
536 Wolkoff (2021). 
537 CIBSE (2013); Mujan (2019); Seppanen & Fisk (2006); Seppanen, Fisk and Lei (2006). 
538 Seppanen, Fisk and Lei (2006). 
539 For instance, a systematic review paper citing a study from New Zealand (Howden-Chapman et al., 2007) noted that a slight increase in bedroom 
temperature during the winter (by 0.5C) and decrease in relative humidity have led to a reduced likelihood (self-reported data) of adults taking a 
day off work (OR 0.62, 0.46–0.83). See: Howden-Chapman et al. (2007), study cited in: Ige (2018).  
540 Hocking et al. (2019). 
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Studies have revealed that low temperature increases the risk of cardiovascular and respiratory diseases, 
whereas elevated temperature increases the risk of acute non-specific and respiratory symptoms, such as dry 
eyes. In terms of respiratory illnesses, low temperatures in an office environment have been found to favour 
virus viability (depending on the status of the physiological tissue in the airways), while virus viability 
generally decreases at elevated temperatures.541  

Furthermore, there is evidence that indoor air humidity is a thermal parameter of similar importance to 
room temperature and ventilation in controlling indoor air quality, health, comfort and working 
performance. In this respect, elevating the indoor air humidity from dry indoor air conditions has been 
found to alleviate dry eye and fatigue symptoms, and to improve work performance.542 In addition, as 
elevated ventilation rates generally reduce poor indoor air exposure, ventilation has also been found to 
improve work performance and reduce both acute and chronic health outcomes.  

Studies have found that decreased ventilation leads to increased sleepiness, lower alertness and decreased 
concentration, thus having a negative effect on performance,543 whereas increased ventilation has a positive 
effect on office workers’ cognitive performance.544 Examining different heating, ventilation and air 
conditioning system strategies, one study conducted in the United States found that improved working 
conditions can contribute to improved performance by 8 per cent, which has been estimated to equivalise 
to a $6,500 increase in employee productivity each year.545 Regarding ventilation specifically, another study 
estimated that the total net economic benefits of increasing ventilation rates in US offices ranged from 
$13 billion to $38 billion, with the benefits far exceeding energy costs, or even in some cases resulting in 
energy savings.546  

It must be noted, however, that air ventilation and re-circulation without filtration or disinfection can 
become a means of spreading of air pollutants, allergens and pathogens, and in this respect the poor quality 
of ventilation systems in crowded confined indoor office-like environments is associated with an increased 
risk of transmission of respiratory infections. As the review of evidence suggests, a co-ordinated approach 
to the identification of optimal conditions for indoor air humidity, room temperature and ventilation is 
needed to meet the requirements for optimal perceived indoor air quality, health and work performance.547 
Evidence suggests that determining these optimal conditions could result in economic benefits, with one 
study estimating annual savings and productivity gains of $10 to $30 billion for reducing SBS symptoms, 
and $6 to $14 billion for lowering respiratory disease in the United States through improving indoor 
environmental conditions.548  

Studies also found that many non-industrial buildings do not provide adequate indoor environmental 
quality, in particular indoor air quality. This can lead to reduced quality of life, increased health risks and 
inability to perform work.549 However, it is estimated that there could be considerable health and 
productivity benefits in the range of 2 million health life years saved in Europe by avoiding exposure to 
indoor air pollutants in non-industrial buildings.550 Similar benefits have been estimated for the 

 
541 Wolkoff et al. (2021). 
542 Wolkoff et al. (2021). 
543 Vehvilainen et al. (2016). 
544 MacNaughton et al. (2015). 
545 MacNaughton et al. (2015). 
546 Fisk et al. (2012). 
547 Wolkoff (2021). 
548 Fisk (2000). 
549 Wargocki (2011).  
550 Wargocki (2011).  



RAND Europe 

80 

United States in relation to reducing exposure to air pollutants in residential buildings, with potential 
annual savings and productivity gains estimated at $168 billion (1997 estimate). Furthermore, improved 
air quality has been estimated to lead to a saving of $400 per employee per year (2000 estimate) due to 
reduced absenteeism. In Europe, the annual productivity benefits due to improved air quality have been 
estimated to be at a level of around €330 per worker (2000 estimate).551  

The importance of air quality and ventilation has become paramount during the COVID-19 pandemic. 
Early assessments of the virus transmission pathways highlighted the importance and effectiveness of 
keeping surfaces clean and disinfected. However, more recent evidence outlines that the principal mode of 
transmission of SARS-CoV-2 (the virus that causes COVID-19) is through exposure to respiratory droplets 
carrying the infectious virus.552 As such, public health guidance recommends controlled measures related to 
increased ventilation rates,553 while industry partners are calling for a ‘post-COVID “revolution” in building 
air quality’ to improve building ventilation systems to achieve health benefits.554  

Studies also suggest that the introduction of measures to increase the share of daylight in buildings provide 
more pleasant working and living conditions. Better access to daylight has been found to reduce absenteeism 
by 15 per cent, with workers 47 per cent more likely to be at the workplace when the building design focuses 
on prioritising maximising daylighting.555 Daylight exposure may also have behavioural impacts with, for 
example, one US study observing that workers with windows in the workplace showed a trend towards 
more physical activity than those in windowless environments, while those in windowless environments 
reported lower scores than their counterparts in relation to role/occupational limitation due to physical 
problems and lack of vitality.556  

Furthermore, the level of daylight has an impact on the attention of workers when carrying out repetitive 
tasks, and can increase productivity.557 A literature review suggested that daylight has a greater probability 
of maximising performance on visual tasks than artificial lighting due to its larger spectrum, which ensures 
quality colour rendering.558 Another study found a statistically significant positive relationship between 
direct sunlight exposure and job satisfaction, but also a negative relationship between higher levels of 
exposure to direct sunlight and levels of anxiety. Exposure to indirect sunlight demonstrated a statistically 
significant negative relationship with the incidence of depressed mood and a statistically significant positive 
relationship with the incidence of reported organisational commitment.559  

 
551 Wargocki (2011).  
552 See scholarly evidence, e.g. Morawska & Cao (2020); Tang (2021); Morawska et al. (2020). See also evidence and guidelines produced by: 
WHO (https://www.who.int/teams/risk-communication, for instance  
https://cdn.who.int/media/docs/default-source/epi-win/covid_update-31-may-2021.pdf?sfvrsn=32d0b8d6_4), European Centre for Disease 
Prevention and Control (2020); a Science Brief: SARS-CoV-2 and Surface (Fomite) Transmission for Indoor Community Environments 
produced by the US’s Centers for Disease Control and Prevention  
https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/surface-transmission.html  
553 See for instance WHO’s public health guidance related to measures in the workplaces: WHO (2020). 
554 See for instance REHVA (2021); Seppanen (2021); CIBSE (n.d.).   
555 Mujan (2019). 
556 The authors concluded that workers in workplaces without windows had significantly worse scores on two of the SF-36 dimensions – role 
limitation due to physical problems (RP) and vitality (VT) – than workers in workplaces with windows (p = 0.001 and p = 0.004, respectively). 
The authors have also observed a positive correlation between light exposure during work hours and role limitation due to physical problems (R = 
0.503, p = 0.02). See: Boubekri et al. (2014). 
557 van Bommel & van den Beld (2004), cited in Mujan et al. (2019).  
558 Boyce et al. (2003). 
559 An et al. (2016). 
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 Focus on children: Impact on school attendance and performance 
School absenteeism among children carries a short-term economic impact because of the working days 
parents will likely miss as a result. School absenteeism and poor academic performance have longer-term 
impacts, as once they join the workforce these children are likely to have lower incomes than they would 
have had if they had not suffered from poor health.560 

Asthma 
Evidence indicates that exposure to damp and/or mould is a contributing factor for both childhood-onset 
and adult-onset asthma. Studies show that children with asthma miss a greater number of school days than 
the average as a result of this condition. One study found that approximately one in three children aged 14 
to 15 with asthma (who participated in this study) had missed school in 2013 as a result of their 
symptoms.561 Moreover, another study found that school-aged children (aged 6 to 17 years old) with asthma 
missed 1.54 times the number of school days compared to school-aged children without asthma.562 A 
national-level US-based study found that asthmatic children aged between 6 and 17 missed 1.54 additional 
school days per year due to the condition.563 

Moreover, there is evidence from the United States directly indicating the impact of children’s asthma on 
parents’ lost workdays.564 One study found that parents with asthmatic children missed an average of 
1.16 times more workdays than parents with healthy children.565 Similar results have been found in another 
study conducted in the United States, albeit without the provision of statistical significance, with parents 
of asthmatic children reporting missing 1.5–1.7 additional days of work, as compared to parents of non-
asthmatic children.566 In one study conducted in the United States, even in cases of carefully controlled 
asthma, the number of workdays parents missed as a result, as compared to parents with non-asthmatic 
children, remained statistically significant.567 The fact that in this same study only 37 percent of the parents 
with asthmatic children had missed an additional workday, as compared to parents of non-asthmatic 
children,568 also suggests that variation in levels of severity of the condition may have an impact. 

In terms of impact on school performance, evidence suggests that asthma may act as a risk factor. One study 
in the Netherlands, for example, reported that the presence of asthma throughout childhood is significantly 
linked to lower school performance.569 This finding is supported by a meta-analysis conducted as part of a 
different study showing that asthma is associated with cognitive impairments.570 Another study that took 
place in Sweden found that children who had developed asthma at some point in the past were significantly 
more at risk of performing worse in school, although only for school-age onset. The level of asthma control 

 
560 Gehrt (2019). 
561 Stridsman et al. (2017).  
562 Sullivan (2018). 
563 Sullivan (2018). 
564 Sullivan (2018). 
565 Sullivan (2018). 
566 Nurmagambetov (2017). 
567 Sullivan (2018). 
568 Fiks et al. (2015). 
569 Ruijsbroek et al. (2015).  
570 As the authors explained : ‘A random-effects model examining the mean difference in scores between individuals with asthma compared to 
healthy individuals revealed a significant pooled effect size of -0.33, with 95% confidence that the true effect (measured in standardized difference 
in means) falls in the range of -0.40 to -.2. (…) To test the hypothesis that effect size differences between individuals with asthma and controls 
varied by cognitive domain, we conducted a subgroup analysis, which was significant, Q(54) = 195.16, p < .001). A mixed-effects model that 
combined effects within each cognitive domain revealed significant effects for global intellect (δ = -0.287, p < .001, fail safe n = 103), academic 
achievement (δ = -0.618, p < .001, fail safe n = 115), attention (δ = -0.204, p < .001, fail safe n = 64), executive functioning (δ = -0.452, p < .001, 
n = 131), processing speed (δ = -0.309, p < .001, fail safe n = 64), learning and memory (δ = -0.200, p = .011, fail safe n = 33), language (δ = -0.205, 
p = .002, fail safe n = 10), and visuospatial functioning (δ = -0.33, p < .001, fail safe n = 9).’ See: Irani (2017). 
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was not linked to their school performance.571 While one Swedish study found no significant link between 
asthma and academic outcomes, the authors suggested that countries without healthcare equality in society 
may see a different result.572  

Overall, evidence suggests that there is a link between asthma and poorer school performance; however, 
data differ on whether, or to what extent, this link is statistically significant. There are also some limitations 
to these studies, such as skewed distributions in the study populations;573 studies conducted on populations 
and locations with specific characteristics, making it difficult to generalise to other groups;574 missing data;575 
and some data being self-reported.576 

Allergic conditions 
Evidence suggests that exposure to damp and mould has an impact on allergic conditions. The impact of 
allergic conditions on school performance is more indeterminate, with mixed results reported in studies.577 

Sleep disruption 
It has been found that several poor indoor conditions, including damp and mould, poor daylight levels and 
environmental noise, may have a negative impact on sleep length and quality.578 Studies investigating the 
link between sleep disturbances and academic outcomes in adolescents have found mixed results. A 
systematic review of 76 studies found that sleep disruption had a negative effect on school performance.579 
Another study, however, found no statistically significant link between sleep duration and academic 
performance.580 

Poor mental health  
Some associations have been identified between poor indoor conditions (such as damp and mould, poor 
daylight levels, and environmental noise) and poor mental health. One paper investigating the link between 
psychological and psychosomatic health complaints in children and their educational attainment found a 
statistically significant link between these conditions and a 12 per cent lower likelihood of enrolling in 
university 10 years later.581 

 
571 The authors have noted ‘a statistically significant association for performing less well was seen for ever asthma (ORadj = 1.43, 95% CI = 1.09–
1.88). In analyses of asthma onset, an association was seen for school-age onset (ORadj = 1.49, CI = 1.02–2.16) and a tendency for persistent 
asthma (ORadj = 1.61, CI = 0.98–2.66), although with overlapping confidence intervals. Further, adolescents with uncontrolled asthma tended to 
perform less well (ORadj = 2.60, CI = 0.87–7.80) compared to adolescents with partly controlled (ORadj = 1.12, CI = 0.68–1.83) and fully 
controlled (ORadj = 1.29, CI = 0.55–3.01) asthma.’ See: Nilsson et al. (2018). 
572 Brew et al. (2019).  
573 Jones et al. (2017); Nilsson et al. (2018); Ruijsbroek et al. (2015).  
574 Bhagat et al. (2017).  
575 Ruijsbroek et al. (2015).  
576 Bhagat et al. (2017).  
577 Blaiss et al. (2018).  
578 Please note that other factors, for instance the use of electronic devices, also have impact on sleep length and quality. For a review of a broad 
range of factors having impact on sleep, see Hafner et al. (2016).  
579 Medic et al. (2017). 
580 Pecor et al. (2016). 
581 Laftman & Magnusson (2017).  
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Impact of noise exposure on academic outcomes 
One study has found a significant association582 between noise exposure at home and children’s performance 
at school. This effect was attributed primarily to night-time exposure to noise, which has an impact on the 
quality of sleep and may consequently affect children’s cognitive function during academic tasks at school.583 

Impact of daylight exposure on academic performance 
Studies conducted in the United States examining the performance of schoolchildren found an 
improvement in the end-of-year scores (in Colorado and Washington) and autumn and spring scores (in 
California) among students in classrooms with the most daylight.584 Furthermore, findings from follow-up 
studies showed that a larger view providing more access to daylight had a positive impact on students’ 
performance.585  

In the European context, the SINPHONIE study (N=2,387) found a positive association between the 
window size according to floor ratio, adequate daylight control (using an effective shading device) and 
students’ scores. The study results showed that children studying in classrooms with large windows and an 
effective shading device performed better in mathematical and logic tests.586 Furthermore, the results of a 
study conducted in the United Kingdom assessing 3,766 pupils in 153 classrooms showed that exposure to 
light (both daylight and electric light) was the biggest single factor influencing progress in children’s 
learning.587 Finally, there is also some evidence to suggest that daylighting in schools decreases absenteeism; 
however, the evidence here is mostly circumstantial and/or anecdotal (no statistical analysis).588 

Impact of temperature and ventilation on academic performance 
There is a body of evidence that shows a relationship between classroom temperature, ventilation rates and 
students’ performance.  

A meta-analysis of published evidence on the effects of classroom temperature on children's performance in 
school shows that reducing the temperature from 30 °C to 20 °C is expected to increase performance in 
undertaking school tasks and learning by 20 per cent, and that the temperature for optimal performance is 
lower than 22°C. The analysis also indicates that the optimal temperature for the performance of 
schoolwork seems to be lower than for office work, and that the effects of temperature on schoolwork seem 
to be greater in magnitude than has been found for office work.589  

Scientific evidence also found associations between ventilation levels and students’ attendance and 
performance. In general, an increased level of ventilation improves students’ attention and concentration, 
and reduces fatigue and student absenteeism. These factors have a positive impact on students’ academic 
achievements, with some intervention studies reporting statistically significant improvements in some 
aspects of performance to a magnitude of as high as 15 per cent.590 For example, a study conducted in fifth 

 
582 ORs in a range of 1.14 to 2.83 for a variety of noises, with noises increasing annoyance levels, thus having negative impact on school performance.  
583  Grelat et al. (2016).  
584 As outlined by the study authors, the data indicate that students with the most classroom daylighting progressed 20 per cent faster on mathematics 
tests and 26 percent on reading tests in one year than those with the least. Similarly, students with the largest windows progressed 15 per cent faster 
in mathematics and 23 percent faster in reading than those with the least. In classrooms where windows could be opened, there was a 7 to 18 per cent 
faster educational progress than those with fixed windows, regardless of air conditioning. See: Heschong Mahone Group (1999). 
585 Heschong Mahone Group (2001); Heschong Mahone Group (2003); Eitland (n.d.). 
586 Csobod (2014).  
587 Barrett (2015). 
588 Edwards & Torcellini (2002). 
589 Wargocki et al. (2019). 
590 Fisk (2017). 
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grade classrooms in 100 schools in the United States found that students’ performance in standard academic 
mathematics and reading tests increased with higher ventilation rates.591 In another study conducted in 
Denmark, students in four classrooms achieved a statistically significant increase of 8 per cent in the speed 
of completing schoolwork tasks with a doubling in the ventilation rate, but there was no statistically 
significant influence of an increase in the ventilation rate on the number of errors made by students.592 

Despite this promising evidence, it is important to note that a review of literature published in refereed 
archival journals indicates that ventilation rates in classrooms often do not meet the minimum ventilation 
rates specified in regulatory standards, thus having a negative effect on students’ health and performance.593 

 Focus on elderly: Impact on healthcare and social care costs, and 
economic impact on family carers   

In general, the socio-economic costs related to the poor health of elderly populations relate to two types of 
costs: 

1. Economic impact on informal family carers, e.g. reduced work capacity and labour productivity of 
informal carers. 

2. Health and social care costs, e.g. increased demand for social care provision, cost of formal carers 
and additional demand for healthcare provision in hospitals.  

There are numerous studies assessing the socio-economic costs of elderly care. However, there is a paucity 
of studies providing estimations about the costs resulting from poor elderly health due to poor housing 
conditions, and the associated costs for family carers. A systematic review of literature on the value of 
informal elderly care suggests that informal carers on average spend 32.4 hours per week of caregiving time, 
and the average hourly unit cost of informal caregiving is over €11.594 However, as the authors highlight, 
the amount of caregiving and its cost varied significantly between countries (including European countries), 
with the organisation of the formal care system, family traditions and cultural expectations related to 
informal care provision, and the differences in income per capita and salaries all having an impact on the 
intensity of informal care.595 Furthermore, the mentioned figure does not provide a basis for estimating the 
amount and costs of caregiving that becomes necessary as a result of poor indoor climate. 

As people age, their capacities often decline, and this leads to limitations in activities of daily living and a 
rising demand for care services. Reporting on a European study of housing quality and risk of accidents for 
older people, one study suggests that many of these limitations in daily activities are to a varying degree 
caused, enhanced or facilitated by disadvantageous housing and environmental conditions.596 The authors 
suggest that home modifications could be part of the solution as they support capacity of a person’s home, 
allow for an extended and safe use of the home, and help to avoid unnecessary institutionalisation and 
higher social care costs. Evidence from one study conducted in the Netherlands also suggests that the overall 
costs of living and healthcare are higher for elderly people in residential care than for elderly people provided 

 
591 Haverinen-Shaughnessy et al. (2011). 
592 Wargocki & Wyon (2007) ‘The effects of outdoor air supply rate and supply air filter condition in classrooms on the performance of schoolwork 
by children.’; Wargocki & Wyon (2007). ‘The effect of moderately raised classroom temperatures and classroom ventilation rate on the performance 
of schoolwork by children.’; Wargocki & Wyon (2006). 
593 Fisk (2017).  
594 Oliva-Moreno et al. (2017). 
595 Oliva-Moreno et al. (2017). 
596 Braubach & Power (2011). 
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with home care.597 However, the authors note that comparing between the costs of home care and residential 
care is challenging because of different characteristics of elderly people living in their own homes compared 
with elderly residents of care homes.598 In addition, the authors conclude that elderly people seem to be 
happier in residential care, and that all stakeholders, except the state (thus the taxpayer), benefit if elderly 
people enter residential care.599  

Calculating the costs related to the provision of social and healthcare, studies conducted in the 
United Kingdom suggest that cold homes alone lead to the development of illnesses that cost the UK’s 
NHS between £848 million (2015 data) and £1.36 billion (2016 data).600 These studies also highlight the 
particular susceptibility of the elderly, who due to the fact that they spend 80 per cent of their time at 
home601 are more likely to experience any harmful effects linked to the quality of their dwelling.  

 

 

 

 

 

 
597 The authors assessed that the total costs of an elderly person living in residential care exceed the total costs of living at home by €11,350 per 
person per year (2009 prices), see: Kok et al. (2015). 
598 The main predictors of admission to institutional care include older age, physical and cognitive impairments, low social activity, lack of support 
and assistance in daily living. 
599 This conclusion may be country specific and differ if the residential care is privately-funded. See: Kok et al. (2015). 
600 Age UK (2012); Nicol et al. (2015), both studies cited in Bridgeman et al. (2016). 
601 Housing and Ageing Alliance (2013). 
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5. Quantifying the healthcare costs and well-being effects 
associated with poor indoor climate  

Box 4: Summary of key findings from the well-being valuation analysis (WVA) 

• The direct healthcare costs attributable to damp and mould and a lack of daylight in residential 
buildings is estimated to be €1.9 billion for the EU-27 countries and €2.7 billion for the EU27+ 
countries.  

• Being exposed to poor indoor climate decreases the reported level of life satisfaction by the 
following percentages: Damp: 1.6 per cent; lack of daylight: 1.1 per cent; noise: 0.6 per cent; 
excess cold: 3.9 per cent. 

• These numbers exceed the impacts of environmental pollution and crime in the area of living on 
life satisfaction. The impact of exposure to damp on life satisfaction is comparable to that of being 
separated from a partner. 

• The individual compensating income variation (i.e. the necessary income an individual would 
have to be compensated for as a result of being exposed to indoor climate hazards to achieve the 
same level of well-being as an individual who has not been exposed to such hazards) for all hazards 
combined is €6,288 per year. As this is a function of the average income in a given country, the 
highest levels are found in Switzerland (€16,844.30), Luxembourg (€13,091.00) and Norway 
(€12,665.10); the lowest levels are found in Romania (€1,225.20), Bulgaria (€1,273.10) and 
Hungary (€1,900.70). 

• At an aggregated level, i.e. adding up the CIVs of all individuals affected by a specific hazard in a 
given country, the amount is €258 billion for the EU27+, €29 billion for Germany, €42 billion 
for the United Kingdom and €37 billion for Italy. 

 

This chapter aims to understand the healthcare and well-being costs associated with indoor climate risk 
factors such as being exposed to damp and mould, lack of daylight, inadequate temperature or excessive 
noise for the adult population.   

With regards to direct healthcare costs, there are several estimates reporting the total healthcare spending 
for health conditions associated with poor indoor climate, such as asthma (damp and mould) or poor mental 
health (lack of daylight, noise).602 However, no study so far has aimed to calculate the attribution of indoor 
climate risks to these healthcare costs. Using a population attributable fraction (PAF) approach we aim to 
address this gap in the existing literature.  

Beyond direct healthcare costs, more policymakers and decisionmakers are focusing on the wider lens of 
well-being. This is as consensus is emerging that the existing metrics of prosperity, such as GDP, are perhaps 
not directly measuring and monitoring societal progress.603 New concepts have emerged on developing 
alternative indicators, including those based on a framework to monitor societal well-being through 
measures of happiness.604 Previous research has demonstrated that indoor climate risk factors are adversely 

 
602 For example https://www.asthma.org.uk/about/media/news/asthma-uk-study-1.1bn/.  
603 Stiglitz et al. (2009). 
604 For example, New Zealand’s treasury developed a framework to monitor societal well-being and inform budgetary priorities based on the 
populations’ well-being, Finland prioritised well-being in its 2019 European Union presidency programme. The United Kingdom’s Treasury has 
included measures of well-being as part of its economic appraisal guidance handbook the ‘Green Book’. And many other OECD countries have 
 

https://www.asthma.org.uk/about/media/news/asthma-uk-study-1.1bn/
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associated with individual self-reported health.605 To expand this analysis, we use EU-SILC data to 
determine whether indoor climate risk factors are also associated with people’s general well-being, which is 
measured as an individual’s life satisfaction. We then use an established method, the so-called well-being 
valuation analysis, to calculate the monetary value of the well-being loss associated with individuals across 
Europe being exposed to indoor climate risk factors. 

5.1. Health and healthcare cost burden associated with poor indoor 
climate 

This section aims to calculate the health burden and direct healthcare cost of a poor indoor climate through 
a selection of health conditions. As stated in the previous sections, there is evidence that damp and a lack 
of daylight can be associated with poor health, including asthma, respiratory conditions and depression. For 
the purpose of this analysis, we draw on Global Burden of Disease (GBD) data, which include information 
regarding disease prevalence, and on EU-SILC data, which provide information on the proportion of people 
living in damp or dark housing conditions. We also consult the academic literature for data on attributable 
risk and average direct healthcare costs. One challenging aspect of trying to assess the health burden of a 
disease is that there are many factors that can contribute towards the onset of a disease. However, it is 
possible to attribute the proportion of the total disease burden to specific health risks, such as damp or a 
lack of daylight. To do this, we need the attributable or relative risk parameters from the medical or 
epidemiologic literature. In essence, the attributable or relative risk represents the percentage difference in 
observed morbidity between the exposed population (i.e. the population living in damp housing conditions, 
and the population living with a lack of daylight) and the unexposed population. This represents the share 
of the disease burden that would be reduced if the risk factor were eliminated. Due to limited literature in 
this area, we focus on the association between damp housing and asthma and respiratory infections. For 
lack of daylight, we focus on the association with depression. These are shown in Table 13 below: 

Table 13: Relative risk of damp and dark housing conditions, by health conditions 

Risk factor Condition Relative risk Study 
Damp 
 

Asthma 1.3 Quansah et al. (2012)606 

Damp Upper respiratory infection  1.6 Jaakkola et al. (2013)607 

Damp Lower respiratory infection  1.5 Urlaub & Grün (2016)608 
Dark Depression 1.3609 Brown et al. (2011)610 

Technically, the population attributable fraction (PAF) of a risk factor, such as damp, can be calculated as 
follows:  

𝑃𝑃𝑃𝑃𝑃𝑃 = (𝑃𝑃	𝑥𝑥	(𝑅𝑅𝑅𝑅 − 1))/(𝑃𝑃	𝑥𝑥	(𝑅𝑅𝑅𝑅 − 1)	+ 1)																									(4) 

 
adopted similar frameworks. The UK Office of National Statistics for a couple of years is regularly collecting data about the well-being of people 
and has implemented questions that ask about general life satisfaction and mental health into its population surveys.  
605Gehrt et al. (2019). 
606 Quansah (2012). 
607 Jaakkola (2013). 
608 Urlaub & Grün (2016). 
609 An ‘odds ratio’ (OR) as opposed to an RR is used for the association between dark housing conditions and depression, due to a lack of literature. 
610 Brown & Jacobs (2011). 
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where P represents the overall proportion of the population exposed (e.g. share of people exposed to damp) 
and RR represents the attributable risk, or relative risk, of the disease onset under exposure. For the purpose 
of this analysis, for the variable P in equation (4) we use data from the EU-SILC for the overall share of the 
population affected by damp exposure or a lack of daylight, as shown in Table 3 and Table 11, respectively.  

The final piece of information we need is an estimate of the average direct healthcare costs of treating one 
case of a disease per year. For this, we consult the academic literature to find European-wide estimates of 
the average healthcare costs of treating asthma, respiratory conditions and depression. Costs have been 
adjusted to 2019 levels, in euros, and are shown in Table 14 below. 

Table 14: Average cost of treating one person in Europe per year, by health condition 

Health condition Healthcare cost Study 

Asthma €2,150 European Lung White Book611 

Upper respiratory infection €71 European Lung White Book612 

Lower respiratory infection  €87 Ryan et al. (2006)613 

Depression €880 Gustavsson et al. (2011)614 

 

We can then estimate the healthcare cost of poor housing conditions, using equation (5) below: 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻ℎ𝑐𝑐𝐻𝐻𝑐𝑐𝐻𝐻	𝑐𝑐𝑐𝑐𝑐𝑐𝐻𝐻	𝑏𝑏𝑏𝑏𝑐𝑐𝑏𝑏𝐻𝐻𝑏𝑏 = 	𝐷𝐷𝑃𝑃	𝑥𝑥	𝑃𝑃𝑃𝑃𝑃𝑃	𝑥𝑥	𝐻𝐻𝐻𝐻																																		(5)	 

 

where DP represents the number of people with the disease, PAF is the population attributable fraction and 
HC is the average healthcare cost per person. The healthcare costs are shown in Table 15, below. 

Table 15: Healthcare cost (EUR) attributable to living in damp or dark housing 
conditions in 2019, by country 

Poor 
housing 
condition 

Damp Dark Damp and 
Dark (total) 

Health 
condition Asthma 

Upper 
respiratory 
infections  

Lower 
respiratory 
infections   

Depression   

EU27+ 2,622,963,010  1,334,996  1,382,549  115,159,317  2,740,839,872  

EU 27 1,845,183,307  1,234,131  1,278,208  101,101,953  1,948,797,599  

Austria 28,006,027  23,021  23,710  2,874,592  30,927,350  

Belgium 57,462,280  66,840  69,322  4,834,502  62,432,944  

Bulgaria 19,519,843  44,357  45,807  2,610,293  22,220,300  

Croatia  11,462,827  28,276  29,148  2,511,038  14,031,289  

Cyprus 16,734,456  48,338  50,684  1,634,590  18,468,068  

 
611 https://www.erswhitebook.org/about/ 
612 https://www.erswhitebook.org/about/  
613 Ryan et al. (2006). 
614 Gustavsson (2011). 

https://www.erswhitebook.org/about/
https://www.erswhitebook.org/about/
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Poor 
housing 
condition 

Damp Dark Damp and 
Dark (total) 

Health 
condition Asthma 

Upper 
respiratory 
infections  

Lower 
respiratory 
infections   

Depression   

Czechia 14,537,013  25,439  26,153  1,659,319  16,247,924  

Denmark 26,089,769  43,623  45,166  2,738,083  28,916,641  

Estonia 2,292,589  70,255  72,677  3,390,773  5,826,294  

Finland 9,752,503  10,002  10,254  3,119,839  12,892,598  

France 312,540,594  32,061  33,079  5,310,457  317,916,191  

Germany 266,439,918  33,723  34,825  2,733,356  269,241,822  

Greece 44,516,697  40,797  42,130  5,908,360  50,507,984  

Hungary 42,674,687  58,646  61,072  4,402,367  47,196,772  

Ireland 25,821,273  28,561  29,494  4,826,425  30,705,753  

Italy 207,668,656  40,300  41,654  2,289,227  210,039,837  

Latvia 6,933,856  111,015  115,328  6,789,660  13,949,859  

Lithuania 6,278,392  94,530  97,790  5,535,682  12,006,394  

Luxembourg 4,149,911  31,896  33,024  3,518,271  7,733,102  

Malta 1,768,536  28,972  29,811  5,601,814  7,429,133  

Netherlands 122,900,663  34,589  35,812  2,098,776  125,069,840  

Norway 16,688,960  22,362  22,989  1,725,778  18,460,089  

Poland 150,151,132  36,812  37,981  1,409,068  151,634,993  

Portugal 153,419,825  99,084  103,346  8,184,082  161,806,337  

Romania 47,622,099  43,193  44,485  1,917,921  49,627,698  

Slovakia 6,104,028  26,178  26,887  1,470,600  7,627,693  

Slovenia 13,108,620  73,995  76,995  2,611,803  15,871,413  

Spain 211,221,985  36,954  38,261  6,284,920  217,582,120  

Sweden 36,005,131  22,676  23,312  4,836,137  40,887,256  

Switzerland 41,296,409  21,241  21,915  4,307,715  45,647,280  

United 
Kingdom 719,794,334  57,262  59,437  8,023,871  727,934,904  

Note: Table entries represent estimates for the direct healthcare costs associated with damp and mould and a lack of daylight in 
residential buildings. Values are reported in Euros.  

 

 

Through its impact on asthma and respiratory conditions, damp housing conditions cost European health 
services over €2.6 billion per year. Dark housing conditions also contribute to over €115 million a year in 
increased healthcare costs, via its effect on the burden of depression. The direct healthcare cost attributed 
to damp and mould and lack of daylight reported in Table 15 represent annual costs that occur if these risk 
factors are prevalent in residential buildings. Reducing people’s exposure to these risk factors could result 
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in longer-term reductions of direct healthcare costs. For example, by 2050 across the EU-27 countries we 
estimate that cumulatively €31.5 billion in direct healthcare cost could be saved if the exposure to damp 
and mould and lack of daylight is eradicated. Across the EU-27+ we estimate cumulative cost savings of 
€44.2 billion.615 The breakdown by countries is provided in Appendix B.  

It is important to highlight that the direct healthcare cost estimates provide a relevant figure for the cost 
associated with indoor climate risk factors based on a widely applied methodology in the literature (PAF). 
However, there are a number of limitations to note with this analysis. First, estimating the healthcare costs 
of individual conditions is very challenging. As a result, the literature in this area is sparse, and among the 
literature that does exist, quantitative estimates can be extremely varied. Second, it is important to highlight 
that the PAF may inflate the true values of the attributable risk, because in many cases, when the relative 
risks are assessed empirically in the scientific literature, not all possible risk factors have been able to be 
adjusted for. Third, because of a lack of average healthcare costs by disease for each country, we have used 
the same EU average unit cost estimate for every country. 

5.2. Indoor climate risk factors and their association with life satisfaction  

In recent decades there has been increasing interest in the measurement and promotion of well-being to 
engage with societal transformation. As research on well-being has evolved, different concepts and measures 
of well-being have emerged. For example, well-being can be described through objective measures related 
to a person’s objective standard of living or through subjective measures (e.g. based on a person’s cognitive 
judgment about life).616  

The literature suggests three conceptual frameworks on how to evaluate subjective well-being.617 First, there 
is the hedonic concept of well-being, which focuses on whether a person feels happy or experiences pleasure. 
Second, the evaluative concept defines well-being as a person’s view about their overall life satisfaction or 
specific domains in their life (e.g. health status). Third, an eudaimonic perspective focuses on whether 
individuals have felt that they achieved self-realisation or whether they feel they fulfil a purpose. While there 
are many different concepts of subjective well-being, there is generally consensus among researchers and 
practitioners that well-being is a multi-dimensional construct that generally goes beyond simple measures 
of mental health or feeling happy.618 That is, subjective well-being is not merely the absence of mental health 
problems, but a wider concept that measures additional domains of well-being. 

To measure well-being, many countries have been collecting data on subjective well-being measures, most 
notably about people’s life satisfaction or happiness. One frequently used question to assess a person’s overall 
life satisfaction is ‘Overall, how satisfied are you with life as a whole these days?’, often measured on a scale 
from 0 (not at all) to 10 (completely).619 While it is impossible to measure all aspects of well-being within 
one question, there is evidence suggesting that this question measuring life satisfaction does provide a 
relatively broad assessment of a person’s well-being, and has been found to obtain similar results as subjective 

 
615 Cumulative values are calculated by adding the annual costs reported in Table 15 year-on-year up to 2050 and assuming a discount rate of 5 per 
cent to calculate the net-present value of the potential cost savings of reducing exposure to damp and mould and lack of daylight.  
616 Stiglitz (2009). 
617 VanDerWeele et al. (2020): https://www.sciencedirect.com/science/article/pii/S0091743520300281  
618 OECD (2020): https://doi.org/10.1787/9870c393-en.  
619 For example, UK Office for National Statistics: 
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/methodologies/surveysusingthe4officefornationalstatisticspersonalwellbeingq
uestions  

https://www.sciencedirect.com/science/article/pii/S0091743520300281
https://doi.org/10.1787/9870c393-en
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/methodologies/surveysusingthe4officefornationalstatisticspersonalwellbeingquestions
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well-being measure scales that include several different well-being concepts.620 Furthermore, this question 
has been used in numerous surveys across the world and hence allows comparisons of life satisfaction across 
countries and regions.621 A similar question has also been asked in the 2013 and 2018 version of the EU-
SILC database provided by Eurostat.622  

The goal of our empirical analysis is to estimate the effect of indoor climate risk factors in residential 
buildings on the life satisfaction of European citizens. The analysis uses a regression-based analytical 
framework in which the correlation between indoor climate risk factor and life satisfaction is assessed, after 
controlling for other factors that may influence a person’s housing decision, life satisfaction or both. So for 
instance, just correlating the indoor climate risk factors a person is exposed to with life satisfaction would 
most likely be heavily biased, as many other factors, for example a person’s socio-economic status, could 
determine housing quality and life satisfaction. Hence, to single out the effects for indoor climate risk 
factors, a number of variables are controlled for, including a person’s age, gender, education, income, type 
of region (e.g. urban, suburban, rural) or type of dwelling. We also control for proxy variables related to a 
person’s potential personally traits (e.g. measured on how much a person generally trusts other people) and 
adjust for potentially seasonal effects (e.g. a person might respond to a question related to happiness or life 
satisfaction differently depending on the weather or season). All technical details of this regression analysis 
are reported in Appendix A.  

Based on EU-SILC data for 2013 and 2018, Table 16 shows the self-reported levels of life satisfaction across 
European countries. All entries are weighted with appropriate survey weights to make them representative 
for the population in each country. The populations in Austria, Denmark, Finland, Ireland, Norway, 
Switzerland and Sweden tend to be among the most satisfied. In comparison, the populations in Bulgaria, 
Croatia, Cyprus, Greece, Hungary and Portugal are among the least satisfied, although Cyprus shows the 
largest improvement between 2013 and 2018 in average life satisfaction. It’s important to note that there 
tends to be a trend towards an increase in average life satisfaction across many countries, whereas for some, 
average life satisfaction has somewhat decreased (e.g. Denmark, Switzerland, Sweden). It is not possible to 
determine the drivers of improvement or deterioration in each country based on these data, as many factors 
could drive these figures.  

Table 16: Life satisfaction across Europe (measured on a scale from 0 to 10) 

CCoouunnttrryy//YYeeaarr  
22001133  22001188  BBootthh  ((aavveerraaggeedd))  

Austria 7.8 8.0 7.9 

Belgium 7.5 7.6 7.6 

Bulgaria 4.9 5.4 5.1 

Croatia 6.4 6.4 6.4 

Cyprus 6.2 7.1 6.6 

Czechia 6.9 7.4 7.1 

Denmark 7.9 7.6 7.8 

Estonia 6.4 7.0 6.7 

 
620 https://link.springer.com/article/10.1007%2Fs11136-014-0726-4  
621 https://worldhappiness.report/ed/2016/  
622 https://ec.europa.eu/eurostat/documents/2995521/10207020/3-07112019-AP-EN.pdf/f4523b83-f16b-251c-2c44-60bd5c0de76d  

https://link.springer.com/article/10.1007%2Fs11136-014-0726-4
https://worldhappiness.report/ed/2016/
https://ec.europa.eu/eurostat/documents/2995521/10207020/3-07112019-AP-EN.pdf/f4523b83-f16b-251c-2c44-60bd5c0de76d
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CCoouunnttrryy//YYeeaarr  
22001133  22001188  BBootthh  ((aavveerraaggeedd))  

Finland 8.0 8.0 8.0 

France 7.1 7.2 7.2 

Germany 7.3 7.4 7.4 

Greece 6.2 6.4 6.3 

Hungary 6.1 6.5 6.3 

Ireland 7.5 8.1 7.8 

Italy 6.6 7.1 6.8 

Latvia 6.5 6.7 6.6 

Lithuania 6.7 6.4 6.6 

Luxembourg 7.4 7.6 7.5 

Malta 7.1 7.5 7.3 

Netherlands 7.7 7.6 7.7 

Norway 7.8 7.9 7.8 

Poland 7.3 7.7 7.5 

Portugal 6.2 6.7 6.5 

Romania 7.2 7.3 7.3 

Slovakia 7.0 7.2 7.1 

Slovenia 6.9 7.1 7.0 

Spain 6.9 7.3 7.1 

Sweden 7.8 7.7 7.7 

Switzerland 8.1 8.0 8.0 

United Kingdom 7.3 7.6 7.5 
Note: Table entries represent averages in life satisfaction across European countries based on EU-SILC data. Sample weights have 
been applied to make reported values representative for each country.  

Source: Eurostat (2019).  

 

Table 17 reports the findings regarding the associations between indoor climate risk factors, including 
damp, lack of daylight, noise or issues keeping the dwelling adequately warm, with overall life satisfaction. 
We find that, on average, a person exposed to damp and/or mould in the home reports about 1.6 per cent 
lower life satisfaction compared to the same person not exposed to damp and/or mould at home.623 A person 
reporting that their dwelling is too dark reports on average a 1.1 percent lower life satisfaction than a person 
not reporting it as too dark. If a person reports noise in the dwelling, they report on average a 0.55 percent 
lower life satisfaction than a person not reporting noise. A person who reports they cannot keep their 
dwelling adequately warm reports on average a 3.85 percent lower life satisfaction than a person who can 
keep their dwelling warm. All four indoor climate risk factors reduce life satisfaction by about 7.11per cent 
compared to a person without any of the four indoor climate risk factors.624 

 
623 Note that the regression analysis keeps constant many other factors that could determine a person’s life satisfaction and housing conditions. For 
instance, a person from a lower socio-economic background may live in a house that has more likely damp or mould because of the housing quality 
than a person from a more affluent background. The person from a lower socio-economic background may also live in a neighbourhood that is 
relatively more affected by other problems such as crime or noise. However, our analysis adjusts for all these factors and tries to compare individuals 
within the same background (e.g. age, gender, socio-economic background), but one is exposed to an indoor risk factor and the other one not.  
624 Calculated by adding -.1.61%, -1.1%, -0.55%, -3.85%. 
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If we compare the indoor climate hazards to other factors, we find that they are larger in magnitude than 
problems related to environmental pollution and crime in the area of living. For instance, all else being 
equal, a person reporting environmental pollution in the area reports a 0.43 per cent lower life satisfaction 
than a person without environmental pollution in the area of living. Crime in the neighbourhood reduces 
life satisfaction by 0.73 per cent compared to the same individual living in a neighbourhood without crime. 
Furthermore, being exposed to damp in the dwelling reduces a person’s life satisfaction on average 
by -1.61 per cent to almost the same extent as being separated from a partner (-1.95 per cent reduction), is 
almost one-fifth of the negative well-being effects of being unemployed (-7.88 per cent reduction), or about 
half of being disabled and therefore not in a position to work (-3.51 per cent reduction).   

Table 17: Determinants of life satisfaction across Europe 

Factor  

Difference in levels of life satisfaction between 
affected by factor or not   

Indoor climate risk factors  

Damp  -1.61% 

Too dark -1.10% 

Noise -0.55% 

Not warm -3.85% 

All four combined -7.11% 

Other factors  

Overcrowded -1.32% 

Environmental pollution -0.43% 

Crime  -0.73% 

Separated from partner -1.95% 

Unemployed -7.88% 

Disabled -3.51% 

Very bad health -23.88% 
Note: Table entries represent the adjusted %-differences in the level of self-reported life satisfaction between individuals reporting 
an event (e.g. damp and mould) and those that were statistically significant parameter estimates from equation (1) in Appendix A.  

 

It is important to note that life satisfaction also incorporates a person’s mental health status and hence we 
would expect a correlation between the two measures. Indeed, using the EU-SILC data we observe a Pearson 
correlation coefficient between the question on life satisfaction and a question on whether the person 
currently feels depressed (scale from 0 “not all” to 5 (“very depressed”) of 0.44 which represents a moderate 
strength.625 That suggests that while they are correlated, life satisfaction measures a wider set of factors about 
a person’s general wellbeing and not solely focused on individual measures of mental health.  

In Table 19 we repeat the same analysis but instead of using life satisfaction as the main outcome variable 
we use the question on whether a person feels depressed. Note that the reported differences have opposite 
signs as life satisfaction is positively coded, meaning that higher values suggest a better life satisfaction 
whereas for depression higher values represent higher levels of depression. We find effects of similar 
magnitude. A person reporting damp and/or mould in its dwelling reports a 1.74 percent higher level of 
feeling depressed than a person without exposure to damp. A person exposed to all four indoor climate risk 

 
625 Note that a Pearson correlation coefficient of 1 would represent that both variables measures have almost identical variation.  
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factors reports on average a 4.3 per cent higher level of feeling depressed than a person not exposed to any 
of these factors. The magnitudes for all other factors are in a very similar ballpark than when using life 
satisfaction as an outcome variable, except for people reporting to be in a very bad health.  

Table 18: Determinants of feeling depressed across Europe 

Factor 

Difference in levels of depression between 
affected by factor or not  

Indoor climate risk factors 

Damp 1.74% 

Too dark 0.95% 

Noise 0.17% 

No warm 1.47% 

All four combined 4.33% 

Other factors 

Overcrowded 0.37% 

Environmental pollution 0.47% 

Crime 1.09% 

Separated from partner 2.97% 

Unemployed 5.07% 

Disabled 3.17% 

Very bad health 8.01% 
Note: Table entries represent the adjusted %-differences in the level of self-reported feelings of depression between individuals 
reporting an event (e.g. damp and mould) and those that were statistically significant parameter estimates from equation (1 in 
Appendix A).  

It is important to highlight that the estimated effects presented in Table 17 and Table 18 
represent associations and not necessarily causal effects, as despite adjusting for a relatively large number 
of control variables, there are still a number of biases that could affect the results. Importantly, all data 
in the EU-SILC are self-reported, including exposure to indoor climate risk factors. This poses the 
risk that some individuals may overstate the true problem with these risk factors.  

5.3. Calculating the monetary value of the well-being loss associated with 
indoor climate risk factors 

In the previous section we established empirically that, all else being equal, we observe a negative association 
between exposure to indoor climate risk factors and life satisfaction. We can now take this analysis one step 
further and calculate this well-being loss associated with indoor climate risk factors in monetary terms. Over 
the last decade, there has been a shift among public and private investment projects from focusing solely on 
the financial perspective as the criterion for policy or project approval to a greater emphasis on the social 
value and the societal benefits that policies or projects can generate. The incorporation of social value in 
appraisal analysis has gained increasing prominence in a variety of countries, including Australia, Canada, 
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New Zealand, the United Kingdom and other Organisation for Economic Co-operation and Development 
(OECD) countries.626 Social value measurement is generally understood as the practice of assessing the 
extent to which a policy intervention or project generates value for the society as a whole, and whether it is 
in society’s best interest in terms of the outcomes it provides to citizens. According to OECD evaluation 
guidelines, the ultimate outcome of importance is the well-being or quality of life for those impacted by the 
intervention (directly or indirectly). The preferred practice method in social value measurement is cost-
benefit analysis, which assesses all the positive and negative outcomes (i.e. benefits and costs) of a project or 
intervention in monetary terms, and provides an assessment on whether it leads to an improvement of social 
welfare (e.g. benefits exceed costs).  

Within a cost-benefit analysis, outcomes can represent financial types that can be easily measured in 
monetary terms (e.g. impact on personal income, tax payments or government resources), or non-financial 
types with no direct monetary value (e.g. impact on people’s health, feelings, crime rates, pollution or social 
capital). The latter are, by their very nature, not easily measurable in monetary terms as they have no direct 
market value, and hence are referred to as non-market goods for which we do not observe a price directly, 
and special valuation methods need to be deployed to calculate their value.  

The three key methods used to understand the social value of non-financial outcomes are: 

1) Revealed preference 

2) Stated preference 

3) Well-being valuation approach (WVA).627 

The revealed preference approach relies on existing market relationships to implicitly derive the values for 
non-market goods. For instance, one method of revealed preference contains the hedonic price approach, 
which may use wages as a measure of how much an individual values the risk to health by choosing a job 
with lower levels of health risks, all else being equal. Another example is using property prices to determine 
the value of a public good (e.g. quality of schooling or the level of crime within a neighbourhood). Stated 
preference approaches (e.g. contingent valuation technique) ask a specific sample of respondents directly 
about their willingness to pay for a specific non-market good (e.g. access to a public park). Recently, the 
WVA has been introduced into economic appraisal valuations, and is being used increasingly in economics 
literature and governments worldwide (e.g. United Kingdom) as a complement to traditional valuation 
techniques.628  

The WVA represents a method to value how much individuals value non-marketed ‘goods’ (e.g. public 
parks) or ‘bads’ (e.g. crime, pollution, feelings). The WVA involves regressing a measure of life satisfaction 
on different variables of interest (e.g. living in a house with indoor climate risk factors), controlling for an 
array of other personal characteristics such as income. The regression output from such an analysis can then 
be used to calculate how much an individual is willing to trade off income for not being exposed to an 
indoor climate hazard by estimating how much extra income an individual would require to offset a given 
loss in life satisfaction.629  

 
626 Atkinson (2018). 
627 Also referred to as the ‘subjective well-being valuation’ or ‘life satisfaction’ approach.  
628 HM Treasury (2020). 
629 Most often measured through a question on a scale from 0 (not at all) to 10 (fully) on ‘how satisfied are you with your life in general nowadays?’, 
which represents a subjective evaluation that each individual makes based on his own criteria or standards (Diener 1994). The different scores of 
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The empirical approach taken can be described in simple terms as follows: in a first step the association 
between exposure to an indoor climate hazard (e.g. damp, lack of daylight) to both income and individual 
life satisfaction is estimated. In a second step, the necessary income (or so-called ‘compensating income 
variation’) needed to counteract or compensate for the reduced life satisfaction from being exposed to an 
indoor climate hazard is estimated. These relationships are measured using econometric regression analysis 
based on EU-SILC 2018 and 2013 data, which had special modules asking about indoor climate hazards 
and people’s life satisfaction. The technical details of the WVA approach can be found in Appendix A.  

Table 19 summarises the individual monetised well-being losses associated with indoor climate risk for the 
adult population across the different European countries included in the analysis. For instance, we find that 
the average well-being loss for a person in Austria associated with being exposed to damp and mould is 
€2,252 per year, and €1,466 per year for living in a dwelling that is too dark. Compared to a person without 
exposure to any of the four indoor climate risk factors, a person exposed to all four risk factors experiences 
an average monetised well-being loss of €9,202 per year, or the equivalent of about 22 per cent of the 
average annual household income in Austria. The monetised well-being loss varies by country due to the 
difference in the average yearly household income. The average summarised loss associated with the 
exposure to all four risk factors across the European countries is €6,287.5 per person and year. Note that 
the estimated monetised well-being losses reported in Table 19 are at the individual level, reflecting 
what each person exposed to one of the risk factors experiences as a well-being loss expressed in euros 
(benchmarked against the relative well-being gain associated with a person’s household income). 
However, similar to measures of GDP, we can aggregate these individual monetised well-being losses to 
the level of each country to report an aggregated total monetised well-being loss across the different 
countries.  

Table 19: Individual compensating income variation (EUR) by country 

 Country  Income Damp Dark Noise Not warm All four 

Austria 41,879.7 -2,252.3 -1,465.9 -1,012.4 -4,471.7 -9,202.3

Belgium 36,749.2 -1,976.4 -1,286.3 -888.4 -3,923.9 -8,075.0

Bulgaria 5,793.8 -311.6 -202.8 -140.1 -618.6 -1,273.1

Croatia 10,681.2 -574.4 -373.9 -258.2 -1,140.5 -2,347.0

Cyprus 23,071.6 -1,240.8 -807.6 -557.7 -2,463.5 -5,069.6

Czechia 12,073.6 -649.3 -422.6 -291.9 -1,289.2 -2,653.0

Denmark 47,862.1 -2,574.0 -1,675.3 -1,157.0 -5,110.5 -10,516.8

Estonia 14,395.2 -774.2 -503.9 -348.0 -1,537.1 -3,163.1

Finland 34,973.8 -1,880.9 -1,224.2 -845.4 -3,734.3 -7,684.8

France 34,311.9 -1,845.3 -1,201.0 -829.4 -3,663.7 -7,539.4

Germany 38,108.6 -2,049.5 -1,333.9 -921.2 -4,069.1 -8,373.7

Greece 14,968.9 -805.0 -524.0 -361.9 -1,598.3 -3,289.1

Hungary 8,650.0 -465.2 -302.8 -209.1 -923.6 -1,900.7

Ireland 39,709.4 -2,135.6 -1,389.9 -959.9 -4,240.0 -8,725.4

life satisfaction contain information on the individual’s global evaluation of their lives, with combined reflection of everyone’s inner state, current 
affect and present life. The measures of life satisfaction are fully validated and are implemented in a number of national well-being monitoring 
systems. 
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Italy 28,370.5 -1,525.8 -993.0 -685.8 -3,029.3 -6,233.9 

Latvia 11,170.1 -600.7 -391.0 -270.0 -1,192.7 -2,454.4 

Lithuania 9,528.1 -512.4 -333.5 -230.3 -1,017.4 -2,093.6 

Luxembourg 59,577.2 -3,204.0 -2,085.4 -1,440.2 -6,361.4 -13,091.0 

Malta 22,508.8 -1,210.5 -787.9 -544.1 -2,403.4 -4,945.9 

Netherlands 38,141.6 -2,051.2 -1,335.1 -922.0 -4,072.6 -8,380.9 

Norway 57,638.9 -3,099.8 -2,017.5 -1,393.3 -6,154.4 -12,665.1 

Poland 10,701.8 -575.5 -374.6 -258.7 -1,142.7 -2,351.5 

Portugal 15,523.5 -834.8 -543.4 -375.3 -1,657.5 -3,411.0 

Romania 5,575.7 -299.9 -195.2 -134.8 -595.3 -1,225.2 

Slovakia 11,595.7 -623.6 -405.9 -280.3 -1,238.1 -2,547.9 

Slovenia 18,397.6 -989.4 -644.0 -444.7 -1,964.4 -4,042.5 

Spain 22,479.2 -1,208.9 -786.8 -543.4 -2,400.2 -4,939.4 

Sweden 37,765.9 -2,031.0 -1,321.9 -912.9 -4,032.5 -8,298.4 

Switzerland 76,658.7 -4,122.7 -2,683.3 -1,853.1 -8,185.3 -16,844.3 

United Kingdom 34,030.7 -1,830.2 -1,191.2 -822.6 -3,633.6 -7,477.6 

Average 28,614.5 -1,538.9 -1,001.6 -691.7 -3,055.3 -6,287.5 
 

In Table 20 we aggregate the individual monetised well-being losses across the populations in each country 
that report being exposed to the specific indoor climate risk factors of damp, too dark, noise and not being 
able to keep the house adequately warm.  

Table 20: Aggregated compensating income variation (million EUR) by country 

 Country 
Damp Dark Noise No warm All four 

Austria -1,768 -629.9 -1,388.3 -585.0 -4,371.6 

Belgium -3,257 -813.5 -1,498.5 -1,826.7 -7,395.7 

Bulgaria -225 -57.3 -77.6 -1,244.6 -1,604.7 

Croatia -227 -62.6 -74.3 -310.1 -673.9 

Cyprus -379 -32.4 -114.0 -538.4 -1,063.2 

Czechia -447 -117.9 -411.3 -363.3 -1,339.4 

Denmark -1,978 -403.0 -1,184.9 -844.7 -4,411.0 

Estonia -122 -24.9 -34.0 -43.4 -223.9 

Finland -382 -256.7 -585.6 -340.6 -1,565.3 

France -11,911 -4,442.4 -7,930.1 -9,745.5 -34,029.1 

Germany -18,658 -4,234.0 -18,770.0 -7,546.0 -49,207.8 

Greece -943 -252.6 -637.8 -3,233.7 -5,067.6 

Hungary -854 -209.9 -146.2 -461.9 -1,672.0 

Ireland -1,000 -294.9 -333.4 -688.6 -2,317.1 

Italy -10,719 -1,488.3 -3,953.3 -21,269.1 -37,429.5 

Latvia -222 -47.7 -57.7 -145.9 -473.7 
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 Country 
Damp Dark Noise No warm All four 

Lithuania -178 -52.2 -78.1 -699.6 -1,007.5 

Luxembourg -300 -83.1 -148.4 -63.7 -595.2 

Malta -33 -32.9 -58.1 -70.6 -194.9 

Netherlands -4,706 -752.8 -3,965.6 -1,573.2 -10,997.3 

Norway -891 -329.2 -742.4 -217.4 -2,179.7 

Poland -2,079 -491.6 -1,152.5 -1,973.7 -5,696.7 

Portugal -2,011 -488.6 -754.5 -3,004.1 -6,258.7 

Romania -469 -132.9 -437.3 -868.6 -1,907.5 

Slovakia -134 -50.6 -141.1 -250.5 -575.9 

Slovenia -401 -63.8 -117.6 -153.8 -736.2 

Spain -7,588 -1,567.6 -3,663.7 -8,516.1 -21,335.7 

Sweden -1,266 -781.9 -1,453.7 -765.4 -4,267.4 

Switzerland -2,698 -1,281.9 -2,449.8 -279.4 -6,708.6 

United Kingdom -16,764 -6,497.9 -8,907.5 -10,050.5 -42,220.4 

Total -92,611.2 -25,974.7 -61,267.2 -77,674.1 -257,527.2 
 

We find that the aggregated monetised well-being impact of damp across European countries is €92.6 
billion per year. The aggregated monetised well-being impact of lack of light is €25.9 billion per year, the 
monetised well-being impact of noise in dwellings is €61.3 billion per year, and the inability to keep the 
house adequately warm is €77.6 billion per year. Across all four indoor climate hazards, the total monetised 
well-being impact is €258 billion per year.  

To put these figures into context, in Table 16 we have shown that the four different indoor climate risk 
factors are associated with lower levels of life satisfaction, all else being equal. We have then used a parameter 
that measures the relative importance of a person’s household income on life satisfaction and compared it 
with the relative life satisfaction loss associated with the indoor climate risk factors to monetise the loss of 
life satisfaction. For instance, if exposure to damp reduces life satisfaction by 1 per cent, and a 1 percent 
increase of household income increases a person’s life satisfaction by 1 per cent, then the monetised value 
of the well-being loss of exposure to damp would be 1 per cent of income (measured in euros). We then use 
this metric per individual and aggregate the individual monetary well-being loss across all individuals 
exposed to the four indoor climate risk factors.
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6. Quantifying the economic effects from indoor climate risks 
related to residential and office buildings 

Box 5: Summary of key findings from the macroeconomic analysis 

 
This chapter aims to estimate the economic effects associated with the exposure of individuals to different 
indoor climate hazards in residential and office buildings across the EU27+ for the working-age population 
The economic analysis considers the health impacts of exposure to damp/mould and a lack of daylight in 
residential buildings, and examines the potential economic benefits of improving ventilation rates and 
exposure to daylight in office buildings.  

To estimate the economic effects of an improvement of indoor climate in residential and office buildings 
we use a macroeconomic model similar to WHO’s EPIC (Economic Cost of Ill-Health)630 model, but which 
is more detailed and comprehensive regarding how it models the economic interactions between different 
agents in an economy, such as households, firms or the government.  

The chapter starts with a brief description of the macroeconomic model in non-technical terms. We then 
describe how we model the potential economic benefits of improving indoor climate in more detail and 
present the findings of the analysis.  

6.1. The macroeconomic model 

In order to assess the economic implications of exposure to indoor climate hazards (e.g. damp and mould, 
lack of daylight, lack of ventilation) we use a multi-country computable general equilibrium (CGE). Such 

 
630 WHO & WEF (2011).  

• Macroeconomic cost associated with exposure to damp and mould and lack of daylight in 
residential buildings: Using a macroeconomic model, we estimate that if the current and future 
cohorts of children and adults living across European dwellings were not exposed to damp and do 
not report a lack of daylight, the future economic benefits would be substantial. For instance, we 
estimate that the cumulative economic benefit across the EU27+ over the next 30 years would be 
about €53 billion. 

• Better air quality and access to daylight in offices could lead to better productivity outcomes: 
There is emerging empirical evidence associating improvements in indoor air quality and access to 
daylight in offices with improved performance outcomes for workers.  

• Improving ventilation rates in European offices could lead to economic benefits: We estimate 
that even a small improvement in ventilation rates of 1 l/s per person in European offices would be 
associated with a cumulative total increase in EU27+ GDP by 2050 of €25.5 billion, increasing to 
€180 billion by 2050 for a ventilation rate of 7 l/s per person.  

• Improving access to daylight in European offices could led to economic benefits: We estimate 
that even an improvement of 100 lux would be associated with a cumulative total increase in 
EU27+ GDP by 2050 of €25.2 billion, increasing to €200 billion by 2050 for an assumed 800 lux 
scenario.  
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a model simultaneously solves multiple equations that relate to the production of goods and services using 
firm and household demand both within a country and between countries through trade linkages. This type 
of modelling approach has gained ground in health economics in applications related to HIV/AIDS, 
malaria, anti-microbial resistance (AMR), pandemic influenza and non-communicable diseases 
(see Dixon et al., 2004631; Smith et al., 2005;632 Taylor et al., 2014, among others633 ). 

Within a CGE modelling framework, the economic projection for each country is computed using the 
current underlying economic factors (e.g. ‘status quo’ or ‘baseline scenario’), and subsequently compared 
against a ‘what-if’ scenario in which various parameters are changed. For instance, for the purpose of this 
analysis we compare and analyse how various outcomes (e.g. economic output of a country) would change 
in the long term (e.g. compared to status quo) if we reduce the exposure to indoor climate hazards. In the 
baseline scenario, the underlying assumption is that the economy grows under a long-term growth rate, and 
in the counterfactual or ‘what-if’ scenario it is compared by how much this long-term growth is affected if 
the underlying parameters change (e.g. people become healthier or workers become more productive).  

Specifically, in the field of health economics, the application of CGE models has become more common 
due to its advantages against more traditional approaches, such as cost of illness (COI) methods.634 COI is 
an easy-to-understand method that summarises the direct and indirect costs associated with ill-health, 
taking into account, for instance, the sum of all direct personal medical costs, as well as indirect costs 
(e.g. income loss due to absenteeism or premature death). While the approach is relatively straightforward, 
it does not take into account the potential spillover effects on other agents or markets in an economy. For 
instance, many adjustment mechanisms play out, such as the substitution between labour and capital should 
the labour supply be negatively affected due to ill-health or caregiver responsibilities. In contrast, a general 
equilibrium model such as CGE considers these ripple effects on other parts of the economy by reporting 
how overall economic output is affected.  

Within this modelling framework, the factors that affect an individual’s health or general overall 
productivity are modelled through the supply of effective labour, which is viewed as a key resource in the 
economy. The effective labour supply is represented as the physical amount of labour (e.g. number of 
employed people at any given time) augmented by their productivity level (e.g. depending on their health 
or skill). For instance, in country r, output in sector i consists of goods and services 𝑌𝑌!", that are produced 
by capital 𝐾𝐾!", other inputs 𝑁𝑁!#" (e.g. intermediate inputs from sector j) and effective labour 𝐿𝐿!" (i.e. a 
labour input adjusted for efficiency units). Thus, production is modelled as a function of 𝑌𝑌 = 𝑃𝑃(𝐾𝐾,𝑁𝑁, 𝐿𝐿), 
where subscripts i and r are omitted for simplicity. Then, for each time period t, the model assumes that 
effective labour supply is adjusted for efficiency units by 𝐿𝐿",% = 𝐿𝐿E",% ∙ 𝐸𝐸",%, with the physical supply of labour 
input 𝐿𝐿E",% and efficiency of labour 𝐸𝐸",%. 

To calibrate the economic model there is a need for underlying data which comprise of two components: 
(1) economic data (e.g. industrial composition of a country’s economy, capital stock); and (2) demographic 
data that calibrate the overall population and labour force in each of the countries’ analyses.  

The economic data are from the Global Trade Analysis Project (GTAP) database. This database, developed 
by the Center for Global Trade Analysis at Purdue University, has been operating since 1993. Overall, 

 
631 Dixon et al. (2010).  
632 Smith et al. (2005). 
633 Taylor et al. (2014). 
634 For instance: Chen et al. (2018). 
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GTAP covers 140 countries for 57 GTAP commodities, and includes all bilateral trade patterns, production, 
consumption, and intermediate inputs of commodities and services. From the GTAP database, we extract 
a Social Accounting Matrix (SAM) for the specific countries and regions included in the analysis. The SAM 
is a complex table expressed in terms of income and expenditure, i.e. a double-entry accounting method. 
GTAP includes SAMs for individual countries, which are based on national accounts data (e.g. use-supply 
tables, input-output tables) and information from household survey data and trade data. Because of the 
sheer amount of work involved, GTAP collects and co-ordinates country SAMs from researchers across the 
world, and cleans and standardises the data. For the purpose of this analysis we extracted the SAMs for 
EU27+ and the rest of the world (RoW). In order to make the model tractable we aggregate the different 
sectors into three industries: agriculture, manufacturing and services.  
We divide a country’s population into the working-age population and the non-working age population, 
with the working-age population defined as the part of the population aged between 20 and 65. 
Furthermore, we use data from the International Labour Organisation (ILO) on the distribution of 
educational attainments across countries to further divide the working-age population into skilled and 
unskilled labour. We then use this information to predict the population of each of the countries included 
in the analysis into the future using a cohort component model. In essence, we base the change over time 
of physical labour and its efficiency on demographic projections for a variety of possible future scenarios. 
We generate the demographic projections using input data from the United Nations (UN)635 and an 
adapted version of Chapin's cohort-component model, which we implement as five-year projections using 
Stata.636  
The cohort-component model starts with the current base population and is categorised for each country 
region by age, gender and skill level. The base population subsequently evolves by applying assumptions on 
mortality, fertility and migration. The outcome of the model is a projection of the population by (five-year) 
age, gender and skill groups up to the year 2050. In essence, the cohort-component model characterises 
population change according to a ‘natural’ increase (births minus deaths) and net migration (in-migration 
less out-migration). More formally, the population by age cohort a and gender s at time t can be written as: 

 
𝑃𝑃(𝐻𝐻, 𝑐𝑐, 𝐻𝐻&) = 𝑃𝑃(𝐻𝐻, 𝑐𝑐, 𝐻𝐻') + 𝐵𝐵(𝐻𝐻, 𝑐𝑐) − 𝐷𝐷(𝐻𝐻, 𝑐𝑐) + 𝐼𝐼𝐼𝐼(𝐻𝐻, 𝑐𝑐) − 𝑂𝑂𝐼𝐼(𝐻𝐻, 𝑐𝑐) 

 
where B(a,s) represents the total births and D(a,s) total deaths. IM(a,s) and OM(a,s) represent inward and 
outward migration, respectively. The total births in a given period depend on the size of the population, 
the age structure and the age-specific fertility rates, which vary across countries. It is important to stress that 
we assume in our projections that fertility rates will follow a similar trend in each country as during the last 
decade. That is, the number of births is generally declining over time in many countries across Europe. 

Similarly, the number of deaths in any given period depends on the population size, the age 
distribution, and the age and gender-specific mortality rates. We apply the abridged life tables provided by 
the UN637 to calculate age and gender-specific probabilities of surviving from one age group to the next. 
Specifically, we draw on country-specific data for the demographic model input based on the initial 
population, net migration, age- and gender-specific fertility and mortality rates, as well as net-migration 
rates. Within these demographic projections we define the potential working population as all individuals 

 
635 See http://esa.un.org/wpp/ for more information.  
636 See http://www.demog.berkeley.edu/~eddieh/toolbox.html#CohortComponent for more information. 
637 See http://esa.un.org/wpp/ for more information. 

http://esa.un.org/wpp/
http://www.demog.berkeley.edu/~eddieh/toolbox.html#CohortComponent
http://esa.un.org/wpp/
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in the age range from 15 to 65. Furthermore, for each country we divide the working population into high- 
and low-skilled according to their educational attainment.  
The UN Population Database also provides the current mortality rates by age and gender, which we apply 
to calculate the counterfactual working-age population in the absence of damp/mould-related mortality.  
To calculate excess deaths due to damp/mould related health conditions such as asthma and pneumonia, 
we calculate the population attributable fraction (PAF) related to damp and mould in combination with 
information on deaths provided by the Global Burden of Disease (GBD) Database.638 The share of 
individuals exposed to damp and mould and lack of daylight in residential buildings is taken from the 
EU-SILC database.  
To calculate the related efficiency units of labour (labour productivity) associated with health, we draw 
mainly on data collected from existing literature on the morbidity effects of asthma and other health issues 
associated with damp or mould. For instance, we know that a child suffering from asthma loses on average 
about 2.5 days of school per year, for which at least one of the parents most likely would have to take a day 
off work. Thus, in our model, labour efficiency is based on subtracting a number of days (normalised to a 
year) from the baseline yearly efficiency level; attributable lost days is for a combination of the adult workers 
and child population. Simply put, the yearly efficiency of a worker is: 

 
𝐸𝐸 = 1 − 𝑁𝑁𝑏𝑏𝑁𝑁𝑏𝑏𝐻𝐻𝑐𝑐	𝑐𝑐𝑜𝑜	𝐻𝐻𝑐𝑐𝑐𝑐𝐻𝐻	𝑏𝑏𝐻𝐻𝑑𝑑𝑐𝑐	𝑏𝑏𝑐𝑐𝑐𝑐𝑁𝑁𝐻𝐻𝐻𝐻𝑛𝑛𝑐𝑐𝐻𝐻𝑏𝑏	𝐻𝐻𝑐𝑐	𝐻𝐻	𝑑𝑑𝐻𝐻𝐻𝐻𝑐𝑐 

 
For instance, the efficiency unit E for a worker who loses 20 working days a year, based on 200 working 
days per year in total, is calculated as (200-20)/200 or 1-(20/200).  
 

The following paragraphs describe the approach and results using the macroeconomic model to assess the 
economic implications of a reduction in the exposure to damp and mould and lack of daylight in residential 
buildings, and an improvement in ventilation rates and access to daylight in office buildings.  

6.2. The economic implications of reducing exposure to residential damp 
and lack of daylight 

 How a reduction in the exposure of children to damp and mould affects the 
economy in the model 

There are potentially many channels through which exposure to damp or lack of daylight could have an 
impact on individuals in society, and hence an effect on the economy more generally. For the purpose of 
this analysis we focus on the effect on the labour supply, i.e. the macroeconomic model uses effective labour 
supply as one of the inputs into production. As described above, in the model effective labour supply is 
represented by function of the overall number of workers (physical labour) and their corresponding 
productivity (efficiency).639 

The reduction in effective labour supply is manifested through two potential channels: 

 
638 http://www.healthdata.org/gbd  
639 For instance, one worker with full productivity would provide the same number of effective labour units to the economy as two workers that 
only have half the productivity of the worker with full productivity.  

http://www.healthdata.org/gbd
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1. Increased mortality: Health conditions such as asthma or pneumonia are associated with an 
increased mortality risk for individuals. Potential deaths attributable to these conditions 
permanently reduce the population size, and the effect of increased mortality on economic output 
is a future decrease in the working-age population. This could have especially negative 
consequences in ageing societies such as those in Europe. We model increased mortality rates of 
children and adults, and hence changes to the future supply of physical labour. To this end, we use 
data from the GBD database on the deaths per year for each of the four disease areas associated 
with exposure to damp – asthma, atopic dermatitis, and upper and lower respiratory infection – as 
well as the associated deaths per 100 000 of the population640 together with the corresponding 
population attributable fraction (PAF)641 to calculate how many more children and adults (and 
hence future working-age population) would be alive if exposure to damp and the associated 
mortality were reduced. Note that we also model the lack of daylight and its association with 
depressive symptoms in the same fashion as the association between exposure to damp and mould 
and respiratory conditions. However, the underlying GBD data do not record deaths associated 
with depressive disorders. Deaths associated with depressive disorders would most likely be 
recorded under other reasons (e.g. suicide), but it is not straightforward to assume that deaths 
recorded due to suicide are fully attributable to depressive disorders and the corresponding relative 
risk of being exposed to a lack of daylight.  

2. Reduced labour productivity: The scientific evidence suggests that health conditions such as 
asthma acquired as a child will last with for some into adulthood, with potentially negative 
consequences for a person’s work productivity, which is measured by increased levels of health 
related absenteeism and presenteeism. We assume that a person with asthma as a child has a 
40 percent probability of having asthma as an adult. Furthermore, we assume that a person who 
suffers from asthma loses on average about two working days per year due to absenteeism or 
presenteeism.642 Children also suffer from negative asthma episodes, and while they are not directly 
active in the workforce, some of their parents are, and the existing literature suggests that working 
days are lost for parents associated with children’s asthma. Hence prolonged periods of child 
sickness temporarily reduces the country’s workforce if parents have to stay at home and look after 
an ill child, which can manifest itself in higher levels of absenteeism and/or presenteeism of the 
current workforce. We model the higher levels of working days lost of parents and/or caregivers 
through the efficiency parameter of the effective labour units. We assume that parents of a child 
with asthma lose on average 2.5 working days a year, parents of children with atopic dermatitis lose 
on average about 4 working days, and parents of children with upper and lower respiratory 
infections (e.g. rhinitis or bronchitis) lose on average 1 working day per year.643 This reflects the 
estimated time that children affected by any of these disease areas are missing school. For adults in 

 
640 Provided by GBD data by country and gender and age group. 
641 See equation (4) in Chapter 5.  
642 This is based on findings related to the average working time lost of adults in the working population that have been diagnosed with asthma as 
reported in Hafner (2019). 
643 See more detail on how the efficiency of labour is calculated in Appendix A. Overall, it is assumed that the ‘normal’ efficiency of a unit of physical 
labour is 1. The efficiency unit of each unit of labour is calculated as the actual working days divided by the total number of working days. So if a 
person loses 20 days a year (e.g. because of absenteeism or presenteeism) and we assume 200 working days per year then the efficiency for this unit 
of physical labour is 0.9 (instead of 1), calculated as (200-20)/200.  
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the working population with depressive disorders, we assume that 20 days per working year are lost 
due to absenteeism and presenteeism.644  

In the analysis, as the baseline scenario we project how the economy of each of the countries included in 
the analysis would evolve assuming no changes to current levels of individuals’ exposure to damp or lack of 
daylight. For the counterfactual scenario, we estimate how much more economic output (e.g. measured as 
GDP) could be produced in the future if we eradicated exposure to damp and lack of daylight in European 
dwellings completely.  

 The macroeconomic cost associated with exposure to damp and mould and 
lack of daylight: Model results 

Table 21 reports the cumulative economic gains (i.e. how a country’s GDP could be improved) from now 
up to 30 years in the future if we stop people (children and adults) now and all future generations from 
being exposed to damp and mould, as well as lack of daylight in residential buildings.  

Table 21: Estimated cumulative economic gains associated with the reduction in 
exposure to damp and mould and lack of daylight in residential buildings, by country 

  Net present value in million euros 

  2025 2030 2035 2040 2045 2050 

EU27+  6,167.1 13,439.9 21,777.6 31,117.5 41,510.4 53,008.6 

EU27 4,049.5 8,792.5 14,205.8 20,250.0 26,943.5 34,303.0 

Austria 144.7 319.8 526.4 765.2 1,036.2 1,340.3 

Belgium 166.7 368.4 606.5 881.7 1,193.9 1,544.2 

Bulgaria 12.8 29.3 49.7 73.7 100.9 130.6 

Croatia 9.2 21.2 36.0 53.4 73.1 94.6 

Cyprus 9.2 20.3 33.4 48.5 65.7 85.0 

Czechia 32.2 73.9 125.3 185.9 254.5 329.3 

Denmark 110.7 238.5 381.7 536.3 702.2 878.2 

Estonia 3.6 8.2 14.0 20.7 28.3 36.7 

Finland 34.4 75.3 122.9 177.2 239.2 309.2 

France 980.6 2,089.5 3,325.8 4,689.0 6,172.2 7,779.6 

Germany 856.5 1,908.1 3,133.3 4,502.6 6,054.9 7,823.2 

Greece 101.0 223.1 367.2 533.8 722.9 935.0 

Hungary 23.5 54.0 91.6 135.9 186.1 240.7 

Ireland 90.3 199.4 328.3 477.2 646.2 835.9 

Italy 341.2 696.9 1,061.9 1,430.0 1,793.2 2,145.9 

Latvia 4.7 10.8 18.2 27.1 37.0 47.9 

Lithuania 7.8 17.8 30.2 44.9 61.4 79.5 

Luxembourg 13.9 30.8 50.7 73.7 99.7 129.0 

Malta 3.3 7.3 12.0 17.5 23.7 30.6 

Netherlands 302.1 667.6 1,099.0 1,597.6 2,163.3 2,798.1 

Norway 114.7 251.3 410.8 592.7 798.8 1,032.0 

 
644 This is based on findings related to the average working time lost of adults in the working population who have been diagnosed with depressive 
symptoms, as reported in Hafner et al. (2019). 
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  Net present value in million euros 

  2025 2030 2035 2040 2045 2050 

Poland 120.1 268.0 443.4 649.0 885.6 1,148.9 

Portugal 104.6 231.1 380.5 553.1 748.9 968.7 

Romania 41.6 95.4 161.9 240.0 328.6 425.2 

Slovakia 14.2 32.6 55.3 81.9 112.2 145.1 

Slovenia 6.0 13.8 23.4 34.8 47.6 61.6 

Spain 368.0 763.0 1,177.0 1,605.2 2,039.8 2,464.8 

Sweden 146.5 328.4 550.2 814.2 1,126.2 1,495.4 

Switzerland 161.0 352.8 576.8 832.2 1,121.5 1,448.9 

United Kingdom 1,841.9 4,043.3 6,584.2 9,442.5 12,646.6 16,224.8 
Notes: All values are reported in 2019 euros (million). Entries represent the net present value of the cumulative economic effects 
in terms of GDP from now up to 2050 in five-year increments. Analysis assumes that cases across four disease areas – asthma, 
atopic dermatitis, and upper and lower respiratory infections – associated with damp and mould exposure, as well as lack of 
daylight and its association with depressive disorders, in the population from now into the future are set to zero.  

As reported in Table 21, across the EU27+ the cumulative economic gain by 2040 would be €31.1 billion 
and by 2050 would be €53 billion. The cumulative gain represents the total additional GDP that could 
have been produced over the 30-year time horizon if individuals across Europe had not been exposed to 
damp and mould or lack of daylight in residential buildings. There is variation across EU member states in 
terms of cumulative economic gains, which are a function of the size of a country’s underlying economic 
structure and its initial level of exposure to damp and mould and lack of daylight. It is important to highlight 
that these estimations are assumed to be ‘all else being equal’, meaning that the model simulations only 
consider the impact of reducing the exposure to damp and mould and lack of daylight in isolation. That is, 
even if economies were exposed to the economic fallout of COVID-19, these economic gains would be 
achieved.  

6.3. The economic implications of improving ventilation rates and access 
to daylight in European offices 

Beyond residential buildings, there is evidence that improving the indoor climate in office buildings could 
improve the productivity of the workforce (see Chapter 4 for more details). Improving the indoor climate 
in offices can be established through better ventilation (which improves indoor air quality), improving access 
to daylight, improving the temperature and improving noise within office buildings (e.g. noise from 
colleagues).  

A recent study summarised existing evidence regarding indoor climate hazards in European offices,645 and 
highlighted that the ideal indoor air contains fresh air with low levels of CO2, particle matter and other 
pollutants from indoor or outdoor sources. Indoor pollutant sources stem from, for instance, machines such 
as printers or computers. One way to improve exposure to such pollutants in office buildings is through 
better ventilation rates, with an ideal ventilation rate of about 4 litres per second (l/s) per person of fresh 
air. Exposure to indoor or outdoor pollutants negatively affects a person’s cognitive abilities and general 
health, which impacts their productivity. The study concluded (based on a systematic review of the existing 

 
645 BPIE (2018). 
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evidence) that improving ventilation rates for every 1 l/s per person would increase worker productivity by 
0.8 per cent.  

A Buildings Performance Institute Europe (BPIE) study looked at the evidence regarding access to daylight 
for office workers. Most existing studies test different light settings and examine how workers perform under 
different settings. Some studies take an experimental approach and compare office workers in call-centres 
to test how they perform under different access to daylight scenarios. Call-centre agents are used in many 
studies outside the area of indoor climate hazards to test worker performance under different situations 
because it is relatively straightforward to measure their productivity (e.g. through the number of calls per 
day and customer satisfaction rates). The BPIE study, which was based on a review of existing evidence, 
suggests that every 100 lux increase in daylighting level increases a worker’s performance by 0.8 per cent.  

We model the economic impact of both improving ventilation rates and access to daylight in European 
offices using the macroeconomic modelling framework. For this purpose, we need an underlying estimate 
of how many workers across Europe work in offices. Unfortunately, there are no direct data on office 
workers, and this information must be derived from other sources. Previous research has classified office 
workers based on their occupational titles.646  However, these tend to be a weak indicator of what people 
do at work, and hence most likely not a good indicator of whether a person works in an office. In light of 
COVID-19, a number of recent studies have tried to estimate the proportion of jobs that can be performed 
through telework based on a number of different data inputs (e.g. including the task composition of 
different occupations) (see Chapter 1).647 The estimations of the proportion of workers whose job can be 
performed from home without major interruption does not necessarily reflect in full the exact number of 
workers who work in an office, but it does provide a crude proxy, and is more likely based on the actual 
tasks people perform at work. For instance, while most pandemic-related essential workers (e.g. retail shop 
assistants, delivery drivers) are clearly less likely to work in offices, there are also some grey areas such as 
teachers, whose work could also be counted as telework as during the pandemic as it was mainly performed 
through remote learning. To proxy the number of workers across Europe who work in offices, we use the 
values provided by the Joint Research Centre’s (JRC) 2020 study, which provides the proportion of high- 
and low-skilled workers whose work is teleworkable. To be on the conservative side, and to account for the 
fact that teachers may not necessarily work in an office (and the fact that schools are a different type of 
commercial building not considered in this analysis), we use the JRC figures minus 5 per cent.648 

We then model the economic impact of improving office workers’ productivity by exposing them to better 
ventilation rates and access to daylight using the parameters provided by the BPIE (2019) study, which 
found that only 5 per cent of current offices have an optimal indoor climate. To be on the conservative side, 
we assume that 10 per cent of offices currently have an optimal indoor climate whereas 90 per cent could 
still benefit from an improvement in ventilation rates and access to daylight. For the purpose of the analysis 
we use the following four sub-scenarios for ventilation and daylight, which were inspired by the analysis 
conducted in BPIE study: 

 
646 
https://www.researchgate.net/publication/328171673_Healthy_Homes_Barometer_2018_Unhealthy_homes_offices_and_suburbanisation_in_E
urope  
647 Milasi et al. (2020). 
648 For example, if the JRC (2020) study suggests 100 per cent of work of specific occupations or sectors is teleworkable, our analysis assume that 
95 per cent of jobs are teleworkable.  

https://www.researchgate.net/publication/328171673_Healthy_Homes_Barometer_2018_Unhealthy_homes_offices_and_suburbanisation_in_Europe
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• Ventilation scenarios – Improve ventilation rates by (1) 1/s per person; (2) 2 l/s per person; 
(3) 4 l/s per person; (4) 7 l/s per person. 

• Daylight scenarios – Improve daylight by (1) 100 lux; (2) 200 lux; (3) 333 lux; (4) 800 lux.  

 The economic implications of higher ventilation rates and access to daylight 
across European offices: Results 

Table 22 reports the cumulative economic effects in GDP terms of increases in ventilation rates across 
European offices under four different ventilation scenarios (e.g. depending on the improvement of 
ventilation in terms of l/s per person). The results are provided for the EU27+ and for the EU27, in addition 
to separate country figures. The effects are reported for up to the years 2030, 2040 and 2050. The effects 
are increasing over time, as if ventilation rates improved from now into the future, then more office workers 
would benefit from improved productivity and performance levels.  

If ventilation rates across European offices are improved by 1 l/s per person, we estimate this could improve 
the GDP of the EU27+ cumulatively by almost €20 billion in 2030 and by €25.6 billion in 2050. If 
ventilation rates are improved by 7 l/s per person, this could improve the cumulative GDP of the EU27+ 
by almost €180 billion by 2050.  

Table 22: Estimated cumulative economic gains associated with the improvement of 
ventilation rates in offices, by country 

  Net present value in millions (euros) 

  1 l/s 2 l/s 4 l/s 7 l/s 

  2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 
EU27+  19,658 22,347 25,557 39,311 44,689 51,108 78,612 89,368 102,204 137,546 156,366 178,825 

EU27 14,797 16,575 18,766 29,590 33,145 37,526 59,173 66,283 75,045 103,535 115,977 131,307 

Austria 371 449 540 743 898 1,080 1,485 1,795 2,161 2,598 3,141 3,780 

Belgium 428 517 622 856 1,034 1,245 1,711 2,069 2,489 2,994 3,619 4,355 

Bulgaria 48 53 58 95 106 116 190 212 233 333 371 407 

Croatia 34 38 42 69 77 84 138 153 169 241 269 295 

Cyprus 24 28 34 47 57 69 94 114 137 165 199 240 

Czechia 120 134 147 240 267 293 480 534 587 839 935 1,027 

Denmark 381 419 468 763 838 937 1,525 1,675 1,873 2,669 2,932 3,277 

Estonia 13 15 16 27 30 33 53 60 65 93 104 114 

Finland 302 376 461 605 753 923 1,209 1,505 1,845 2,116 2,634 3,228 

France 3,237 3,628 4,078 6,471 7,254 8,155 12,941 14,506 16,308 22,644 25,381 28,534 

Germany 4,060 4,720 5,573 8,120 9,440 11,145 16,237 18,877 22,287 28,412 33,031 38,999 

Greece 259 313 377 518 626 754 1,036 1,253 1,507 1,813 2,191 2,637 

Hungary 88 98 107 175 195 215 351 391 429 614 684 751 

Ireland 232 280 337 463 560 674 926 1,120 1,347 1,621 1,959 2,357 

Italy 1,532 1,367 1,208 3,063 2,733 2,416 6,126 5,466 4,831 10,719 9,564 8,453 

Latvia 17 19 21 35 39 43 70 78 85 122 136 149 

Lithuania 29 32 35 58 64 71 116 129 142 203 226 248 

Luxembourg 36 43 52 71 86 104 143 173 208 250 302 364 

Malta 8 10 12 17 20 25 34 41 49 59 72 86 
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  Net present value in millions (euros) 

  1 l/s 2 l/s 4 l/s 7 l/s 

  2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 
Netherlands 775 937 1,128 1,551 1,874 2,256 3,100 3,748 4,511 5,425 6,558 7,892 

Norway 619 753 911 1,238 1,507 1,822 2,476 3,013 3,644 4,331 5,271 6,376 

Poland 435 488 529 870 977 1,058 1,740 1,953 2,115 3,045 3,418 3,701 

Portugal 268 325 390 537 649 781 1,073 1,298 1,562 1,878 2,270 2,732 

Romania 155 173 189 310 345 379 619 690 758 1,084 1,207 1,326 

Slovakia 53 59 65 106 118 129 211 236 259 370 412 453 

Slovenia 22 25 27 45 50 55 90 100 110 157 175 192 

Spain 1,122 1,013 879 2,244 2,026 1,758 4,488 4,052 3,515 7,852 7,090 6,150 

Sweden 746 1,014 1,366 1,492 2,028 2,732 2,984 4,056 5,464 5,221 7,096 9,560 

Switzerland 869 1,058 1,279 1,738 2,115 2,559 3,476 4,230 5,117 6,081 7,401 8,952 

United Kingdom 3,373 3,961 4,600 6,745 7,922 9,200 13,488 15,843 18,398 23,598 27,717 32,189 

Notes: All values are reported in 2019 euros (million). Entries represent the net present value of the cumulative 
economic effects in terms of GDP from now up to 2050 in five-year increments.  

Table 23 reports the cumulative economic effects in GDP terms of improvements in access to daylight 
across European offices under four different scenarios (e.g. depending on the level of improvements in 
daylight measured through lux units, i.e. lumen per square metre). The results are provided for the EU27+ 
and the EU27, in addition to individual country figures. The effects are reported for up to the years 2030, 
2040 and 2050. The effects are increasing over time, as if daylight rates improved from now into the future, 
then more office workers would benefit from improved productivity and performance levels.  

Table 23: Estimated cumulative economic gains associated with the improvement of 
daylight in offices by country 

  Net present value in millions (euros) 

 100 lux 200 lux 333 lux 800 lux 

 2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 
EU27+  19,327 22,033 25,296 38,648 44,062 50,586 64,346 73,359 84,221 154,536 176,182 202,272 

EU27 14,512 16,296 18,522 29,019 32,587 37,038 48,315 54,256 61,666 116,035 130,303 148,102 

Austria 360 437 530 720 874 1,059 1,198 1,456 1,764 2,877 3,495 4,235 

Belgium 415 504 610 829 1,007 1,220 1,380 1,677 2,032 3,315 4,027 4,880 

Bulgaria 45 50 55 89 100 110 149 166 183 357 399 440 

Croatia 32 36 40 65 72 80 108 120 133 259 289 319 

Cyprus 23 28 34 46 55 67 76 92 112 183 222 269 

Czechia 113 126 139 225 251 277 375 419 462 902 1,005 1,109 

Denmark 374 412 462 749 825 924 1,247 1,373 1,539 2,995 3,298 3,696 

Estonia 13 14 15 25 28 31 42 47 51 100 112 124 

Finland 297 372 458 595 744 916 990 1,238 1,525 2,378 2,974 3,663 

France 3,204 3,601 4,060 6,406 7,199 8,117 10,665 11,986 13,514 25,613 28,787 32,456 

Germany 3,997 4,660 5,525 7,994 9,320 11,049 13,310 15,518 18,396 31,966 37,269 44,183 

Greece 251 305 370 502 610 739 836 1,015 1,230 2,007 2,438 2,954 

Hungary 82 92 101 165 184 203 274 306 338 659 735 811 

Ireland 224 273 330 449 545 661 747 908 1,100 1,795 2,180 2,641 
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Italy 1,505 1,340 1,181 3,010 2,679 2,360 5,011 4,461 3,930 12,034 10,713 9,439 

Latvia 16 18 20 33 37 40 55 61 67 131 146 161 

Lithuania 27 30 33 54 61 67 91 101 111 218 243 268 

Luxembourg 35 42 51 69 84 102 115 140 170 277 336 408 

Malta 8 10 12 16 20 24 27 33 40 66 80 97 

Netherlands 751 913 1,106 1,503 1,825 2,212 2,501 3,039 3,682 6,007 7,297 8,842 

Norway 611 747 909 1,221 1,494 1,818 2,033 2,488 3,026 4,882 5,976 7,269 

Poland 422 475 516 844 950 1,032 1,406 1,582 1,718 3,375 3,799 4,125 

Portugal 260 316 383 520 632 766 866 1,052 1,275 2,080 2,526 3,061 

Romania 146 162 179 291 325 358 485 541 596 1,164 1,298 1,432 

Slovakia 50 55 61 99 111 122 165 185 204 397 443 489 

Slovenia 21 24 26 42 47 52 70 78 86 169 188 207 

Spain 1,103 995 860 2,206 1,989 1,721 3,674 3,312 2,865 8,823 7,954 6,881 

Sweden 736 1,007 1,365 1,472 2,013 2,729 2,451 3,351 4,543 5,887 8,048 10,913 

Switzerland 857 1,049 1,276 1,714 2,098 2,552 2,854 3,493 4,249 6,855 8,390 10,205 
United 
Kingdom 3,347 3,941 4,589 6,694 7,882 9,178 11,144 13,122 15,280 26,764 31,515 36,696 

Notes: All values are reported in 2019 euros (million). Entries represent the net present value of the cumulative economic effects 
in terms of GDP from now up to 2050 in five-year increments.  

 

If daylight rates across European offices improved by 100 lux, we estimate this could improve the GDP of 
EU27+ countries cumulatively by €19.3 billion in 2030 and by €25.3 billion in 2050. If daylight rates are 
improved by 800 lux (as discussed in the BPIE report), this could improve the cumulative GDP of the 
EU27+ by over €200 billion by 2050. 
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7. Summary and implications of study findings 

Summary of study findings 
Our study has found that indoor climate hazards have wide ranging impacts on health and well-being, and 
tangible economic impacts across the EU27+. Poor indoor climate interferes with basic human activities, 
such as study, work, rest and sleep, and often has long-lasting effects. Our analysis shows that 31.4 per cent 
of households (nearly 163 million people) across EU27+ countries are exposed to at least one of the four 
following indoor climate hazards: damp and mould, noise pollution, indoor temperature (excess heat or 
excess cold), and a lack of daylight. The health effects of exposure to these hazards include a higher risk of 
respiratory, cardiovascular, circulatory and gastrointestinal disorders; well-being and mental health 
conditions; and mortality and morbidity.  

Overall, our study shows that, on average across the EU27+, the individual compensating income variation 
(CIV) for being exposed to the four indoor climate hazards (for which analyses were feasible) is €6,288 for 
all four hazards combined, and the aggregated monetised well-being impact of the four indoor climate 
hazards is €258 billion. In addition, according to our macroeconomic model, the cost associated with 
exposure to damp and mould and the lack of daylight in residential buildings over the next 30 years is about 
€53 billion. Improving ventilation rates in offices could lead to economic benefits of a cumulative total 
increase of EU27+ GDP from €25.6 billion to €180 billion by 2050, while improving access to daylight in 
European offices could lead to a cumulative increase of EU27+ GDP from €25.2 billion to €200 billion by 
2050. 

Implications of study findings 
This study brings evidence of tangible health and economic impacts of poor indoor climate at the individual 
and societal level. It shows that poor indoor climate hazards affect a relatively large share of populations 
across all age groups and across all studied countries. This constitutes a significant health risk and has effects 
on children’s school absences and their academic performance, as well as economic impacts for parents and 
children (future generation of workers) in terms of work attendance, productivity and performance.  

These results clearly highlight the important role of buildings in providing an essential basic requirement 
for good health and well-being of the inhabitants and users. Even if buildings have always been central to 
our lives, the COVID-19 pandemic with its guidance to stay at home and work (if feasible) from home, 
and the forced periods of time spent at home during lockdowns, has increased awareness of the home 
environment and highlighted the critical importance and urgency of creating healthy and sustainable 
buildings. Due to lockdowns and other restrictions imposed in response to COVID-19, the home, a living 
space and a place of retreat/leisure, was transformed into a place of home schooling for children and 
teleworking for adults. It is estimated that before the pandemic, on average just 15 per cent of people 
employed in the EU had ever worked from home. In July 2020, nearly half of respondents classified as an 
‘employee’ participating in a European-wide survey conducted by Eurofound stated that they teleworked at 
least some of the time, with 34 per cent reporting working exclusively from home at that time. Furthermore, 
the Joint Research Centre’s (JRC) estimations suggest that around 25 per cent of all work in EU member 
states is teleworkable. The pandemic appears to have accelerated remote working trends, with a substantial 
share of workers continuing to telework after restrictions were eased. There is also some (mainly anecdotal) 
evidence that the pandemic has had some impact on suburbanisation trends, with a preference emerging 
for larger but affordable suburban homes over city-centre flats. This is because working from home policies 
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and practices have drastically altered households’ locational needs, which may have a transformational effect 
on urbanisation and suburbanisation trends. 

While the full impact of COVID-19 on working patterns is still unfolding, it is clear that during the 
pandemic varying levels of access to secure and decent housing had an impact on the level of infections, 
mortality rates, and well-being and mental health. The COVID-19 pandemic has also highlighted that 
health and climate risks will most likely increase in the future, and will require a fundamental and strategic 
change in our use of private and public buildings. From the policy perspective, this means that the health 
and adequacy of our buildings has become an even more pressing issue for policymakers and other 
stakeholders to address. Given the health and economic impacts of poor indoor climate, there is a need to 
develop long-term inclusive strategies that would put good quality, sustainable and affordable housing at 
the heart of the socio-economic recovery. This also creates a window of opportunity to focus on the fair 
energy transitions and decarbonisation of the building stock, in line with the objectives of the European 
Green Deal. The renovation of our buildings to make them healthier and more energy efficient provides a 
long-term investment into sustainability and resilience in our societies. 
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Appendix A. The well-being valuation approach in relation to 
indoor climate risk factors  

 

 

The well-being valuation (WVA) represents a method to value how much individuals value non-marketed 
‘goods’ (e.g. public parks) or ‘bads’ (e.g. crime, pollution, feelings). The WVA involves regressing a measure 
of life satisfaction on different variables of interest (e.g. living in a house with indoor climate risk factors), 
controlling for an array of other personal characteristics such as income. The regression output from such 
an analysis can then be used to calculate how much an individual is willing to trade off income for not being 
exposed to an indoor climate hazard by estimating how much extra income an individual would require to 
offset a given loss in life satisfaction.649  

In order for the WVA to be a valid method to value non-marketed goods, the following necessary conditions 
must be met650: 

1. Data about whole-life satisfaction at the present time must be available: The WVA method 
requires data on individuals’ self-reported life satisfaction. This needs to relate to respondents’ 
global evaluation of their life, not just parts of their life (e.g. satisfaction with health or job). The 
focus on the present time is often implied from how the question about subjective well-being is 
phrased, for instance asking about ‘these days’, ‘nowadays’ or ‘now’.  

2. Life satisfaction has to be a true proxy for general welfare: Some authors651 argue that there is 
substantial evidence from happiness research that this is the case. For instance, measures of 
subjective well-being passed a series of validation tests, revealing, for example, that individuals 
reporting higher levels of subjective well-being suffer less from health conditions (e.g. hypertension) 
or are less likely to commit suicide. Indeed, the psychological literature has long proposed that 
variables such as subjective well-being are measures of self-reported assessments of overall mental 
well-being.652  

3. Life satisfaction data must be comparable across different groups of people and over time: There 
is a longstanding debate in welfare economics about whether personal utility or welfare can be 
compared across individuals or groups of people.653  Some authors654 argue that reported life 
satisfaction is comparable across groups (e.g. by demography). Studies have shown that self-
reported life satisfaction is not just related to individual-specific response behaviour, but is related 
to a shared standard or framework of evaluation of well-being across individuals. For instance, 

 
649 Most often measured through a question on a scale from 0 (not at all) to 10 (fully) on ‘how satisfied are you with your life in general nowadays?’, 
which represents a subjective evaluation that each individual makes based on his own criteria or standards (Diener 1994). The different scores of 
life satisfaction contain information on the individual’s global evaluation of their lives, with combined reflection of everyone’s inner state, current 
affect and present life. The measures of life satisfaction are fully validated and are implemented in a number of national well-being monitoring 
systems. 
650 Frey (2009). 
651 Frey (2009). 
652 Galea et al. (2002) 
653 Elster & Roemer (1991) 
654 Frey (2009). 
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studies have shown that individuals who rate themselves happy are also rated happy by their friends 
and family members, including spouses655  

Under these assumptions, reported life satisfaction data can be applied to examine the preferences of 
individuals for non-marketed goods.  

 How the WVA is implemented empirically  
The empirical approach taken can be described in simple terms as follows: in a first step the association 
between exposure to an indoor climate hazard (e.g. damp, lack of daylight) to both income and individual 
life satisfaction is estimated. In a second step, the necessary income (or so-called ‘compensating income 
variation’) needed to counteract or compensate for the reduced life satisfaction from being exposed to an 
indoor climate hazard is estimated. These relationships are measured using an econometric regression 
analysis based on EU-SILC 2018 and 2013 data, which had special modules asking about indoor climate 
hazards and people’s life satisfaction.  

In technical terms, the first step is based on estimating the following baseline empirical model 
specification656:  

𝐿𝑆!(% = 𝛽) + 𝛽&𝑃𝐼𝐶!(% + 𝛽*𝐼𝑛𝑐!(% + 𝛽+𝑋!(% + 𝛾( + 𝛿% + 𝜀!(%			(1) 

In this equation, the variables are defined as follows: 

• 𝑳𝑺𝒊𝒄𝒕 denotes the self-reported subjective well-being of individual i. The standard variable in the 
literature applying the WVA is life satisfaction (e.g. measured on a scale from 0 to 10).  

• 𝑷𝑰𝑪𝒊𝒄𝒕 denotes the prevalence and incidence of different indoor climate hazards for individual i. 
Note that if we expect that being exposed to indoor climate hazards has a negative impact on an 
individual’s well-being, we would expect the parameter 𝛽& to be negative.  

• 𝑰𝒏𝒄𝒊𝒄𝒕 denotes the level of household income for individual i. The EU SILC collects information 
about personal and household income in different categories. Following best practice in the WVA 
literature, we compute the equivalised household income, which considers the income relative to the 
size of the household.657 Furthermore, we use the equivalised household income both in absolute 
terms and in logarithmic form. Some scholars argue that the logarithmic form implies that it is the 
relative income that matters in determining well-being rather than the absolute value. Note that 
based on previous research, income tends to be positively associated with well-being, and therefore 
we would expect the parameter 𝛽* to be positive.  

• 𝑿𝒊𝒄𝒕 represents a vector of control variables usually applied in measuring determinants of well-being 
including personal characteristics of individual i, such as education level, gender, age, job situation, 
religion and marital status.  

• 𝛾(, 𝛿% represent country- and time-fixed effects. Including country-fixed effects ensures that only 
within-country variation across the relevant variables is considered. The time fixed effect takes into 
account time-specific trends that are common across all countries.  

 
655 Lepper (1998). 
656 Using either linear Ordinary Least Squares (OLS) or, since the outcome variable is on a Likert-Scale between 0 and 10, also using non-linear 
Ordered Logit (OL). Previous empirical research suggests that the findings are robust against the choice of estimation method. 
657 For example, computed by dividing household income by the square root of the household size, see: Howley (2017). 
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• 𝜺𝒊𝒄𝒕 represents an error term capturing all other factors determining well-being not captured by the 
inclusion of the other independent variables above. For instance, non-observed individual effects that 
determine well-being (e.g. personality traits). 

Once parameters 𝛽& and 𝛽* are estimated, in a second step we can then use these parameter estimates to 
monetise the well-being effects of indoor climate hazards. Following the existing literature, we calculate the 
compensating income variation (CIV), or in other words, the necessary income an individual would have 
to be compensated for being exposed to indoor climate hazards to achieve the same level of well-being as an 
individual who has not been exposed to such hazards. Technically, the CIV can be explained as follows: 

𝑊)(𝑦), 𝑃𝐼𝐶)) = 𝑊&(𝑦) + 𝐶𝐼𝑉, 𝑃𝐼𝐶&)																(2) 

Where W represents individual well-being, which depends positively on household income y and negatively 
on being exposed to indoor climate hazards, PIC. The CIV is obtained by equating well-being in state 0 
(not exposed to hazards) with well-being in state 1 (exposed to hazards).  

Using the well-being function determined in step two, and the parameters from equation (1), the CIV can 
be written as a function of a change in the status of being exposed to the hazards ∆𝑃𝐼𝐶, as reported in 
equation (3): 

𝐶𝐼𝑉(∆𝑃𝐼𝐶) = c1 − exp g
𝛽&(𝑃𝐼𝐶)
𝛽*	(𝐼𝑛𝑐)

∗ ∆𝑃𝐼𝐶ij ∗ 	𝑦)			(3) 

It is important to note that the parameters 𝛽& and 𝛽* are determined by estimating equation (1) using 
multivariate regression methods. The main term in the large brackets provides a metric of the average 
percentage of a person’s income that they are (hypothetically) willing to forego to not be exposed to the 
indoor climate hazard. To receive the overall absolute value a person is willing to forego, the content in the 
large bracket of equation (3) must be multiplied with the average sample income 𝑦). The calculated CIV 
represents the (hypothetical) well-being increase to an individual from alleviating being exposed to indoor 
climate hazards. It is important to highlight that the CIV does not represent an actual financial return that 
would be received or a direct saving for the government.  

  Data sources and main measures 
In order to estimate parameters 𝛽& and 𝛽*, we use data from the EU-SILC, an annual pan-European survey 
of private households and their current members that collects cross-sectional and longitudinal microdata on 
a variety of social indicators including income, poverty, social exclusion and living conditions. The initial 
release, with data collected in 2004, included information on 13 EU member states plus Norway and 
Iceland.658 From 2007 onwards it has included all EU member states at time of collection, as well as Turkey, 
Switzerland, Norway and Iceland. Data are available from 2004 to 2019. EU-SILC data are collected by 
national statistical institutes in each country, with information extracted from administrative registers or 
obtained through interviews. Information collected on social exclusion and housing conditions is largely 
collected at the household level, while health, education and labour information is collected at the individual 
level, with interviews undertaken with all individuals aged 16 years and over in the household. 

 
658 The 13 member states includes: Austria, Belgium, Denmark, Estonia, Finland, France, Greece, Ireland, Italy, Luxembourg, Portugal, Spain and 
Sweden. 
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Every year, around 130,000 households and 270,000 individuals are interviewed across EU countries for 
collection of the cross-sectional microdata. In order to enable descriptions and comparisons of population 
characteristics across the countries and regions of the EU, data need to be collected using probability 
sampling, in line with the appropriate procedures outlined by the EU.   

The question on life satisfaction, or the outcome variable 𝐿𝑆!, has been asked in the 2013 and 2018 waves 
and is based on the question: ‘Using a scale of 0 to 10, where 0 means “Very dissatisfied” and 10 means 
“Very satisfied”, how satisfied are you with your life nowadays?’. Regarding the income variable, 𝑰𝒏𝒄𝒊, the 
EU-SILC only records household income bands instead of the exact income. In line with Frey et al. 
(2009)659 and Layard et al. 2008)660 we convert these into numerical values using the midpoint of each band. 
For respondents in the lowest income band, we assume an income of two-thirds of the upper limit of the 
lowest income band, whereas for respondents in the highest income band we assume an income of 1.5 of 
the lower income limit of the highest income band. In line with the existing scientific literature (e.g. Howley 
2017),661 we transform the income variable into the equivalent annual household income, which is 
calculated by dividing the total household income by the square root of the household size. This measure 
implies that a household with, for example, four members has needs twice as large as a single household. 
Following Layard et al. (2008),662 we exclude the 2 per cent at either extreme of the income distribution of 
fitted residuals from a linear regression of log income and a set of standard control variables such as age, 
gender and education. It is assumed that most of these observations are the result of measurement error, or 
reflect transitory deviations from usual household income. Including such observations could lead to 
misleading conclusions about the long-term link between income and individual utility. As Layard et al. 
(2008)663 show, there is no clear functional relationship between life satisfaction and the extreme ends of 
the residual distribution. With regards to the indoor climate risk, 𝑃𝐼𝐶!, the EU-SILC provides some relevant 
housing condition variables, which are reported in Table 24, including whether a household reports to be 
suffering from (1) a leaking roof, damp walls or rot in windows; (2) problems with a lack of light; (3) noise 
from neighbours or outdoors and; (4) the inability to keep the house adequately warm. Table 24: 
Definitions of EU-SILC variables of indoor climate risks 

Variable name EU-SILC 
code  

Question/description Values Reclassified 

Leaking roof, damp 
walls/floors/foundation, 
or rot in window frames 
or floor 

HH040 Do you have any of the following problems 
with your dwelling/accommodation? 

§ A leaking roof 
§ Damp walls/floors/foundation 
§ Rot in window frames or floor 

1 – Yes 

2 – No  

0 – No 

1 – Yes  

Problems with the 
dwelling: too dark, not 
enough light 

HS160 Is your dwelling too dark, meaning is there 
not enough day-light coming through the 
windows? 

1 – Yes 

2 – No 

0 – No 

1 – Yes 

Noise from neighbours or 
from the street 

HS170 Do you have any of the following problems 
related to the place where you live: too much 
noise in your dwelling from neighbours or 
from outside (traffic, business, factory, etc.)? 

1 – Yes 

2 – No 

0 – No 

1 – Yes  

Ability to keep home 
adequately warm 

HH050 Can your household afford to keep its home 
adequately warm? 

1 – Yes  

2 – No  

0 – Yes 

1 – No  

 
659 Frey et al. (2009). 
660 Layard et al. (2008).  
661 Howley (2017). 
662 Layard et al. (2008).  
663 Layard et al. (2008).  
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In order to minimise omitted variable bias, and with the goal to compare individuals with very similar 
backgrounds, we follow previous studies664 and include the following control variables that are likely 
correlated with the outcome variable of subjective well-being and income:  

Table 25: Definitions of EU-SILC household and personal variables 

Variable name EU-SILC 
code 

Question/description Values Reclassified 

Degree of 
urbanisation 

DB100 Household by degree of 
urbanisation 

1 – Densely-populated area 

2 – Intermediate area 

3 – Thinly-populated area 

0 – Intermediate area 
(suburban) 

1 – Thinly populated 
area (rural) 

2 – Densely-
populated area 
(urban) 

Tenure status HH021 Household by tenure status 1 – Outright owner 

2 – Owner paying 
mortgage 

3 – Tenant or subtenant 
paying rent at prevailing or 
market rate 

4 – Accommodation is 
rented at a reduced rate 
(lower price than 

the market price) 

5 – Accommodation is 
provided free 

0 – NOT renting: 
outright owner/ 
owner paying 
mortgage/ 
accommodation is 
provided free 

1 – Renting: Tenant 
or subtenant paying 
rent at prevailing or 
market rate/ 
accommodation is 
rented at a reduced 
rate (lower price than 

the market price) 

Dwelling type HH010 Household by dwelling type 1 – Detached house 

2 – Semi-detached or 
terraced house 

3 – Apartment or flat in a 
building with fewer than 10 
dwellings 

4 – Apartment or flat in a 
building with 10 or more 
dwellings 

5 – Some other kind of 
accommodation 

0 – Multi-family 
home: Apartment or 
flat in a building with 
fewer than 10 
dwellings/ apartment 
or flat in a building 
with 10 or more 
dwellings 

1 – Single-family 
home: Detached 
house/semi-detached 
or terraced house 

 

Overcrowded 
household 

HX120 Household by overcrowded 
status 

0 – Not overcrowded 

1 – Overcrowded 

0 – Not overcrowded 

1 – Overcrowded 

Severely materially 
deprived household 

RX060 Household by severe 
material deprivation 

0 – Not severely deprived 

1 – Severely deprived 

0 – Not severely 
deprived 

1 – Severely 
deprived 

General health PH010 How is your health in 
general? 

1 – Very good 

2 – Good 

1 – Very bad 

2 – Bad 

 
664 Frey et al. (2009); Layard et al. (2008); Howley (2017). 
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Variable name EU-SILC 
code 

Question/description Values Reclassified 

3 – Fair 

4 – Bad 

5 – Very bad 

3 – Fair 

4 – Good 

5 – Very good 

General mental 
health  

RC010T How is your mental health in 
general? 

1 – Very good 

2 – Good 

3 – Fair 

4 – Bad 

5 – Very bad 

1 – Very bad 

2 – Bad 

3 – Fair 

4 – Good 

5 – Very good 

Sex RB090 Gender of person 1 – Male 

2 – Female  

0 – Male 

1 – Female  

Age at the time of 
interview 

RX010 Age of person at time of 
interview 

Continuous integers Continuous integers 

Highest ISCED665 
level attained 

PE040 Highest educational level 
achieved  

000 – Less than primary 
education 

100 – Primary education 

200 – Lower secondary 
education 

300 – Upper secondary 
education (not further 
specified) 

400 – Post-secondary non-
tertiary education (not 
further specified) 

500 – Short cycle tertiary 

600 – Bachelor or 
equivalent 

700 – Master or equivalent 

800 – Doctorate or 
equivalent 

0 – No formal 
education: Less than 
primary education/ 
primary education/ 
lower secondary 
education 

1 – Secondary 
education: Upper 
secondary education 
(not further 
specified)/ post-
secondary non-
tertiary education (not 
further specified) 

2 – Tertiary 
education: Short 
cycle tertiary/ 
Bachelor or 
equivalent/ Master or 
equivalent/ Doctorate 
or equivalent 

 

In addition, a number of other control variables are included to proxy for an individual’s personality traits, 
such as an indicator variable on whether they generally trust other people. We also include indicator 
variables for the date of the interview to consider potential seasonal effects in responding to the question of 
life satisfaction. For instance, individuals may value their overall life satisfaction differently in spring than 
in winter.  

 

 

 

  

 
665 ISCED stands for International Standard Classification of Education.  
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Appendix B. Cumulative direct healthcare cost associated with 
damp or mould and lack of daylight 

 

Table 26: Cumulative direct healthcare costs by 2050 associated with exposure to 
damp or mould and lack of daylight 

  
Cumulative direct healthcare cost by 2050 (net present value in 2019 

euros) 

  Euros Euros (million) Euros (billion) 

EU 27+ 44,240,098,137 44,240 44.2 

EU 27 31,455,685,531 31,456 31.5 

Austria 499,200,632 499 0.5 

Belgium 1,007,734,743 1,008 1.0 

Bulgaria 358,659,497 359 0.4 

Croatia  226,480,068 226 0.2 

Cyprus 298,094,444 298 0.3 

Czechia 262,258,937 262 0.3 

Denmark 466,745,630 467 0.5 

Estonia 94,042,640 94 0.1 

Finland 208,100,373 208 0.2 

France 5,131,508,631 5,132 5.1 

Germany 4,345,852,059 4,346 4.3 

Greece 815,253,086 815 0.8 

Hungary 761,806,570 762 0.8 

Ireland 495,623,818 496 0.5 

Italy 3,390,268,463 3,390 3.4 

Latvia 225,165,701 225 0.2 

Lithuania 193,796,089 194 0.2 

Luxembourg 124,820,568 125 0.1 

Malta 119,914,182 120 0.1 

Netherlands 2,018,761,490 2,019 2.0 

Norway 297,965,655 298 0.3 

Poland 2,447,551,579 2,448 2.4 

Portugal 2,611,727,991 2,612 2.6 

Romania 801,044,325 801 0.8 

Slovakia 123,119,154 123 0.1 

Slovenia 256,181,645 256 0.3 

Spain 3,512,009,008 3,512 3.5 

Sweden 659,964,208 660 0.7 

Switzerland 736,796,105 737 0.7 

United Kingdom 11,749,650,846 11,750 11.7 
 




