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Secondary outcomes, exposure 1
The degree of association and direction was generally maintained 
when the cardiovascular, respiratory and injury emergency 
admissions were separated into their component conditions 
(table  6). However, exposure 1 tenants living in homes that 
received new bathrooms were associated with an increase in 
injury admissions (+27%).

Secondary outcomes, exposure 2
There was a large increase (+31%) (figure 2B, triangles) asso-
ciated with cardiovascular admissions for tenants moving into 
homes with a heating system already up to standard. Similar 
associations were found for respiratory admissions (figure 2C). 
In contrast to a new bathroom, people whose homes had existing 
bathrooms meeting the housing standards were associated with a 
reduction in injury admissions (−20%, figure 2D).

Discussion
The main results of this study were that the housing inter-
vention was associated with a decrease in emergency hospital 
admissions within the decade-long evaluation period. There was 
a reduction in the primary outcome of combined emergency 
admissions for cardiorespiratory conditions and injuries, asso-
ciated with all cointerventions. When we examined emergency 
admissions for the separate conditions, the largest reduction 

was for respiratory conditions. There were also decreases for 
admissions relating to cardiovascular conditions and fall and 
burn injuries.

We used the ROBINS-I (Risk Of Bias In Non-randomised 
Studies - of Interventions) assessment for Non-Randomised 
Studies of Interventions to assess the study design and highlight 
strengths and weaknesses.21 Lack of participant randomisation 
means some confounding and selection bias may be present; 
however, the intervention design was independent from health 
need and researcher influence. In line with the ROBINS-I assess-
ment tool, we concluded there was moderate bias compared 
with a well-designed RCT.

In addition to lack of randomisation, other study limitations 
included a lack of information on the initial housing quality. We 
were limited to a binary status of meeting or not meeting the 
housing standard. We recommend that data on initial housing 
conditions are collected in future, and analyses take this, and 
the magnitude of improvement variations between homes, into 
account. Although we treated each cointervention separately in 
the same statistical model, in practice, there are likely to have 
been correlations between each, for example kitchen and bath-
room improvements. As such the results of associations should 
be read in terms of their relative magnitude and used to increase 
understanding of the potential mechanisms for health improve-
ment as a result of a whole home intervention.

Figure 1  Incidence rate ratios (IRR) of emergency admissions for tenants aged 60 years and over in exposure 1 and exposure 2, compared with the 
reference group: (A) primary outcome, (B) cardiovascular emergency admissions, (C) respiratory emergency admissions and (D) injury (falls and burns) 
emergency admissions. Bars represent the extent of a 95% CI.
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The  strengths of our study included our use of routinely 
collected data for a complete housing cohort, removal of recall 
bias, a long follow-up time and the adjustment for multiple 
confounders. We had complete data for hospital admissions and 
death registrations and were able to censor people who moved 
out of intervention homes, allocating exact exposures to the 
intervention by the number of days registered to a property. We 
were able to examine council housing population subgroups 
using individual-level data, removing the possibility of concealing 
health improvements within areas for the total council housing 
population receiving the intervention.22 We analysed all people 
living in council intervention homes for whom we had health 

records within the databank, which was close to 100%. Our 
study design allowed us to estimate health utilisation associated 
with each cointervention, for tenants aged 60 years and over and 
tenants of all ages, allowing direct comparisons between groups 
depending on their exposure status.

Our results support evidence from previous RCT studies. 
A cluster RCT found reduced odds of self-reported health, 
including wheezing (−43%) and less frequent visits to a 
general practitioner, and a trend for reduced hospital admis-
sions for respiratory conditions (adjusted OR 0.53, 95% CI 
0.22 to 1.29).23 A randomised home heating intervention 
evaluating the health of children with asthma found that 

Table 5  Incidence rate ratios (IRRs) of emergency admissions for tenants of all ages (exposure 1) for the primary outcome of combined admissions 
and then for each separate condition: cardiovascular, respiratory and injuries

Combined 
conditions IRR Lower bound Upper bound P values Cardiovascular IRR Lower bound Upper bound P values

Windows and doors 0.78 0.70 0.87 0.0000 Windows and doors 0.82 0.70 0.96 0.0149

Wall insulation 0.80 0.73 0.87 0.0000 Wall insulation 0.74 0.65 0.85 0.0000

Loft insulation 1.02 0.93 1.13 0.6180 Loft insulation 0.93 0.80 1.08 0.3273

Heating systems 0.92 0.85 1.01 0.0831 Heating systems 0.93 0.82 1.06 0.2864

Kitchens 1.01 0.87 1.18 0.8671 Kitchens 0.95 0.77 1.17 0.6348

Bathrooms 0.99 0.87 1.13 0.8998 Bathrooms 0.99 0.82 1.19 0.9067

Electrical systems 0.66 0.58 0.76 0.0000 Electrical systems 0.79 0.65 0.96 0.0159

Garden paths 0.81 0.73 0.90 0.0001 Garden paths 0.92 0.78 1.09 0.3396

Respiratory IRR Lower bound Upper bound P values Injuries IRR Lower bound Upper bound P values

Windows and doors 0.76 0.65 0.89 0.0007 Windows and doors 0.70 0.52 0.93 0.0152

Wall insulation 0.82 0.72 0.94 0.0042 Wall insulation 0.82 0.63 1.06 0.1293

Loft insulation 1.09 0.95 1.27 0.2246 Loft insulation 1.01 0.76 1.33 0.9694

Heating systems 0.93 0.81 1.07 0.2927 Heating systems 0.94 0.73 1.21 0.6480

Kitchens 1.11 0.87 1.43 0.3933 Kitchens 0.82 0.53 1.27 0.3699

Bathrooms 0.93 0.75 1.15 0.5099 Bathrooms 1.27 0.90 1.81 0.1778

Electrical systems 0.60 0.48 0.74 0.0000 Electrical systems 0.54 0.36 0.81 0.0030

Garden paths 0.74 0.63 0.87 0.0002 Garden paths 0.81 0.60 1.10 0.1786

Table 6  Incidence rate ratios (IRRs) of emergency admissions for tenants of all ages (exposure 2) for the primary outcome of combined admissions 
and then for each separate condition: cardiovascular, respiratory and injuries

Combined 
conditions IRR Lower bound Upper bound P values Cardiovascular IRR Lower bound Upper bound P values

Windows and doors 0.91 0.82 1.00 0.0516 Windows and doors 0.95 0.82 1.10 0.4893

Wall insulation 0.90 0.82 0.98 0.0171 Wall insulation 0.80 0.70 0.92 0.0013

Loft insulation 1.01 0.93 1.09 0.8678 Loft insulation 0.91 0.81 1.03 0.1517

Heating systems 1.23 1.10 1.38 0.0003 Heating systems 1.21 1.01 1.44 0.0363

Kitchens 1.02 0.86 1.20 0.8152 Kitchens 1.05 0.83 1.32 0.7053

Bathrooms 0.93 0.80 1.07 0.3128 Bathrooms 0.89 0.72 1.09 0.2613

Electrical systems 0.79 0.69 0.90 0.0005 Electrical systems 0.83 0.68 1.01 0.0564

Garden paths 0.86 0.79 0.94 0.0008 Garden paths 0.99 0.86 1.14 0.8909

Respiratory IRR Lower bound Upper bound P values Injuries IRR Lower bound Upper bound P values

Windows and doors 0.88 0.76 1.02 0.0910 Windows and doors 0.83 0.63 1.09 0.1859

Wall insulation 0.95 0.83 1.09 0.4578 Wall insulation 0.87 0.67 1.13 0.3072

Loft insulation 1.11 0.98 1.25 0.1082 Loft insulation 1.00 0.79 1.28 0.9872

Heating systems 1.31 1.11 1.55 0.0018 Heating systems 0.92 0.64 1.34 0.6785

Kitchens 0.98 0.75 1.27 0.8603 Kitchens 1.05 0.63 1.75 0.8523

Bathrooms 0.95 0.75 1.20 0.6831 Bathrooms 0.80 0.51 1.25 0.3267

Electrical systems 0.79 0.64 0.98 0.0287 Electrical systems 0.69 0.46 1.03 0.0701

Garden paths 0.80 0.71 0.92 0.0011 Garden paths 0.72 0.56 0.92 0.0103
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having received a more effective non-polluting heater was 
associated with reduced visits to a general practitioner 
(adjusted OR 0.40, 95% CI 0.11 to 0.62).13 Another study 
randomised low-income participants to receive a home modi-
fication intended to reduce falls. Administrative data were 
used to evaluate randomly allocated low-income participants 
to a fall reduction home modification resulting in a 26% 
reduction in injury rate for the treatment group compared 
with the control group. When injuries were more narrowly 
specified to the home modification, the intervention group 
injury rate was reduced to 39% (adjusted OR 0.61, 95% CI 
0.41 to 0.91).11

This is the largest, most comprehensive analysis to date 
of a concentrated programme bringing housing quality to 
national standards and its associations with healthcare utilisa-
tion. This was made possible using data linkage at household 
and individual levels, and findings highlight a substan-
tial potential for multicomponent housing programmes to 
improve health overall as evaluated using the proxy of emer-
gency healthcare utilisation.18 24 We analysed health service 
utilisation for population subgroups and several conditions 
anticipated to change as a result of several housing quality 
improvements. The results shown here provide evidence of 
health benefits, indicated by a reduction in emergency admis-
sions to hospital, following improvements in social housing 

conditions that could be achieved through the implementa-
tion of a similar programme of work.

These results have important policy implications. First, 
they highlight the reduction in health service utilisation 
through a large decrease in hospital admissions, one of 
the most expensive components of healthcare costs. 
Evidencing a reduction in admissions due to housing 
condition improvements may encourage an integrated 
housing, health and social care system.25 Second, the costs 
incurred through providing the housing improvements 
may be partially offset by the reduction in hospital admis-
sions, or would release a number of hospital beds for other 
admissions. Third, the provision of adequate housing is 
likely to impact on other health, social and educational 
outcomes. We recommend that research is undertaken 
to evaluate if children living in improved homes have 
improved their school attendance and educational  attain-
ment. This would likely lead to improved labour market 
chances and improved health literacy, and to narrowing 
inequalities in the long term. Progress is under  way to 
improve social housing to meet the Welsh Housing Quality 
Standard (WHQS) throughout Wales by 2020, and the 
results here provide compelling evidence to extend this 
housing quality standard to all low-income households in 
maritime temperate regions.

Figure 2  Incidence rate ratios (IRR) of emergency admissions for tenants of all ages in exposure 1 and exposure 2, compared with the reference 
group: (A) primary outcome, (B) cardiovascular emergency admissions, (C) respiratory emergency admissions and (D) injury (falls and burns) 
emergency admissions. Bars represent the extent of a 95% CI.
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What is already known on this subject

►► Ecological studies are insufficiently targeted at the residents 
receiving home improvements to evidence changes in health.

►►  Two randomised controlled trial (RCT) studies investigated 
separately home improvements for insulation or fall 
prevention modifications, and showed improvements in 
respiratory conditions and fall-related healthcare utilisation, 
respectively. 

►►  To our knowledge, no studies have evaluated a complex 
multipart housing intervention using a decade of routinely 
linked objective data. 

What this study adds

►► Using up to a decade of household improvements linked to 
individual level data, we found that social housing quality 
improvements were associated with substantial reductions in 
emergency hospital admissions for cardiovascular conditions, 
respiratory conditions, and fall and burn injuries. 

►► We assessed potential bias in this non-randomised study of 
a complex intervention and concluded that despite a lack 
of randomisation, there was only a moderate level of bias 
compared with a well-designed RCT. 

►► Our results emphasise the importance of using routine 
linked data to evaluate interventions as a result of policy 
or economic changes; large-scale system change data may 
be used to follow up long-term healthcare utilisation for 
individuals. 
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