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Executive Summary 

Background 
The extent and impact of energy poverty and deprivation 
are high on governments’ agenda. These impacts are 
particularly acute for low-income households, who may 
have less financial flexibility to afford energy and employ 
efficiency remedies. The homes that they reside in may 
also be less energy efficient for other reasons, including 
housing quality, split incentives and strata governance 
issues. While some policies and programs exist, how 
effectively they assist in addressing these various issues 
is less widely known. Given the vast numbers of 
potentially relevant primary sources, there is a need to 
identify most relevant, reliable and unbiased secondary 
studies on this topic using systematic or meta-analytic 
methodologies. 

Objectives 
The main objective of this rapid systematic review is to 
synthesise knowledge from secondary literature 
employing systematic review and meta-analytic 
approaches on the mix and effectiveness of policy and 
program options for improving the energy efficiency of 
the homes in which low-income households reside. The 
commissioned review question fits more with the 
scoping/mapping review definition than with classical 
rapid review. However, given the methodology used to 
find, screen and assess the studies, the “rapid review” 
label is also appropriate. Rapid reviews generally use 
simplified systematic review methodology to accelerate 
the review process, while still trying to minimise the risk 
of bias. 

Data sources 
Data sources included Scopus, Web of Science and 
Google Scholar, followed by snowballing from the 
included full-text articles. 

Study eligibility criteria 
We included studies claiming to be peer-reviewed 
systematic reviews and meta-analyses concerning the 
review of interventions programs and policies aimed at 
improving the energy efficiency levels of residential 
homes. 

Study appraisal and synthesis methods 
We qualitatively summarised studies that fulfilled our 
inclusion criteria. The assessment of quality and risk of 
bias of these studies used an adapted version of the 16 
questions from the AMSTAR-2 assessment tool 
designed for systematic reviews and meta-analyses of 
interventions.  

 

Results 
We included seven studies claiming to be systematic 
reviews, two realist reviews and one meta-analysis. 
These ten reviews represent a mix of international 
literature written in English that highlight the varying 
forms and approaches of housing intervention for 
improving energy efficiency, and what outcomes these 
programs and policies deliver. Across these reviews, 
most energy efficiency intervention programs have come 
mainly out of the UK; very seldomly has any evidence 
from Australian cases been produced and reported. 

The types of interventions covered by the reviews 
ranged broadly, from rehousing and neighbourhood 
regeneration, to insulation, heating upgrades, 
weatherisation, and behaviour change. Each of these 
interventions is noted to result in varying degrees of 
success depending on the context in which they were 
applied and, most importantly, the intended purpose of 
the intervention program. 

Implementation of interventions can be categorised 
under two main types: targeted and universal. Several of 
the reviews noted that the universal approach typically 
resulted in more diluted outcomes, likely the result of 
more advantaged households having started at a higher 
base. 

The most common type of outcomes evaluated (aside 
from the stated aims of greenhouse gas emissions 
and/or reduced energy costs) was that of health (both 
physical and mental) outcomes. Irrespective of 
intervention type, recipients generally experienced 
improvements in self-reported impacts. Follow-up 
periods were, however, relatively short for any longer-
term health impacts to realise. As most studies also did 
not include scientific measurements, the return on 
investment and direct causal relationships remain 
unclear. 

Limitations 
Only peer-reviewed academic literature written in 
English was included in this review. As the search was 
not fully comprehensive (e.g., specialist databases were 
not searched), some relevant studies might have been 
omitted. The included reviews were mostly of moderate 
quality and risk of bias. 

Conclusions and implications 
Irrespective of intervention type, most review studies 
recommended that intervention programs must be 
targeted at the most vulnerable households or 
households with the highest needs in order to achieve 
equitable outcomes. Eligibility criteria may be based on 
household income level but should also be targeted at 
specific household types noted as more likely to 
experience negative impacts of energy inefficient homes, 
including families with young children, older people, and 
people with pre-existing health conditions. 

For technology-focussed interventions, several reviews 
recommended that these must be accompanied by 
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education programs to ensure correct usage to 
maximise benefits. 

The financial cost of implementation should also not be 
borne by the disadvantaged recipient households. This 
includes indirect costs—such as increased housing 
costs from being rehoused to better quality housing or 
landlords passing on the costs of the intervention—
which can also reduce the impacts experienced. 

Registration 
The protocol for this review has been archived using free 
Open Science Framework (OSF) at https://osf.io/e9fgk. 

Amendments to the protocol 
Refined search strings used. 
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Introduction 

Rationale 
The extent and impact of energy poverty and deprivation 
are high on governments’ agenda. These impacts are 
particularly acute for low-income households, who may 
have less financial flexibility to afford energy and employ 
efficiency remedies. The homes that they reside in may 
also be less energy efficient for other reasons, including 
housing quality, split incentives and strata governance 
issues. While some policies and programs exist, how 
effectively they assist in addressing these various issues 
is less widely known. 

Given the vast number of potentially relevant primary 
sources, there is value in identifying reliable and 
unbiased secondary studies that have used systematic 
or meta-analytic methodologies to explore this particular 
topic. 

Objectives 
The main question guiding this rapid review was: what 
and how effective have energy efficiency intervention 
programs been in delivering better outcomes for low 
income households? It focuses specifically on physical 
interventions (e.g. retrofitting, rehousing) and excludes 
rebate programs that only aim to subsidise the 
recipients’ energy expenditure without improving the 
level of energy efficiency of their homes. 

This question fits more within the definition of a scoping / 
mapping review rather than a rapid review. However, 
given the methodology used to find, screen and assess 
the studies, a “rapid review” label is also appropriate. 
Rapid reviews generally use simplified systematic review 
methodology to speed up the review process, while still 
trying to minimise the risk of bias (Tricco et al. 2015). 
The term “meta-review” is used to describe a review of 
other reviews and is also termed an “overview” (of 
systematic reviews) in Cochrane or an “umbrella review” 
(in medical sciences more generally). A new term 
“scoping meta-review” was recently proposed for the 
reviews using high-level evidence provided by 
systematic reviews in order to map new fields or broad 
topics (Sarrami-Foroushani et al. 2015). 

The secondary objective of this project was to assess 
the time and resources needed to perform a scoping / 
rapid meta-review on a topic related to the Built 
Environment. Thus, information relevant to the review 
team’s structure, review timeline and associated 
workloads are also included in this report. 
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Methods 

Eligibility criteria 
The following study characteristics were used as 
inclusion criteria for the review: 

1. Publication year: studies published in and after 
2008 (last 10 years) 

2. Publication type: studies published as peer-
reviewed articles 

3. Publication language: studies published in 
English 

4. Study type: secondary studies claiming to 
perform systematic review, rapid review, scoping 
review, systematic map, evidence map, meta-
analysis or equivalent (from the family of 
systematic reviews; Moher et al. 2015) 

5. Study topic: the main focus on the study is on 
summarizing costs, benefits and other relevant 
effects of the programs/policies targeting greater 
energy efficiency of residential properties either 
rented or owned by low-income residents. For 
this review, we define low-income residents as 
residents with income in the two lowest income 
quintiles (i.e. bottom 40%) for a given country. 
However, where information on income is not 
provided, we will accept other definitions of low-
income residents used by the study authors. By 
greater energy efficiency we mean energy use 
reductions and/or lower carbon emissions. 

6. Study geographical focus: the study’s primary 
focus should be on developed countries in sub-
tropical and temperate climate zones (such as 
Canada and USA, Europe, Australia, New 
Zealand and similar countries). 

7. Full text available 

Information sources 
1. Search engines of Scopus, Web of Science and 

Google Scholar 
2. Snowballing (forward and backward reference 

screening) from the included studies using 
Scopus search engine and database… 

Literature search and study records  
Search string used for Scopus online database search 
(search date 14/04/2019): 

TITLE-ABS-KEY ( ( “meta-analy*” OR “meta analy*” OR 
“metaanaly*” OR “meta-review*” OR ( systematic* W/2 
review* ) OR ( systematic* W/2 map* ) OR ( evidence 
W/2 review* ) OR ( evidence* W/2 map* ) OR ( scoping 
W/2 review ) OR ( rapid W/2 review ) ) AND ( “low 
income*” OR low-income OR lower-income OR poverty 
OR poor OR “social housing” OR “public housing” OR 
“subsidised housing” ) AND ( “energ* efficien*” OR 
“sustainable energy” OR “energy sustainability” OR 
“green energy” OR “renewable energy” OR “renewable 
electricity” OR “household energy” OR “green power” 

OR “energy program*” OR “energy consum*” OR 
“energy polic*” OR “energy use” OR “energy initiativ*” 
OR “energy engagement” OR “demand response” OR 
“peak load” OR “energy conserv*” OR “electricity us*” 
OR “power us*” OR “low energy” OR “low* emission*” 
OR “low carbon” ) AND ( resident* OR house* OR 
home* OR consumer* OR community* OR user* OR 
occupant* OR “home*owner*” OR retrofit* OR renovat* 
OR improve* OR upgrade* OR insulat* OR solar* ) ) 
 [43 records found] 

Search string used for Web of Science online database 
search (search date 14/04/2019): 

TS=( ( “meta-analy*” OR “meta analy*” OR “metaanaly*” 
OR “meta-review*” OR ( systematic* NEAR/2 review* ) 
OR ( systematic* NEAR/2 map* ) OR ( evidence NEAR/2 
review* ) OR ( evidence* NEAR/2 map* ) OR ( scoping 
NEAR/2 review ) OR ( rapid NEAR/2 review ) ) AND ( 
“low income*” OR low-income OR lower-income OR 
poverty OR poor OR “social housing” OR “public 
housing” OR “subsidised housing” ) AND ( “energ* 
efficien*” OR “sustainable energy” OR “energy 
sustainability” OR “green energy” OR “renewable 
energy” OR “renewable electricity” OR “household 
energy” OR “green power” OR “energy program*” OR 
“energy consum*” OR “energy polic*” OR “energy use” 
OR “energy initiativ*” OR “energy engagement” OR 
“demand response” OR “peak load” OR “energy 
conserv*” OR “electricity us*” OR “power us*” OR “low 
energy” OR “low* emission*” OR “low carbon” ) AND ( 
resident* OR house* OR home* OR consumer* OR 
community* OR user* OR occupant* OR “home*owner*” 
OR retrofit* OR renovat* OR improve* OR upgrade* OR 
insulat* OR solar* ) ) 

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, 
CPCI-SSH, ESCI, CCR-EXPANDED, IC Timespan=All 
years  [50 records found] 

Records from Scopus and Web of Science electronic 
databases were exported to Mendeley reference 
management software. Two reviewers (EL, ML) 
independently screened de-duplicated records (titles, 
abstracts, keywords) using Rayyan platform (Ouzzani et 
al., 2016) to identify relevant studies using a pre-defined 
decision tree reflecting the eligibility criteria described in 
the previous section.  

Full papers were retrieved for studies deemed potentially 
relevant. Two reviewers (EL, ML) independently 
performed screening of full papers using same criteria 
for the titles and abstracts, resolving any disagreements 
by discussion and cross-checking the final list of 
included studies and their coding (i.e. data extraction). 
Studies deemed suitable for inclusion were then used to 
perform additional snowballing searches (i.e. forward 
and backward reference screening, as described above). 

In addition, a Google Scholar search was conducted 
using the following search string:  

("low income" "energy efficiency" policy | program 
"systematic review" | "meta analysis" | "evidence review" 
| "evidence map")  [3,680 hits] 

One reviewer (ML) screened the results of this Google 
Scholar search by looking at the top 100 hits from each 
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year between 2008 and 2018 (1000 hits screened in 
total, 16/04/2019). Finally, ML performed snowballing 
(i.e. forward and backward reference searches) for the 
already included reviews and other relevant reviews on 

the topic (20/04/2019, Scopus database, approx. 2632 
non-unique references screened). The overview of the 
search and screening process is presented in Figure 1. 

 
 

Figure 1. PRISMA diagram of the search and screening process 

 

 

 

Data items 
We extracted the following characteristics for each 
included study: study title, author, year of publication, 
self-claimed study type (e.g., systematic review, meta-
analysis), geographic scope (e.g., Australia, Europe, 
global), types of interventions and outcomes considered, 
key findings, funding and conflict of interests (as 

declared by the authors). For each study, we have also 
recorded overall conclusions and claimed review type. 

Table 1 presents the main extracted variables and their 
values / codes (also used in Table 2 in the Results 
section). Data extraction was performed by one reviewer 
(EL) and checked by other reviewer (ML). For each 
study, we have also provided quality assessment scores, 
risk of bias and overall comments (for details, see the 
“Risk of bias of individual studies” section below).
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Table 1. List of the main study variables extracted and coded for the included studies, with relevant values 

Study variable Description 

First Author_year Key (ID) of the article is created by concatenating the last name of the first author and the 
year published 

Reference Full publication reference information, including title of the article 

Main topic Main topic addressed in the article 

Geographic scope Main countries/regions addressed in the article 

Housing/tenure type Main housing/tenure types specified in the article 

Intervention type Types of intervention reported in the article 

Outcome focus Types of outcomes reported in the article 

Study funding, Conflict of interests Funding sources declared in the article, Conflicts of interests declared in the article 

 

Outcomes and prioritisation 
Not applicable, due to the scoping nature of this review 
and focus on secondary studies only. 

Risk of bias in individual studies 
A quality assessment of the secondary studies included 
in this review was performed using the AMSTAR-2 
checklist (Shea et al. 2017). Table S3 presents the 16 
questions used for this assessment process, with codes 
and explanations. The assessment was performed by 
ML. 

Data Synthesis 
No quantitative assessment was performed due to the 
heterogeneity and the small number of included studies. 
A qualitative summary is provided in the form of tables 
and a narrative description of the patterns and gaps 
observed in the secondary literature that was reviewed. 

Meta-bias(es) 
Not applicable, due to the scoping nature of this review 
and focus on secondary studies only. 

Results 
The final study list included ten studies that fulfilled our 
inclusion criteria is presented in Table 2. 

The ten included studies represent a mix of international 
literature written in English that highlight the varying 
forms and approaches of housing intervention for 
improving energy efficiency, and what outcomes these 
programs and policies deliver. 

Overview of the included studies  
From the included review studies, evidence on energy 
efficiency intervention programs has mainly come from 
the UK. This was followed by New Zealand, western 

Europe and Latin America; very seldomly is any 
evidence from Australian cases produced and reported. 
Consequently, many of the intervention programs 
included in these review studies had the stated aim of 
improving heating efficiency or ameliorating the negative 
effects of cold homes. As such, the cases included in 
these review studies are less directly relevant to much of 
the Australian context. Nonetheless, their descriptions of 
the types of interventions, the approaches through which 
they are implemented, and the outcomes experienced by 
recipients may, however, offer lessons on how similar 
programs may be applied in Australia. 

The types of energy efficiency interventions covered by 
the review studies ranged broadly, from rehousing and 
neighbourhood regeneration, to insulation, heating 
upgrades, weatherisation, and behaviour change 
intervention through education (Table 2). Each of these 
interventions is noted to result in varying degrees of 
success depending on the context in which they were 
applied and, most importantly, the intended purpose of 
the intervention program—most typically to reduce 
carbon dioxide (and/or other greenhouse gas) emission 
at a macro level, or to reduce the energy costs of target 
households. Interventions were generally able to achieve 
these stated intentions, with improvements in other 
outcomes (e.g. improved health) experienced by 
recipients sometimes resulting as a consequence. 

While the types of intervention differed from program to 
program, the approaches of implementation were less 
varied. There were two main types of approaches: 
targeted or universal. Several of the reviews noted that 
the universal approach—where intervention was 
available to all rather than targeted at specific cohorts—
typically resulted in more diluted outcomes; indeed, 
Camprubí et al. (2016) reported that, under universal 
approaches, recipients of advantaged backgrounds were 
able to experience a higher magnitude of positive 
outcomes than their disadvantaged counterparts, partly 
because they started at a higher base than 
disadvantaged households (e.g. a more comfortable 
base indoor temperature and thermal comfort level). 

Across the cases included in the review studies, the 
most common type of outcomes evaluated (aside from 
the stated aims of greenhouse gas emissions and/or 
reduced energy costs) were those related to health (both 
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physical and mental). Irrespective of intervention type, 
recipients generally experienced positive impacts (Table 
3). Across these studies, changes to health impacts 
were predominantly self-reported (i.e. subjective self-
assessment of ‘feeling better’, lower reported incidences 
of illness, improved mental wellbeing from feeling less 
stressed, or improved diet when a lesser proportion of 
income is spent in energy). Only a small proportion (e.g. 
as reported in Maidment et al. 2014) included cases 
where scientific measurements of health were employed. 
The improved outcomes experienced were, therefore, 
also not typically quantified or monetised (Fenwick et al. 
2013), and as such the return on investment of most 
programs was also difficult to judge. 

Furthermore, the specific mechanisms of direct causal 
relationship were also often not specified. It is, therefore, 
difficult to attribute the exact influence of the 
interventions implemented in contributing to the 
outcomes reported. For example, Caldwell et al. (2001 in 
Thomson et al. 2015) reported improvements in physical 
health following interventions, which may be due to 
improved thermal comfort, reduced energy spending 
(and coincidental increases in a better diet), or a 
combination of the two. 

The predominantly positive social and/or health 
outcomes reported in the cases included in the review 
studies, however, should not be discounted due to the 
absence of scientific measurements. This is especially 
so when, for the majority of cases included in the 
reviews, the follow-up timeframe was short (from a few 
months to 3.5 years) and when longer-term impacts may 
have yet to be fully realised. Indeed, most review studies 
recommended that for future studies scientific 
measurements be administered in conjunction with—
rather than in place of—recipients’ self-reported 
accounting to further broaden the evidence base. 

Overview of the excluded studies 
Table S2 lists the five studies excluded from this review 
after full-text screening, alongside the reasons for 
exclusion. Three studies were excluded because they 
did not focus on housing intervention, while the other two 
were excluded because they were not systematic 
reviews. Despite being excluded, some of these papers 
may still provide useful insights that are relevant to those 
focussing on the health impacts of fuel poverty pre-
housing intervention (e.g. Liddell_2010) and the general 
relationship between building quality and health 
outcomes more generally (Ige_2018). 

Quality, risk of bias and confidence in 
cumulative evidence 
Table 3 summarises the quality and risk of bias 
assessment of the included systematic reviews and 
meta-analyses, with more details provided in Table S4. 
Overall, the included reviews were mostly of moderate 
quality (5 out of 10). Only three reviews represented 
overall good quality and low risk of bias. The final two 
reviews represented raised many quality and risk of bias 

concerns stemming from the lack of transparency on the 
data collection and synthesis. 

Rapid review limitations 
Our literature search was not fully comprehensive and 
some relevant papers might have been missed. We 
included only peer-reviewed studies that claimed to be 
systematic reviews or meta-analyses of literature. Thus, 
we did not include studies from the grey literature (e.g. 
theses, reports, reviews of technology or case studies) 
or comprehensive but non-systematic reviews that could 
potentially yield additional insights. We also only 
included studies published in English. 

Summary and conclusions 
The purpose of this rapid review was to draw on 
secondary literature that employs systematic review and 
meta-analytic approaches in order to determine what is 
known about the forms and approaches of housing 
intervention programs and policies for energy efficiency 
accessible to low income households in western society 
contexts. 

Interventions aimed at reducing the greenhouse gas 
emissions and reducing the energy costs of recipient 
households were typically able to deliver additional 
outcome improvements in the form of better social 
and/or health outcomes. Thomson et al. (2013; 2015), 
however, reported that negative impacts may sometimes 
occur, including incidences where recipients 
experienced worse social and/or health outcomes post-
intervention, especially from disruptions caused during 
the implementation phase. 

Irrespective of intervention type, most review studies 
recommended that intervention programs must be 
targeted at the most vulnerable households or 
households with the highest needs in order to achieve 
equitable outcomes. Eligibility criteria may be based on 
household income level but should also be targeted at 
specific household types noted as more likely to 
experience negative impacts of energy inefficient homes, 
including families with young children, older people, and 
people with pre-existing health conditions. 

For technology-focussed interventions, several reviews 
recommended that these must be accompanied by 
education programs to ensure correct usage to 
maximise benefits. 

The financial cost of implementation should also not be 
borne by the disadvantaged recipient households. This 
includes indirect costs—such as increased housing 
costs from being rehoused to better quality housing or 
landlords passing on the costs of the intervention—
which can also reduce the impacts experienced. 
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Table 2. List and the main characteristics of the included studies 

First 
Author_year 

Title Main topic Number of 
reviewed studies, 
included study 
publication years 

Geogr. 
focus 

Housing/ 

tenure type 

Intervention type Outcome focus Study funding; 
Conflict of interests 

Camprubí_2016 Façade insulation 
retrofitting policy 
implementation process 
and its effects on health 
equity determinants: A 
realist review 

Relationship 
between façade 
insulation retrofitting 
and health 
outcomes 

70, 1979-2015 High 
income 
countries 

Not specified Façade insulation Improved 
thermal comfort, 
increased 
disposable 
income through 
decreased 
energy costs 

European 
Community’s 
Seventh Framework 
Program (FP7/2007-
2013) SOPHIE 
(Evaluating the 
impact of structural 
policies on health 
inequalities and their 
social determinants 
and fostering 
change) project 
(278173); no 
declaration of 
conflicts of interest 

Fenwick_2013 Economic analysis of 
the health impacts of 
housing improvement 
studies: a systematic 
review 

Review of cost and 
economic analyses 
of housing 
intervention studies 
and associated 
health impacts 

45, 1995-2011 Global Not specified Warmth/energy 
efficiency 
interventions; 
rehousing/ 
retrofitting; 
rehousing from 
slums; provision of 
basic housing 
needs 

Cost-savings to 
recipients; cost-
effectiveness of 
intervention 
provision 

Scottish 
Government Medical 
Research Council 
Health Directorate 
Evaluating Social 
Interventions 
programme, Chief 
Scientist Office 
Social & Public 
Health Sciences 
Unit (U.130059812); 
no declaration of 
conflicts of interest 

Gibson_2011 Housing and health 
inequalities: A synthesis 
of systematic reviews of 
interventions aimed at 
different pathways 
linking housing and 
health 

Identify gaps in 
current systematic 
reviews on housing 
and health for 
disadvantaged 
groups 

5, 2000-2007 OECD 
countries 

Not specified Rehousing and 
regeneration; 
warmth/ energy 
efficiency 
interventions; 
housing 
improvements and 
refurbishment; 
behaviour change 
intervention 

Improved 
physical and 
mental health; 
improved 
warmth and 
energy efficiency 

Department of 
Health Policy 
Research 
Programme (UK) 
Public Health 
Research 
Consortium; no 
declaration of 
conflicts of interest 

Kivimaa_2018 Innovation, low energy 
buildings and 
intermediaries in 
Europe: systematic case 
study review 

Renovations/new 
builds to achieve low 
energy buildings; 
Europe; case study 
journal articles only 

28, 2005-2015 European 
Union 

Low energy 
buildings; 
private and 
social housing; 
not specific to 
low income 
households 

High-tech 
components; 
architectural/ 
design innovations 

Drivers for high-
tech component 
inclusion; roles 
of intermediaries 

Research Council 
UK’s EUED 
Programme (Grant 
EP/KO11790/1) and 
the Academy of 
Finland (Grant 
288796), no 
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First 
Author_year 

Title Main topic Number of 
reviewed studies 
[included study 
publication years] 

Geogr. 
focus 

Housing/ 

tenure type 

Intervention type Outcome focus Study funding; 
Conflict of interests 

Maidment_2014 The impact of household 
energy efficiency 
measures on health: A 
meta-analysis 

Physical health & 
mental wellbeing 
outcomes of EE 
interventions 

36, 1977-2009 Global 
(mainly 
UK) 

Not specified Physical 
interventions 
(insulation, 
heating upgrades, 
weatherisation, 
and combination) 

Physically 
tested, self-
reported, 
observed or 
obtained from 
third party 
measures of 
general health, 
mental health, 
well-being and 
specific illnesses 

Engineering and 
Physical Sciences 
Research Council 
and Yorkshire and 
Humber European 
Regional 
Development Fund 
Programme 2007-13 
(BIG Energy 
Upgrade Project), no 
declaration of 
conflicts of interest 

McCabe_2018 The application of 
renewable energy to 
social housing: A 
systematic review 

Renewable energy 
intervention to social 
housing 

67, 2000-2016 Global Low-income 
housing 
associations 

renewable energy 
technologies 
employment; 
sustainable design 
(new builds) 

Motivation of 
interventions; 
success factors; 
barriers 

NSW Office of 
Environment and 
Heritage ‘Growing 
Community Energy’ 
program, no 

Thomson_2011 Health effects of housing 
improvement: 
systematic review of 
intervention studies 

Physical and mental 
health outcomes of 
EE interventions 

18, 1936-2011 Global Not specified Physical 
interventions and 
rehousing/ 
relocating 

Socioeconomic 
change (social 
inclusion and 
reduced fear of 
crime), physical 
and mental 
health, illness, 
social measures 

 

Chief Scientist Office 
of the Scottish 
Executive 
Department of 
Health, no 

Thomson_2013 Housing improvements 
for health and 
associated socio-
economic outcomes 

Impacts of 
interventions and 
renewals on original 
residents’ health 

39, 1936-2011 Global Housing that 
experienced 
physical 
interventions 

Refurbishment, 
rehousing, 
relocation, 
installation of 
central heating, 
insulation 

Direct measure 
of health or 
mental and 
physical illness; 
general 
measures of 
self-reported 
well-being; 
quality of life 
measures; fuel 
costs; social 
contacts; social 
exclusion; 
educational 
outcomes; 
employment 
outcomes; 
household 
income 

Not specified, no 
declaration of 
conflicts of interest 
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First 
Author_year 

Title Main topic Number of 
reviewed studies 
[included study 
publication years] 

Geogr. 
focus 

Housing/ 

tenure type 

Intervention type Outcome focus Study funding; 
Conflict of interests 

Thomson_2015 Developing empirically 
supported theories of 
change for housing 
investment and health 

Physical health & 
mental wellbeing 
outcomes of EE 
interventions and 
housing-led renewal 

23, 1996-2011 Global Not specified Physical 
interventions 
(warmth & energy 
efficiency 
improvements, 
rehousing/ 
neighbourhood 
renewal) 

Occupant self-
reported 
change/ 
improvements in 
health outcomes 

Chief Scientist Office 
at the Scottish 
Government Health 
Directorate 
Evaluating Social 
Interventions 
programme at the 
Medical Research 
Council & Chief 
Scientist Office 
Social & Public 
Health Sciences 
Unit, University of 
Glasgow 
(U.130059812), no 
declaration of 
conflicts of interest 

Willand_2015 Towards explaining the 
health impacts of 
residential energy 
efficiency interventions – 
A realist review. Part 1: 
Pathways 

Technical residential 
energy efficiency 
interventions and 
improvements in 
health outcomes 

73, -2013 Global 
(mainly 
UK) 

Not specified Material & 
structural 
improvements 
(Thermal retrofit, 
upgrade, 
refurbishment, 
purposive 
refurbishments, 
low carbon 
refurbishment) 

Indoor 
temperature, 
affordability, 
condensation, 
dampness and 
mould, health 
and mortality 
outcomes 

Not specified, no 
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Table 3. Summary of conclusions and assessments of the included studies 

Quality scores based on AMSTAR-2 assessment tool: A – minor concerns only, B – moderate review quality with several 
concerns, C – many concerns, often due to low reporting quality or the review not qualifying as a systematic review. 

FirstAuthor _year Study conclusions Claimed review 
type 

Quality score / 
Risk of bias  

Camprubí_2016 Strong evidence of intervention improving thermal comfort and reducing 
energy costs, with flow-on effects of improved diets with indirect health 
benefits. Low-income and vulnerable households face more barriers in 
implementing intervention, and programs that do not specifically target 
vulnerable households see greater improvements in socioeconomically 
advantaged households. Intervention programs, therefore, needs to be 
targeted at those most in need.  

Realist review C / high 

Fenwick_2013 Most studies only provided data on costs of provision, with many intervention 
programs leading to reduction in energy costs and improvements in thermal 
comfort, though additional factors (change in unit price, eligibility to other 
welfare benefits) could also impact outcomes. Cost-effectiveness studies were 
rare and require monetising outcomes. Most studies also have short follow-up 
period (up to 3.5 years) where health benefits may yet to be fully realised. 

Systematic 
review 

A / low 

Gibson_2011 Rehousing disadvantaged households to low poverty area can lead to 
improvements in mental health and in obesity. Interventions targeting improved 
warmth and energy efficiency can also have positive health impacts, though 
existing systematic reviews often lack detail on specific intervention 
mechanisms where direct causal relationships can be derived. Area-level 
interventions should be targeted at those in greatest need. 

Review of 
systematic 
reviews 

B / medium 

Kivimaa_2018 Nine types of drivers (in order of importance: environmental, policy, eco-social 
life, financial, knowledge, social sustainability and equality, design, health and 
comfort, and market) are uncovered to influence low energy building 
innovations, with public/government organisations the most likely 
intermediaries that facilitate. This highlights government’s role (at local, 
municipal and national levels) in driving low energy/energy efficient building 
developments, in setting supportive planning policies and building requirement 
regulations, information dissemination and knowledge building. 

Systematic case 
studies review 

B / medium 

Maidment_2014 Interventions have small but significant positive health effects, particularly 
among children and people in poor health. Positive health impacts noted to 
increase over time through improved intervention approach/technology. 
Greater positive impacts were observed among low income participants. 

Meta-analysis B / medium 

McCabe_2018 Perceived financial incentives and security (to tenants and housing providers) 
was noted as main motivation over any environmental concerns, though 
implementation is often complicated by user experience, particularly in relation 
to degree of difficulty in operating the technologies. Main ways of overcoming 
this barrier are to provide tenants/users with relevant by simple information, 
established trust between tenants and providers, and having economy of scale 
to circumvent lack of institutional support. 

Systematic 
review 

B / medium 

Thomson_2001 Few quality studies exist. Included studies generally reported improvements in 
overall self-reported physical and mental health, reduction in symptoms and 
use of health services, and improved social inclusivity. Methodological 
limitations on establishing direct causality between interventions and health 
improvements. 

Systematic 
review 

B / medium 

Thomson_2013 Improvements to housing conditions can deliver short- and longer-term 
improvements in health (particularly respiratory health) and socioeconomic 
outcomes through better use of home and improved heating affordability. 
These improvements are most noticeable if interventions were targeted to 
individuals of poor health or households without adequate warmth. Evidence of 
area-based interventions (e.g. neighbourhood renewal program) is less 
conclusive, especially if housing costs increased as a result. 

Meta-analysis A / low 

Thomson_2015 Interventions that lead to better use of the home and affordable heating are 
linked to improvements in self-reported health and other socioeconomic 
outcomes. Improved energy efficiency may reduce energy expenditure and/or 

Follow up to 
Thomson_2013 

A / low  
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improve thermal comfort but can sometimes lead to increased housing costs 
due to improved housing conditions. 

Willand_2015 Interventions, especially those that lead to improved warmth and reduced 
relative humidity in winter, resulted in improved cardiovascular and respiratory 
health, and had positive effects on mental and social health. Evidence, 
however, did not show direct relationship with energy cost savings but aligned 
more strongly with improved meaning of home. Improved physiological, 
psychological and social health relates particularly to adequate thermal 
comfort, emphasising the importance of fuel affordability. 

Systematic 
review 

C / high 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Quality assessment scores based on the questions (Q) from Table S3, for each of the included studies 

The responses to each question were coded numerically and color-coded as following: green = 1 = “Yes”; yellow = 0.5 = 
“Can’t answer / not sure / partially”, red = 0 = “No”, grey = N/A = “Not Applicable”, * denotes item relevant to risk of bias. 

First Author 

_year 

Q1 Q2 

* 

Q3 Q4 Q5 

* 

Q6 

* 

Q7 Q8 Q9 

* 

Q10 

* 

Q11 

 

Q12 

* 

Q13 

* 

Q14 Q15 

* 

Q16 

* 

Camprubí_2016 1 0 1 1 0 0 0 0 0 0 NA NA 0 1 NA 1 

Fenwick_2013 1 1 0.5 1 1 1 1 1 1 0 NA NA 0.5 1 NA 1 

Gibson_2011 1 0 1 1 1 0 0 1  1 0 NA NA 0 1 NA 1 

Kivimaa_2018 1 0 1 1 0.5 1 0 1 0 0 NA NA 0 1 NA 1 

Maidment_2014 1 0 0.5 0.5 0 0 0 1 0 0 1 0 0 1 0 1 

McCabe_2018 1 1 1 1 1 0.5 0 0 0 0 NA NA 0 1 NA 1 

Thomson_2001 1 0 1 1 1 1 0 0 1 0 NA NA 1 1 NA 1 

Thomson_2013 1 1 1 1 1 1 1 1 1 0 1 0.5 1 1 NA 1 

Thomson_2015 1 1 1 1 1 1 1 1 1 0 NA NA 1 1 NA 1 

Willand_2015 1 0 0.5 1 0 0 0.5 1 0 0 NA NA 0 1 NA 1 
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Resources, workload and timeline 
 

Figure 2. Review team members 

 

 

Figure 3. Review timeline 

Stage March 2019 April 2019 May 2019 June 2019 

Stage1                 

Stage2                 

Stage3                 

 

 

Table 5. Workloads (in hours) of the team members for each main Rapid Review step 

Review steps \ Person:  ML EL BJ  Total Comments 

Team formation 1 1 1    

Question refinement 1 1 1    

Protocol preparation 10 2 1    

Search and screening 14 3     

Data extraction 4 25     

Synthesis / Report 10 15 2    

Total  40 47 5  92  
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Supplementary Information 
 

Table S1. Table of snowballing results 

 

 

 

 

  

Snowballing from: 
FirstAuthor_year 

N citing 
papers 
screened 

N cited 
papers 
screened 

N 
related/recommended 
papers screened 

N total 
screened 

Camprubí_2016 9 81 20 110 

Fenwick_2013 13 74 20 107 

Gibson_2011 91 31 20 142 

Kivimaa_2018 20 93 20 133 

Maidment_2014 37 81 20 138 

McCabe_2018 5 53 20 78 

Thomson_2001 211 42 20 273 

Thomson_2013 118 210 20 348 

Thomson_2015 22 52 20 94 

Willand_2015 18 97 20 135 

Total:    1623 
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Table S2. Table of the excluded studies at the full-text screening stage, with reasons. 

FirstAuthor_year Reference PDF 
available 

Reason for exclusion 

Clarke_2019 Rethinking the building envelope: Building integrated 
energy positive solutions 

Yes Not claiming to be a systematic 
review 

Ige_2018 The relationship between buildings and health: a 
systematic review 

Yes Not focussed on intervention 

Liddell_2010 Fuel poverty and human health: A review of recent 
evidence 

Yes Not focussed on intervention 

Liddell_2015 Living in a cold and damp home: frameworks for 
understanding impacts on mental well-being 

Yes Not claiming to be a systematic 
review 

Tanner_2013 Socioeconomic and behavioural risk factors for adverse 
winter health and social outcomes in economically 
developed countries: a systematic review of quantitative 
observational studies 

Yes Not focussed on intervention 
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Table S3. Quality assessment tool 

An adapted AMSTAR-2 (Shea et al. 2017) checklist, used to asses quality and risk of bias of individual systematic 
reviews / meta-analyses included for our meta-review. 

Question (recommendations) Decision rules and comments 

Q1. Are the research questions and 
inclusion criteria for the review clearly 
delineated? 

1 = “Yes” = Who (Population/Subject), What (Intervention, Comparator 
group, Outcome), Where and When described, as relevant to the review 
questions. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = research question and inclusion criteria not outlined in detail.  

Q2. Did the report of the review contain 
an explicit statement that the review 
methods were established prior to the 
conduct of the review and did the report 
justify any significant deviations from 
the protocol? 

1 = “Yes” = The authors state that they had a written protocol or guide that 
included ALL the following: review question(s), a search strategy, 
inclusion/exclusion criteria, risk of bias assessment. 

0.5 = “Can’t answer / not sure / partially” = The authors state that they had 
a written protocol or guide that included ALL the following: review 
question(s), a search strategy, inclusion/exclusion criteria, a risk of bias 
assessment. 

0 = “No” = no mention of a priori design of the systematic review, as listed 
above. 

Q3. Did the review authors explain their 
selection of the study designs for 
inclusion in the review? 

 

 

1 = “Yes” = explicit justification of the study designs/types included in the 
review. 

0.5 = “Can’t answer / not sure / partially” = more than one online source but 
no supplementary sources or one online source and one supplementary 
source. Cannot decide between “yes” and “no”, basing on the information 
provided in the paper. 

0 = “No” = explicit justification of the study designs/types included in the 
review. 

Q4. Did the review authors use a 
comprehensive literature search 
strategy? 

 

1 = “Yes” = searched at least 2 databases (relevant to research question), 
provided key word and/or search strategy, justified publication restrictions 
(e.g. language), AND searched the reference lists / bibliographies of 
included studies, searched trial/study registries, included/consulted content 
experts in the field, where relevant, searched for grey literature, conducted 
search within 24 months of completion of the review. 

0.5 = “Can’t answer / not sure / partially” = searched at least 2 databases 
(relevant to research question), provided key word and/or general search 
strategy, justified publication restrictions (e.g., language). 

0 = “No” = no information on search strategy, or not fulfilling criteria for 
“Yes” and “Partially”. 

Q5. Did the review authors perform 
study selection in duplicate? 

 

1 = “Yes” = either ONE of the following: at least two reviewers 
independently agreed on selection of eligible studies and achieved 
consensus on which studies to include OR two reviewers selected a sample 
of eligible studies and achieved good agreement (at least 80%), with the 
remainder selected by one reviewer. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = only one reviewer involved in the study selection or no 
description how many reviewers participated in study selection. 
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Q6. Did the review authors perform data 
extraction in duplicate? 

1 = “Yes” = either ONE of the following: at least two reviewers achieved 
consensus on which data to extract from included studies OR two reviewers 
extracted data from a sample of eligible studies and achieved good 
agreement (at least 8 %), with the remainder extracted by one reviewer. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = only one reviewer involved in the study selection or no 
description how many reviewers participated in data extraction. 

Q7. Did the review authors provide a list 
of excluded studies and justify the 
exclusions? 

1 = “Yes” = provided a list of all potentially relevant studies that were read 
in full-text form but excluded from the review AND justified the exclusion 
from the review of each potentially relevant study. 

0.5 = “Can’t answer / not sure / partially” = only provided a list of all 
potentially relevant studies that were read in full-text form but excluded from 
the review, but not justified the exclusion from the review of each potentially 
relevant study that were read in full-text.   

0 = “No” = No list of studies excluded at a full-text stage. 

Q8. Did the review authors describe the 
included studies in adequate detail? 

1 = “Yes” = all the following: Who (Population), What (Intervention, 
Comparator group, Outcome), Where and When described in detail. 

0.5 = “Can’t answer / not sure / partially” = Who (Population), What 
(Intervention, Comparator group, Outcome), Where and When briefly 
described, or only some of these described in detail. Cannot decide 
between “yes” and “no”, basing on the information provided in the paper. 

0 = “No” = no, or partial description of the included studies 

Q9. Did the review authors use a 
satisfactory technique for assessing the 
risk of bias (RoB) in individual studies 
that were included in the review? 

 

 

1 = “Yes” = specifically mentions RoB assessment of individual included 
studies. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. RoB mentioned 
or not sufficiently assessed (e.g. if multiple sources of bias potentially 
present, but not all assessed). 

0 = “No” = no mention of RoB assessment of individual included studies. 

[RoB sources:  from confounding, from selection bias, from exposure bias, 
from selective reporting of outcomes, selection of the reported result from 
among multiple measurements or analyses of a specified outcome]. 

Q10. Did the review authors report on 
the sources of funding for the studies 
included in the review? 

 

1 = “Yes” = Must have reported on the sources of funding for individual 
studies included in the review. Note: Stating that the reviewers looked for 
this information but it was not reported by study authors, also qualifies. 

0.5 = “Can’t answer / not sure / partially” = sources of funding mentioned for 
individual studies included in the review, or reported only for some of the 
included studies. Cannot decide between “yes” and “no”, basing on the 
information provided in the paper. 

0 = “No” = no report of the sources of funding for individual studies included 
in the review.  

Q11. If meta-analysis was performed 
did the review authors use appropriate 
methods for statistical combination of 
results? 

 

1 = “Yes” = The authors justified combining the data in a meta-analysis 
AND they used an appropriate technique to combine study results and 
adjusted for heterogeneity if present AND investigated the causes of any 
heterogeneity or adjusted for heterogeneity or confounding if present. 

0.5 = “Can’t answer / not sure / partially” = Requirements for “Yes” only 
partially fulfilled. Cannot decide between “yes” and “no”, basing on the 
information provided in the paper. 
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0 = “No” = no justification of meta-analysis or inappropriate statistical 
methods were used for quantitatively combining and analysing the data, 
heterogeneity not assessed. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q12. If meta-analysis was performed, 
did the review authors assess the 
potential impact of RoB in individual 
studies on the results of the meta-
analysis or other evidence synthesis? 

 

1 = “Yes” = included only low risk of bias studies OR the authors performed 
analyses to investigate possible impact of RoB on summary estimates of 
effect. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = no assessment of the potential impact of RoB. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q13. Did the review authors account for 
RoB in individual studies when 
interpreting/ discussing the results of 
the review? 

 

1 = “Yes” = included only low risk of bias studies OR the review provided a 
discussion of the likely impact of RoB on the results. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = no discussion of the potential impact of RoB in individual studies. 

Q14. Did the review authors provide a 
satisfactory explanation for, and 
discussion of, any heterogeneity 
observed in the results of the review? 

 

1 = “Yes” = There was no significant heterogeneity in the results OR if 
heterogeneity was present the authors performed an investigation of 
sources of any heterogeneity in the results and discussed the impact of this 
on the results of the review. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = No explanation or discussion of heterogeneity present in the 
results. 

Q15. If they performed quantitative 
synthesis did the review authors carry 
out an adequate investigation of 
publication bias (small study bias) and 
discuss its likely impact on the results of 
the review? 

 

1 = “Yes” = The authors performed graphical or statistical tests for 
publication bias and discussed the likelihood and magnitude of impact of 
publication bias. 

0.5 = “Can’t answer / not sure / partially” = more than one online source but 
no supplementary sources or one online source and one supplementary 
source. Cannot decide between “yes” and “no”, basing on the information 
provided in the paper. 

0 = “No” = The authors did not perform any tests for publication bias and 
did not discuss potential impact of publication bias. 

N/A = “Not Applicable” = No meta-analysis conducted. 

Q16. Did the review authors report any 
potential sources of conflict of interest, 
including any funding they received for 
conducting the review? 

 

1 = “Yes” = The authors reported no competing interests OR the authors 
described their funding sources and how they managed potential conflicts 
of interest. 

0.5 = “Can’t answer / not sure / partially” = Cannot decide between “yes” 
and “no”, basing on the information provided in the paper. 

0 = “No” = The authors did not provide statement on competing interests 
and funding sources, and how they managed potential conflicts of interest. 
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