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VERSION 1 - REVIEW 

REVIEWER Nick Osborne 
University of Exeter, UK 

REVIEW RETURNED 21-Jan-2015 

 

GENERAL COMMENTS This paper uses modelling to examine the public health impacts of 
reduction in carbon footprint in England. It examines 3 scenarios of 
ventilation under the proposed retrofit of the English housing stock 
required to meet the 2030 carbon reduction targets. It covers the 
topic well but I think it needs some modification in tone around 
drawing too strong a conclusion from modelled data.  
 
Abstract  
The conclusions don‟t seem to match and reflect the results very 
clearly. The results suggest even with additional ventilation, QALYs 
decreased. So why say energy efficiency measures can improve 
health?  
Intro  
Page 4 line 19 government……may be UK Government for the 
international audience?  
Page 4 line 22 for empirical evidence ref: Higher energy efficient 
homes are associated with increased risk of doctor diagnosed 
asthma in a UK subpopulation. Sharpe RA, Thornton CR, Nikolaou 
V, Osborne NJ. Environ Int. 2015 Feb;75:234-44  
Page 6 line 19 rather than “expert judgement” I think it would be 
better to say “ the authors made some assumption, including…..”  
Methods  
Page 5 Line 9 should there be some mention of house dust mite? 
Increase in moisture and heat may increase the human exposure so 
could be talk about in the discussion as a limitation if it is not 
included in the model.  
Page 7 line 44 - I am concerned that only 350K extract fans are 
being installed. Is there any evidence that the current extract fans 
are fit for purpose? Does the entire stock need replacing? What is 
the evidence base that the current standard is sufficient.  
 
Discussion  
Page 12 line 25 I don‟t agree with the opening sentence of the 
discussion…….it is not an empirical experiment. I think the language 
needs to be toned down to reflect the predictive nature of the model 
and the number of assumption made.  
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Page 13 line 8 I think there needs to be some discussion on the 
behaviours of the individual (not the State) in making a safe 
domestic environment….i.e. appropriate ventilation and cleaning. 
Also the built environment is also important as is the interplay 
between these two. Changing the built environment without requisite 
changes in resident behaviours has, and is occurring, with a 
potential detrimental health outcome for the population. Would some 
discussion of the Nordic housing stock (colder environment but 
better carbon footprint) be appropriate here, considering the good 
ventilation and low mould incidence there?  
Page 13 Line 20 Good description of the limitations of models.  
 
Page 12 Line 50: I think you need to say something around policy 
should not be based on models alone as they have significant risk of 
uncertain predictions. Direct measurement studies should also be 
added to the mix, and may be a validation of the models, to allow 
policy makers more confidence in their decisions.  
Refs  
Referencing needs to be in the BMJ Open style  
Page 15 line 35 Bone “A” capitalised  
Page 15 line 42 Indoor Built Environ  
Page 15 line 56 Do doi number need to be added in BMJ Open 
refs??  
Appendices  
Page 28….spelling of infarction 

 

REVIEWER Dr Angie Bone 
Head of Extreme Events and Health Protection  
Public Health England, UK 
 
I work for a government agency that provides specialist advice 
regarding the health impacts of housing, including cold homes. I 
have attended a number of workshops and events to discuss issues 
of health impacts of energy efficiency with some of the authors. 

REVIEW RETURNED 25-Jan-2015 

 

GENERAL COMMENTS This is a welcome paper in an area that is generally under-
researched. My specific comments are:  
 
1. Abstract: I think the wording of the 'intervention' section needs to 
be reconsidered as the current formulation is confusing - particularly 
the difference between scenario 1 and 2 which both refer to current 
regulation. If there is space, some indication of the caveats around 
the findings would be beneficial in the findings section.  
 
2. Introduction: a minor point, but figure 1 refers to ETS when the 
rest of the paper refers to STS. A more general point is that the 
effects on respiratory health of cold indoor environments seems to 
have been excluded from the figure and the paper overall. I am 
wondering why this might be.  
 
3. Methods/Appendix 1: Modelling the indoor environment. I found 
these sections a little confusing. In particular:  
 
a) You refer to a 'selection of dwelling archtypes' and in appendix 1 it 
seems there may be 16 archetypes? Did you select from the 16 and 
if so using what criteria - or does the EHS pre-categorise 16 
archtypes that you then used in study?  
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b) You refer to window opening as one of 4 ventilation strategies. 
Yet any change in its use as a result of retrofitting doesn't seem to 
have been explored in the model. Is this because the assumption is 
that this behaviour won't change?  
 
c) It is not entirely clear what the CONTAM model is; at present the 
text in appendix 1 just says 'from the outputs of the CONTAM 
model...'. Is it possible to include one or two sentences describing its 
purpose?  
 
d) Appendix 1 talks about how the 'method accounted for the likely 
occupant behaviour response to heating older leakier homes'. Can 
you clarify what you mean by this? What behaviours?  
 
e) In the energy performance section you present how your model 
performs in comparison with other modelled estimates. For a non-
building scientist, I am not entirely sure how to interpret the 
comparisons. I am presuming your model is consistent - but it would 
be helpful if your interpretation could be included somewhere.  
 
f) Table 2 uses the abbreviation MSI - please spell out somewhere.  
 
4. Methods - quantification of health impact. As noted above - 
excess winter respiratory disease not included as a health outcome 
related to internal temperature. Could you include a reason? Would 
also be worth explaining somewhere why overheating in summer 
and its health impacts are not included.  
 
5. Methods - table 2. Categorisation for energy efficiency are 
presumably not mutually exclusive, but it seems that for ventilation 
they are ie it is extractor fan ONLY, trickle vent ONLY. May be worth 
being explicit? Just beneath when you say you assume 
instantaneous installation - presumably that means 2010? It might 
be worth picking this up in the discussion as retrofits will clearly be 
phased, thus impacting on the health effects observed.  
 
6. Results - indoor environmental exposure models. This tells me 
that Appendix 1 will give me an idea of the 'relatively small number 
of dwellings with perceptible problems with ventilation. Are you 
referring to the 11.5% of houses with an MSI>1? (and how does an 
MSI translate to something readily perceived such as mould growth).  
 
7. I think table 3 and figure 3 need to have footnotes that refer to the 
impact of uncertainty re proportion 'high risk' for winter CVD and 
toxicity of indoor PM2.5.  
 
8. I am surprised by the very small numbers of QALYs gained for 
CMD. The discussion suggests this might be due to lack of evidence 
but is not explicit. Can you be clearer about your interpretation of 
this finding?  
 
9. Appendix 5. Loss of LE with cold death. Could you clarify how the 
figures in appendix table 5 were actually derived? It is not clear to 
me, although seems plausible.  
 
10. Outcomes are in QALYs gained or lost. Morbidity clearly has 
impacts on health/social care service use too. You may wish to 
consider making this point in the discussion/conclusions.  
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REVIEWER Philippa Howden-Chapman, Lucy Telfar-Barnard, Nicholas Preval, 
Helen Viggers, Nevil Pierse 

REVIEW RETURNED 01-Feb-2015 

 

GENERAL COMMENTS This is an important and innovative modelling study, which analyses 
the effect of energy efficiency measures, most particularly patterns 
of ventilation, of proposed retrofits in UK (or English and Welsh?) 
housing to meet 2030 carbon reduction targets. However, this is 
primarily a paper about the impact of different ventilation approach 
on the outcome of the retrofit package, rather than a full exploration 
of all possible or significant public health gains from the upgrade 
package. The aim of the model could therefore be more clearly 
stated.  
 
England has exceptionally good survey data on housing conditions, 
which has been put to impressive usage by this research team. The 
question of whether reduced ventilation rates could counter some of 
the positive gains from installing better insulation and heating in 
England is an important policy question.  
 
Model specification is a clearly a critical aspect of such a study. In 
the model, the positive health effects are based by in large on the 
improvement in average standardised internal temperate, i.e. it 
assumes all homes are at 17.7°C all the time, until the retrofit raises 
the temperature to 18°C.The 17.7°C internal temperature appears to 
have been chosen as the average of the 17.1°C nightly bedroom 
temp, and an 18.6°C daily living room temp.  
 
The health effects of temperature gain are based on Wilkinson‟s 
data in Cold Comfort. In that study, temperature measurements on 
days when outdoor temperatures were above 15°C were excluded 
(fairly, because the study was measuring the effectiveness of home 
heating and home heating was less likely to be used on „warmer‟ 
days), and then standardised to what the indoor temperature would 
be on days that were 5°C outside. But not only is the assumption of 
a health gain from raising 17.7°C to 18°C questionable, shouldn‟t 
that mean it‟s measuring temperatures raised from 17.7°C to 18°C 
only on days when the outdoor temperature is 5°C? We would 
expect there to be health gain from raising indoor temperatures on 
other days when the outdoor temperature was between 5°C and, 
say, 15°C, and certainly on days below 5°C. To go from there to an 
uncertainty analysis based on different estimates of the vulnerable 
population seems to be to be ignoring the initial uncertainty in the 
original measure of the exposure-response relationship. It is 
possible that this consideration was included in the model, but just 
not shown or mentioned, in which case it needs to be.  
 
This small size of the modeled temperature gain is surprising, given 
the reported 1.6°C rise in living room temps in Oreszeczyn et al 
2006.[1] However, the quoted paper for the nightly bedroom temp 
found a huge range of temperatures modelled at the stated external 
5°C (5th to 95th percentile 12.1°C to 21.8°C). The potential effect of 
this much wider range of initial temperatures is never 
discussed,even in the section on uncertainty analysis. The small rise 
in average temperature included in the model, not surprisingly 
produces relatively small benefits. However, in our randomised 
community trial of retrofitting insulation, the health effects from 
temperature gains comes from removing the exposure to low 
temperatures, and reducing relative humidity, not in raising the 
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average temperature.[2]  
 
Further, in relation to the specifics of the model, there is no 
discussion of take-back. Looking at a 2009 summary paper of take-
back effects, the authors state that Hong et al. 2006 reported a 10% 
reduction in energy use following insulation upgrade under Warm 
Front, no saving from boiler upgrade, with 65-100% of potential 
savings taken as temperature take-back. This paper assumes a 30% 
energy saving. The authors cite these and other papers, but other 
than their diagram in Appendix 1 which includes "occupant 
behaviour" there is not much info on the assumptions they have 
made in the model.  
 
In the three scenarios presented, the definition of in the third 
scenario of „installer discretion‟ is somewhat hard to follow and could 
be more clearly presented. The wording of the interventions is 
somewhat difficult to interpret. On initial reading, intervention 3 
seems to contain even more ventilation that intervention 1 (which 
made the results seem odd). Even the fuller description on page 7 
did not adequately explain the difference, which was clarified by 
Table 2. Possible rewording (including “only”) and renumbering the 
interventions into a more logical order would enhance clarity.  
 
The subjectivity of „visible mould‟ without any further categorisation 
is somewhat problematic. As a criterion reported in the model it 
should have a downstream effect on the size of confidence intervals 
for this intervention category as reported in Table 3. It is not clear 
how this could be estimated, but possibly should be acknowledged 
as an additional source of uncertainty. Also, should the parameter 
about the distribution of radon be stratified on the basis of location.  
 
The authors use as the primary outcomes, changes in quality 
adjusted life years form a number of disease and disorders, but they 
do not include measurements of all of these. While the effects of 
mould on childhood asthma are considered, there is no 
consideration of the effect of temperature on asthma. They authors 
might like to consider the impact of increased temperatures from 
retrofitted insulation and heating on asthma. [3, 4] [5] Perhaps the 
authors assumption that NZ‟s asthma rates and aetiology, and our 
housing stock, are too different from the UK. It‟s true that our asthma 
rates are higher: 1 in 7/1 in 9 vs UK‟s 1 in 12/1 in 11 for adults and 
children respectively, but they might like to revisit that or at least 
explain their logic, particularly since asthma is explicitly included in 
their list of relevant outcomes.  
 
The model also assumes that the relationship between indoor 
temperature and premature mortality is known and there is no 
relationship with hospitalisation and indoor temperature. However, 
these assumptions are not justified in this paper and run counter to 
our large quasi-experimental study of 46,000 households.[6, 7] 
Doubling the health effects due to temperature would result in much 
higher benefits.  
 
The authors rely on the Warm Front Scheme for their estimation of 
the psychosocial benefits of increased temperatures, despite the fact 
that the paper they reference states, “Alleviating fuel poverty and 
reducing stress appeared to be the main route to health. We 
conclude there are complex and indirect relationships linking energy 
efficiency measures to outcomes on all dimensions of health which 
contribute to significant material and psychosocial benefits. The 
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impact of the Warm Front Scheme cannot be fully understood by a 
limited analysis which merely relates indoor temperature and 
property characteristics to physiological health outcomes.” Now, 
since the model is estimating the effects of energy efficiency 
retrofits, this assumption may be justifiable, but the use in the paper 
model use of a “0.90 per °C” exposure-response relationship for 
indoor temperature and mental health, when the cited paper found 
that stress was not significantly associated with cold homes, but 
rather with other temperature-related housing conditions such as 
condensation and draftiness, is debatable. This is perhaps part of 
the common tendency to conflate cold indoor temperatures with fuel 
poverty, when they are not quite the same thing. They do note under 
limitations that “the evidence is still uncertain”, but I‟m not sure that‟s 
enough: the evidence of that one paper seems quite firm that it‟s not 
a direct exposure-response relationship between temperature and 
mental health. (Our evidence from the NZ Housing, Insulation and 
health Study did however show a significant impact from retrofitted 
insulation on mental health as measured by the SF36.)  
 
There has also been recent work published by Shiue & Shiue‟s 
showing a relationship between indoor temperature and blood 
pressure in Scotland, that they might like to consider.[8]  
 
These considerations of the model assumptions, raises the broader 
question of the generalisability of the model to other jurisdictions, 
with different housing types and different retrofit specifications. A 
model is a great starting point for generating hypotheses in any 
analysis comparing the actual effects of installing ventilation and/or 
insulation or heating, and as evidence for the need to maintain 
ventilation in any UK retrofitting programmes (and not solely to 
prevent radon buildup).  
 
Finally, given the potential importance of this paper, the authors 
need to be more explicit about the limitations of their study and the 
likely underestimation of the health effects in their model, given that 
they either do not have the data to consider, or have not sought it 
elsewhere.  
 
Minor points: It is unusual to have two sets of references, one for the 
main paper and one for the Appendices?  
The figures in the appendices need some tweaking for clarity.  
 
1. Oreszczyn, T., et al., Determinants of winter indoor tempertaures 
in low income households in England. Energy and Buildings, 2006. 
38: p. 245-252.  
2. Howden-Chapman, P., et al., Retrofitting houses with insulation to 
reduce health inequalities: results of a clustered, randomised trial in 
a community setting. British Medical Journal, 2007. 334: p. 460-464.  
3. Howden-Chapman, P., et al., Effects of improved home heating 
on asthma in community dwelling children: randomised community 
study. British Medical Journal, 2008. 337: p. 852-855.  
4. Gillespie-Bennett, J., et al., The respiratory health effects of 
nitrogen dioxide exposure. European Respiratory Journal, 2010. 
38(2): p. 303-309.  
5. Pierse, N., et al., Modeling the effects of low indoor temperatures 
on the lung function of children with asthma. Journal of 
Epidemiology and Community Health, 2013. s 10.1136/jech-2013-
202632.  
6. Preval, N., An extended analysis of the impacts of retrofitted 
insulation and new heaters on health services utilisation and costs, 
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and mortality: Evaluation of Warm Up New Zealand: Heat Smart 
Extension 2012, Motu Economic and Public Policy Research: 
Wellington.  
7. Telfar-Barnard, L., et al., The impact of retrofitted insulation and 
new heaters on health services utilisation and costs, and 
pharmaceutical costs. Evaluation of the New Zealand Insulation 
Fund. Report for Ministry of Economic Development. 2011, Motu: 
Wellington.  
8. Shiue, I. and M. Shiue, Indoor temperature below 18° C accounts 
for 9% population attributable risk for high blood pressure in 
Scotland. International Journal of Cardiology, 2014. 171(1): p. e1. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1  

Reviewer Name: Nick Osborne  

Institution and Country: University of Exeter, UK  

Please state any competing interests or state „None declared‟: None declared  

 

Please leave your comments for the authors below  

1. This paper uses modelling to examine the public health impacts of reduction in carbon footprint in 

England. It examines 3 scenarios of ventilation under the proposed retrofit of the English housing 

stock required to meet the 2030 carbon reduction targets.  

Response:  

None required.  

 

2. It covers the topic well but I think it needs some modification in tone around drawing too strong a 

conclusion from modelled data.  

Response:  

We agree with the nature of this comment regarding the need to be clear about the limitations of this 

work in terms of the results, which we have clarified in paragraph 2 in the conclusions.  

 

Abstract  

3. The conclusions don‟t seem to match and reflect the results very clearly. The results suggest even 

with additional ventilation, QALYs decreased. So why say energy efficiency measures can improve 

health?  

Response:  

The conclusions state that with proper ventilation (i.e. assuming building regulations are being met) 

retrofits that improve indoor temperatures and reduce outdoor pollutant exposure can be beneficial to 

health. Although in scenario 3 the QALYs decrease for the population as a whole, the added 

ventilation helps those dwellings with perceived poor ventilation. To clarify this, we have revised the 

order of scenario 2 and 3 so that the scenarios are presented in order of descending impact.  

 

Intro  

4. Page 4 line 19 government……may be UK Government for the international audience?  

Response:  

Revised to UK Government.  

 

5. Page 4 line 22 for empirical evidence ref: Higher energy efficient homes are associated with 

increased risk of doctor diagnosed asthma in a UK subpopulation. Sharpe RA, Thornton CR, Nikolaou 

V, Osborne NJ. Environ Int. 2015 Feb;75:234-44  

Response:  

The authors became aware of this research after the submission of this paper, the reference has 
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been added.  

 

6. Page 6 line 19 rather than “expert judgement” I think it would be better to say “ the authors made 

some assumption, including…..”  

Response:  

The text has been updated and a reference added to Appendix 3 (which has also been updated).  

 

Methods  

7. Page 5 Line 9 should there be some mention of house dust mite? Increase in moisture and heat 

may increase the human exposure so could be talk about in the discussion as a limitation if it is not 

included in the model.  

Response:  

There are a number of potential impacts that energy efficiency retrofits might have on exposures, 

including dust mites, which we have not considered here. We have added some text on this under the 

model description.  

 

8. Page 7 line 44 - I am concerned that only 350K extract fans are being installed. Is there any 

evidence that the current extract fans are fit for purpose? Does the entire stock need replacing? What 

is the evidence base that the current standard is sufficient.  

Response:  

Under the „Regulation‟ scenario, 15.9 million dwellings have some form of ventilation system installed 

(of which 15,630,000 include extract fans) either because they are broken or missing. We have 

revised the text explaining the ventilation measures.  

 

Discussion  

9. Page 12 line 25 I don‟t agree with the opening sentence of the discussion…….it is not an empirical 

experiment. I think the language needs to be toned down to reflect the predictive nature of the model 

and the number of assumption made.  

Response:  

We have revised the first sentence to read:  

This modelling work shows that predicted changes in indoor environmental exposures following 

housing energy efficiency interventions of the type being proposed by the UK government may have 

an appreciable impact on health.  

 

10. Page 13 line 8 I think there needs to be some discussion on the behaviours of the individual (not 

the State) in making a safe domestic environment….i.e. appropriate ventilation and cleaning. Also the 

built environment is also important as is the interplay between these two. Changing the built 

environment without requisite changes in resident behaviours has, and is occurring, with a potential 

detrimental health outcome for the population. Would some discussion of the Nordic housing stock 

(colder environment but better carbon footprint) be appropriate here, considering the good ventilation 

and low mould incidence there?  

Response:  

We have added some text on the importance and at times counter-productive ventilation practices of 

occupants. Whilst the Nordic stock is more efficient and therefore has a lower demand for energy (its 

CO2 emissions are a produce of the fuel choice), it is also more airtight, which has been associated 

with higher rates of asthma. We are also aware of evidence that households are not necessarily well 

practiced at maintaining their ventilation systems (see reference 44 and 45 in the paper). We have 

reflected on these points in the text.  

 

11. Page 13 Line 20 Good description of the limitations of models.  

Response:  

None required.  
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12. Page 12 Line 50: I think you need to say something around policy should not be based on models 

alone as they have significant risk of uncertain predictions. Direct measurement studies should also 

be added to the mix, and may be a validation of the models, to allow policy makers more confidence 

in their decisions.  

Response:  

(We believe this should refer to page 13) We have added the following text:  

Such studies, however, should be used with acknowledgment of their uncertainty and limitations and 

do not supplant the need for empirical studies that can validate models and offer policymakers more 

evidence and provide greater confidence around policy impact.  

 

Refs  

13. Referencing needs to be in the BMJ Open style  

Response:  

Revised.  

 

14. Page 15 line 35 Bone “A” capitalised  

Response:  

Revised.  

 

15. Page 15 line 42 Indoor Built Environ  

Response:  

We believe this is the standard short form – to be confirmed by the Editor.  

 

16. Page 15 line 56 Do doi number need to be added in BMJ Open refs??  

Response:  

To be confirmed by the Editor.  

 

17. Appendices  

Response:  

Revised.  

 

18. Page 28….spelling of infarction  

Response:  

This was due to a problem in the figure – it has been revised.  

 

Reviewer 2  

Reviewer Name: Dr Angie Bone  

Institution and Country: Head of Extreme Events and Health Protection, Public Health England, UK  

Please state any competing interests or state „None declared‟: I work for a government agency that 

provides specialist advice regarding the health impacts of housing, including cold homes. I have 

attended a number of workshops and events to discuss issues of health impacts of energy efficiency 

with some of the authors.  

 

Please leave your comments for the authors below  

This is a welcome paper in an area that is generally under-researched. My specific comments are:  

 

Abstract  

1. I think the wording of the 'intervention' section needs to be reconsidered as the current formulation 

is confusing - particularly the difference between scenario 1 and 2 which both refer to current 

regulation.  

Response:  
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The abstract has been updated with the revised order of the scenarios (i.e. Regulations, some 

ventilation, no ventilation).  

 

2. If there is space, some indication of the caveats around the findings would be beneficial in the 

findings section.  

Response:  

Text emphasising the modelling nature of the study has been added to the Results section. The 

sentence now begins with:  

The modelling study estimates showed that scenario (1) resulted in …  

 

Introduction  

3. A minor point, but figure 1 refers to ETS when the rest of the paper refers to STS.  

Response:  

We have revised the figure to STS.  

 

4. A more general point is that the effects on respiratory health of cold indoor environments seems to 

have been excluded from the figure and the paper overall. I am wondering why this might be.  

Response:  

We have added the link between temperature and air quality to respiratory disease in Figure 1.  

Regarding the association of cold indoor environment and respiratory disease, we have so far 

excluded this from the model due to the equivocal nature of the evidence. There is unclear evidence 

from intervention studies in the UK (Osman et al 2008) but also evidence of large impacts from 

(potentially less relevant) studies from New Zealand (Howden-Chapman et al. 2007). We therefore 

found it difficult to identify a robust estimate of the risk reduction (especially in relation to the 

temperature metric used in the model, SIT) and have chosen not to quantify this impact. This is an 

aspect of the model that we hope to improve on in the future. We have added a sentence to clarify 

that we have excluded this effect at present.  

 

Methods/Appendix 1  

5. Modelling the indoor environment. I found these sections a little confusing. In particular:  

a) You refer to a 'selection of dwelling archtypes' and in appendix 1 it seems there may be 16 

archetypes? Did you select from the 16 and if so using what criteria - or does the EHS pre-categorise 

16 archtypes that you then used in study?  

Response:  

We have clarified this in the text stating:  

The modelling, described in detail elsewhere,[15,22] used representative archetype dwelling forms 

(informed by sampling from the EHS [23,24]) to represent the English dwelling stock. Each 

archetypes was modelled under different levels of air tightness and ventilation systems: window 

opening only, window trickle vents, extract fans, and combined use of trickle vents and extract fans. A 

total of 896 archetypes were modelled and matched to the EHS on the basis of dwelling type (e.g. 

detached, semi-detached, terraces and flats), floor area, and notional permeability. The result was a 

model of indoor environmental conditions for a representative sample of English dwellings (see 

Appendix 1 for further details).  

 

b) You refer to window opening as one of 4 ventilation strategies. Yet any change in its use as a result 

of retrofitting doesn't seem to have been explored in the model. Is this because the assumption is that 

this behaviour won't change?  

Response:  

In the CONTAM modelling (used for estimating indoor pollutant exposures), window opening is a 

function of activity (i.e. cooking or showering), external temperatures and time of day. We have not 

included a feedback of whether more or less window opening occurs following a retrofit due to the 

lack of evidence for this, though we intend to improve on this in the future. We have added some text 
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in the Discussion to outline the importance of including evidenced-based occupancy behaviour in the 

model and its effect on outcomes.  

 

c) It is not entirely clear what the CONTAM model is; at present the text in appendix 1 just says 'from 

the outputs of the CONTAM model...'. Is it possible to include one or two sentences describing its 

purpose?  

Response:  

Text has been added to Appendix 1 describing CONTAM and its use.  

 

d) Appendix 1 talks about how the 'method accounted for the likely occupant behaviour response to 

heating older leakier homes'. Can you clarify what you mean by this? What behaviours?  

Response:  

We have added a sentence related to the difficulty of heating older leakier homes. The occupant 

response is reflected in Oreszczyn et al 2006 where older and less efficient homes had lower internal 

temperatures across income levels.  

 

e) In the energy performance section you present how your model performs in comparison with other 

modelled estimates. For a non-building scientist, I am not entirely sure how to interpret the 

comparisons. I am presuming your model is consistent - but it would be helpful if your interpretation 

could be included somewhere.  

Response:  

We have added a sentence in Appendix 1 saying:  

These comparisons provide some certainty that the building energy and ventilation performance in 

our model represents the observed distribution of performance among the dwelling stock. Also, the 

model is able to estimate the observed range of indoor temperatures and pollutant levels.  

 

f) Table 2 uses the abbreviation MSI - please spell out somewhere.  

Response:  

We have defined the acronym in Table 1.  

 

6. Quantification of health impact. As noted above - excess winter respiratory disease not included as 

a health outcome related to internal temperature. Could you include a reason? Would also be worth 

explaining somewhere why overheating in summer and its health impacts are not included.  

Response:  

We have not attempted to quantify overheating risk, though this will be included in later model 

versions. We have added a sentence on this in the methods section explaining why we excluded it.  

 

7. Table 2. Categorisation for energy efficiency are presumably not mutually exclusive, but it seems 

that for ventilation they are ie it is extractor fan ONLY, trickle vent ONLY. May be worth being explicit?  

Response:  

We have added a short note to the box explaining the distinction between the ventilation installation 

types.  

 

8. Just beneath when you say you assume instantaneous installation - presumably that means 2010? 

It might be worth picking this up in the discussion as retrofits will clearly be phased, thus impacting on 

the health effects observed.  

Response:  

We have added a short paragraph in the Discussion on this.  

 

Results  

9. Indoor environmental exposure models. This tells me that Appendix 1 will give me an idea of the 

'relatively small number of dwellings with perceptible problems with ventilation. Are you referring to 
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the 11.5% of houses with an MSI>1? (and how does an MSI translate to something readily perceived 

such as mould growth).  

Response:  

The Table describing the ventilation problems in EHS homes was missing and has been added along 

with reference to it in the Results and Methods sections.  

 

10. I think table 3 and figure 3 need to have footnotes that refer to the impact of uncertainty re 

proportion 'high risk' for winter CVD and toxicity of indoor PM2.5.  

Response:  

A footnote has been added to the table stating the assumptions made regarding „high-risk‟ for winter 

CVD and particle toxicity.  

 

11. I am surprised by the very small numbers of QALYs gained for CMD. The discussion suggests 

this might be due to lack of evidence but is not explicit. Can you be clearer about your interpretation of 

this finding?  

Response:  

The benefit of changes in temperature on mental health is subject to a high degree of uncertainty. In 

the model we assumed persistence in benefit for 10 years (i.e. decays to zero over 10 years). For 

most people CMD may not persist over this period, but CMD is common and small changes can result 

in large impacts at the population level. We have added several sentences on this in the Discussion.  

 

Appendix 5  

12. Loss of LE with cold death. Could you clarify how the figures in appendix table 5 were actually 

derived? It is not clear to me, although seems plausible.  

Response:  

We have added further text to Appendix 5 to explain the process used to derive our estimates of the 

loss of LE associated with cold deaths. We have also added an extra sentence to the Results section.  

 

13. Outcomes are in QALYs gained or lost. Morbidity clearly has impacts on health/social care service 

use too. You may wish to consider making this point in the discussion/conclusions.  

Response:  

We have added a sentence in the Strengths and Limitations of the study, stating:  

The modelling results are presented as QALYs, however it is clear that these changes in disease 

outcomes would have an impact on health and social care services beyond these utility estimates. As 

the UK population ages so to does the demand on health services. Preventative actions such as 

improving energy and ventilation performance may help to mitigate some of this avoidable demand.  

 

Reviewer 3  

Reviewer Name: Philippa Howden-Chapman, Lucy Telfar-Barnard, Nicholas Preval, Helen Viggers, 

Nevil Pierse  

Institution and Country: He Kainga Oranga/Housing and Health Research Programme, University of 

Otago, Wellington, New Zealand  

Please state any competing interests or state „None declared‟: 'None declared'  

 

Please leave your comments for the authors below  

1. This is an important and innovative modelling study, which analyses the effect of energy efficiency 

measures, most particularly patterns of ventilation, of proposed retrofits in UK (or English and 

Welsh?) housing to meet 2030 carbon reduction targets. However, this is primarily a paper about the 

impact of different ventilation approach on the outcome of the retrofit package, rather than a full 

exploration of all possible or significant public health gains from the upgrade package. The aim of the 

model could therefore be more clearly stated.  

Response:  
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The study objective states that the focus of the modelling was on changes to indoor air quality and 

temperature. To make the aim more clear, we have added a sentence in the introduction, stating:  

The aim of this study is to illustrate the potential health impact of energy efficiency retrofits under 

different ventilation settings.  

 

2. England has exceptionally good survey data on housing conditions, which has been put to 

impressive usage by this research team. The question of whether reduced ventilation rates could 

counter some of the positive gains from installing better insulation and heating in England is an 

important policy question.  

Response:  

No action required.  

 

3. Model specification is a clearly a critical aspect of such a study. In the model, the positive health 

effects are based by in large on the improvement in average standardised internal temperate, i.e. it 

assumes all homes are at 17.7°C all the time, until the retrofit raises the temperature to 18°C.The 

17.7°C internal temperature appears to have been chosen as the average of the 17.1°C nightly 

bedroom temp, and an 18.6°C daily living room temp.  

Response:  

This is correct, although each of the 16,000 dwelling variants in the EHS has a modelled indoor living 

room and bedroom temperature standardised to 5 °C outdoor temperature (SIT). The model therefore 

reflects the distribution of temperatures that are found in the housing stock derived from empirical 

data on observed temperatures in English dwellings (Oreszczyn et al 2006). The average SIT for 

each dwelling is then the average of the living room and bedroom temperatures and is updated 

following a retrofit that affects the energy performance value (E-value) used to derive SIT.  

 

4. The health effects of temperature gain are based on Wilkinson‟s data in Cold Comfort. In that 

study, temperature measurements on days when outdoor temperatures were above 15°C were 

excluded (fairly, because the study was measuring the effectiveness of home heating and home 

heating was less likely to be used on „warmer‟ days), and then standardised to what the indoor 

temperature would be on days that were 5°C outside. But not only is the assumption of a health gain 

from raising 17.7°C to 18°C questionable, shouldn‟t that mean it‟s measuring temperatures raised 

from 17.7°C to 18°C only on days when the outdoor temperature is 5°C? We would expect there to be 

health gain from raising indoor temperatures on other days when the outdoor temperature was 

between 5°C and, say, 15°C, and certainly on days below 5°C. To go from there to an uncertainty 

analysis based on different estimates of the vulnerable population seems to be to be ignoring the 

initial uncertainty in the original measure of the exposure-response relationship. It is possible that this 

consideration was included in the model, but just not shown or mentioned, in which case it needs to 

be.  

Response:  

In the Cold Comfort study, the use of an internal temperature standardised at 5 °C outdoors provided 

a method of comparing all dwellings‟ internal conditions in a „rank order‟. Therefore the SIT provides a 

measure of indoor conditions during wintertime-like conditions independent of the conditions of 

measurement. Any external temperature (appropriate to represent winter conditions) could have been 

used as the standardising value (within the range of the monitored data). The relationship from Cold 

Comfort shows that as SIT increases (i.e. dwellings are notionally warmer under standard conditions) 

the risk of CVD decreases. We use the SIT at 5 °C as a measure of the thermal condition of the 

dwelling and its change (a function of the building thermal performance e-value) to determine the 

change in the risk of CVD. Therefore, the external standardised condition relationship would 

effectively capture changes in the dwellings thermal conditions above/below the selected 

standardised external value. Other standardising temperature could be used but we rely on the work 

by Wilkinson for CVD. We have added some text into Part 1 of the methods section.  
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5. This small size of the modelled temperature gain is surprising, given the reported 1.6°C rise in 

living room temps in Oreszczyn et al 2006.[1] However, the quoted paper for the nightly bedroom 

temp found a huge range of temperatures modelled at the stated external 5°C (5th to 95th percentile 

12.1°C to 21.8°C). The potential effect of this much wider range of initial temperatures is never 

discussed, even in the section on uncertainty analysis. The small rise in average temperature 

included in the model, not surprisingly produces relatively small benefits. However, in our randomised 

community trial of retrofitting insulation, the health effects from temperature gains comes from 

removing the exposure to low temperatures, and reducing relative humidity, not in raising the average 

temperature.[2]  

Response:  

The modelled change in temperatures is 17.8 °C with a standard deviation of ±0.7 °C. However, the 

highest changes in temperatures (not presented in the paper but in the model results) can be up to 

1.5 °C, depending on the dwelling and the interventions received. We have added the standard 

deviation for the change in SIT (±0.5 °C). Regarding the rise in SIT, this is not specifically the average 

temperature of the home but a characteristic of the thermal condition which would reflect changes at 

low temperatures also. We have added the change in SIT into the Results section.  

 

6. Further, in relation to the specifics of the model, there is no discussion of take-back. Looking at a 

2009 summary paper of take-back effects, the authors state that Hong et al. 2006 reported a 10% 

reduction in energy use following insulation upgrade under Warm Front, no saving from boiler 

upgrade, with 65-100% of potential savings taken as temperature take-back. This paper assumes a 

30% energy saving. The authors cite these and other papers, but other than their diagram in 

Appendix 1 which includes "occupant behaviour" there is not much info on the assumptions they have 

made in the model.  

Response:  

A number of rebounds can be considered when modelling energy efficiency retrofits. For example, 

rebound may be related to poor models (and therefore inaccurate estimated change in demand), a 

lack of information on the dwelling (leading to poor inputs/outputs), poor installation, and change in 

occupant practices. For changes in temperature following a retrofit, these could be due to the above 

and also a simple change in the physical heat flow of the building. The relationship used in the model 

relies on the curve described by Oreszczyn et al (2006) which includes aspects of empirical rebound 

(e.g. poor installation, change in physics and change in occupant practices). We have clarified this 

point in both the Methods section and Appendix 1 by including further explanation and a new figure.  

 

7. In the three scenarios presented, the definition of in the third scenario of „installer discretion‟ is 

somewhat hard to follow and could be more clearly presented. The wording of the interventions is 

somewhat difficult to interpret. On initial reading, intervention 3 seems to contain even more 

ventilation that intervention 1 (which made the results seem odd). Even the fuller description on page 

7 did not adequately explain the difference, which was clarified by Table 2. Possible rewording 

(including “only”) and renumbering the interventions into a more logical order would enhance clarity.  

Response:  

We have revised the order of the scenarios into: regulation (fully ventilated), installer discretion (some 

ventilation in problem homes), and no ventilation (to reflect lack of guidance in regulations). We have 

also clarified the inclusion criteria of ventilation in the installer discretion scenario.  

 

8. The subjectivity of „visible mould‟ without any further categorisation is somewhat problematic. As a 

criterion reported in the model it should have a downstream effect on the size of confidence intervals 

for this intervention category as reported in Table 3. It is not clear how this could be estimated, but 

possibly should be acknowledged as an additional source of uncertainty. Also, should the parameter 

about the distribution of radon be stratified on the basis of location.  

Response:  

We have acknowledged this uncertainty within the model Uncertainty section. There is limited 
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evidence on how subjective the MSI is in terms of assessor bias or the uncertainty in the categories of 

mild, moderate, and severe mould.  

 

9. The authors use as the primary outcomes, changes in quality adjusted life years form a number of 

disease and disorders, but they do not include measurements of all of these. While the effects of 

mould on childhood asthma are considered, there is no consideration of the effect of temperature on 

asthma. They authors might like to consider the impact of increased temperatures from retrofitted 

insulation and heating on asthma. [3, 4] [5] Perhaps the authors assumption that NZ‟s asthma rates 

and aetiology, and our housing stock, are too different from the UK. It‟s true that our asthma rates are 

higher: 1 in 7/1 in 9 vs UK‟s 1 in 12/1 in 11 for adults and children respectively, but they might like to 

revisit that or at least explain their logic, particularly since asthma is explicitly included in their list of 

relevant outcomes.  

Response:  

The method of determining the change in asthma for children does use temperature via the change in 

relative humidity and thus the risk of mould growth (subject to the above limitations). The rates of 

asthma in New Zealand compared to the UK are much higher and the building structure provision of 

heating in NZ is very different. However, we have not addressed the direct effect of temperature on 

respiratory disease for the UK due to a lack of evidence (although we do propose to address this in 

future versions of the model). We have added a caveat to the methods section on this point.  

 

10. The model also assumes that the relationship between indoor temperature and premature 

mortality is known and there is no relationship with hospitalisation and indoor temperature. However, 

these assumptions are not justified in this paper and run counter to our large quasi-experimental 

study of 46,000 households.[6, 7] Doubling the health effects due to temperature would result in much 

higher benefits.  

Response:  

Our outcome measure is QALYs rather than health service contacts, which could better reflect the 

relationship described by the reviewer. The QALYs include morbidity and so there is a possibility that 

also quantifying hospitalisations might risk double counting to some extent. As such, we have 

(conservatively) not attempted to quantify the effect of indoor temperatures on hospitalisation.  

 

11. The authors rely on the Warm Front Scheme for their estimation of the psychosocial benefits of 

increased temperatures, despite the fact that the paper they reference states, “Alleviating fuel poverty 

and reducing stress appeared to be the main route to health. We conclude there are complex and 

indirect relationships linking energy efficiency measures to outcomes on all dimensions of health 

which contribute to significant material and psychosocial benefits. The impact of the Warm Front 

Scheme cannot be fully understood by a limited analysis which merely relates indoor temperature and 

property characteristics to physiological health outcomes.” Now, since the model is estimating the 

effects of energy efficiency retrofits, this assumption may be justifiable, but the use in the paper model 

use of a “0.90 per °C” exposure-response relationship for indoor temperature and mental health, 

when the cited paper found that stress was not significantly associated with cold homes, but rather 

with other temperature-related housing conditions such as condensation and draftiness, is debatable. 

This is perhaps part of the common tendency to conflate cold indoor temperatures with fuel poverty, 

when they are not quite the same thing. They do note under limitations that “the evidence is still 

uncertain”, but I‟m not sure that‟s enough: the evidence of that one paper seems quite firm that it‟s not 

a direct exposure-response relationship between temperature and mental health. (Our evidence from 

the NZ Housing, Insulation and health Study did however show a significant impact from retrofitted 

insulation on mental health as measured by the SF36.)  

Response:  

The reviewers‟ raise an important issue regarding the relationship between mental health and 

wellbeing and temperature. We argue that there is enough evidence to include mental health as an 

outcome in the model but also acknowledge the difficulties in linking it only to temperature (for all the 
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reasons the reviewers list). Most of the relevant published studies do not provide information on the 

temperatures (e.g. CMD benefits are just shown as before vs. after intervention), and even where 

there is temperature information (e.g. Warm Front) it is difficult to disentangle this from all the other 

issues (damp, fuel poverty, and others) that can have an effect on mental health. We acknowledge 

these limitations but also argue in the work that our estimate is probably conservative because it only 

relates to temperature. We will attempt to incorporate further evidence in future versions of the model. 

In the Discussion we state:  

Although associations between indoor temperatures and mental well being have been reported,[38] it 

is unclear how long the benefit to mental well-being would persist following improved temperatures. 

Given the high prevalence of common mental disorder in the population, any small shift can be highly 

influential on the results. While there is very likely to be benefit that accrues beyond a single year and 

may have a seasonal effects for a period afterwards, the long-term benefit will likely be affected by the 

risk of re-occurring episodes of mental health driven by factors other than thermal environment.  

 

12. There has also been recent work published by Shiue & Shiue‟s showing a relationship between 

indoor temperature and blood pressure in Scotland, that they might like to consider.[8]  

Response:  

We have included a reference to this work as part of the argument for the potential effect of living in 

cold and inefficient homes.  

 

13. These considerations of the model assumptions, raises the broader question of the 

generalisability of the model to other jurisdictions, with different housing types and different retrofit 

specifications. A model is a great starting point for generating hypotheses in any analysis comparing 

the actual effects of installing ventilation and/or insulation or heating, and as evidence for the need to 

maintain ventilation in any UK retrofitting programmes (and not solely to prevent radon buildup).  

Response:  

We have further expanded on this point regarding both the use of models and this model‟s particular 

focus in the UK in the Discussion.  

 

14. Finally, given the potential importance of this paper, the authors need to be more explicit about 

the limitations of their study and the likely underestimation of the health effects in their model, given 

that they either do not have the data to consider, or have not sought it elsewhere.  

Response:  

The model which is used and described in this paper could be improved in a number of areas. Further 

evidence in due course will help to improve the assumptions of the model. We have further expanded 

the strengths and weakness section.  

 

Minor points:  

15. It is unusual to have two sets of references, one for the main paper and one for the Appendices?  

Response:  

These have been combined.  

 

16. The figures in the appendices need some tweaking for clarity.  

Response:  

The figures have been revised as some of them had conversion problems.  

 

[1.] Oreszczyn, T., et al., Determinants of winter indoor temperatures in low income households in 
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VERSION 2 – REVIEW 

REVIEWER Philippa Howden-Chapman 
University of Otago, Wellington, New Zealand 

REVIEW RETURNED 21-Mar-2015 

 

GENERAL COMMENTS The authors have responded reasonably fully to the reviewers. I still 
do not think that they have provided a particularly strong argument 
for excluding respiratory conditions and hospitalisations as 
outcomes in their model, but support publication of this article.  

 

 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007298 on 27 A

pril 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


 1BMJ Open 2017;7. doi:10.1136/bmjopen-2014-007298corr1

Open Access 

Correction

Hamilton I, Milner J, Chalabi Z, et al. Health effects of home energy efficiency in-
terventions in England: a modelling study. BMJ Open 2015;5:e007298. doi: 10.1136/
bmjopen-2014-007298

Some text was missed out of the Acknowledgements in the original paper. The full 
Acknowledgement statement should read:
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impact of energy efficiency’ DECC funded project—LSHTM: Hutchinson E; Sheffield 
Hallam University: Wilson I, Green G, Gilbertson J, Stafford B; Warwick University: 
Ormandy D; Ulster University: Liddell C, Morris C; UCL: Ian Ridley. Ian Ridley was also 
involved in the subsequent 2012 funded work, developing core parts of the pollutant 
module.
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