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REVIEW RETURNED 20-Dec-2015 

 

GENERAL COMMENTS I appreciate the opportunity that you have given me to review your 
work, which I found interesting and very relevant. In general lines, I 
found your research paper to be conceptually sound but I genuinely 
believe that it can be improved by addressing some of the 
comments that I am raising it below. If needed, I would be more than 
happy to discuss with you any of these issues. 
 
Introduction.  

In my opinion, the introduction draws on several aspects that are 

important but have not been linked appropriately by the authors. I 

believe that the purpose and relevance of the research paper has to 

become evident after reading the introduction. What is the objective 

of this paper? Is it to monetise the improvement in health that the 

adoption of the West Yorkshire Low Emission Zone has? Is it to 

demonstrate a new approach for the monetisation of health 

improvements/impacts? Is it both? I suggest the authors to elaborate 

the introduction a bit more, taking into consideration the following 

thoughts. 

Air Pollution (and in particular road-traffic pollution) is a major 

concern in cities throughout Europe and in particular, the UK. In 

2013, there were 31 air quality zones in the UK above the annual 

limit value for NO2 and 1 (London) above the annual and hourly limit 

values. This situation has led the European Commission and the 

Supreme Court to challenge DEFRA to elaborate new air quality 

plans which after being published last week suggest that the 

introduction of “clean air zones” under different modalities (one of 

them applied to Leeds) will make the UK fully compliant with the 

NO2 limit values in 2025 (Leeds becomes compliant in 2020). With 
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this background in mind, the proposed research paper becomes 

more relevant because it is quantifying the economic impact of a 

similar intervention based on health and taken into account the 

preferred mitigation options that are being taken at the national and 

local level. The introduction might also be an appropriate place to 

explain to what extent are Low Emission Zones are not only effective 

for delivering compliance with the Air Quality Directive but also a 

cost-effective option for protecting human health.  

The authors present their paper as a Health Impact Assessment 

using pharmacoeconomic appraisal methods. For the benefit of a 

wider audience, it would be useful to explain in general lines what 

are these methods and why are they relevant under the current state 

of knowledge. Although their characteristics and limitations are more 

or less discussed in the last paragraph of the introduction, the 

presence of only two references (NICE, 2012 and Chilton et al., 

2004) is not enough to have a clear picture of the most common or 

most recent appraisal methods and to what extent does the 

proposed paper fills knowledge gaps. The last paragraph in the 

introduction suggests that the authors are simply following what 

NICE recommends, and it does not clearly expose why these 

recommendations are adequate (the article is not even suggesting 

what is NICE and why is it important as the authors should not forget 

that if published, this paper may be read by a non-UK audience). In 

general lines, I think the introduction will be greatly benefited by a 

deeper and more comprehensive literature review.  

Methods. 

In general, the explanation of the methodology is confusing and not 

easy to follow. The authors should first state the end indicator that 

they are trying to estimate and what information does this indicator 

provide and why it is important. Immediately after that, the authors 

should lay out the resources (models, methods) and datasets that 

are essential for the estimation of such an indicator. This should 

include a brief explanation of the fundamental mathematical 

relationships of variables that intervene in the estimation of the 

indicators, ideally by including an equation. In particular, it would be 

useful to see how the ambient concentration of a particular pollutant 

is combined with other variables (i.e. epidemiologic) to produce an 

indication of health impacts and/or costs. The final objective of 

presenting a structured explanation of the methodology is that it can 

be easily reproduced and extended using data from other studies.  

The authors should provide in every case information about the 

following aspects and do not rely entirely on references, as these 

are essential aspects that should not be left outside the manuscript: 

- The pollutants that are being considered and followed 

throughout the study. As I understand it, the pollutants that 

are being considered in the study are NO2 and PM2.5 but 

this is not explicitly presented in the manuscript. The authors 

should state this.  

- Geographic location of the Low Emission Zone, ideally by a 

showing a map. This is especially important because the 

authors state that they have used data referred to output 

areas to estimate the impacts on health.  
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- Emissions of airborne pollutants before and after the 

intervention. This information should come directly from the 

West Yorkshire Low Emission Zone feasibility Study. 

- Concentrations of airborne pollutants before and after the 

intervention. When presenting the concentration data, the 

authors should explicitly assure that this scale is appropriate 

for using the concentration-response functions that have 

been identified from the literature. The authors should also 

explain if concentrations from different scales (i.e. urban 

background for PM2.5 and kerbside for NO2) are being 

used and how these are combined. The authors should also 

provide how these concentration estimates were obtained. If 

air quality modelling was used, the authors should briefly 

explain how this was carried out (even if not directly 

conducted by them) and provide references. Ideally, a map 

showing the concentrations for each of the roads considered 

in the intervention should also be provided.  

- The authors should state whether they are considering 

synergistic effects between NO2 and PM2.5. If these are 

considered, an indication of the overlap of the two pollutants 

in the total health effect should be provided.  

- The authors should consider whether lags in the 

appearance of health effects are being considered for each 

of the pollutants.  

 Discussion. 

The discussion presented in section 4 is in my opinion, very shallow 

and not really providing any indication of what sort of implications 

the obtained results have in terms of policy making or budget 

planning. I think that the authors should also guide readers on 

whether the obtained costs are high or low and compared to what. 

The authors state that one of the strengths of this work is that it 

consists of a real world HIA using a high quality review to assess the 

link between air quality and health impacts, yet these links are 

nowhere discussed. As with the introduction, the discussion section 

lacks a structure. I suggest authors to answer the following 

questions at this point:  

- Has the LEZ intervention been effective in terms of reducing 

the airborne pollutant concentrations in Leeds? Has it 

delivered compliance with the AQD limit values?  

- Has the LEZ intervention brought improvements in health? 

Are these improvements in line with the improvements in 

airborne pollutant concentrations?  

- Has the LEZ intervention brought uniform improvements in 

health throughout the studied area? Are these 

improvements related with demographic variables such as 

age composition or vulnerability in the zone?  

- What are the costs/benefits of the intervention for the local 

health budgets?  

 

Conclusions. 

After the before mentioned points have been discussed and clarified 

and obviously taking account of the obtained results, the authors 

should present an indication of the usefulness of the study for 

policymakers and should highlight the novelty of the paper and the 
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knowledge gaps that it has filled.  

 

References. 

Although the article is reasonably well documented, I suggest the 

authors consult more references particularly on the current 

relevance of Low Emission Zones in Europe and the UK and on the 

estimation of health effects from air pollution. I think the following 

references might be helpful: 

- Boldo, E., Linares, C., Aragonés, N., Lumbreras, J., Borge, 

R., de la Paz, D., Pérez-Gómez, B., Fernández-Navarro, P., 

García-Pérez, J., Pollán, M., Ramis, R., Moreno, T., 

Karanasiou, A., López-Abente, G., 2014. Air quality 

modeling and mortality impact of fine particles reduction 

policies in Spain. Environmental Research 128, 15-26.  

- Holman, C., Harrison, R., Querol, X., 2015. Review of the 

efficacy of low emission zones to improve urban air quality 

in European cities. Atmospheric Environment 11, 161-169.  

- Guerreiro, C.B.B., Foltescu, V., de Leeuw, F., 2014. Air 

quality status and trends in Europe. Atmospheric 

Environment 98, 376-384.  

- Lewis, A.C.L., Carslaw, D., Kelly, F.J., 2015. Vehicle 

emissions: Diesel pollution long under-reported. Nature 526 

(7572) 195.  

- Morfeld, P., Groneberg, D.A., Spallek, M., 2015. The impact 

of Low Emission Zones on particulate matter concentration 

and public health: A Comment. Transportation Research 

Part A: Policy and Practice 82, 255-256.  

I would also like to make the authors aware of my work on health 

impact assessments using a generic impact-estimation 

methodology, in case they find it relevant and interesting. 

Vedrenne, M., Borge, R., Lumbreras, J., Conlan, B., Rodríguez, 

M.E., de Andrés, J.M., de la Paz, D., Pérez, J., Narros, A., 2015. An 

integrated assessment of two decades of air pollution policy making 

in Spain: Impacts, costs and improvements. Science of the Total 

Environment 527-528, 351-361.  

Once the authors have fully addressed the issues that I have 

highlighted before, I would be satisfied to recommend its 

publication at BMJ Open.  

 

REVIEWER Fintan Hurley 
IOM (Institute of Occupational Medicine)  
Scotland, UK 

REVIEW RETURNED 27-Jan-2016 

 

GENERAL COMMENTS I think this is a very good paper. Some aspects of the description of 
methods and results need to be tidied up. The discussion of 
methodology needs to be developed further, for the intended use of 
cost-effectiveness analysis, but especially for likely use in cost-
benefit analysis (CBA). I would like to see the conclusion extended 
to refer also to possible CBA use. There is much more detailed 
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below. 
 
Summary  
I think this is a very good paper. It shows, by theory and example, 
how health impact assessment and associated monetary valuation 
of the health-related benefits of reducing air pollution can be carried 
out in a way that allows the cost-effectiveness of the air quality 
intervention to be compared with corresponding cost savings and 
benefits from other kinds of interventions intended to improve health, 
for example, reduced alcohol consumption or smoking cessation 
campaign or road safety measures or a new hospital or whatever. 
The paper needs to clarify whether or the case study focus on the 
local population only is intrinsic to the foreseen applications, or not. 
The methods are in many ways similar to, and in some important 
ways different from, what would typically be done for a cost-benefit 
analysis. The similarities and differences need fuller discussion, 
because if the proposed methods are used for cost effectiveness 
analysis, almost certainly they will be used for cost-benefit analysis 
also.  
 
Shot description of the methodological framework  
The chosen framework is one proposed by NICE (2012) in the UK, 
for assessment of medical technologies. In keeping with NICE 
recommendations, the cost savings assessed are health care (NHS) 
costs and social care (PSS) costs only, and health benefits are 
assessed using impact assessment of cases, transformed into 
QALYs, and monetised. The monetary value of the (annual?) cost 
savings and the health benefits are then added to give the overall 
annual monetary benefits of the intervention. These annual benefits 
are expected to recur, with a discount rate of 3.5% being used for 
future years. They can then be compared with the annual benefits 
(cost savings plus health benefits) from other interventions, in a 
cost-effectiveness analysis of various proposed interventions.  
 
The paper succeeds in showing that the approach is feasible  
The approach (cost savings plus health benefits monetised via 
QALYs) seems feasible in principle and is shown to be feasible in 
practice, via a real-life intervention in road transport in cities of west 
Yorkshire in England. I have some comments later on particular 
details of the methodology as implemented in the case study. But 
overall I think that the case study is done very well, with regard to 
benefits to the population of West Yorkshire. But air pollution travels 
and so basing the analysis on this population is a big decision – see 
later.  
There is a potential issue of feasibility within the framework of local 
public health impacts of the (proposed) intervention: Might an 
alternative analysis of health impacts include some outcomes (e.g. 
from the effects of short-term exposures / daily variations in air 
pollution), for which there are no QALY equivalent values available? 
I would be surprised if the “monetised QALY” approach is likely to 
give coverage of health outcomes that is weaker than that which is 
accepted in application of the Willingness To Pay (WTP) approach 
widely used in environmental economics and cost-benefit analysis 
(CBA). Anything that does get omitted is unlikely to make much 
difference to the bottom line if it were to be included. But some 
discussion would be useful.  
 
Aspects of the proposed method need some clearer description 
and discussion.  
1. The methodology of cost-effectiveness analysis is from NICE 
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(2102) and (to ensure comparability in assessing the cost-
effectiveness of various interventions) it is important to work within 
the NICE Framework. Can the authors describe who uses the NICE 
(2012) Framework for decision making; and discuss the likely scope 
of application of their methods, in England / in the UK / 
internationally?  
 
2. The case study examines the effects of a transport intervention on 
the population local to where the emissions are reduced. Why this 
population? The reasons for this choice should be described and the 
implications discussed. Is a local analysis intrinsic to the methods 
proposed? If not intrinsic, is it likely to be irresistible in practice? This 
matters because (as the authors know well) air pollution travels and 
changes over space and time; and in particular, NO2 from traffic 
contributes to PM2.5 at a distance, through nitrate particles. So, an 
analysis restricted to effects in the local population under-estimates, 
possibly seriously, the full cost savings and health benefits of the 
intervention. This could mean that cost-effectiveness analyses 
based on the same local population could mean that an intervention 
leading to lower air pollution is relatively disadvantaged when 
compared with interventions that affect the local population only. 
Can the comparison population be “the full population affected by 
any of the interventions to be compared”?  
 
3. The paper as about cost-effectiveness and the case study shows 
the feasibility of including air pollution interventions within the NICE 
(2012) framework.  
a. However, the paper does not apply the results in the context of a 
cost effectiveness decision. For this, it would need to apply the 
methodology to more than one intervention, and it doesn’t.  

b. Instead, it compares the estimated monetary benefits (i.e. costs 
avoided plus health benefits) with the costs of the intervention. I 
think this is a cost-benefit analysis, not a cost-effectiveness analysis.  

c. In the context of the paper, this is confusing. The difference needs 
to be described very clearly, because it is so central to the purpose 
of the paper.  

d. It would be helpful to have an example of application in a cost-
effectiveness framework, though I do not see this as essential.  

e. On a detail, the word “costs” can be confusing because it refers 
sometimes to costs avoided or saved by the intervention, and 
sometimes to the costs of the intervention itself. Similarly, consider 
use of the word “evaluation” which usually I have seen applied to an 
intervention after it has been implemented, rather than before.  
 
4. Inclusion of a CBA raises the question: How do the estimated 
benefits (estimated costs saved and health benefits) from the cost-
effectiveness methodology compare with the benefits that would be 
estimated using more conventional CBA methods? It would be nice 
to have results though this would imply some non-trivial additional 
work. At least the topic should be discussed. It matters practically 
because if benefits are estimated using a methodology designed for 
cost-effectiveness, it is likely that the same results will be used for 
CBA also; it is unlikely that a ‘traditional’ CBA assessment would be 
done also. 
 
5. I would also like to see also some discussion of the timescale 
over which benefits are assessed. This is an issue for CBA where in 
the example it seems that the costs of the intervention occur early 
but most of the benefits recur annually. If so, the question of whether 
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aggregated benefits (with a 3.5% discount rate) exceed costs of the 
intervention will depend hugely on the timescale over which the 
benefits are aggregated. In the case study this happens in year 2, 
but the annual benefits recur  
 
Further aspects of describing and discussing the core 
methodology, relative to other approaches  
This is about the clarity of presentation in P3-4, from P3, line 15 to 
P4, line 5; and the need for fuller discussion (c/f P7, lines 35-41). .  
There is a lot of good material in P3-4, but what is introduction, what 
are methods? What is a description of QALYs, what is discussion of 
their strengths and weaknesses?  
These are key paragraphs and I hope that the authors will revise it to 
(i) make clear which of these methodological choices and 
judgements are requirements of NICE (2012) (which the authors aim 
to comply with, and so have little choice about) and which are 
additional choices of the authors (e.g. “it is appropriate” (line 20); 
choice of QALYs as a basis for health benefits assessment); and (ii) 
separate out description of QALYs from a discussion of their 
strengths and weaknesses relative to other approaches.  
Please explain what is “the threshold value for a QALY gained” 
(lines 47 and 56) – what is it and who decides its value?  
There is some discussion (P7, lines 35-41) of the use of QALYs and 
associated monetary values (threshold values?); and various 
discussion aspects are woven into the Page 3-4 Introduction and 
Methods. I would like to see the discussion expanded and made 
more coherent, i.e. in one place, to address issues like:  

used for CBA also, what are the strengths and limitations of QALYs 
+ threshold values compared with WTP? Some aspects are 
mentioned; I would like to see more.  

assessing air pollution benefits, especially in the Global Burden of 
Disease project (Lim et al., 2012). I have known some environmental 
economists estimate the health benefits of pollution reduction in 
terms of DALYs and then monetise – and other environmental 
economists argue that it doesn’t make sense (in terms of welfare 
economics) to put monetary value on DALYs. This third approach 
needs at least to be “on the table”.  

relative strengths and weaknesses? And does it matter – i.e. to what 
extent would application of the three methods to the same case 
study give different “bottom line” answers? And do the differences 
matter to judging that the intervention is a success or not, in CBA 
terms?  
 
It might seem that these issues can be avoided by removing 
reference to CBA and keeping a focus on cost-effectiveness 
analysis using the NICE approach. I hope that the authors do not 
“solve” in this way because almost certainly others will also use their 
methodology for CBA. So we need some idea of what that would 
mean. The earlier points about what population / what geographical 
scope / what time dimension continue to be relevant.  
 
The actual case study – methods and results  
 
Relative risks / Table 1 and associated text.  
The case study is illustrative but nevertheless important. I think it is 
good. In particular, it is good to see such a clear focus on the effects 
of long-term exposure. However, the complete absence of effects 
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identified via time series and panel studies needs some explicit 
recognition and discussion.  
The RR for coronary events is much the highest – is it typical?  
It is good that the one-off nature of the benefits from reduced 
prevalence of childhood asthma are clearly separated from recurring 
annual benefits. How are one-off benefits dealt with in cost-
effectiveness analysis? In CBA? Is there a basis for a risk estimate 
in childhood asthma based on annual incidence rather than 
prevalence, which would allow this pathway to become part of the 
annual benefits?  
It is good, and I think sufficient, that the authors recognise that in 
future HIAs there may be a bigger role for NO2, without trying to 
implement that in this paper.  
 
Other data in section 2.2  
As best I can tell this is good. Certainly it seems to have been done 
thoughtfully.  
The caption in Table 4 needs to make it clear that these values are 
per case.  
 
Results  
I see Table 2 as results. I think it is redundant – everything there is 
again in Table 5. Delete?  
Tables generally – please decimal align.  
Within this framework, i.e. a HIA based on long-term exposure to 
PM2.5 and NO2, the effect of long-term exposure on mortality 
“constitutes over three quarters in terms of annual benefits”. (In fact, 
just over 80%). My guess is that with a WTP approach and VSL (not 
my preferred option but some people do it), the % attributable to 
morbidity would be even less. However, a lot of the actual work 
deals with morbidity. Any thoughts on how necessary and useful this 
is?  
 
Discussion, again  
I appreciate knowing that the methodology is being developed to 
include impacts on effects other than health (p7, lines 42-47) and the 
very practical discussion (p8, lines 34-47) of some issues that might 
arise in practice.  
 
Conclusion  
I agree with the conclusion as written: the methodology is feasible 

and I think it is appropriate to the purpose as stated. However, it will 

likely be used for other purposes also and in other contexts, e.g. 

CBA, and for these other applications a better view is needed of its 

relative strengths and limitations. I hope that the authors will expand 

the conclusion to address this briefly. 

 

VERSION 1 – AUTHOR RESPONSE 

Comment Authors' response 

Reviewer 1: Michel Vedrenne  

What is the objective of this paper? Is it to 
monetise the improvement in health that the 
adoption of the West Yorkshire Low Emission 
Zone has? Is it to demonstrate a new approach 
for the monetisation of health 
improvements/impacts? Is it both? 

Many thanks for all your comments. We agree 
that the motivation of the paper was not 
sufficiently clear. We’ve redrafted the 
introduction, which now clearly states the 
objective of the paper. See introduction 
paragraphs 3 and 4. 
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“We consider the use of QALYs in economic 
evaluation as a means to quantify any health 
impact and provide a basis for calculating the 
value for money of air quality interventions, both 
in theory and by example through an application 
of our estimates to the case study of a policy 
scenario of the West Yorkshire Low Emission 
Zone compared against a ‘do nothing’ scenario.” 

Air Pollution (and in particular road-traffic 
pollution) is a major concern in cities throughout 
Europe and in particular, the UK. In 2013, there 
were 31 air quality zones in the UK above the 
annual limit value for NO2 and 1 (London) above 
the annual and hourly limit values. This situation 
has led the European Commission and the 
Supreme Court to challenge DEFRA to elaborate 
new air quality plans which after being published 
last week suggest that the introduction of “clean 
air zones” under different modalities (one of them 
applied to Leeds) will make the UK fully compliant 
with the NO2 limit values in 2025 (Leeds 
becomes compliant in 2020). With this 
background in mind, the proposed research 
paper becomes more relevant because it is 
quantifying the economic impact of a similar 
intervention based on health and taken into 
account the preferred mitigation options that are 
being taken at the national and local level. The 
introduction might also be an appropriate place to 
explain to what extent are Low Emission Zones 
are not only effective for delivering compliance 
with the Air Quality Directive but also a cost-
effective option for protecting human health. 

We agree that this research is timely for the 
policy context around interventions to improve air 
quality. See section 1, paragraph 3 inserted text 
below: 
 
“This research is timely for two reasons. First, 
NICE is working towards a set of guidance 
regarding outdoor air quality and health 
anticipated to be published in June 2017. And 
second, air pollution (and in particular road-traffic 
pollution) is a major concern in cities throughout 
Europe and in particular, the UK. The European 
Commission and the Supreme Court has issued 
a challenge to DEFRA to ensure full compliance 
with NO2 limit values by 2025. In order to achieve 
this, plans for the introduction of "clean air zones" 
(CAZs) have been developed throughout the UK. 
The CAZ strategies implemented will have similar 
types of health outcome to "low emission zones" 
(LEZs) such as the West Yorkshire low emission 
zone (WYLEZ) analysed in this paper. While the 
proximal motivation for CAZs may be to achieve 
compliance, there may well be significant co-
benefits in terms of generating health and, 
indeed, it may be the case that these 
interventions are cost-effective, in terms of 
health, in their own right." 

The authors present their paper as a Health 
Impact Assessment using pharmacoeconomic 
appraisal methods. For the benefit of a wider 
audience, it would be useful to explain in general 
lines what are these methods and why are they 
relevant under the current state of knowledge. 
Although their characteristics and limitations are 
more or less discussed in the last paragraph of 
the introduction, the presence of only two 
references (NICE, 2012 and Chilton et al., 2004) 
is not enough to have a clear picture of the most 
common or most recent appraisal methods and to 
what extent does the proposed paper fills 
knowledge gaps. The last paragraph in the 
introduction suggests that the authors are simply 
following what NICE recommends, and it does 
not clearly expose why these recommendations 
are adequate (the article is not even suggesting 
what is NICE and why is it important as the 
authors should not forget that if published, this 
paper may be read by a non-UK audience). In 
general lines, I think the introduction will be 
greatly benefited by a deeper and more 
comprehensive literature review. 

This point, in essence, is also raised by Reviewer 
2 and is one that we have thought deeply about. 
The main revision we have made, based on your 
comment is to place more emphasis on the work 
done by NICE, and this being the focus, this is 
placed right at the beginning of the paper to 
highlight more clearly that this paper adopts this 
approach. We refer the reader elsewhere for 
alternative approaches. 

 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-2015-010686 on 21 June 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


The authors should first state the end indicator 
that they are trying to estimate and what 
information does this indicator provide and why it 
is important. Immediately after that, the authors 
should lay out the resources (models, methods) 
and datasets that are essential for the estimation 
of such an indicator. This should include a brief 
explanation of the fundamental mathematical 
relationships of variables that intervene in the 
estimation of the indicators, ideally by including 
an equation. In particular, it would be useful to 
see how the ambient concentration of a particular 
pollutant is combined with other variables (i.e. 
epidemiologic) to produce an indication of health 
impacts and/or costs. 

We have expanded the section describing the 
case study (see section 2.1 and 2.2 in particular) 
and highlight our end indicator as the QALY, 
justifying its use based on the NICE 
recommendations and the benefits associated 
with the instrument.  

The pollutants that are being considered and 
followed throughout the study. As I understand it, 
the pollutants that are being considered in the 
study are NO2 and PM2.5 but this is not explicitly 
presented in the manuscript. The authors should 
state this. 

This is correct and a statement clearly explaining 
this was needed, thank you for pointing this out. 
See the 3rd paragraph of section 1 and section 
2.2 in particular. 

Geographic location of the Low Emission Zone, 
ideally by a showing a map. This is especially 
important because the authors state that they 
have used data referred to output areas to 
estimate the impacts on health. 

A link to the public (and publically available) 
document that contains figures for the areas 
considered has been placed into the main text 
(see section 2.2 second paragraph).  

Emissions of airborne pollutants before and after 
the intervention. This information should come 
directly from the West Yorkshire Low Emission 
Zone feasibility Study.  

Please see section 2.2, paragraph 6. 
 
“The health effects of this scenario relative to no 
intervention were taken from Lower Layer Super 
Output Areas (LSOAs) with centroids within the 
outer ring roads (ORRs) in Leeds and Bradford 
resulting from estimated reductions in emissions 
from within Leeds and Bradford ORRs of 13.502 
tonnes of PM2.5 per annum and 352.28 tonnes of 
NOx per annum (where 50% of NOx is assumed 
to be NO2 for the purposes of the HIA).” 

Concentrations of airborne pollutants before and 
after the intervention. When presenting the 
concentration data, the authors should explicitly 
assure that this scale is appropriate for using the 
concentration-response functions that have been 
identified from the literature. The authors should 
also explain if concentrations from different 
scales (i.e. urban background for PM2.5 and 
kerbside for NO2) are being used and how these 
are combined. The authors should also provide 
how these concentration estimates were 
obtained. If air quality modelling was used, the 
authors should briefly explain how this was 
carried out(even if not directly conducted by 
them) and provide references. Ideally, a map 
showing the concentrations for each of the roads 
considered in the intervention should also be 
provided. 

As with the previous comment, we have included 
more details on the summary and discussion of 
the case study within the methods section 2 and 
have provided the link to the public document in 
the main text for the interested reader. However, 
we did not include figures for the maps of 
concentrations since this would be repeating from 
the linked document and may distract from the 
focus of this paper. 

The authors should state whether they are 
considering synergistic effects between NO2 and 
PM2.5. If these are considered, an indication of 
the overlap of the two pollutants in the total health 
effect should be provided. 

Thank you for pointing out this oversight, we have 
added a note (section 2.2, paragraph 4) about the 
lack of consideration of such effects and the likely 
importance of this omission. 
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The authors should consider whether lags in the 
appearance of health effects are being 
considered for each of the pollutants. 

Thanks - we  now refer to the literature on this 
issue and clearly state that a lag has not been 
incorporated in the analysis. 

I think that the authors should also guide readers 
on whether the obtained costs are high or low 
and compared to what. 

The focus of the paper is illustrating that in theory 
a NHS/PSS costs and QALY approach could be 
applied to interventions that improve air quality 
and that this can be illustrated using a scenario 
from the WYLEZ. We do not wish to advocate a 
certain policy type over another. We include the 
following statement that we feel gives some 
indication of the magnitude of the value of the 
health (and health care cost) impact: 
 
“Our results indicate an estimate of the annual 
value of the health impact of this intervention of 
£2,080,000 per annum alongside as a one-off 
effect on prevalence of childhood asthma worth 
£3,300,000. According to Ricardo AEA (2014) the 
net present value of the cost of implementing this 
scenario is £6,300,000. Thus the intervention 
appears to be cost-effective if differences in 
exposure are maintained for a sufficiently long 
time period (roughly one year and five months 
assuming a discount rate of 3.5%).” 

The authors state that one of the strengths of this 
work is that it consists of a real world HIA using a 
high quality review to assess the link between air 
quality and health impacts, yet these links are 
nowhere discussed. 

We have added some discussion on the links that 
were used in the HIA, including health endpoints 
that weren’t included and the reasons why they 
weren’t included, and further emphasised that the 
interested reader should refer to the original 
public document for more information on the 
review that was conducted (see section 2.2). 

As with the introduction, the discussion section 
lacks a structure. I suggest authors to answer the 
following questions at this point: 
- Has the LEZ intervention been effective in terms 
of reducing the airborne pollutant concentrations 
in Leeds? Has it delivered compliance with the 
AQD limit values? 
- Has the LEZ intervention brought improvements 
in health? Are these improvements in line with 
the improvements in airborne pollutant 
concentrations? 
- Has the LEZ intervention brought uniform 
improvements in health throughout the studied 
area? Are these improvements related with 
demographic variables such as age composition 
or vulnerability in the zone? 
- What are the costs/benefits of the intervention 
for the local health budgets? 

Our model is based on an ex ante evaluation 
approach as it has not yet been implemented, It 
is not a before and after analysis which might be 
used in an ex post evaluation. We think that 
these questions refer to the latter. In line with 
comments from reviewer 2 also, we have 
included a statement that this is an ex ante 
evaluation as a footnote. 
 
In addition, the focus of our paper is 
methodological and demonstrates that QALYs 
and pharmacoeconomic methods can be used in 
application to air quality interventions. To 
illustrate this the LEZ provides a useful and 
interesting case study. 

After the before mentioned points have been 
discussed and clarified and obviously taking 
account of the obtained results, the authors 
should present an indication of the usefulness of 
the study for policymakers and should highlight 
the novelty of the paper and the knowledge gaps 
that it has filled. 

Many thanks for the in-depth and extremely 
constructive review. We feel the paper is much 
benefitted as a result of taking on board your 
comments. We have taken the  decision to further 
emphasise the importance of NICE to our paper 
given its role in England in producing evidence 
based guidance and advice for health and public 
health (and beyond). Thanks also for supplying 
references for relevant literature and we’ve 
incorporated a number of these to extend the 
evidence base on which the paper is developed. 
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Reviewer 2: Fintan Hurley  

Might an alternative analysis of health impacts 
include some outcomes (e.g. from the effects of 
short-term exposures / daily variations in air 
pollution), for which there are no QALY 
equivalent values available? I would be surprised 
if the “monetised QALY” approach is likely to give 
coverage of health outcomes that is weaker than 
that which is accepted in application of the 
Willingness To Pay (WTP) approach widely used 
in environmental economics and cost-benefit 
analysis (CBA). Anything that does get omitted is 
unlikely to make much difference to the bottom 
line if it were to be included. But some discussion 
would be useful. 

Many thanks for all your comments. Many thanks 
for this point. Indeed in our study, we were 
unable to associate a QALY loss with term, low 
birth weight birth, although we would expect this 
to have some implication for health over the 
course of the lifetime of the individual. We have 
now made a comment to this effect so that this 
issue is discussed (section 4.2 paragraph 1). 

Can the authors describe who uses the NICE 
(2012) Framework for decision making; and 
discuss the likely scope of application of their 
methods, in England / in the UK / internationally? 

We have now expanded the section discussing 
NICE and its role in generating evidence on cost-
effectiveness in health (see the introductory 
paragraph) . We feel that this context around 
what motivated our study was sorely lacking, and 
we are very grateful indeed for this suggestion. 

The case study examines the effects of a 
transport intervention on the population local to 
where the emissions are reduced. Why this 
population? The reasons for this choice should 
be described and the implications discussed. Is a 
local analysis intrinsic to the methods proposed? 
If not intrinsic, is it likely to be irresistible in 
practice? This matters because (as the authors 
know well) air pollution travels and changes over 
space and time; and in particular, NO2 from 
traffic contributes to PM2.5 at a distance, through 
nitrate particles. So, an analysis restricted to 
effects in the local population under-estimates, 
possibly seriously, the full cost savings and 
health benefits of the intervention. This could 
mean that cost-effectiveness analyses based on 
the same local population could mean that an 
intervention leading to lower air pollution is 
relatively disadvantaged when compared with 
interventions that affect the local population only. 
Can the comparison population be “the full 
population affected by any of the interventions to 
be compared”? 

We have expanded the discussion around the 
case study to discuss the limitations associated 
with some of the practical simplifications that 
were implemented (see section 2.2 last 
paragraph in particular). Since this paper is an 
indicative, methods driven paper, the focus is on 
the methods rather than the findings. It is a useful 
addition to think about the spillover effects for 
populations outside of the WYLEZ and we have 
noted that our analysis underestimates health 
impacts. 
 
 
Note that while it is important to point this out for 
the interested reader to ensure that this is not 
seen as an essential component of the analysis. 
It is also worth bearing in mind that this is not just 
a feature of the QALY methodology and is 
common to all forms of economic evaluation, 
including cost-benefit anlaysis. We hope that this 
has now been captured in the revised text. 
 

a. However, the paper does not apply the results 
in the context of a cost effectiveness decision. 
For this, it would need to apply the methodology 
to more than one intervention, and it doesn’t. 
 
b. Instead, it compares the estimated monetary 
benefits (i.e. costs avoided plus health benefits) 
with the costs of the intervention. I think this is a 
cost-benefit analysis, not a cost-effectiveness 
analysis. 

This comment helps us to realise that we need to 
be clearer about what we are trying to achieve. 
 
a) Here we undertake an economic evaluation of 
competing alternatives. The LEZ scenario and 
the do-nothing (2012 baseline) scenario. This is 
now stated upfront in the introduction, paragraph 
4 where we summarise the research we have 
undertaken. It therefore is an economic 
evaluation. Our analysis is using existing 
methods (based on the NICE reference case) 
which have been adapted to make use of the 
available data and this is a new application in the 
area of public health. We are informing decision 
makers within the WYLEZ to assist in the 
development of methods to answer these 
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important and complex questions. The 
contribution of this paper is primarily 
methodological. The case study is an illustration 
of how CEA might be applied in practice and to 
try and get a handle on how to work with local 
data to inform local decision making. We have 
expanded the text around this issue in order to 
help the reader see the emphasis of the paper 
more clearly (we strongly agree that this was not 
clear enough in the original submission and it’s 
very useful to have this pointed out!). 
 
b) We have expanded the discussion around how 
monetary valuations are attached to QALYs. 
Because the valuation comes from an estimate of 
the opportunity cost of health care expenditure, 
this is consistent with the net monetary benefit 
approach to conducting cost-effectiveness 
analysis. A footnote explains how the monetary 
valuation might differ in cost benefit analysis 
(citing Donaldson et al., 2011). 

On a detail, the word “costs” can be confusing 
because it refers sometimes to costs avoided or 
saved by the intervention, and sometimes to the 
costs of the intervention itself. Similarly, consider 
use of the word “evaluation” which usually I have 
seen applied to an intervention after it has been 
implemented, rather than before. 

Thank you for these highly constructive 
suggestions. We have now avoided simply saying 
“costs” and instead aim to be more specific by 
saying “NHS/PSS (or health care/sector) costs” 
when referring to cost savings from avoided 
health events, and use the term “costs of 
implementation” when relating to the intervention 
itself. 
 
A footnote explains that we mean “ex ante  
evaluation” as opposed to “ex post evaluation”, 
but we maintain "evaluation" in the main text. 

How do the estimated benefits (estimated costs 
saved and health benefits) from the cost-
effectiveness methodology compare with the 
benefits that would be estimated using more 
conventional CBA methods? It would be nice to 
have results though this would imply some non-
trivial additional work. At least the topic should be 
discussed. 

Indeed this a very interesting question. Our focus 
is to present an alternative  metgodology for 
assessing the cost-effectiveness of air quality 
interventions; cost-effectiveness analysis as 
undertaken for decision makers such as by NICE, 
and using QALYs as a measure of health 
outcomes. As such, this remains our main focus. 
We have expanded the discussion around how 
CBA might also use QALYs with a different type 
of valuation applied to QALY gains (see section 
2.1). 

I would also like to see also some discussion of 
the timescale over which benefits are assessed. 
This is an issue for CBA where in the example it 
seems that the costs of the intervention occur 
early but most of the benefits recur annually. If 
so, the question of whether aggregated benefits 
(with a 3.5% discount rate) exceed costs of the 
intervention will depend hugely on the timescale 
over which the benefits are aggregated. 

We agree that this is a complicated issue for 
economic evaluation (regardless of 
methodology). We have included a small 
discussion around potential time horizons as a 
footnote in the discussion section of the paper. 

(i) make clear which of these methodological 
choices and judgements are requirements of 
NICE (2012) (which the authors aim to comply 
with, and so have little choice about) and which 
are additional choices of the authors (e.g. “it is 
appropriate” (line 20); choice of QALYs as a 
basis for health benefits assessment); and (ii) 

We have expanded the sections in the 
introduction to include a discussion of how our 
work relates to current NICE guidance for public 
health. We have made some positive statements 
about the benefits to the NICE approach: 
accountability, consistency, etc. We also 
acknowledge that the method is not perfect and 
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separate out description of QALYs from a 
discussion of their strengths and weaknesses 
relative to other approaches. 

that our method is just one type of analysis that is 
advocated by NICE public health guidance, which 
is not prescriptive in its current form. In addition, 
we acknowledge the limitations of the approach 
taken in that costs from other sectors should be 
ideally taken into account, but that methods as 
yet are in development. 
 
All this taken together we believe that the 
motivation of the paper is now clearer to the 
reader, that we wish to explain the QALY 
approach and its benefits and to illustrate using a 
case study. 

what is “the threshold value for a QALY gained” 
(lines 47 and 56) – what is it and who decides its 
value? 

We agree that this was inadequately explained in 
the original submission. We have included 
explanation of the threshold value in section 2.1, 
first paragraph. 

Given that the proposed method, if implemented, 
will probably be used for CBA also, what are the 
strengths and limitations of QALYs + threshold 
values compared with WTP? Some aspects are 
mentioned; I would like to see more. 
 
Also, there is well established experience of 
using DALYs in assessing air pollution benefits, 
especially in the Global Burden of Disease 
project (Lim et al., 2012). I have known some 
environmental economists estimate the health 
benefits of pollution reduction in terms of DALYs 
and then monetise – and other environmental 
economists argue that it doesn’t make sense (in 
terms of welfare economics) to put monetary 
value on DALYs. This third approach needs at 
least to be “on the table”. 
 
So, it looks like three approaches are possible. 
What are their relative strengths and 
weaknesses? And does it matter – i.e. to what 
extent would application of the three methods to 
the same case study give different “bottom line” 
answers? And do the differences matter to 
judging that the intervention is a success or not, 
in CBA terms? 

We agree that QALYs may be useful as an input 
into CBA as well as CEA. As such we have 
included a footnote that explains how an 
analyst/researcher might value QALYs from a 
CBA perspective. We have also expanded the 
discussion around the approach illustrated in the 
paper in the introduction to further motivate the 
contribution of this paper. 
 
"In cost-effectiveness analysis this takes the form 
of an estimate of the health opportunity cost of 
health care expenditure (because of constraints 
such as that imposed by a fixed budget), rather 
than the consumption value of health. In cost 
benefit analysis the latter may be desirable and 
research into social consumption values of a 
QALY has been conducted(Donaldson et al., 
2011)." 
 
DALYs are a generic health measure, but are not 
considered by NICE in their work. As such, a 
detailed comparison of the two approaches is 
beyond the scope of this paper. We include a 
footnote highlighting the use of DALYs in the 
existing literature. (section 2.1, 2

nd
 paragraph) 

 
"Another generic measure of health, disability-
adjusted life years (DALYs), has been proposed 
for use with air quality (Lim et al., 2012; 
Martenies et al., 2015), but is not discussed here 
given that it is not used by NICE." 
 
This question around the results generated by 
competing methodologies is exceptionally 
important for the literature, but is beyond the 
scope of this paper. 

However, the complete absence of effects 
identified via time series and panel studies needs 
some explicit recognition and discussion. 

We have now included a statement recognising 
and discussing this omission. 

The RR for coronary events is much the highest – 
is it typical? 

In this paper we do not critically analyse the 
review undertaken in the case study, but simply 
illustrate our approach using their estimated 
health effects. As such a detailed discussion of 
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the RRs is beyond the scope of the paper. As far 
as we are aware there is no other directly 
comparable estimate against which to compare 
and answer this question. 

How are one-off benefits dealt with in cost-
effectiveness analysis? In CBA? Is there a basis 
for a risk estimate in childhood asthma based on 
annual incidence rather than prevalence, which 
would allow this pathway to become part of the 
annual benefits? 

In our analysis the one-off effect occurs in year 1. 
As discussed above, we did not critically analyse 
the review undertaken in the case study. 
However, a study was referenced in a discussion 
around other types of evidence that would be 
more suitable for annual benefits calculation 
(incidence of bronchitis) (section 2, paragraph 4). 

The caption in Table 4 needs to make it clear that 
these values are per case. 

Thank you. This has been incorporated into the 
new version of the paper. 

I see Table 2 as results. I think it is redundant – 
everything there is again in Table 5. Delete? 

Thank you. This has been incorporated into the 
new version of the paper. 

Within this framework, i.e. a HIA based on long-
term exposure to PM2.5 and NO2, the effect of 
long-term exposure on mortality “constitutes over 
three quarters in terms of annual benefits”. (In 
fact, just over 80%). My guess is that with a WTP 
approach and VSL (not my preferred option but 
some people do it), the % attributable to morbidity 
would be even less. However, a lot of the actual 
work deals with morbidity. Any thoughts on how 
necessary and useful this is? 

We concur with this assessment although do not 
conduct a WTP/VSL based estimated of the % 
attributable to mortality and so cannot directly 
make this statement. Instead we allude to other 
research that has shown the sensitivity of this % 
to the methodology applied. The QALY is an 
excellent framework for incorporating both 
mortality and morbidity and so has great potential 
for reconciling the work that goes on around this 
and the existing work that implicitly focuses on 
the value of mortality effects. 

I agree with the conclusion as written: the 
methodology is feasible and I think it is 
appropriate to the purpose as stated. However, it 
will likely be used for other purposes also and in 
other contexts, e.g. CBA, and for these other 
applications a better view is needed of its relative 
strengths and limitations. I hope that the authors 
will expand the conclusion to address this briefly. 

A statement has been added to the end of the 
conclusion. 
 
" Alternative methodologies exist such as cost-
benefit analysis, which has greater precedence in 
the environment literature. It should be noted that 
NHS/PSS costs and QALYs can be used as an 
input into cost-benefit analysis also." 
 
Many thanks for your insightful and constructive 
review. There have been many points raised that 
we have strongly agreed with and as such the 
paper has been substantially revised. In particular 
your point about reconciling our contribution with 
the literature on CBA is something that was one 
of the primary motivations for restructuring and 
redrafting the introduction, to make it clear what 
our contribution was and how it was different. In 
addition we have expanded the content of the 
main text discussing how CBA might benefit from 
the use of QALYs also and we think that the 
reader will find this insightful and useful. 

 

VERSION 2 – REVIEW 

REVIEWER Dr. Michel Vedrenne 
Ricardo Energy & Environment  
London, UK 

REVIEW RETURNED 05-Mar-2016 

 

GENERAL COMMENTS I am pleased to see that the authors have improved the quality of 
their paper by including my previous suggestions. Their paper now 
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fully meets my expectations and I would be pleased to recommend 
its publication. I would like to extend my congratulations to the 
authors for the quality of their research.   
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