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Abstract
Researchers across disciplines are increasing attention to cold housing environ-
ments. Public health, environmental and social sciences, architecture, and engi-
neering each define and measure cold housing environments differently. Lack of 
standardisation hinders our ability to combine evidence, determine prevalence, 
understand who is most at risk––and to formulate policy responses. We conducted 
a systematic, cross-disciplinary review of literature to document the measures used. 
We examined benefits and limitations of each approach and propose a conceptu-
alisation of cold housing: where temperature is too low to support optimal health 
and wellbeing of inhabitants, measured using one or a combination of economic, 
‘objective’, or subjective approaches. More accurate data on home temperatures for 
all population groups, combined with an understanding of factors leading to cold 
homes, will enable appropriate policy response to reduce adverse health effects and 
costs. Policies targeting better building standards and energy subsidies both improve 
temperature conditions in housing environments.
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Abbreviations
HILDA  Household, income and labour dynamics in Australia survey
PMV  Predicted mean vote
WHO  World Health Organization

Key messages

• Cold housing is a complex issue that spans a range of disciplines and methodo-
logical approaches

• Based on our systematic review, we define cold housing as: where temperature is 
too low to support optimal health and wellbeing of inhabitants, measured using 
one or a combination of economic, ‘objective’, or subjective approaches

• Policy intervention to alleviate cold housing therefore requires consideration of 
building design, health effects and cost of living pressures

Introduction

Ideally, our housing environment provides us shelter and comfort. Because of 
design, materials, financial resources, or climate, the protection provided is highly 
variable. One increasingly important failing—as highlighted in recent work by the 
World Health Organization (WHO [1]—is the problem of cold. Cold home environ-
ments are a major and growing concern for governments [2–6], advocacy groups 
[7], and, in an era of rapidly rising energy costs, householders [8].

The topic of ‘cold housing environments’ challenges the research community 
as the ways disciplines define and measure this vary widely. The World Health 
Organization Housing and Health Guidelines define cold homes as those with an 
indoor temperature below 18  °C [1]. This followed a literature review of 11 arti-
cles focussed primarily on whether there were adverse health impacts from living 
in home environments less than 18 °C rather than in warmer homes [9]. The WHO 
conducted an additional literature review about specific health benefits from the 
presence of home insulation [10]. Seven of those 11 studies found living in an insu-
lated home environments to be associated with improved health [10].

Others have considered cold home environments from the perspective of occu-
pant satisfaction with conditions [11]. Identifying a suitable method for studying 
thermal comfort in people’s homes [12], financial ability to heat the home [13], 
perceived inability to improve temperature conditions [14], or difficulty heating the 
home due to building conditions [15]). There has also been a marked increase in lit-
erature regarding cold home environments in the past few years, following the WHO 
reviews (see Results section). Our focus differs from that of the WHO reviews as we 
focus on the manner in which researchers have measured ‘cold’ and defined ‘cold 
home environments’.

The variety of ‘cold homes’ definitions motivated us to explore if there might be 
a ‘correct’ way to define them.



372 C. F. Barlow et al.

• Is it best to limit the definition to a health viewpoint, with specific outcomes 
such as cardiovascular and respiratory health? Or, to consider also the mental 
health of inhabitants?

• Is the occupant’s perception of cold, or physical vulnerability to cold, more or 
less important than the actual temperature?

• Is it more important to define a standard of warmth versus cold, or to address 
the underlying conditions that cause homes to be cold in the first place, such as 
energy poverty, energy efficiency or building design and condition?

We systematically survey recent evidence on cold housing environments. The fol-
lowing section sets out our review methodology, followed by a critical overview of 
the different approaches to measuring cold housing environments, and discussion of 
emerging challenges. We conclude by proposing a working definition and measure-
ment approach to align future work and support an appropriate policy response.

Method

We searched titles, abstracts, and keywords on PubMed, Web of Science, Science 
Direct, Scopus, and Google Scholar, for publications from 2000 to 2022 (inclu-
sive). The WHO reviews [9, 10] captured some topics in this literature up to 2018. 
Because our interest is broader, we focus on measurement or definition of cold, and 
work since the WHO reviews. We used search terms ‘measuring cold in homes’, 
‘cold hous’, ‘indoor cold’, ‘cold hom’. Most studies we identified initially related to 
cold-climate countries. Because cold housing is also prevalent in warmer climates 
[16, 17], we included ‘temperature extremes in homes’, ‘heating homes in warm cli-
mates’, ‘heating challenges in temperate climate’, ‘heating in [country]’, for Spain, 
Portugal, and Greece, and  we added ‘minimum home temperature’ and ‘heating 
gap’.

Based on titles and abstracts we identified a total of 270 publications (Fig. 1). We 
excluded 143 papers in our first or second screening because they did not provide 
a measure of coldness (62), studied animals not humans (26), focused on clinical 
research without consideration of home environments (43), or focused on emissions, 
fuels, building design or real estate sales (12). This produced 133 relevant publica-
tions for analysis. For each we assessed six features for thematic analysis:

1. Country where researchers conducted the study
2. Measures of cold
3. Factors used to assess cold housing
4. Methodology (equipment, questionnaire, meta-analysis of database)
5. Sample size (homes, participants)
6. Main findings of the study
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Results

The number of relevant articles has increased markedly––with almost half (62 of 
133 papers) published in the last 5 years. In the 133 reviewed (see Supplementary 
Material for full list), the breadth of factors and diversity of measures of cold indi-
cate that defining and addressing ‘cold home environments’ is complex.

We classified the methodological approaches for measuring cold housing envi-
ronments in three categories: ‘objective’, ‘subjective’, and ‘economic’. Each pro-
vides a unique entry point for policy response (See Discussion). This categorisation 
follows the work of Foye [18] who examined the epistemological origins of housing 
research and approaches taken toward measuring housing outcomes. The next three 
subsections describe the range of measures and their specifications in the study of 
cold housing environments.

Objective measures

Temperature is the primary objective measure of cold in homes, however, the 
method of measurement varied widely, as did sample numbers and duration of 

Fig. 1  Summary of the literature review method
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sampling. There is no consensus on what defines a cold home (Table 1). Health 
evidence points to 18 °C as a suitable minimum in general although higher tem-
peratures may be needed where occupants are vulnerable to cold due to health or 
age [1]. Some studies recommended different temperatures for daytime and night-
time [19], different lengths of time [20] or different rooms [21]. Reasons for the 
temperatures recommended differed among studies. Some relate to specific med-
ical conditions or occupant comfort for population groups such as school chil-
dren [2] or the elderly [22]. Occupant awareness of indoor temperatures can also 
improve health and well-being [23], leading to reduced use of medication [24].

Of the 64 studies using temperature sensors, many listed the make and model 
of sensor (see Supplementary Material). Others simply described the sensors, 
such as ‘portable’ [31], or ‘electronic’ [32]. For studies with monitored tem-
perature, median participant numbers included 112 homes, monitored over 
2.5  weeks. Umishio et  al. [33] monitored 2190 Japanese homes for 2  weeks 
each, Yu et  al. [34] collected measurements in 527 Chinese homes, but only 
briefly (< 1  h), as they conducted an interview. Pullinger et  al. [35] measured 
temperature in a relatively large number of homes in the United Kingdom (UK) 

Table 1  Home temperatures considered as a minimum or as cold

Literature Minimum temperature 
advocated, or defining home 
as ‘cold’

Reason for recommendation

WHO [1] 18 °C Protection of health
UK Parliament [5] 18 °C Environmental housing standard
Mu et al. [25] 18.2 °C Respiratory health
Shiue [26] 18 °C Risk of elevated blood pressure
Public Health England (Wookey 

et al. [4])
18 °C daytime
May be lower overnight

Protection of health

Hutchinson et al. [27] 16 °C Identification of a home as ‘cold’
Critchley et al. [14] 18 °C living room

16 °C bedroom
Identification of a home as ‘cold’

Bouzarovski and Petrova [19] 21 °C day
17 °C night

Thermal comfort

Magalhães et al. [21] 21 °C living room
18 °C other occupied rooms

Adequate standard of warmth

Osman et al. [20] 21 °C for at least 9 h a day Protection of health COPD patients
Tartarini et al. [22] 19.1 °C Comfort of aged care residents
Reyes et al. [28] 21 °C Identification of a home as ‘cold’
CIBSE [29] 22–23 °C living room Comfort
Simoes et al. [30] 20 °C Portuguese building regulations
US EPA [2] 19.7 °C School regulations
ASHRAE [3] 17.5 °C Comfort
Shiue [26] 16 °C Elevated blood pressure risk
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for a lengthy period (255 homes between 55 and 673 days each). Fan et al. [36] 
measured temperature in only 10 Chinese homes for 1 week.

Subjective measures

It is important to consider the factors that influence cold home environments, 
even though they are not, of themselves, measures of coldness. These include 
occupant perception of comfort, energy usage, economic factors (energy pov-
erty), building conditions and behavioural aspects. Such underlying aspects are 
crucial for understanding ways to improve temperature conditions in homes.

We summarise measures used to describe cold home environments in Table 2. 
The dominant subjective measure is an occupant’s perception of thermal com-
fort. The American Society of Heating Refrigerating and Air Conditioning: 
Engineers Thermal provide a commonly used definition of thermal comfort: the 
“condition of mind that expresses satisfaction with the thermal environment and 
is assessed by subjective evaluation” [3]. Some define thermal comfort as a men-
tal state where occupants are not distracted by the coldness of the environment 
[11]. In the absence of physical temperature measurements in homes, one Aus-
tralian study used these subjective measures to inform health monitoring [37].

Researchers measured thermal comfort using various scales, such as predicted 
mean vote (PMV) [38] and the Likert scale [39] and techniques such as inter-
views and surveys (Table 2). Use of surveys rather than physical measurement 
in homes allowed for larger sample numbers, the median number of participants 
being 342, or 276 excluding secondary data analyses. Survey-based studies 
ranged from four Spanish households, based on an interview and intervention 
study [40]; to 193,492 data points based on surveys of household, income and 
labour dynamics in Australia (HILDA) [41].

Perception of thermal comfort depends on physical factors including air 
velocity, mean radiant temperature, and stratification [3, 5]. First, air velocity 
of 1  ms−1 causes air to feel 1 °C colder [42]. Second, if the wall temperature of 
a house is less than that of the air in the room, heat will radiate from a person 
within that room towards the wall, causing them to feel cold [42]. Third, hot air 
rises, meaning that air temperature within a room is stratified, people within a 
room may therefore have cold feet, causing discomfort [5]. Aside from these 
physical factors, individual perception of and adaptation to cold may vary [43]. 
Those preferring lower temperatures reported less anxiety and depression from 
living in a ‘cold’ home than those with limited control over their home environ-
ment [14]. Provision of heating does not necessarily lead to improved perception 
of thermal comfort [44], particularly where occupants feel constrained by energy 
cost, as detailed below. The perception of being cold in the home environment, 
over the long term, negatively impacts the occupant’s mental health [45]. Hence, 
we cannot simply consider temperature and ignore occupant perception.
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Table 2  Measures of cold employed in reviewed literature

Examples of literature given are for each point in this table but are not exhaustive; see Supplementary 
Material for further detail. Also note that some studies use multiple measures of cold

Measure of 
cold

Number of studies Details

Indoor air 
temperature

64 • Sensor or logger, listed in Supplementary Appendix A

Occupant 
perceived 
thermal 
comfort

45 • Surveys (n = 15) [46]
• Interviews (n = 11) [11]
  o telephone [47]
  o e-interviews [48] and
  o group interviews [49]
• PMV (or ASHRAE) scale (8) [50]
• Likert-scale questions (3) [51]
• McIntyre scale (1) [52]
• Safe and healthy temperatures [53]
• Clothing arrangement, recent physical activity and operation of 

windows [52]
Energy use 

or cost
23 • Actual use statistics [54]

• Heating degree days [55]
• Thermostat settings [56]
• Heating hours [39]
• Presence of central or other heating [57]

Energy 
poverty

42 • Inability to keep the home warm [13]
• Inability to pay energy bills on time (8) [44]
• Gini index (income after tax and welfare) [55, 58]
• Simple index (required domestic fuel costs/income > 10%) [59]
• More complex equations [60]
• Thermal adaptive behaviours [22]
• Energy cost (22 studies e.g. [27])
• Fuel poverty [61]

Secondary 
analyses

12 • Previously collected data [62]
  o in-home sensor studies [63]
• Survey data [64]
• Eurostat 2019 [50, 55, 58]
• French database of the healthcare and insurance survey [65]
• National surveys (Japan [66], New Zealand [67])
• Hospital episode and population statistics [66, 68]

Heating sys-
tems and 
behaviours

19 E.g. Wright [69]

Insulation 
or thermal 
efficiency

10 E.g. Hamilton, Davies, Ridley, Oreszczyn, Barrett, Lowe, Hong, 
Wilkinson and Chalabi [15]

Damp/mould 10 E.g. Butler, Williams, Tukuitonga and Paterson [70]
Thermostat 

settings
6 E.g. Shipworth [56]

Other meas-
ures

12 E.g. Heating degree days [71]
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Economic measures

Studies reviewed show that cold home environments and energy-poverty (Table 2) 
are positively related [72, 73]. Nakajima, Schmidt, Fänge, Ono and Ikaga [74] 
found that despite the temperature of the home, perceived health impacts were 
more likely when coupled with energy poverty. Naicker et al. [16] explain this by 
the limited availability of coping strategies in lower socio-economic communi-
ties, where low-cost housing is poorly constructed. Energy use or cost provides 
a measure of how much a home is heated, but it does not indicate fully the com-
fort level or actual temperature of the home [56]. Energy usage in English homes 
has increased, despite no change in thermostat settings over the same period, 
potentially because larger areas are now being heated, or for longer time peri-
ods [56]. During COVID lockdowns, energy consumption by United States (U.S.) 
households increased up to 30%, due to higher occupancy patterns and need for 
increased use of heating and air conditioning [75]. Similarly, energy usage does 
not capture fully a household’s ability to heat their home as some homes may be 
more, or less heat efficient [39, 68, 76]. Thus, for policy, it may be appropriate to 
target reducing fuel poverty for the most vulnerable categories of individuals, for 
example, chronic patients who experience difficulty heating their homes [65].

Discussion

Researchers commonly situated investigation of cold housing environments in rela-
tion to factors potentially driving exposure, or specific vulnerable cohorts. There-
fore, there must be some way to benchmark a ‘cold housing environment’; measure-
ment of temperature is the most logical way to objectively compare one home to 
another. It is also important to consider the occupants of each home, whose environ-
mental needs vary due to medical conditions, age, or use of the home. To address 
the problem of cold home environments effectively we must look beyond tempera-
ture to the factors that cause homes to be cold. Thus, next we discuss economic and 
material drivers of cold housing environments, as well as issues of occupancy and 
vulnerability. For shaping policy, temperature in homes is very difficult to address 
directly. Why? Researchers seldom measure temperature in homes and government 
authorities cannot easily impose controls on temperature in individual households. 
Instead, we must provide households with capacity to maintain their indoor environ-
ment at a healthy temperature. Policy avenues to achieve this include building codes 
and economic policy, such as energy subsidies.

Building conditions

Building conditions do not define the temperature of a home, but they play an impor-
tant role in determining which home environments are likely to be ‘cold’. Homes 
with poor building conditions, including a lack of insulation or heating [33], damp 
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[32] and mould [67], were more likely those in which occupants reported feeling 
cold or in which temperatures were below WHO recommendations.

Energy efficiency is an important factor for maintaining warmth and wellbeing in 
homes. In the U.S., the California Energy Commission [77] updates building energy 
efficiency standards every 3 years. Others operate similarly, including the Euro-
pean Commission [78] Energy Performance of Buildings Directive and Austral-
ian National Construction Code [6, 79]. Making homes more energy efficient also 
reduces energy demand and greenhouse gas emissions.

Policy governing energy efficiency of new housing is, however, of little benefit 
to those living in housing of poor quality. Thus, policy makers need to focus on 
retrofitting of older housing stock [80]. In the U.S., a trial involving 53 homes found 
that retrofitting improved energy efficiency, particularly in winter [80]. In New Zea-
land, a successful community trial of retrofitting 1350 homes led to policy change 
to sponsor retrofit of insulation and efficient heating into existing homes [81]. Simi-
larly, Australian building policy aims to retrofit older housing stock from 2025 
onwards [6]. Unless specifically targeted, retrofitting policies may fail to benefit 
those who are most vulnerable; ‘universal’ policies may actually increase inequality, 
as groups suffering most from fuel poverty are least likely to participate [82]. Thus, 
better policies ensure that retrofits are practically and economically available to the 
most vulnerable members of the community.

Policy must also address rental tenants, who lack capacity to change building 
conditions. Government policy often fails to motivate private sector landlords to 
improve energy efficiency [83]. In the UK, policy to improve social housing condi-
tions has met with mixed success [84], improving conditions, but also limiting avail-
ability of housing for the most vulnerable. Effective intervention requires targeted 
incentives [83], or introduction of minimum standards such as energy efficiency 
[85], provision of heating and ventilation [86], or for installing insulation.

The impact of energy efficiency varies. Casquero-Modrego and Goñi-Modrego 
[40] found that retrofit of Spanish homes did not significantly reduce energy con-
sumption but did lead to the perception of greater thermal comfort. Elsewhere, 
results have been more positive. In Wales [87], energy-efficiency investment in the 
UK increased subjective wellbeing and the researchers found links to psychosocial 
intermediaries (increased thermal comfort, reduced reports of having to live with 
cold, fewer financial difficulties, and reduced social isolation) conducive to better 
health. Energy efficiency interventions also had differentiated effects on cold-related 
mortality in men and women, with effects also varying by cause, educational level, 
and age [88]. The WHO recommends installation of insulation in new housing and 
retrofit in existing housing [1], for improved health [10].

Mould and damp are closely related to cold in homes and some studies used them 
as an indicator (n = 10, see Supplementary Material and Cotter, Monahan, McAvoy 
and Goodman [89]). This amounts to a recognition that damp and mould are often 
synonymous with cold housing [32, 90]. Respiration of mould can lead to health 
problems, such as fungal respiratory infections such as Aspergillosis, Histoplasmo-
sis and Coccidioidomycosis [79]. Damp and mouldy housing accounts for a substan-
tial proportion of the burden of disease, as shown in the U.S. [91] and New Zealand 
[92]. Improving the thermal quality of housing to eliminate damp and mould and 
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producing a comfortable temperature through the house had a positive impact on the 
health of the residents [68], and substantially reduced total hospitalisation costs and 
potentially improved quality of life [92]. Thus, thermal quality produced financial 
benefits for occupants and indirectly for government health providers [68].

Evidence is emerging, however, that in warmer-climate countries, such as Aus-
tralia [79, 93] and Spain [94], increased energy-efficiency through changed national 
construction code rules has increased the occurrence of wintertime condensation and 
mould growth. Even in cooler countries, such as Greenland [95], researchers noted 
that keeping homes warm often compromises ventilation. Condensation of moisture 
typically occurs on cold surfaces, such as window frames and uninsulated ceilings 
[79]. Ventilating roof spaces may even exacerbate condensation, by increasing the 
temperature differential [79]. This has led to a higher proportion of mould-damaged 
buildings, for example, 50% in Australia compared to that of Europe (45%), U.S. 
(40%) and Canada (30%) [96]. Building material choices and improved airtightness 
also contribute to condensation [79, 93, 96]. Solutions developed in colder climates, 
that focus on airtightness, may not be applicable to warmer climates. Although evi-
dence that inability to keep the home warm enough in winter is more strongly asso-
ciated with adverse health outcomes than is damp housing [97], building policies 
targeting warmth must not to compromise necessary ventilation.

Occupancy and vulnerable cohorts

Several of the studies (n = 28, Supplementary Material), including Rudge and Gil-
christ [68], focussed on the aged population, people more susceptible to health con-
sequences from cold housing [98, 99]. Older people are particularly at risk from 
energy inefficient, cold homes [66, 99, 100]. This has led the UK to implement pub-
lic-health-driven energy efficiency housing policy interventions [68]. A more com-
prehensive understanding of who was at risk from cold homes would enable better 
health protection for the aged community [101]. Younger people are also vulnerable 
to cold homes if, for economic reasons, they are unable to keep their houses warm 
[48, 102].

The UK government has addressed this need by offering energy discounts to pen-
sioners and those on low incomes [103]. Similar schemes are available in the U.S. 
[104] and Australia [105]. With rising energy prices, subsidies alone may be insuffi-
cient to enable the most vulnerable to effectively heat their homes [106], particularly 
where poor building conditions are a factor. Support for these vulnerable community 
members will require a combination of energy subsidies with improvement of hous-
ing conditions to maintain safe indoor winter temperatures [106].

Conclusion

A definition of a cold home environment that captures the complexity seen in the 
research literature would include physical temperature, occupant perception, and the 
practical and economic capacity to heat the home. Physical temperature thresholds 
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enable direct comparison of homes and indicate likely health impacts from cold 
homes. Individuals’ needs vary such that no one temperature defines a ‘warm’ or 
‘healthy’ home environment. Cold home environments require policy-makers to 
consider factors that influence them, economic factors (energy poverty) and building 
conditions (including insulation and heating). Hence, we define a cold home as one 
where the temperature is too low to support optimal health and wellbeing of inhabit-
ants. Measurement of cold home environments should include data on temperature 
across the population; occupant age and health; economic capacity to heat the home 
and on inhabitant’s perception of thermal comfort.

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1057/ s41271- 023- 00431-8.

Acknowledgements We gratefully acknowledge Dr Rehnuma Parveen’s contribution to the preliminary 
literature search.

Funding Open Access funding enabled and organized by CAUL and its Member Institutions. NHMRC 
Grant Number 2004466.

Data availability All data used for this paper are provided in the supplementary material.

Declarations 

Conflict of interest On behalf of all authors, the corresponding author states that there is no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen 
ses/ by/4. 0/.

References

 1. WHO. World Health Organization Housing and health guidelines. 2018. https:// www. who. int/ publi 
catio ns/i/ item/ 97892 41550 376. Accessed 27 Mar 2023.

 2. US EPA. Indoor air quality tools for schools. 2009. https:// www. epa. gov/ sites/ defau lt/ files/ 2014- 
08/ docum ents/ refer ence_ guide. pdf. Accessed 30 May 2022.

 3. ASHRAE. American Society of Heating Refrigerating and Air Conditioning: Engineers ther-
mal comfort standard. ISSN 1041-2336. 2004. http:// arco- hvac. ir/ wp- conte nt/ uploa ds/ 2015/ 11/ 
ASHRAE_ Therm al_ Comfo rt_ Stand ard. pdf. Accessed 30 May 2022.

 4. Wookey R, Bone A, Carmichael C, Crossley A. Minimum home temperature thresholds for health 
in winter—a systematic literature review. 2014. https:// assets. publi shing. servi ce. gov. uk/ gover 
nment/ uploa ds/ system/ uploa ds/ attac hment_ data/ file/ 776497/ Min_ temp_ thres hold_ for_ homes_ in_ 
winter. pdf. Accessed 28 Sept 2022.

 5. UK Parlaiment. Environmental housing standards. Post note 650 September 2021. 2021. https:// 
resea rchbr iefin gs. files. parli ament. uk/ docum ents/ POST- PN- 0650/ POST- PN- 0650. pdf. Accessed 29 
Mar 2022.

https://doi.org/10.1057/s41271-023-00431-8
https://doi.org/10.1057/s41271-023-00431-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.who.int/publications/i/item/9789241550376
https://www.who.int/publications/i/item/9789241550376
https://www.epa.gov/sites/default/files/2014-08/documents/reference_guide.pdf
https://www.epa.gov/sites/default/files/2014-08/documents/reference_guide.pdf
http://arco-hvac.ir/wp-content/uploads/2015/11/ASHRAE_Thermal_Comfort_Standard.pdf
http://arco-hvac.ir/wp-content/uploads/2015/11/ASHRAE_Thermal_Comfort_Standard.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/776497/Min_temp_threshold_for_homes_in_winter.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/776497/Min_temp_threshold_for_homes_in_winter.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/776497/Min_temp_threshold_for_homes_in_winter.pdf
https://researchbriefings.files.parliament.uk/documents/POST-PN-0650/POST-PN-0650.pdf
https://researchbriefings.files.parliament.uk/documents/POST-PN-0650/POST-PN-0650.pdf


381Cold housing environments: defining the problem for an…

 6. Department of Industry Science Energy and Resources. The national construction code and state and 
territory regulations. 2021. https:// www. nathe rs. gov. au/ gover nance/ natio nal- const ructi on- code- and- 
state- and- terri tory- regul ation s#: ~: text= The% 20most% 20com mon% 20opt ion% 20use d,softw are% 
20tool% 20acc redit ed% 20und er% 20Nat HERS. Accessed 20 Apr 2022.

 7. Walker G, Day R. Fuel poverty as injustice: Integrating distribution, recognition and procedure in the 
struggle for affordable warmth. Energy Policy. 2012;49:69–75. https:// doi. org/ 10. 1016/j. enpol. 2012. 
01. 044.

 8. Boomsma C, Pahl S, Jones RV, Fuertes A. “Damp in bathroom. Damp in back room It’s very depress-
ing!” exploring the relationship between perceived housing problems, energy affordability concerns, 
and health and well-being in UK social housing. Energy Policy. 2017;106:382–93. https:// doi. org/ 10. 
1016/j. enpol. 2017. 04. 011.

 9. Barnard L. WHO Housing and health guidelines: web annex B: report of the systematic review on the 
effect of indoor cold on health. 2018. https:// apps. who. int/ iris/ handle/ 10665/ 275839. Accessed 5 Oct 
2022.

 10. Barnard LT, Howden-Chapman P, Clarke M, Ludolph R. Web Annex C: report of the systematic 
review on the effect of insulation against cold on health. 2018. https:// apps. who. int/ iris/ bitst ream/ han-
dle/ 10665/ 275840/ WHO- CED- PHE- 18. 04- eng. pdf. Accessed 11 Oct 2022.

 11. Ben H, Sunikka-Blank M. A socio-technical approach to thermal comfort and heating behaviour in 
UK homes. In: Proceedings of international conference CISBAT 2015 future buildings and districts 
sustainability from nano to urban scale, LESO-PB, EPFL; 2015, p. 339–44.

 12. Limbachiya V, Vadodaria K, Loveday DL, Haines V. Identifying a suitable method for studying ther-
mal comfort in people’s homes. Network for Comfort and Energy Use in Buildings (NCEUB) 2012. 
https:// repos itory. lboro. ac. uk/ artic les/ confe rence_ contr ibuti on/ Ident ifying_ a_ suita ble_ method_ for_ 
study ing_ therm al_ comfo rt_ in_ people_ s_ homes/ 93393 32. Accessed 27 Jul 2023.

 13. Carrere J, Peralta A, Oliveras L, López MJ, Marí-Dell’Olmo M, Benach J, Novoa AM. Energy 
poverty, its intensity and health in vulnerable populations in a Southern European city. Gac Sanit. 
2022;35:438–44.

 14. Critchley R, Gilbertson J, Grimsley M, Green G. Living in cold homes after heating improvements: 
evidence from warm-front, England’s home energy efficiency scheme. Appl Energy. 2007;84(2):147–
58. https:// doi. org/ 10. 1016/j. apene rgy. 2006. 06. 001.

 15. Hamilton IG, Davies M, Ridley I, Oreszczyn T, Barrett M, Lowe R, Hong S, Wilkinson P, Chalabi Z. 
The impact of housing energy efficiency improvements on reduced exposure to cold—the “tempera-
ture take back factor.” Build Serv Eng Res Technol. 2011;32(1):85–98. https:// doi. org/ 10. 1177/ 01436 
24410 394532.

 16. Naicker N, Teare J, Balakrishna Y, Wright CY, Mathee A. Indoor temperatures in low cost housing 
in Johannesburg, South Africa. Int J Environ Res Public Health. 2017;14(11):1410. https:// doi. org/ 10. 
3390/ ijerp h1411 1410.

 17. Castaño-Rosa R, Solís-Guzmán J, Marrero M. A novel index of vulnerable homes: findings from 
application in Spain. Indoor Built Environ. 2020;29(3):311–30.

 18. Foye C. Ethically-speaking, what is the most reasonable way of evaluating housing outcomes? Hous 
Theory Soc. 2021;38(1):115–31. https:// doi. org/ 10. 1080/ 14036 096. 2019. 16973 56.

 19. Bouzarovski S, Petrova S. A global perspective on domestic energy deprivation: Overcoming the 
energy poverty–fuel poverty binary. Energy Res Social Sci. 2015;10:31–40. https:// doi. org/ 10. 1016/j. 
erss. 2015. 06. 007.

 20. Osman LM, Ayres JG, Garden C, Reglitz K, Lyon J, Douglas JG. Home warmth and health status of 
COPD patients. Eur J Pub Health. 2008;18(4):399–405.

 21. Magalhães SMC, Leal VMS, Horta IM. Predicting and characterizing indoor temperatures in 
residential buildings: results from a monitoring campaign in Northern Portugal. Energy Build. 
2016;119:293–308. https:// doi. org/ 10. 1016/j. enbui ld. 2016. 03. 064.

 22. Tartarini F, Cooper P, Fleming R. Thermal perceptions, preferences and adaptive behaviours of occu-
pants of nursing homes. Build Environ. 2018;132:57–69.

 23. Pollard A, Jones T, Sherratt S, Sharpe RA. Use of simple telemetry to reduce the health impacts of 
fuel poverty and living in cold homes. Int J Environ Res Public Health. 2019. https:// doi. org/ 10. 3390/ 
ijerp h1616 2853.

 24. Pollard A, Jones T, Sherratt S, Sharpe RA. Use of simple telemetry to reduce the health impacts of 
fuel poverty and living in cold homes. Int J Environ Res Public Health. 2019;16(16):2853.

 25. Mu Z, Chen P-L, Geng F-H, Ren L, Gu W-C, Ma J-Y, Peng L, Li Q-Y. Synergistic effects of tempera-
ture and humidity on the symptoms of COPD patients. Int J Biometeorol. 2017;61(11):1919–25.

https://www.nathers.gov.au/governance/national-construction-code-and-state-and-territory-regulations#:~:text=The%20most%20common%20option%20used,software%20tool%20accredited%20under%20NatHERS
https://www.nathers.gov.au/governance/national-construction-code-and-state-and-territory-regulations#:~:text=The%20most%20common%20option%20used,software%20tool%20accredited%20under%20NatHERS
https://www.nathers.gov.au/governance/national-construction-code-and-state-and-territory-regulations#:~:text=The%20most%20common%20option%20used,software%20tool%20accredited%20under%20NatHERS
https://doi.org/10.1016/j.enpol.2012.01.044
https://doi.org/10.1016/j.enpol.2012.01.044
https://doi.org/10.1016/j.enpol.2017.04.011
https://doi.org/10.1016/j.enpol.2017.04.011
https://apps.who.int/iris/handle/10665/275839
https://apps.who.int/iris/bitstream/handle/10665/275840/WHO-CED-PHE-18.04-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/275840/WHO-CED-PHE-18.04-eng.pdf
https://repository.lboro.ac.uk/articles/conference_contribution/Identifying_a_suitable_method_for_studying_thermal_comfort_in_people_s_homes/9339332
https://repository.lboro.ac.uk/articles/conference_contribution/Identifying_a_suitable_method_for_studying_thermal_comfort_in_people_s_homes/9339332
https://doi.org/10.1016/j.apenergy.2006.06.001
https://doi.org/10.1177/0143624410394532
https://doi.org/10.1177/0143624410394532
https://doi.org/10.3390/ijerph14111410
https://doi.org/10.3390/ijerph14111410
https://doi.org/10.1080/14036096.2019.1697356
https://doi.org/10.1016/j.erss.2015.06.007
https://doi.org/10.1016/j.erss.2015.06.007
https://doi.org/10.1016/j.enbuild.2016.03.064
https://doi.org/10.3390/ijerph16162853
https://doi.org/10.3390/ijerph16162853


382 C. F. Barlow et al.

 26. Shiue I. Cold homes are associated with poor biomarkers and less blood pressure check-up: English 
Longitudinal Study of Ageing, 2012–2013. Environ Sci Pollut Res. 2016;23(7):7055–9. https:// doi. 
org/ 10. 1007/ s11356- 016- 6235-y.

 27. Hutchinson EJ, Wilkinson P, Hong SH, Oreszczyn T. Can we improve the identification of cold 
homes for targeted home energy-efficiency improvements? Appl Energy. 2006;83(11):1198–209. 
https:// doi. org/ 10. 1016/j. apene rgy. 2006. 01. 007.

 28. Reyes R, Schueftan A, Ruiz C, González AD. Controlling air pollution in a context of high energy 
poverty levels in southern Chile: clean air but colder houses? Energy Policy. 2019;124:301–11. 
https:// doi. org/ 10. 1016/j. enpol. 2018. 10. 022.

 29. CIBSE. Environmental design. Chartered institution of building services engineers (UK). 2015. 
http:// ierga. com/ hr/ wp- conte nt/ uploa ds/ sites/2/ 2017/ 10/ CIBSE- Guide-A- Envir onmen tal- design. pdf. 
Accessed 6 Sep 2022.

 30. Simoes SG, Gregório V, Seixas J. Mapping fuel poverty in Portugal. Energy Procedia. 2016;106:155–
65. https:// doi. org/ 10. 1016/j. egypro. 2016. 12. 112.

 31. Miguel-Bellod JS, González-Martínez P, Sánchez-Ostiz A. The relationship between poverty and 
indoor temperatures in winter: determinants of cold homes in social housing contexts from the 40s–
80s in Northern Spain. Energy Build. 2018;173:428–42. https:// doi. org/ 10. 1016/j. enbui ld. 2018. 05. 
022.

 32. Pollard AR. Could damp homes be too cold/underheated? BRANZ2018. https:// www. branz. co. nz/ 
pubs/ resea rch- repor ts/ sr389/. Accessed 27 Jul 2023.

 33. Umishio W, Ikaga T, Fujino Y, Ando S, Kubo T, Nakajima Y, Hoshi T, Suzuki M, Kario K, 
Yoshimura T, Yoshino H, Murakami S. Disparities of indoor temperature in winter: a cross-sectional 
analysis of the Nationwide Smart Wellness Housing Survey in Japan. Indoor Air. 2020;30(6):1317–
28. https:// doi. org/ 10. 1111/ ina. 12708.

 34. Yu W, Li B, Yao R, Wang D, Li K. A study of thermal comfort in residential buildings on the Tibetan 
Plateau, China. Build Environ. 2017;119:71–86.

 35. Pullinger M, Berliner N, Goddard N, Shipworth D. Domestic heating behaviour and room tempera-
tures: empirical evidence from Scottish homes. Energy Build. 2022;254: 111509.

 36. Fan G, Xie J, Yoshino H, Yanagi U, Hasegawa K, Kagi N, Goto T, Zhang Q, Wang C, Liu J. Indoor 
environmental conditions in urban and rural homes with older people during heating season: a case in 
cold region, China. Energy Build. 2018;167:334–46.

 37. Singh A, Mizdrak A, Daniel L, Blakely T, Baker E, Alfonzo LF, Bentley R. Estimating cardiovascu-
lar health gains from eradicating indoor cold in Australia. Environ Health. 2021;21:54.

 38. Cheung T, Schiavon S, Parkinson T, Li P, Brager G. Analysis of the accuracy on PMV–PPD model 
using the ASHRAE Global Thermal Comfort Database II. Build Environ. 2019;153:205–17.

 39. Boemi SN, Papadopoulos AM. Energy poverty and energy efficiency improvements: a longitudinal 
approach of the Hellenic households. Energy Build. 2019;197:242–50. https:// doi. org/ 10. 1016/j. enbui 
ld. 2019. 05. 027.

 40. Casquero-Modrego N, Goñi-Modrego M. Energy retrofit of an existing affordable building envelope 
in Spain, case study. Sustain Cities Soc. 2019;44:395–405. https:// doi. org/ 10. 1016/j. scs. 2018. 09. 034.

 41. Daniel L, Baker E, Beer A, Pham NTA. Cold housing: evidence, risk and vulnerability. Hous Stud. 
2021;36(1):110–30. https:// doi. org/ 10. 1080/ 02673 037. 2019. 16861 30.

 42. Van Hoof J. Forty years of Fanger’s model of thermal comfort: comfort for all? Indoor Air. 
2008;18(3):182–201.

 43. Song C, Huang L, Liu Y, Dong Y, Zhou X, Liu J. Effects of indoor thermal exposure on human 
dynamic thermal adaptation process. Build Environ. 2020;179: 106990.

 44. Sunikka-Blank M, Galvin R. Single parents in cold homes in Europe: how intersecting personal and 
national characteristics drive up the numbers of these vulnerable households. Energy Policy. 2021. 
https:// doi. org/ 10. 1016/j. enpol. 2021. 112134.

 45. Liddell C, Guiney C. Living in a cold and damp home: frameworks for understanding impacts on 
mental well-being. Public Health. 2015;129(3):191–9. https:// doi. org/ 10. 1016/j. puhe. 2014. 11. 007.

 46. Andersen RV, Toftum J, Andersen KK, Olesen BW. Survey of occupant behaviour and control of 
indoor environment in Danish dwellings. Energy Build. 2009;41(1):11–6.

 47. Karjalainen S. Thermal comfort and use of thermostats in Finnish homes and offices. Build Environ. 
2009;44(6):1237–45. https:// doi. org/ 10. 1016/j. build env. 2008. 09. 002.

 48. Osullivan KC, Howden-Chapman P, Sim D, Stanley J, Rowan RL, Clark IKH, Morrison LLA. Cool? 
Young people investigate living in cold housing and fuel poverty. A mixed methods action research 
study. SSM Popul Health. 2017;3:66–74. https:// doi. org/ 10. 1016/j. ssmph. 2016. 12. 006.

https://doi.org/10.1007/s11356-016-6235-y
https://doi.org/10.1007/s11356-016-6235-y
https://doi.org/10.1016/j.apenergy.2006.01.007
https://doi.org/10.1016/j.enpol.2018.10.022
http://ierga.com/hr/wp-content/uploads/sites/2/2017/10/CIBSE-Guide-A-Environmental-design.pdf
https://doi.org/10.1016/j.egypro.2016.12.112
https://doi.org/10.1016/j.enbuild.2018.05.022
https://doi.org/10.1016/j.enbuild.2018.05.022
https://www.branz.co.nz/pubs/research-reports/sr389/
https://www.branz.co.nz/pubs/research-reports/sr389/
https://doi.org/10.1111/ina.12708
https://doi.org/10.1016/j.enbuild.2019.05.027
https://doi.org/10.1016/j.enbuild.2019.05.027
https://doi.org/10.1016/j.scs.2018.09.034
https://doi.org/10.1080/02673037.2019.1686130
https://doi.org/10.1016/j.enpol.2021.112134
https://doi.org/10.1016/j.puhe.2014.11.007
https://doi.org/10.1016/j.buildenv.2008.09.002
https://doi.org/10.1016/j.ssmph.2016.12.006


383Cold housing environments: defining the problem for an…

 49. Tod AM, Nelson P, De Chavez AC, Homer C, Powell-Hoyland V, Stocks A. Understanding influences 
and decisions of households with children with asthma regarding temperature and humidity in the 
home in winter: a qualitative study. BMJ Open. 2016. https:// doi. org/ 10. 1136/ bmjop en- 2015- 009636.

 50. Zheng W, Shao T, Lin Y, Wang Y, Dong C, Liu J. A field study on seasonal adaptive thermal comfort 
of the elderly in nursing homes in Xi’an, China. Build Environ. 2022;208: 108623.

 51. Hiscock R, Asikainen A, Tuomisto J, Jantunen M, Pärjälä E, Sabel CE. City scale climate change 
policies: do they matter for wellbeing? Prevent Med Rep. 2017;6:265–70. https:// doi. org/ 10. 1016/j. 
pmedr. 2017. 03. 019.

 52. Daniel L, Baker E, Williamson T. Cold housing in mild-climate countries: a study of indoor environ-
mental quality and comfort preferences in homes, Adelaide, Australia. Build Environ. 2019;151:207–
18. https:// doi. org/ 10. 1016/j. build env. 2019. 01. 037.

 53. Tod AM, Nelson P, de Chavez AC, Homer C, Powell-Hoyland V, Stocks A. Understanding influences 
and decisions of households with children with asthma regarding temperature and humidity in the 
home in winter: a qualitative study. BMJ Open. 2016;6(1): e009636.

 54. Isaacs N, Saville-Smith K, Camilleri M, Burrough L. Energy in New Zealand houses: comfort, phys-
ics and consumption. Build Res Inf. 2010;38(5):470–80.

 55. Galvin R. Letting the Gini out of the fuel poverty bottle? Correlating cold homes and income ine-
quality in European Union countries. Energy Res Soc Sci. 2019. https:// doi. org/ 10. 1016/j. erss. 2019. 
101255.

 56. Shipworth M. Thermostat settings in English houses: no evidence of change between 1984 and 2007. 
Build Environ. 2011;46(3):635–42.

 57. Oliveira A, Cabral AJR, Fraga M, Martins O, Cabral P, Mendes JM, Carreira M. Poor housing and 
stroke mortality in population over 64 years old at the parish level, in mainland Portugal. GeoJournal. 
2017;82(4):665–82. https:// doi. org/ 10. 1007/ s10708- 016- 9712-4.

 58. Galvin R. Cold homes and Gini coefficients in EU countries. In: Inequality and energy: how extremes 
of wealth and poverty in high income countries affect  CO2 emissions and access to energy. Cam-
bridge: Academic Press; 2019. p. 145–71.

 59. Legendre B, Ricci O. Measuring fuel poverty in France: which households are the most fuel vulner-
able? Energy Econom. 2015;49:620–8.

 60. Okushima S. Measuring energy poverty in Japan, 2004–2013. Energy Policy. 2016;98:557–64.
 61. Sánchez CS-G, González FJN, Aja AH. Energy poverty methodology based on minimal thermal hab-

itability conditions for low income housing in Spain. Energy Build. 2018;169:127–40. https:// doi. org/ 
10. 1016/j. enbui ld. 2018. 03. 038.

 62. Bouzarovski S. Energy poverty in the European Union: landscapes of vulnerability. Wiley Interdiscipl 
Rev. 2014;3(3):276–89.

 63. De Chavez AC, Gilbertson J, Tod AM, Nelson P, Powell-Hoyland V, Homer C, Lusambili A, Thomas 
B. Using environmental monitoring to complement in-depth qualitative interviews in cold homes 
research. Indoor Built Environ. 2017;26(7):937–50. https:// doi. org/ 10. 1177/ 14203 26X17 719491.

 64. Ormandy D, Ezratty V. Health and thermal comfort: from WHO guidance to housing strategies. 
Energy Policy. 2012;49:116–21. https:// doi. org/ 10. 1016/j. enpol. 2011. 09. 003.

 65. Lacroix E, Chaton C. Fuel poverty as a major determinant of perceived health: the case of France. 
Public Health. 2015;129(5):517–24. https:// doi. org/ 10. 1016/j. puhe. 2015. 02. 007.

 66. Rudge J, Gilchrist R. Measuring the health impact of temperatures in dwellings: investigat-
ing excess winter morbidity and cold homes in the London Borough of Newham. Energy Build. 
2007;39(7):847–58.

 67. Riggs L, Keall M, Howden-Chapman P, Baker MG. Environmental burden of disease from unsafe 
and substandard housing, New Zealand, 2010–2017. Bull World Health Organ. 2021;99(4):259–70. 
https:// doi. org/ 10. 2471/ BLT. 20. 263285.

 68. Rudge J, Gilchrist R. Excess winter morbidity among older people at risk of cold homes: a popula-
tion-based study in a London borough. J Public Health. 2005;27(4):353–8. https:// doi. org/ 10. 1093/ 
pubmed/ fdi051.

 69. Wright F. Old and cold: older people and policies failing to address fuel poverty. Social Policy 
Admin. 2004;38(5):488–503. https:// doi. org/ 10. 1111/j. 1467- 9515. 2004. 00403.x.

 70. Butler S, Williams M, Tukuitonga C, Paterson J. Problems with damp and cold housing among 
Pacific families in New Zealand. New Zealand Med J. 2003;116:1177.

 71. Beviá MO, Sánchez-López G, Alvarez-Garcìa F, Elvira ADR. Evolution of heating and cooling 
degree-days in Spain: trends and interannual variability. Global Planetary Change. 2012;92:236–47.

https://doi.org/10.1136/bmjopen-2015-009636
https://doi.org/10.1016/j.pmedr.2017.03.019
https://doi.org/10.1016/j.pmedr.2017.03.019
https://doi.org/10.1016/j.buildenv.2019.01.037
https://doi.org/10.1016/j.erss.2019.101255
https://doi.org/10.1016/j.erss.2019.101255
https://doi.org/10.1007/s10708-016-9712-4
https://doi.org/10.1016/j.enbuild.2018.03.038
https://doi.org/10.1016/j.enbuild.2018.03.038
https://doi.org/10.1177/1420326X17719491
https://doi.org/10.1016/j.enpol.2011.09.003
https://doi.org/10.1016/j.puhe.2015.02.007
https://doi.org/10.2471/BLT.20.263285
https://doi.org/10.1093/pubmed/fdi051
https://doi.org/10.1093/pubmed/fdi051
https://doi.org/10.1111/j.1467-9515.2004.00403.x


384 C. F. Barlow et al.

 72. Grey CNB, Schmieder-Gaite T, Jiang S, Nascimento C, Poortinga W. Cold homes, fuel poverty 
and energy efficiency improvements: a longitudinal focus group approach. Indoor Built Environ. 
2017;26(7):902–13. https:// doi. org/ 10. 1177/ 14203 26X17 703450.

 73. Galvin R. Inequality and energy: how extremes of wealth and poverty in high income countries affect 
 CO2 emissions and access to energy. Cambridge: Academic Press; 2019.

 74. Nakajima Y, Schmidt SM, Fänge AM, Ono M, Ikaga T. Relationship between perceived indoor tem-
perature and self-reported risk for frailty among community-dwelling older people. Int J Environ Res 
Public Health. 2019. https:// doi. org/ 10. 3390/ ijerp h1604 0613.

 75. Krarti M, Aldubyan M. Review analysis of COVID-19 impact on electricity demand for residential 
buildings. Renew Sustain Energy Rev. 2021;143: 110888.

 76. Burholt V, Windle G. Keeping warm? Self-reported housing and home energy efficiency factors 
impacting on older people heating homes in North Wales. Energy Policy. 2006;34(10):1198–208. 
https:// doi. org/ 10. 1016/j. enpol. 2004. 09. 009.

 77. California Energy Commission, Building Energy Efficiency Standards—Title 24. 2022. https:// www. 
energy. ca. gov/ progr ams- and- topics/ progr ams/ build ing- energy- effic iency- stand ards. Accessed 22 Nov 
2022.

 78. European Commission, Energy performance of buildings directive. 2018. https:// energy. ec. europa. 
eu/ topics/ energy- effic iency/ energy- effic ient- build ings/ energy- perfo rmance- build ings- direc tive_ en. 
Accessed 22 Nov 2022.

 79. Law T, Dewsbury M. The unintended consequence of building sustainably in Australia. In: Filho 
WL, Rogers J, Iyer-Raniga U, editors. Sustainable development research in the Asia-Pacific Region: 
education infrastructure and buildings. Cham: Springer; 2018. p. 525–47.

 80. Ahrentzen S, Erickson J, Fonseca E. Thermal and health outcomes of energy efficiency retrofits of 
homes of older adults. Indoor Air. 2016;26(4):582–93.

 81. Howden-Chapman P, Viggers H, Chapman R, O’Sullivan K, Barnard LT, Lloyd B. Tackling cold 
housing and fuel poverty in New Zealand: a review of policies, research, and health impacts. Energy 
Policy. 2012;49:134–42. https:// doi. org/ 10. 1016/j. enpol. 2011. 09. 044.

 82. Camprubí L, Malmusi D, Mehdipanah R, Palència L, Molnar A, Muntaner C, Borrell C. Façade insu-
lation retrofitting policy implementation process and its effects on health equity determinants: a real-
ist review. Energy Policy. 2016;91:304–14. https:// doi. org/ 10. 1016/j. enpol. 2016. 01. 016.

 83. Hope AJ, Booth A. Attitudes and behaviours of private sector landlords towards the energy efficiency 
of tenanted homes. Energy Policy. 2014;75:369–78.

 84. Morrison N. Meeting the decent homes standard: London housing associations’ asset management 
strategies. Urban Stud. 2013;50(12):2569–87.

 85. UK Government. Domestic private rented property: minimum energy efficiency standard—landlord 
guidance. 2022. https:// www. gov. uk/ guida nce/ domes tic- priva te- rented- prope rty- minim um- energy- 
effic iency- stand ard- landl ord- guida nce. Accessed 23 Nov 2022.

 86. Tasmanian Government. Minimum standards for rental properties. 2022. https:// www. cbos. tas. gov. 
au/ topics/ housi ng/ renti ng/ begin ning- tenan cy/ minim um- stand ards/ types. Accessed 23 Nov 2022.

 87. Grey CN, Jiang S, Nascimento C, Rodgers SE, Johnson R, Lyons RA, Poortinga W. The short-term 
health and psychosocial impacts of domestic energy efficiency investments in low-income areas: a 
controlled before and after study. BMC Public Health. 2017;17(1):1–10.

 88. Peralta A, Camprubí L, Rodríguez-Sanz M, Basagaña X, Borrell C, Marí-Dell’Olmo M. Impact of 
energy efficiency interventions in public housing buildings on cold-related mortality: a case-crosso-
ver analysis. Int J Epidemiol. 2017;46(4):1192–201.

 89. Cotter N, Monahan E, McAvoy H, Goodman P. Coping with the cold—exploring relationships 
between cold housing, health and social wellbeing in a sample of older people in Ireland. Quality Age 
Older Adults. 2012;13(1):38–47. https:// doi. org/ 10. 1108/ 14717 79121 12136 07.

 90. Johnson V, Totty J, Sullivan D. Improving the energy efficiency of homes in Moreland: warm home 
cool home and concession assist social research final report. Brotherhood of St Lawrence. 2013. 
https:// libra ry. bsl. org. au/ jspui/ bitst ream/1/ 6192/1/ Johns onSul livan Totty_ Impro ving_ energy_ effic 
iency_ of_ homes_ Morel and_ 2013. pdf. Accessed 27 Jul 2023.

 91. Mudarri D, Fisk WJ. Public health and economic impact of dampness and mold. Indoor Air 
2007;17(LBNL-63007).

 92. Lloyd EL, McCormack C, McKeever M, Syme M. The effect of improving the thermal quality of 
cold housing on blood pressure and general health: a research note. J Epidemiol Community Health. 
2008;62(9):793–7. https:// doi. org/ 10. 1136/ jech. 2007. 067835.

https://doi.org/10.1177/1420326X17703450
https://doi.org/10.3390/ijerph16040613
https://doi.org/10.1016/j.enpol.2004.09.009
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/energy-performance-buildings-directive_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/energy-performance-buildings-directive_en
https://doi.org/10.1016/j.enpol.2011.09.044
https://doi.org/10.1016/j.enpol.2016.01.016
https://www.gov.uk/guidance/domestic-private-rented-property-minimum-energy-efficiency-standard-landlord-guidance
https://www.gov.uk/guidance/domestic-private-rented-property-minimum-energy-efficiency-standard-landlord-guidance
https://www.cbos.tas.gov.au/topics/housing/renting/beginning-tenancy/minimum-standards/types
https://www.cbos.tas.gov.au/topics/housing/renting/beginning-tenancy/minimum-standards/types
https://doi.org/10.1108/14717791211213607
https://library.bsl.org.au/jspui/bitstream/1/6192/1/JohnsonSullivanTotty_Improving_energy_efficiency_of_homes_Moreland_2013.pdf
https://library.bsl.org.au/jspui/bitstream/1/6192/1/JohnsonSullivanTotty_Improving_energy_efficiency_of_homes_Moreland_2013.pdf
https://doi.org/10.1136/jech.2007.067835


385Cold housing environments: defining the problem for an…

 93. Dewsbury M, Law T, Henderson A. Investigation of destructive condensation in Australian cool-
temperate buildings. DoJ Build Stand Occup Licens Ed 2016. University of Tasmania. https:// figsh 
are. utas. edu. au/ artic les/ report/ Inves tigat ion_ of_ destr uctive_ conde nsati on_ in_ Austr alian_ cool_ tempe 
rate_ build ings/ 23168 327. Accessed 27 Jul 2023.

 94. Fernández-Agüera J, Domínguez-Amarillo S, Alonso C, Martín-Consuegra F. Thermal comfort and 
indoor air quality in low-income housing in Spain: the influence of airtightness and occupant behav-
iour. Energy Build. 2019;199:102–14. https:// doi. org/ 10. 1016/j. enbui ld. 2019. 06. 052.

 95. Kotol M, Rode C, Clausen G, Nielsen TR. Indoor environment in bedrooms in 79 Greenlandic house-
holds. Build Environ. 2014;81:29–36.

 96. Brambilla A, Sangiorgio A. Mould growth in energy efficient buildings: Causes, health implications 
and strategies to mitigate the risk. Renew Sustain Energy Rev. 2020;132:110093. https:// doi. org/ 10. 
1016/j. rser. 2020. 110093.

 97. Evans J, Hyndman S, Stewart-Brown S, Smith D, Petersen S. An epidemiological study of the 
relative importance of damp housing in relation to adult health. J Epidemiol Community Health. 
2000;54(9):677–86.

 98. Hughes C, Natarajan S. ‘The older I get, the colder I get’—older people’s perspectives on coping in 
cold homes. J Hous Elder. 2019;33(4):337–57. https:// doi. org/ 10. 1080/ 02763 893. 2019. 15676 42.

 99. Saeki K, Obayashi K, Kurumatani N. Platelet count and indoor cold exposure among elderly people: 
a cross-sectional analysis of the HEIJO-KYO study. J Epidemiol. 2017;27(12):562–7. https:// doi. org/ 
10. 1016/j. je. 2016. 12. 018.

 100. Saeki K, Obayashi K, Kurumatani N. Indoor cold exposure and nocturia: a cross-sectional analysis of 
the HEIJO-KYO study. BJU Int. 2016;117(5):829–35. https:// doi. org/ 10. 1111/ bju. 13325.

 101. Tammes P, Sartini C, Preston I, Hay AD, Lasserson D, Morris RW. Use of primary care data 
to predict those most vulnerable to cold weather: a case-crossover analysis. Br J Gen Pract. 
2018;68(668):e146–56.

 102. Butler D, Sherriff G. “It’s normal to have damp”: using a qualitative psychological approach to ana-
lyse the lived experience of energy vulnerability among young adult households. Indoor Built Envi-
ron. 2017;26(7):964–79. https:// doi. org/ 10. 1177/ 14203 26X17 708018.

 103. UK Government. Warm home discount scheme. 2022. https:// www. gov. uk/ the- warm- home- disco unt- 
scheme. Accessed 22 Nov 2022.

 104. National Council on Aging, Energy & Utility Assistance for Older Adults. 2022. https:// www. ncoa. 
org/ artic le/ energy- assis tance- benefi ts. Accessed 23 Nov 2022.

 105. Australian Government. Energy rebate for seniors. 2022. https:// www. energy. gov. au/ rebat es/ energy- 
rebate- senio rs. Accessed 23 Nov 2022.

 106. Barrella R, Linares JI, Romero JC, Arenas E, Centeno E. Does cash money solve energy poverty? 
Assessing the impact of household heating allowances in Spain. Energy Res Soc Sci. 2021;80: 
102216.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Cynthia Faye Barlow, B. Eng. (Env.) Hons., B. Min., PhD., is a NHMRC Grant-funded researcher at The 
Australian Centre for Housing Research, Faculty of Arts, Business, Law and Economics, University of 
Adelaide, SA, 5005, Australia.

Lyrian Daniel, B. Des., M. Arch, Ph.D., is an Associate Professor at UniSA Creative, University of South 
Australia, SA, 5000, Australia.

Rebecca Bentley, B. Sc. Hons., Ph.D., is a Professor at CRE Healthy Housing, The Centre for Health Pol-
icy, Melbourne School of Population and Global Health, University of Melbourne, Vic, 3010, Australia.

Emma Baker, B. A. Hons., Ph.D., is a Professor at The Australian Centre for Housing Research, Faculty 
of Arts, Business, Law and Economics, University of Adelaide, SA, 5005, Australia.

https://figshare.utas.edu.au/articles/report/Investigation_of_destructive_condensation_in_Australian_cool_temperate_buildings/23168327
https://figshare.utas.edu.au/articles/report/Investigation_of_destructive_condensation_in_Australian_cool_temperate_buildings/23168327
https://figshare.utas.edu.au/articles/report/Investigation_of_destructive_condensation_in_Australian_cool_temperate_buildings/23168327
https://doi.org/10.1016/j.enbuild.2019.06.052
https://doi.org/10.1016/j.rser.2020.110093
https://doi.org/10.1016/j.rser.2020.110093
https://doi.org/10.1080/02763893.2019.1567642
https://doi.org/10.1016/j.je.2016.12.018
https://doi.org/10.1016/j.je.2016.12.018
https://doi.org/10.1111/bju.13325
https://doi.org/10.1177/1420326X17708018
https://www.gov.uk/the-warm-home-discount-scheme
https://www.gov.uk/the-warm-home-discount-scheme
https://www.ncoa.org/article/energy-assistance-benefits
https://www.ncoa.org/article/energy-assistance-benefits
https://www.energy.gov.au/rebates/energy-rebate-seniors
https://www.energy.gov.au/rebates/energy-rebate-seniors

	Cold housing environments: defining the problem for an appropriate policy response
	Abstract
	Key messages
	Introduction
	Method
	Results
	Objective measures
	Subjective measures
	Economic measures

	Discussion
	Building conditions
	Occupancy and vulnerable cohorts

	Conclusion
	Anchor 14
	Acknowledgements 
	References




