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Introduction 

In December 1994 Cornwall & Isles of Scilly Health Authority agreed to transfer 
£300,000 to the District Councils of Cornwall to fund the installation of central heating 
and housing improvements for damp, poorly heated council houses occupied by 
families with children suffering from asthma. 

This cohort of children have been studied since and this report to Eaga-CT is in two 
parts: 

The first paper describes the first phase of research which is based upon the 
assessments of the houses and living conditions carried out by the housing officers of 
the District Councils and the results of questionnaires administered by the housing 
officers on the symptoms and consequences of asthma reported by the children and 
their parents. A considerable reduction in the symptoms of asthma experienced by the 
children following the housing intervention has been demonstrated. 

The preliminary findings of the research were presented to a conference in London 
sponsored by Eaga and the researchers were invited to apply for a grant from Eaga-CT 
to carry out a second phase of research. The second phase is based on the collection of 
data from the general practitioner records of the cohort of children in the study to 
determine the use of NHS services before and after the housing intervention and to 
conduct a health economic study. Eaga-CT provided a research grant to support this 
work and the second paper of this report describes the results of the study and the health 
economic appraisal. The researchers wish to thank Eaga-CT for their support and help 
in carrying out this work. 
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ABSTRACT 

Objective: 

Design: 

Subjects: 

Intervention: 

Outcome 

Measures: 

Results: 

Conclusion: 

To evaluate the use of NHS money to improve health by improving 
housing conditions 

Cohort study assessing health outcomes before and after improving 
housing conditions 

72 children with previously diagnosed asthma living in 59 damp 
houses in Cornwall 

Installation of central heating 

Housing: improvement in energy efficiency 

Health: Symptom-based outcome measure for asthma and time lost 
from school 

Improvements comprised installation of gas central heating in 28/59 
(47%), electric storage heaters in 22/59 (37%), solid fuel central 
heating in 7/59 (12%) and oil-fired central heating in 2/59 (4%) of 
houses. Energy efficiency improved by a mean of 2.1 on the National 
Home Energy Rating scale (95% CI 1.68-2.47, p<0.001) in the 37/59 
(62%) houses for which 2 readings were available. Initially, 69/72 
(92%) children's bedrooms were unheated and 44/72 (61%) were 
damp; following improvements, the proportions were 10/72 (14%) and 
15/72 (21%) respectively. All respiratory symptoms were significantly 
reduced after intervention; the greatest reduction was seen in nocturnal 
cough from a median score of 3 (most nights) to 1(on one or several 
nights) (p<0.001) in the previous month. School-age children lost 
significantly less time from school for asthma in the previous 3 months 
(9.3 days per 100 school days before intervention and 2.1 days 
afterwards, p<0.01) but not for other reasons (1.4 days per 100 school 
days before and 3.2 after, p>0.05). 

This study provides the first evaluation of health outcomes following 
housing improvements. Lack of a comparison group means that effects 
of age, season and biased reporting cannot be eliminated. More work is 
needed to substantiate these results. 
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INTRODUCTION 

The connection between people's health and the houses they live in has been 
recognised for a long time. Victorian reformers were concerned with improving the 
living conditions of the urban poor"2, but we now take for granted their improvements 
and accept clean water, effective sanitation and adequate amounts of suitably heated 
and lit living space as normal. The reduction in infectious diseases, fear of which 
drove many of the reforms, has perhaps led us to feel that housing is no longer the 
public health issue it once was. Our lifestyles and social relationships have changed 
over this time, with a loss of the extended family structure and reduction in family 
size altering our housing requirements. We also spend more of our time indoors, 
increasing our exposure to any ill-effects from the indoor environment. 

The Cornwall Story 

In autumn 1994 the abolition of the South and West Regional Health Authority led to 
the distribution of reserve funds to Health Authorities throughout the region. 
Cornwall and the Isles of Scilly Health Authority received £1.2 million of non-
recurring funds to spend before March 1995. The Authority had endorsed the Director 
of Public Health's annual report', which returned to the issue of housing and health 
first highlighted by Dr. Sharp, Medical Officer for the City of Truro in 18964, and 
awarded to the district councils in Cornwall £300,000 to use on housing 
improvements to improve health outcomes. Each of the six district councils in 
Cornwall received £50,000. The funds were transferred from the Health Authority to 
the District Councils using section 28A of the 1977 NHS Act relating to the transfer 
of public finances between public authorities. Only houses within public ownership 
were able to receive grants. One district council subsequently transferred the 
ownership of the public sector houses to a housing association. 

The Health Authority was required by its auditors to evaluate this innovative use of 
NHS money to improve health outcomes. An attempt to measure all possible health 
outcomes relevant to housing conditions was considered impractical. It was thought 
more useful to identify a single client group for whom there was reasonable evidence 
of a link between their illness and their housing conditions. 

Damp housing and respiratory symptoms 

Asthma is the commonest chronic disease of childhood and a local health priority. 
Cornwall resembles other areas of the country in having a high proportion of damp 
housing (around 25%)5. Evidence for a link between housing conditions and asthma 
comes from surveys which have consistently reported an association between damp, 
mouldy housing and respiratory symptoms in adults' and childrenw. Some have 
relied solely on self-reporting of symptoms and damp and mould", while another has 
independently verified reported housing conditions'. When lung function has been 
objectively measured, however, the association has not been confirmed9"° and children 
from damp homes do not have worse bronchospasm than other children, despite 
increased parental reporting of symptoms". Case-control studies have confirmed an 
association between respiratory symptoms and damp and mouldy housing conditions 
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in primary school children12-13, but not in children under 5 years old" or of unspecified 
age" or in adolescents". 

Despite these findings and the plausibility of the association, no intervention studies 
on housing have been undertaken to determine whether it is possible to reduce the 
morbidity due to asthma by reducing the amount of dampness and mould in the house. 
The public health medicine department in Cornwall therefore proposed to the district 
councils that the money should be directed at reducing damp in the homes of children 
with asthma. 
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METHODS 

Ethical approval was granted by the Local Research Ethics Committee. 

Identification of children 

Children with asthma living in damp council housing were identified through 
information on file within the housing departments, health visitors, asthma liaison 
nurses and paediatricians. Confirmation of moderate to severe asthma in the child 
was obtained from the patient's general practitioner, paediatrician or an assessment by 
the paediatric occupational therapist. A few children with respiratory disorders other 
than asthma (for example cystic fibrosis) were included where these children were 
awaiting housing improvements and were seen as a priority group. These children are 
excluded from the analysis. 

Initial Assessment 

Assessments were carried out by local housing officers, who recorded the type of 
heating, presence of dampness or mould and insulation in the house. A theoretical 
energy rating (NHER) of the house" was calculated, enabling the improvements to be 
quantified in terms of energy efficiency. The NHER scale ranges from 0 (very poor) to 
10 (excellent); the standard for new-build housing is 8. The assessor also checked the 
number of smokers and pets living in the house. 

The housing officer also completed with the parent of the child (or children) with 
asthma a respiratory symptom questionnaire, using questions from a validated 
outcome measure for asthma'. The frequency, during the month before interview, of 
breathlessness, breathlessness on exercise, wheezing and cough during the day and at 
night were scored on a scale of 0 (never) to 4 (every day). Additional questions were 
asked about diarrhoea and nasal symptoms, which were less likely to be associated 
with housing conditions. 

The number of days lost from school in the previous three months due to asthma and 
for other reasons was recorded. As the interviews were performed at different points 
in the school term, the number of school days in the previous 3 months (90 days) was 
calculated using information from the Local Education Authority. Days lost from 
school were then expressed as a rate per 100 school days. To ensure that children 
would have been at school for the full 3 months before interview, only those children 
aged at least 5 years 3 months at the time of interview were included in this analysis. 

Intervention 

Once the initial assessment had been carried out the housing officer proposed an 
intervention to improve the heating and measures to reduce damp and mould growth 
within the house. The only direction from the Health Authority was that the 
intervention should produce as warm, dry and energy-efficient a house as possible 
given the available resource. Gas central heating would have been the installation of 
choice in most cases, but many parts of Cornwall have no access to mains gas, so 
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alternatives needed individual discussion between the district council and the families 
involved. 

The funds available to each district council were sufficient to carry out the necessary 
improvements in about 20 households; that is, about £2,500 could be spent on each of 
120 houses in the county. 

Follow-up 

A repeat assessment of each house and each child's respiratory status, using the same 
questionnaires, was carried out at least 3 months following the housing intervention. 
The energy rating of the house after intervention was recalculated. 

Analysis 

The data was analysed using a standard statistical package (SPSS version 8). 
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RESULTS 

Of 138 households initially identified as possibly suitable for intervention, baseline 
surveys took place in 104. Ninety-eight subsequently had an intervention, at an 
average cost of £3061 per house. After exclusions and drop-outs, there were 59 
houses containing 72 children with asthma for whom follow-up data are available 
(Figure 1). Households for which follow-up information is available appear 
representative of all households included in the baseline survey, apart from type of 
housing (Tablel) and the proportion of children aged under 3 years (Table 2). The 
following results relate to the 72 children living in 59 houses for whom full follow-up 
information is available, representing 63% of the asthmatic children under 16 years 
identified and 68% of the houses which contained asthmatic children under 16 years 
old. 
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Figure 1 

Summary of houses and children with asthma 
from initial consideration through to follow-up after intervention 

34 ineligible: 
Occupants moved 
Refusal 
No improvements 
indicated 

6 households with no 
intervention: 
2 households with move 
planned 
1 property due for 
refurbishment 
1 refused to have central 
heating installed 
1 transferred to larger 
property 
1 reason unknown 

138 Households with 
study numbers 

104 households with baseline 
survey 
Dates 09/06/95 to 26/07/96 

98 households with baseline 
survey and an intervention 

Dates 15/09/95 to 21/05/97 

131 occupants with 
asthma or other 
conditions 

11 households excluded: 
8 with children with 
conditions other than 
asthma (e.g. cystic 
fibrosis) 
3 with children >16 years 
with asthma 

28 households excluded: 
25 no follow up 
3 with follow up less than 
3 months 

87 households with baseline 
survey, intervention and 

children <16 years of age with 
asthma 

59 households with follow up 
questionnaires 

Date of baseline questionnaires 
09/06/95 to 26/07/96 

Date of follow-up questionnaires 
23/03/96 to 11/12/97 

114 children -
<16 years of 
age with 
asthma 

42 children 
with asthma 
and no follow 
up 

72 children 
with asthma 
followed up 
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Table 1 

Comparison of baseline characteristics of 
houses with and without follow-up information 

All houses 

No. (%) 
(n =104) 

Houses with 
follow-up 
No. (%) 
(n = 59) 

Houses with 
no follow-up 

No. (%) 
(n = 45) 

Type of house Detached 1 (1%) 1 (2%) 0 (0%) 
Semi-detached 70 (67%) 43 (73%) 27 (60%) 

Terraced 23 (22%) 14 (24%) 9 (20%) 
Flat* 8 (8%) 1 (2%)* 7 (16%)* 

Not known 2 (2%) 0 (0%) 2 (4%) 

Heating Coal fire only 33 (32%) 21 (35%) 12 (27%) 
Coal fire with 
other heating 

23 (22%) 12 (20%) 11 (24%) 

No coal fire, but 
with other heating 

48 (46%) 26 (44%) 22 (49%) 

Furred or feathered None 36 (35%) 23 (39%) 13 (29%) 
pets 1-2 46 (44%) 28 (47%) 18 (40%) 

3 or more 22 (22%) 8 (13%) 14 (31%) 
Smokers None 33 (32%) 21 (35%) 12 (27%) 

1 53 (51%) 31 (52%) 22 (49%) 
2 18 (18%) 7 (12%) 11 (24%) 

Number of adults 1 39 (38%) 20 (34%) 19 (42%) 
2 60 (58%) 37 (63%) 23 (51%) 
3 4 (4%) 1 (2%) 3 (7%) 

Not known 1 (1%) 
*p=0.029 by chi-squared test 
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Table 2 

Comparison of baseline characteristics 
of children with and without follow-up information 

All children <16 Children with Children with no 
years with 

asthma 
follow-up follow-up 

No. (%) No. (%) 
No. (%) (n = 72 in 59 (n = 42 in 28 

(n = 114 in 87 
houses) 

houses) houses) 

Aged under 3 yrs* 24 (21%) 11 (15%)* 13 (31%)* 
Aged under 5 yrs 39 (34%) 24 (35%) 15 (36%) 

With damp/ mouldy 
bedroom 78 (68%) 44 (61%) 34 (81%) 

Mean age 6.9 yrs 7.0 yrs 6.7 yrs 
(SD 3.9) (SD 3.8) (SD 4.2) 

*p=0.04 by chi-squared test 

Interventions 

The interventions undertaken were installation of gas central heating in 28/59 (47%), 
electric storage heaters in 22/59 (37%), solid fuel central heating in 7/59 (12%) and 
oil-fired central heating in 2/59 (4%). 

Energy ratings were performed on 37/59 (62%) houses both before and after 
intervention. There was a significant improvement in NHER, from 4.4 to 6.5 (mean 
change 2.1, 95% CI 1.68 to 2.47, p<0.001). Conditions in the bedrooms of asthmatic 
children improved significantly (Table 3). 
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Table 3 

Changes to the indoor environment 
(for 72 children) 

Before intervention 
No (%) 

After intervention 
No (%) 

Children sleeping in an 
unheated bedroom 69 (92%)* 10 (14%)* 
Children sleeping in a damp 
bedroom 44 (61%)* 15 (21%)* 
Children sleeping in a damp 
and mouldy bedroom 31 (43%)* 4 (6%)* 
Children living with furred or 
feathered pets 45 (63%) 56 (78%) 
Children living with at least 
one smoker 51 (71%) 46 (64%) 
*p<0.05 

Symptoms 

The mean interval between first and second questionnaires was 16.7 (range 7-29) 
months. Seventy-six percent of repeat questionnaires were performed within 3 months 
of either the first or second anniversary of the initial assessment. All follow-up 
questionnaires were undertaken at least 3 months after intervention (mean 11.7, range 
3-22 months). 

The frequency of all respiratory symptoms reduced significantly following installation 
of central heating (Table 4). In contrast, no significant change was seen in the 
frequency of symptoms not thought to be associated with damp housing (diarrhoea, 
hayfever). 
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1 
Table 4 

Symptom frequencies before and after installation of central heating 

Rating Scale _ 
0 1 2 3 4 

Never on 1 or several days on a few days most days every day 

Before Housing 
Improvement 

After Housing 
improvement 

p* 

Symptoms in the last 
month 

median mode no(%) median mode no(%) 

Cough by Day 2 3 18(25) 1 0 32(44) p<0.001 
Cough by Night 3 4 26(36) 1 0 28(39) 

40(56) 
38(53) 

p<0.001 
p<0.001 
p<0.001 

Wheeze by Day 2 2 25(35) 1 0 
Wheeze by Night 2 4 19(26) 0 0 
Breathless with Exercise 2 2 23(32) 1 0 26(36) p<0.001 

p<0.001 Breathless 1 0 27(38) 0 0 45(62) 
Diarrhoea 0 0 53(74) 0 0 61(85) p>0.05 
Hayfever 0 0 49(68) 0 0 53(74) p>0.05 
Runny Nose 2 3 17(24) 0 0 37(51) p<0.001 

p<0.001 Blocked nose 2 1 19(27) 0 0 39(55) 
*Wilcoxon signed rank test 

15 



School-age children lost less time from school because of asthma after the installation 
of central heating (Table 5). Time lost for reasons other than asthma did not change 
significantly. 

Table 5 

Days lost from school in the last 3 months 
before and after installation of central heating 

(for 45 children aged 5 years 3 months or over at time of first 
interview) 

Before 
intervention 

After 
intervention 

Before 
intervention 

After 
intervention 

Mean 
number 

Mean 
number 

Rate per 100 
school days 

Rate per 100 
school days 

mean 
difference 

in rates 

(95% 
C.I.) 

Days lost from 
school due to 
asthma 

5.8 1.6 9.3 2.1 7.27** 
(3.32- 
11.21) 

Days lost from 
school from 
other causes 

0.8 2.4 1.4 3.2 -1.80 
(-3.86- 
0.26) 

**p<0.001 by paired t-test 
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DISCUSSION 

Methodological issues 

This study should be regarded as a pilot study for further more rigorous attempts to 
explore the relationship between damp, mouldy housing and asthmatic symptoms. The 
lack of a control group against which to assess change in health status limits the 
interpretation of these findings and highlights one of the difficulties of undertaking 
this type of evaluation. The decision to award the funds to the councils was taken at 
the Health Authority board meeting, which is open to the public and the media. It was 
thus politically unacceptable to allocate the resources to some districts and not others, 
or to improve some children's houses and not others, for the purposes of a more 
rigorous evaluation. No resources were allocated for evaluation and no arrangements 
could be made for objective measurements of health status before starting the study. 

Assessment of health status therefore rests on parental reporting of symptoms and loss 
of time from school. Given the lack of blinding of the families to the intervention, and 
their interest in receiving it, it is probable that there is considerable bias in the 
symptom reporting. Nonetheless, the children with asthma who were included were all 
known to health services before the scheme was announced, and efforts were made to 
verify the diagnosis, though not the severity, through primary and community care. An 
attempt was made to record current medication and use of health services in the initial 
questionnaire, but the data were not sufficiently complete to permit analysis. A further 
study is underway to obtain this information from primary care records. We are 
reasonably satisfied, therefore, that we identified appropriate children to receive the 
intervention. The extent to which they benefited may well reflect subjective reporting 
bias rather than true clinical improvement. Although heating was installed in the 
houses, we have not verified to what extent it is used. The energy rating changes 
indicate that energy efficiency has improved substantially following improvements, 
but this does not reflect actual use of any heating systems. A cost-benefit analysis is 
now underway. 

It took us over a year to recruit sufficient children for the study and follow-up 
questionnaires have taken nearly 2 years to complete after that. Asthmatic symptoms 
will vary with age and season and the effects of neither can be ruled out in this study. 
Seasonal fluctuations in asthma severity may have contributed, as repeat 
questionnaires were not completed at the same time of year as the original. Asthma 
may also change as children grow older'''. The results for school-age children only are 
similar to those of the group as a whole, however, suggesting that the natural history 
of the disease cannot entirely explain the improvements seen. Alteration in exposure 
to allergens from furred or feathered pets and passive smoking may also have 
contributed to the improvement, but while the reduction in passive smoking may have 
reduced children's symptoms, the increase in pet ownership may have increased them. 
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Many of the families identified were lost to follow-up. People with young children 
represent a mobile population and many had moved by the time the follow-up 
questionnaires were being carried out. Co-operation with follow-up was difficult with 
some, although others were delighted enough with the results to speak to the media. 
The issue of mobility raises the question of whether the intervention was worthwhile, 
if the designated recipient was only able to benefit for a few months. 

Public Health Policy issues 

To use NHS money in this way was controversial in the absence of published 
evidence of effectiveness of such an intervention. The transfer of funds was criticised. 
A member of the Local Medical Committee commented "it is more important that 
every penny possible is spent on the acute Trusts where there is a severe shortage of 
funds and beds". Many public health interventions, however, have been undertaken 
without a strong evidence base and other considerations besides the quality and 
strength of the evidence, such as humanitarian issues, inform such decisions. Is 
evidence of effectiveness of social interventions on health outcomes necessary before 
suggesting that children with asthma live in decent houses? While such evidence may 
not be thought necessary before improving housing conditions, we should still seek to 
extend the evidence base and quantify the benefits for occupants. 

The recent report on health inequalities' recommends the introduction of policies to 
improve the quality of housing, but the revised government health strategy' makes 
little reference to housing as a determinant of health. The present government has 
carried on the steady transfer, commenced by the previous administration, of publicly 
owned houses into the private sector through housing and residents' associations. 
There is considerable concern amongst the Society of Mortgage Lenders about the 
housing fabric in private sector ownership. Anecdotally, the district councils 
considered that there were worse problems in the private rented than in the public 
sector, but we were unable to make our funds available to this group. People on low 
incomes who have bought their own homes have problems with maintenance and 
heating costs. Poor housing is increasingly becoming a personal rather than a public 
problem. 

New opportunities are arising for the inter-agency working needed to make the 
required changes in current practice. Local Authorities now have a duty of partnership 
to work with Health Authorities and others to develop local health improvement 
programmes".", which should address wider issues of health as well as health care. 
Health Action Zones also provide scope for addressing these issues. While 
establishing joint local priorities may aid local action on poor housing conditions, 
there also needs to be more co-ordinated central action linking the private and private 
rented sectors into these programmes. Organisational boundaries should not act as 
barriers to implementation. Nor should the NHS necessarily be seen as the source of 
funds for health-related housing improvements. We need a national strategy which 
acknowledges the links between poor housing and poor health and makes appropriate 
provision to tackle it. 
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ABSTRACT 

Objective: 

Design: 

Subjects: 

Intervention: 

Outcome 

Measures: 

Results: 

Conclusion: 

To carry out a health economic study of the use of NHS money to 
improve health by providing improved heating to the damp unheated 
houses of a cohort of children with asthma 

Estimate of costs and benefits from data collected before and after the 
housing intervention 

47 children with previously diagnosed asthma living in houses in 
Cornwall which had been improved with NHS funding 

Installation of central heating 

Housing: improvement in energy efficiency 

Contacts with health services (hospital, general practitioner, practice 
nurses and other NHS staff) and prescriptions for treatment of asthma 
over a one year period before and after the housing intervention. 
Annual equivalent costs of housing improvements, estimates of cost of 
fuel, NHS treatment and value of school attendance 

The annual equivalent costs of the housing improvement were £329.49 
whilst the estimated annual benefit from the home improvements was 
£702.96 - a net benefit per annum of £374.37. 

This study found that the savings to the NHS alone (£488.15) exceed 
the annual equivalent cost of the housing improvement. This saving 
arises mainly as a result of the reduction in in-patient stays. The results 
needed to be treated with caution. This was a "before and after" study 
and the lack of a comparison group means that the effects of age and 
biased reporting cannot be excluded. 
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INTRODUCTION 

This paper is the second phase of the evaluation of the Cornwall Housing Intervention 
study. As described in the preceding paper, £300,000 of non-recurring NHS funds 
were transferred to District Councils and a Housing Association within Cornwall to 
install heating in damp, poorly heated council houses where there were families with 
children with moderate to severe asthma. 

The first phase of the study showed a significant reduction in the reported symptoms 
of asthma and fewer days lost from school following the housing intervention. 

AIMS OF THE STUDY 

Eaga-CT provided a research grant for the second phase of the study: 

• to examine the general practitioner records of the children with asthma to provide 
objective measures of contacts with the NHS services (visits to hospital, general 
practitioner, practice nurse and other health service staff). To measure the drugs 
for the treatment of asthma issued by the general practitioner to these children. 
This information was sought for the year before and after the housing intervention. 

• to carry out a health economic investigation to weigh the cost of carrying out the 
housing improvements against the possible benefits in reduced use of NHS 
resources, reduction in fuel costs and absences from school. 

METHODS 

Ethical approval was granted by the Local Research Ethics Committee. 

Inclusion criteria 

To be included in this phase of the study, children were required 

1. to have asthma 

2. to be under 16 years of age at the time the heating was installed 

3. to have lived in the property for a minimum of 12 months before the 
heating was installed (determined from baseline assessment information) 
and for a minimum of 12 months after the heating was installed. 

Parental consent 

The written consent of the parent or guardian was obtained before any information 
was collected from general practitioners or from school attendance records. Although 
parent and guardians had given verbal consent for the records of their children to be 
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examined during the study, formal written consent was necessary. A consent form, 
designed to collect this information, (Appendix 1) was sent to all households eligible 
for inclusion in the study. Non-responders were sent a maximum of two reminder 
letters and additional consent forms at intervals of approximately three weeks. 
General practitioners and schools were sent data collection forms (see following 
sections) only after receipt from the parent or guardian of a signed, completed consent 
form. 

NHS contacts and prescriptions for asthma medication 

A data collection form (Example shown at Appendix 2) was designed to 
retrospectively collect information relating to both the number and type of contacts 
with health services each child experienced during a 12 month period both before and 
after heating improvements were made. 
For ease of completion, each data collection form was sent out with the following pre-
inserted information 

• child's study number 

• child's name and date of birth 

• date periods for which contact information was required 

• a list of codes for each type of NHS contact 

• an example of how to complete the form 

A.second form (Appendix 3) was designed to record prescribing activity for each 
child. Information on the type of drug and the quantity prescribed was recorded and 
again covered a period of 12 months before and 12 months after the heating 
improvements were made. In a number of practices this information was held 
electronically and a computer printout was generated in place of the data collection 
form. 

A letter was sent to the general practitioner of each child explaining the aims of the 
study, enclosing the written consent of the parent for the collection of information 
from the child's medical records and inviting the general practitioner to take part in 
the study by arranging for completion of the data collection forms. A pilot study of 
the forms in three general practices found that the practice nurse was asked by the 
general practitioner to complete the forms. The forms took on average one hour to 
complete for each child. A small fee, sufficient to pay for the staff time required to 
complete both the NHS contacts and medication forms, was paid to each GP practice 
on receipt of each set of completed medical forms. 
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School Attendance 

It was originally envisaged that this phase of the study would be used to collect 
detailed information from schools about the number of days attendance that were lost 
from school due to asthma. We had hoped to retrospectively collect information for a 
12 month period before the heating was installed and a similar period after the 
intervention. This time scale was chosen to eliminate the confounding effects of 
seasonality on asthma symptoms. A data collection form and covering letter was 
drafted for this purpose (Appendix 4) and sent to the schools of all eligible children 
whose parents completed consent forms. Unfortunately, despite reminder letters 
being sent, the response was poor. From the responses received it was evident that in 
some cases the attendance data was no longer available and in others insufficient spare 
staff time to complete the forms. 

In view of these difficulties, the self-reported data on school attendance collected in 
the initial phase of the study was used for health economic purposes (see Paper 1). 
The parent or guardian had been asked to estimate the number of days lost from 
school in the previous three months on two separate occasions, one before the heating 
intervention and again at least three months after the intervention. The figures were 
adjusted to allow for holidays and grossed up to produce an estimate of the days lost 
per year. 

Validation of results 

NHS contacts and prescribing data were validated by visiting a 10%, randomly 
selected, sample of GP practices that took part in the study. During the practice visit 
information contained in the child's medical notes was checked against the completed 
data collection form and any discrepancies noted. Prescribing information was also 
cross checked against previously collected data using hand written information 
contained in medical notes and, where applicable, electronically stored prescribing 
data. 

RESULTS 

Response rates 

Ninety-eight households from six District Councils completed baseline surveys and 
subsequently received heating improvements. After exclusions and drop-outs there 
were 75 households containing 97 children who were under 16 years of age at the time 
of intervention and were diagnosed with asthma. Forty-five households returned 
parental consent forms (60% response rate). After exclusions and drop-outs, health 
service contacts and prescribing data were available for 47 children giving a response 
rate of approximately 48% (See Figure 1 for a Flow-Chart of this phase of the study). 
The following results relate to information obtained for these children. 
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Figure 1 Study population flow chart 

PHASE II 
FLOWCHART 

98 Households with baseline 
survey that received an 

intervention 
Dates 15/9/95 to 21/5/97 

4 = over 16 
2 = CF 

= no asthma diagnosed 
at baseline 

87 Households with 
baseline survey, 

intervention and children 
<16 with asthma 

114 children <16 years 
of age with asthma 

17 children moved house 
within 12 months of 
heating being installed 
(14% of original sample) 

12 households moved 
within 12 months of 
heating being installed. 
(13%) 

75 Households sent pink forms 

45 households returned pink 
forms (60%) 

1 unclear consent 
1 child at boarding school 
during the study 
1 parents did not give consent 

42 sets of medical forms 
applied for. 41 sets were 

returned 

97 children sent invitation 
letters 

Medical forms received 
for 47 children (48%) 
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NHS Contacts 

Table 1 shows the number of NHS contacts for the 12 month period before and after 
the housing intervention. 

Table 1 

NHS Attendances and contacts Number during 12 
months Before 

housing intervention 

Number during 12 
months After 

housing intervention 
Accident and Emergency department 1 0 
Asthma liaison nurse 12 4 
Hospital bed days 123 66 
Nurse home visit 2 0 
Outpatient visits 16 10 
Practice nurse 71 48 
Surgery appointment 114 75 
GP home visit 6 1 

There was a reduction in the number of contacts following the intervention for all 
categories of contact with the NHS and NHS staff. 

HEALTH ECONOMICS 

Summary of the economics of providing heating in the homes of children with 
asthma 

This costing summary forms part of a study to examine the benefits to children of 
providing improved heating and insulation in their homes. Table 2 summarises the 
cost implications. Separate sections in this report describe the methods we have 
employed in estimating these various costs and the sample upon which the estimates 
are based. We have provided yearly costs, to reflect the time period over which data 
were collected. Although, we would expect benefits to continue for many years, the 
annual figures should be sufficient to show the relative value of costs and savings. 

Table 2 

Annual Equivalent cost of improvements £329-49p 
less 
Estimated annual savings in fuel bills £214-81p 
Estimated annual savings on NHS treatment costs £499-56p 
Estimated annual increase in prescribing costs -£11-41p 
Total estimated benefits from home improvements £702.96p 
Net benefit per annum £373 .47p 

Not included in the table is the benefit in terms of reduced absence of children from 
school. An estimate of this in financial terms is discussed in the section on school 
attendance. 
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The annual equivalent cost of heating improvements 

All local authorities that undertook the building improvements provided us with 
information on costs. Information was provided for 103 houses in total. We calculate 
an annual equivalent cost assuming the serviceable lifetime of the improvements to be 
10 years and a discount rate of 6% per annum. Most costs were incurred during 
1996/7. These were inflated by a factor of 4.14% to give a 1997/8 average annual 
equivalent cost of £329-49p per house. Appendix 5 provides a schedule of the 
improvements. 

Annual saving on fuel bills 

Because of practical difficulties, data were not collected on the actual expenditure on 
fuel by the households. Instead we estimate the savings in total energy bills using the 
energy efficiency ratings (NHER values) of the properties before and after the 
improvements. By combining the information on energy efficiency with information 
about the size (floor area) of the buildings and assumptions about the temperature to 
which the buildings are heated (the living areas heated to 21°C for 2 hours in the 
morning and 7 hours in the evening with other parts of the house heated to 18°C 
during the same period), we are able to estimate the fuel savings. Unfortunately not 
all local authorities were able to provide us with comparable energy ratings both 
before and after the intervention. The estimates are based on information from 3 of 
the 6 local authorities and relate to 46 properties. The average annual fuel saving is 
f214-81p at 1997 prices. 

Savings on NHS treatment costs 

Forty one households containing 47 children provided information on their use of 
NHS services. 

Unit costs for NHS contacts were derived from two sources. Hospital costs come from 
the Scottish Health Service Costs for the year ended 19961. This publication provides, 
information for all hospitals in Scotland. The figures quoted are average figures over 
all hospitals that provide the relevant services. Costs are inflated to 1997/8 values. 
Community health services are costed using figures provided by the Personal Social 
Services Research Unit at the University of Kent at Canterbury2. The savings by 
resource area are shown in Table 3. 
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Table 3 

Savings by resource area 

Before After Unit cost Source of unit cost data Annual 
Savings 

£44.37 A&E 1 0 £44.37 Scottish costs 

Asthma liaison 
nurse 

12 4 £7.29 PSSRU visit to practice nurse £58.32 

Hospital bed days 123 66 £335.59 Scottish costs, medical 
paediatrics 

£19128.63 

Nurse home visit 2 0 £9.84 PSSRU visit from practice 
nurse 

£19.68 

Outpatient visits 16 10 £60.22 Scottish costs (respiratory 
medicine) 

£361.32 

Practice nurse 71 48 £7.29 PSSRU visit to practice nurse £167.67 

Surgery 
appointment 

114 75 £13.00 PSSRU short GP consultation £507.00 

GP home visit 6 1 £39.00 PSSRU GP home visit £195.00 

Total change in 
NHS costs 

£20481.99 

By dividing the total savings in NHS costs by the number of  households providing us 
withinformation (n=41), we arn.\--a—'-n average annual  saving_totEeNHS  of   
£499.56. Because the savings are dominated by the reduction in In-patient bed days 
;v7rCia-to take care that they did not arise as a result of a small number of unusual 
cases.. Pre-intervention. we record information on 21 hospital admissions (3 children 
with single admissions, one child with two admissions and one child with 16 
admissions) with an average length of stay of 5.9 days. Post intervention there were 
11 hospital stays (for the child who was admitted to hospital on 16 occasions pre-
intervention) with an average length of stay of 6 days. It is re-assuring to note that 
reductions in the use of services are observable in all the areas for which activity was 
collected. 

Prescribing costs 

Prescriptions for asthma medication issued for each child in the 12 months preceding 
and following the intervention was converted into total prescribing costs using the 
British National Formulary (BNF) issued September 1997. On average prescribing 
costs increased slightly following the intervention. In part this was a result of a 
change to the use of more expensive drugs. The average annual increase in 
prescribing costs amounted to £11.41p. 

30 



1 
1 

1 

1 

1 

School attendance 

The self-reported data on school attendance collected in the initial phase of the study 
was used. Table 4 below summarises the results. 

Table 4 

Days lost from school in the last 3 months before and after installation of central 
heating (for 45 children aged 5 years 3 months or over at time of first interview) 

Before 
intervention 

After 
intervention 

Before 
intervention 

After 
intervention 

Mean 
number 

Mean number Rate per 100 
school days 

Rate per 100 
school days 

Mean 
difference 

in rates 
(95% 
C.I.) 

Days lost 5.8 1.6 9.3 2.1 7.27** 
from school (3.32- 
due to asthma 11.21) 
Days lost 0.8 2.4 1.4 3.2 -1.80 
from school (-3.86- 
from other 
causes 

0.26) 

**p<0.001 by paired t-test 

There was a significant reduction in the days lost from school due to asthma. 

A measure of the value society places on schooling is the resources it is prepared to 
expend on its provision. If a child fails to attend, those resources are wasted, and 
society fails to obtain the benefit that the education might have provided. Accordingly 
we value the benefits of the increase in school attendance that followed the housing 
intervention at the cost of its provision. We assume the value of schooling to be the 
average annual cost over a pupil's school career up to the minimum school leaving 
age of 16. Cornwall County Council provided these costs. The total estimated annual 
value of increased school attendance is £108.36 per pupil. 

DISCUSSION 

The results of this study show that savings to the NHS alone exceed the annual 
equivalent cost of the housing improvement. This saving arises mainly as a result of a 
reduction in In-patient stays. Nevertheless, there is need to be cautious. The study 
was not a randomised controlled trial, but a 'before and after' study and there is not a 
control group for comparison. Furthermore, although approximately £250,000 was 
spent on renovations, the number of households under investigation was only 103, 
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which constitutes a useful, but not a large, sample size. There is also a possibility of 
response bias. Questionnaires were returned by 41 households (less than 50%). It is 
possible that those households with children experiencing the greatest gains were the 
most likely to respond. In future studies it will be important to gain written consent 
from the parents of children for permission to examine the records of the children at 
an earlier stage as the response to the letters asking for consent was poor. 

Asthma may also change as children grow older. However the time periods for 
collection of data were consecutive and the size of the change in contacts with the 
NHS considerable, suggesting that the natural history of the disease cannot entirely 
explain the improvements seen and we would not expect to witness substantial 
remission in asthma over the relatively short period of our study. 

The rise in prescribing costs was accounted for by the increased use of preventative 
treatments for asthma. This increased use of preventative medicines is likely to have 
contributed to improved symptom control and a reduction in NHS contacts. A 
randomised controlled trial would be necessary to take account of these changes in 
management. 

Further substantial financial benefits accrue to the residents themselves. This is 
represented as a potential financial saving resulting from a reduction in fuel bills. 
Although it is possible that households might have chosen to maintain household 
temperatures at the levels pertaining before the improvement, economic theory would 
predict otherwise. We would expect that a reduction in the real cost of heating would 
result in increased household temperatures. The evidence on the reduction in the use 
of the NHS services supports the view that people chose to improve the climate within 
their homes, rather than simply use the savings from more efficient heating systems to 
switch expenditure to other areas of consumption. 

We have not included a separate assessment of the quality of life improvement of 
residents since we take the view that quality of life gains are captured by the income 
effect that more efficient heating implies. Some of that income will be used to 
purchase heating, with benefits to health-related quality of life as well as other aspects 
of quality of life. To separately measure improvements in health related quality of life 
would be double counting. 

Conclusions 

The results of this study suggest that the costs of installing central heating to improve 
the health outcomes of children with asthma living in damp poorly heated houses are 
less than the benefits to the NHS in terms of reduced contacts, particularly in-patient 
admissions. There are considerable methodological issues regarding this study and 
further research is necessary to substantiate this finding. 

Council house tenants are a mobile population and 12% of families moved within one 
year of the housing intervention. This needs to be taken into account when 
considering the benefits of the housing investment. 
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A controlled trial is necessary to take this work forward and a study funded by the 
NHS Research and Development programme is to proceed in Torbay which has been 
designed to allow comparisons of the health impact to residents of improving poorly-
heated damp houses with a control group. Details are given in the footnote below.' 
The successful application for NHS funding for this study drew upon the work 
undertaken in Cornwall and described in this report. 

The Torbay Healthy Housing Project 
M. Somerville, M. Basham 
Department of Public Health Medicine, South & West Devon Health Authority, Dartington, Devon 
A. Barton 
Research and Development Support Unit, University of Plymouth, Derriford Hospital, Plymouth 

Local residents in Watcombe, Torquay, surveyed their housing conditions with the help of a Health 
Authority funded community development worker. Of 96 houses surveyed, 64% had some form of 
damp and 60% had an occupant with a breathing problem. Torbay Council has agreed to use £600,000 
of housing improvements funds over the next 3 years to renovate 142 council-owned homes in 
Watcombe. The inter-agency group established to oversee the use of these funds successfully applied 
for research funding from the NHS to evaluate the impact on health of the renovations. 

Baseline questionnaires and detailed surveys to assess the indoor environment in each house on the 
Watcombe estate are in progress. Each household has been asked to complete a health-screening 
questionnaire, which will be used to identify individuals with asthma or chronic obstructive lung 
disease, arthritis and angina. These individuals will be asked to participate in further assessments using 
well-validated disease-specific outcome measures. All adults will also be asked to complete a General 
Health Questionnaire. 

A third of houses will be improved each year between 1999 and 2001. The environmental and health 
surveys will be repeated on each house and household after each set of improvements, and on 
households awaiting improvement as the control group. 
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APPENDIX 1 
CORNWALL AND ISLES OF SCILLY HEALTH AUTHORITY STUDY OF 

HOUSING CONDITIONS AND ASTHMA 

Name of Parent/Guardian: 

Name(s) of child(ren) with asthma for whom housing improvements were made: 

Information from your family doctor 

I consent to the collection of information from my child(ren)'s medical records for the 
purpose of the Cornwall and Isles of Scilly Health Authority study into housing 
conditions and asthma. 

YES/NO (please delete as appropriate) 

Signature of Parent/Guardian   

Information from your child's school 

I consent to the collection of information from my child(ren)'s school on the number 
of days absence from school due to ill health and asthma to provide information to the 
Cornwall and Isles of Scilly study on housing conditions and asthma. 

YES/NO (please delete as appropriate) 

Name of child  School(s) attended during the last 4 years with approx. dates 

Signature of Parent/Guardian   

Many thanks for completing this form. Please return it to:- 

Dr Ian Mackenzie, Department of Public Health Medicine, Cornwall and Isles of 
Scilly Health Authority, John Keay House, St Austell, PL25 4NQ in the envelope 
provided (no stamp is necessary). 
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APPENDIX 2 
CONTACTS WITH HEALTH SERVICES 

Patients Name: 
DOB: 
Please list below all contacts with Health service from 
If seen by different people on the same day please include every contact 

Codes for Nature of Contact 
S = Surgery appointment with GP or other Doctor P = Surgery appointment with Practice Nurse 
V = Home Visit by GP  N = Home visit by Nurse 
AL = Asthma Liaison Nurse  OP = Out Patient attendance 
AJE = A/E Attendance  H = Hospital admission 
0 = Other 

Example: A child with an asthma attack seen by a GP on 101" October 1996 and urgently admitted to 
hospital on the same day. Later the same month the child is seen with eczema. 

Nature of 
contact 

Please enter 
one of the 

above codes 
e.g. P 

Date of 
contact 

e.g. 01/01/96 

If Hospital Admission Diagnosis (Please tick Category) 

Date of 
admission 

Date of 
discharge 

Asthma Other 

S 10/10/96 1 
H 10/10/96 14/10/96 1 
P 25/10/96 1 

---rn, _ —/—t —/-1- —r, -..."',..  1-1  --,-", .../"--A  .•,-1  --/-4,  /Al  ---/-1 .- 

Nature of 
contact 

Please enter 
one of the 

above codes 
e.g. P 

Date of 
contact 

e.g. 01/01/96 

If Hospital Admission Diagnosis Please Tick Category 

Date of 
admission 

Date of 
discharge  

Asthma Other 
, 
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APPENDIX 3 

MEDICATION RECORD 

Patients Name: 
DOB: 

Please list below all prescription issued between 

IF POSSIBLE, A COMPUTER PRINTOUT CAN BE ATTACHED TO THIS 
FORM RATHER THAN COMPLETING THE ENTRIES BY HAND 

Date  Name of Drug  Quantity 
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APPENDIX 4 
1 

SCHOOL ATTENDANCE RECORD 

SCHOOL : 

NAME OF CHILD: 

DATE OF BIRTH: 

STUDY NUMBER: 

If reasons for absence are known please 
complete 

Dates Total days absent 
due to sickness 

Days absent from 
school due to 

asthma 

Days absent from 
school due to other or 

unknown causes 
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APPENDIX 5 

Summary of work 
Location of property by 
District Council area 

Brief description of work undertaken 

North Cornwall Night storage, double glazing, DPC, insulation, redecoration 
North Cornwall Solid fuel ch 
North Cornwall Solid fuel ch 
North Cornwall Solid fuel ch, cavity wall and loft insulation 
North Cornwall Gas ch, cavity wall and loft insulation 
North Cornwall Gas ch, cavity wall and loft insulation 
North Cornwall Gas ch 
North Cornwall Solid fuel ch 
North Cornwall Gas ch, cavity wall and loft insulation 
North Cornwall Solid fuel ch, cavity wall and loft insulation 
North Cornwall Solid fuel ch, cavity wall and loft insulation 
North Cornwall Solid fuel ch, cavity wall and loft insulation 
Caradon Gas ch 
Caradon Night storage 
Caradon Gas ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Solid fuel ch 
Caradon Gas ch 
Caradon Night storage 
Caradon Solid fuel ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Solid fuel ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Gas ch 
Caradon Solid fuel ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Oil ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
Penwith Gas ch 
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Penwith Gas ch 
Penwith Gas ch 
Kerrier Solid fuel ch and wall insulation 
Kerrier Gas ch and wall insulation 
Kerrier Gas ch 
Kerrier Gas ch 
Kerrier Gas ch 
Kerrier Gas ch 
Kerrier Gas ch 
Kerrier Night storage 
Kerrier Night storage and wall insulation 
Kerrier Night storage 
Kerrier Night storage and wall insulation 
Kerrier Night storage 
Kerrier Night storage 
Kerrier Wall insulation 
Restormel E7 system 
Restormel E7 system 
Restormel Gas ch 
Restormel E7 system 
Restormel Charnwood and radiators 
Restormel E7 system 
Restormel E7 system 
Restormel E7 system 
Restormel Gas ch 
Restormel E7 system 
Restormel E7 system 
Restormel E7 system 
Restormel E7 system 
Restormel Night storage 
Restormel E7 system 
Restormel E7 system 
Restormel E7 system , 
Restormel E7 system 
Restormel E7 system 
Restormel Gas ch 
Carrick Night storage 
Carrick Night storage 
Carrick Night storage 
Carrick Gas ch 
Carrick Gas ch 
Carrick Night storage 
Carrick Gas ch 
Carrick Gas ch 
Carrick Gas and storage heating 
Carrick Gas and storage heating 
Carrick Gas and storage heating 
Carrick Gas and storage heating 
Carrick Gas and storage heating 
Carrick Gas and storage heating 
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Carrick Gas and storage heating 
Carrick Gas and storage heating 
Carrick Gas and storage heating 
Carrick Night storage 
Carrick Night storage 
Carrick Night storage 
Carrick Solid fuel ch 
Carrick Night storage 
Carrick Oil ch 

Note: As will be seen above, some district councils reported night storage heaters, 
others an E7 (Economy 7) system. These are the same. 
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