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Abstract: Developing environmental health indicators is challenging and applying a conceptual
framework and indicator selection criteria may not be sufficient to prioritise potential indicators
to monitor. This study developed a new approach for prioritising potential environmental health
indicators, using the example of the indoor environment for New Zealand. A three-stage process
of scoping, selection, and design was implemented. A set of potential indicators (including
4 exposure indicators and 20 health indicators) were initially identified and evaluated against
indicator selection criteria. The health indicators were then further prioritised according to their
public health impact and assessed by the five following sub-criteria: number of people affected
(based on environmental burden of disease statistics); severity of health impact; whether vulnerable
populations were affected and/or large inequalities were apparent; whether the indicator related
to multiple environmental exposures; and policy relevance. Eight core indicators were ultimately
selected, as follows: living in crowded households, second-hand smoke exposure, maternal smoking
at two weeks post-natal, asthma prevalence, asthma hospitalisations, lower respiratory tract infection
hospitalisations, meningococcal disease notifications, and sudden unexpected death in infancy (SUDI).
Additionally, indicators on living in damp and mouldy housing and children’s injuries in the home,
were identified as potential indicators, along with attributable burden indicators. Using public health
impact criteria and an environmental burden of disease approach was valuable in prioritising and
selecting the most important health impacts to monitor, using robust evidence and objective criteria.

Keywords: environmental health indicators; environmental burden of disease; attributable burden;
public health impact

1. Introduction

Environmental health indicators (EHIs) monitor how the environment affects human health and
can be defined as “an expression of the link between environment and health, targeted at an issue
of specific policy or management concern and presented in a form that facilitates interpretation for
effective decision-making” [1]. When well designed and constructed, these indicators can provide
valuable information for policymakers and decisionmakers to prioritise and evaluate actions, as well as
raise awareness of issues [2]. However, developing environmental health indicators can be challenging.
Indicators must reflect known causal relationships between the environment and health outcomes and
meet a range of selection criteria to be useful, reliable, and robust [3]. Little guidance is available on
how to develop country-specific EHIs, in particular, when numerous potential indicators meet the
selection criteria and need to be prioritised to a set of core indicators.
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The main guidance for developing environmental health indicators comes from documents
produced by the World Health Organization (WHO) in the 1990s and early 2000s [3], including through
its work in the WHO European Region [4] and on children’s environmental health indicators [2].
Additionally, other substantial projects have developed environmental health indicators or health
indicator sets with an environmental aspect, including the CHILD project of child health indicators for
European countries [5,6], and indicators for children’s health and the environment in North America [7].
In addition to outlining a methodology, these projects developed generic sets of environmental health
indicators for use in multiple countries. However, environmental health issues can differ markedly
from country to country [3] and depend on the local context. Additionally, new scientific evidence has
become available on the links between the environment and health. As a result, environmental health
indicators may need to be reviewed or developed by countries, using the most recent evidence and
tailored to the country’s needs.

A specific methodology for developing environmental health indicators is outlined in the WHO
children’s environmental health indicators report, incorporating the three stages of scoping, selection,
and design [2]. The scoping stage involves identifying the important environmental health issues,
the key users and their needs, and the information needs that the indicators need to fulfil. The selection
stage involves developing a conceptual framework, identifying potential indicators, applying a set
of selection criteria to potential indicators, and developing a provisional indicator list. The third
stage, design, involves completing detailed indicator design, including assessing data availability,
and deciding analysis outputs (for example, time periods and geographic areas).

Ideally, environmental health indicators cover aspects of both environmental exposures and the
related health effects to create a balanced set of indicators. Developing a conceptual framework is
important for understanding the pathways through which the environment affects human health and
identifying what needs to be monitored. A number of conceptual frameworks exist [8], including the
DPSEEA (driving forces, pressures, state, exposure, effects, and actions) and more recently, the MEME
(multiple exposures, multiple effects) model. The MEME model is based on the DPSEEA model but
combines all types of exposures (proximal and distal) and also acknowledges the many-to-many
relationships between exposures and health impacts [2]. Regardless of the conceptual model used,
health indicators must be based on known (or plausible) causal relationships, that is, an implied
exposure-response relationship [2]. Potential indicators are then identified for the different parts of the
conceptual framework.

Selecting indicators involves assessing potential indicators against a range of selection criteria.
A number of different sets of selection criteria for indicators exist, but the WHO children’s
environmental health indicators suggest the following selection criteria [2]: being credible (based
on a known linkage), sensitive to change, consistent and comparable over space and time, robust,
representative, accurate (based on reliable data), and able to be used at different scales. Indicators
should also have clear relevance and utility, be relevant to an issue of policy or practical concern,
actionable (related to an issue that is amenable to influence or control), understandable, timely,
specific (targeted at an explicit phenomenon or issue), measurable, and cost-effective to produce
and use. In New Zealand, the national statistics office has published a similar set of indicator
criteria for official statistics, which includes data availability, scientific validity, sensitivity, consistency,
comparability, methodologically sound measurements, intelligible and easily interpreted, able to be
disaggregated, and timely [9].

Although a provisional list of indicators may sufficiently meet the selection criteria, the list may
still need further refinement. A long list of indicators may be resource-intensive to monitor and
difficult for users to use and interpret, resulting in requests for a ‘core’ set of indicators [2]. The final
set of indicators must also be balanced and represent the conceptual framework [2] rather than place
disproportionate emphasis on one part of the framework. Conversely, the indicators should not be
over-simplified; they still need to measure the most important issues and be useful and informative [2].
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A further process for prioritising potential indicators may therefore be required to complete the
selection phase.

Other than applying indicator selection criteria, there is limited guidance for prioritising indicators.
One approach is to use working groups and expert advisory groups, such as the WHO approach,
with experts screening indicators according to policy relevance, health relevance, and potential
data availability [10]. In the context of developing children’s environmental health indicators,
Briggs suggested that some indicators may be prioritised if they contain more information than others,
for example, by relating to several different issues or by being sufficiently generic to have general
applicability [2]. Additionally, the children’s environmental health indicators used burden of disease
statistics to prioritise the health needs most important to children globally [2]; similarly, the CHILD
project included consideration of the total health burden (on individuals, families, and society) as part
of the selection criteria for health indicators [6]. However, only a portion of the full burden of disease
will be attributable to environmental factors, and the burden will vary by country. These global statistics
are of little help without incorporating additional information such as the health burden within a
specific country and the proportion of the health burden attributable to an environmental exposure.

To further prioritise potential indicators, two complementary approaches are helpful. Health impact
assessment tools are used to assess the potential health impacts of new policies, programmes,
and projects, and they consider the overall public health impacts, as well as health equity, as part of
the assessment. Additionally, environmental burden of disease studies (or ‘attributable burden of
disease’ studies) use robust evidence about the causal links between environmental exposures and
health effects and provide information on the deaths, hospitalisations, and/or healthy years of life lost
(measured in disability-adjusted life years (DALYs)) that could have been prevented if people were
not exposed to a specific risk factor. These two methodologies were included in a review of potential
conceptual frameworks for climate change EHIs [8]. They were rejected as conceptual frameworks,
as they were not designed to develop environmental health indicators, and they did not describe
the exposure pathway sufficiently [8]. However, we consider that these methodologies have great
merit and utility in helping to prioritise indicators as part of a wider indicator development process,
including a focus on health equity.

During this project, we developed a new approach for prioritising potential environmental health
indicators, based on their public health impact and incorporating an environmental burden of disease
approach. This approach was applied during the development of indoor environment EHIs for New
Zealand, which covered aspects of housing quality and indoor air quality.

2. The Context

The New Zealand Environmental Health Indicators programme is funded by the Ministry of
Health to achieve the following:

e  to monitor trends in the state of the environment;

e to monitor trends in health outcomes linked to environmental hazards and exposures;

e  to compare the environmental health status of geographic areas and population groups;
e to monitor the effectiveness of policies and other interventions on environmental health;
e  to help raise awareness about environmental health issues; and

e  to help initiate further investigations into links between the environment and health.

As at 2018, the indicator programme monitored over 60 indicators in nine domains: air
quality, drinking-water quality, recreational water quality, ultraviolet (UV) exposure, transport,
indoor environment, hazardous substances, climate change, border health, and population
vulnerability. The indicators are updated annually where possible, and the indicators, factsheets,
metadata, and background information are published on the Environmental Health Indicators website
(www.ehinz.ac.nz), with additional supporting data about environmental health and the health status
of New Zealanders published on an online atlas (www.healthspace.ac.nz).


www.ehinz.ac.nz
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For this project, we focused on developing indicators for the indoor environment. The indoor
environment can affect health in a number of ways, including household crowding, second-hand
smoke exposure, cold, damp, and mouldy housing, unflued gas heaters and open fires, safety hazards,
lead-based paint flakes, asbestos, and pest infestations [11]. In New Zealand, a key issue is housing
availability and affordability, with the recent lack of housing availability and affordability leading to
reported overcrowding and homelessness [12]. Additionally, many houses (particularly older houses)
have historically been cold and damp, in part due to lack of or poor insulation [13].

Initially, our indoor environment domain only included indicators on household crowding,
second-hand smoke exposure, and lack of home heating. A wide range of health outcomes had been
identified as being linked to these exposures, but an indicator development process was required to
develop a full set of indicators of environmental exposures and related health outcomes.

3. Methods

To develop New Zealand-specific indicators for the indoor environment, we made some
adaptations to the previously mentioned three-stage indicator development process of scoping,
selection, and design, outlined in the children’s environmental health indicators report [2] (Figure 1).

3.1. Scoping Stage

During the scoping stage, we developed an understanding of the issues relating to the
indoor environment and health, using background literature (including key summary documents),
subject-matter experts, and previous work on relevant indicators. We identified the links between the
indoor environment and health with the most robust scientific evidence of causality, primarily using
the WHO assessments of the environmental burden of disease associated with inadequate housing [11]
and second-hand smoke exposure [14]. Potential environmental health topics relating to the
indoor environment were also identified in the WHO environmental health indicator guidance
documents [2,10]. The latest statistics and environmental burden of disease estimates for these
exposures in New Zealand were then identified from the literature, including those published by
government agencies and academic researchers.

The key users of these indicators were identified as government agencies, including the Ministry
of Health, the health sector, local health authorities (e.g., District Health Boards and their public health
units), and local councils (territorial authorities). User needs for the environmental health indicators
were identified in an earlier stage of the process, in a consultation process with key Ministry of Health
staff, and other technical advisors for the establishment of the wider EHI programme.

3.2. Selection Stage

We developed a conceptual framework for how the indoor environment affects human health
based on the evidence of causation, using the MEME model. Health effects linked to the exposures
were identified, based on specific exposure-response relationships from the environmental burden
of disease assessments. A distinction was made between health conditions with sufficient evidence
of causality (Level 1) and those where the evidence of causality was less convincing but strongly
suggestive (Level 2) [14] as determined by teams of experts (e.g., WHO, United States Surgeon General)
through meta-analyses and large-scale reviews.

A list of potential indicators was then developed, based on the conceptual framework, and informed
by a review of existing indicators (national and international), expert advice, one-off analyses,
and available datasets. The indicators identified focused specifically on the environmental exposures
and associated health effects (Level 1) identified in the literature as being causally related; the potential
exposure and health indicators were then selected to best match those used in the epidemiological
evidence. We then identified possible data sources for each potential indicator. Data sources included
published statistics, as well as administrative health data from hospitalisations, mortality, and notifiable
disease notifications.
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SCOPING
Understand environmental health issue Understand users and their needs
® Develop an understanding of the issue (eg through o Identify key users
background literature, key summary literature, expert ¢ Analyse user information needs
opinions, previous work on indicators) « Review existing data and indicators available
® Understand the size of problem and who is affected ® Review policy context

v v

Finalise the information needs that the indicator(s) will meet

» Identify rationale for indicator development
» Identify the specific purpose of the set of indicators

SELECTION
Identify causal relationships Create conceptual framework
» Identify known or plausible relationships between » Based on Multiple Exposures Multiple
sources of pollution, state of the environment, ™ Effects (MEME) framework
exposure, and health outcomes » Incorporate causal relationships

v

Identify potential indicators:

* Review existing indicators (national and international), expert advice, one-off analyses that can be
converted to indicators, and available datasets

® Design a new indicator or undertake exploratory supporting analyses if needed

* Ensure indicators fit conceptual framework and reflect casual relationships

v

» Evaluate potential indicators against selection criteria

» Prioritise indicators using public health impact criteria, if needed

® Obtain expert feedback

® Check alignment with other indicators in use and stakeholder needs

» Decide final set of indicators (may include core set and supplementary set)

Evaluate potential indicators

DESIGN AND IMPLEMENTATION

Design the indicators
* Design the technical aspects of the indicator (e.g., age groups covered, ICD
(International Classification of Diseases) codes, data exclusions).

¢ Decide the population groups to produce statistics for, based on the contexts identified
in the conceptual framework, and vulnerable population groups

v

Produce the indicators

* Obtain end user input into analysis and publication methods

* Analyse the data, and create data tables

* Produce factsheets and metadata for core indicators

* Obtain expert feedback and peer review

* Publish data, factsheets, and metadata for core indicators (and data for supplementary
indicators if required)

Figure 1. Process for developing a set of environmental health indicators. Source: Adapted from
Briggs [2].

Indicators were then evaluated using indicator selection criteria based on Statistics New
Zealand’s good practice guidelines for indicator development [9] (Table 1). The assessment was then
peer-reviewed by public health experts and people with experience and knowledge of the datasets.
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Table 1. Indicator selection criteria for New Zealand environmental health indicators.

Indicator Selection Criteria Explanation
Data availability Indicator must have data that can be easily and reliably extracted.
C e . Indicator must have an established, scientifically sound link to the
Scientifically valid . .
environmental health issue.
o Indicator should respond relatively quickly and noticeably to changes but
Sensitive
not show false movements.
. Indicator should be consistent with those used in other indicator
Consistent . . . .
programmes (including internationally) so comparisons can be made.
Comparable Indicator should be consistent to allow comparisons over time.
Methodologically sound measurement Indicator measurement needs to be methodologically sound.

Indicator should be sulfficiently simple to be interpreted in practice and be

Intelligible and easily int ted o o . L . .
niefigible and eastly interprete intuitive in the sense that it is obvious what the indicator is measuring.

Indicator needs to be able to be broken down into population subgroups or

Able to be di ted . . . .
e tobedisaggregate areas of particular interest, such as ethnic groups or regional areas.

Data needs to be collected and reported regularly and frequently to ensure

Timel s . .
ey it is reflecting current and not historical trends.

Source: Based on the indicator selection criteria published by the Advisory Committee on Official Statistics [9].

3.3. Assessing the Public Health Impact of Potential Indicators

To further prioritise the potential health indicators, we introduced an additional criterion,
‘public health impact’, which was defined as “Indicator needs to relate to an environmental health
issue of significant public health impact to New Zealand. This health impact may include affecting
a large number of people, a vulnerable population, or Maori health [the indigenous people of New
Zealand]; or having substantial policy relevance”. The public health impact of each potential health
indicator was assessed based on five sub-criteria: the number of people affected, the severity of health
impact, whether vulnerable population groups were affected or large inequalities were apparent,
whether the indicator related to multiple environmental exposures, and whether the indicator had
policy relevance (Table 2). This criterion and its sub-criteria were adapted from the New Zealand health
impact assessment tool for assessing the potential health impacts of new policies and projects [15].
For each health indicator, the assessment of the public health impact used the health condition data
most aligned to the potential indicator.

Table 2. Public health impact criteria for environmental health indicators.

Public Health Impact Selection Criteria Explanation

Indicator needs to relate to an environmental health issue of significant
public health impact to New Zealand. This health impact may include
affecting a large number of people, a vulnerable population, or Maori
health; or having substantial policy relevance.

Public health impact

Priority should be given to health effects affecting larger numbers of people
(i.e., with a higher burden of disease attributable to the environmental
exposure (e.g., measured as deaths, hospitalisations, or disability-adjusted
life years (DALYs))), within the country/area of interest.

(i) Affecting a large number of people

Priority should be given to health conditions with severe impacts, such as

(ii) Severity of impact severity of illness, long-term repercussions (such as disability or long-term
illness), and/or risk of death.

(iii) Affecting vulnerable populations Priority should be given to health effects that particularly affect vulnerable

and/or having large inequalities population groups and/or have large health inequalities.

(iv) Relating to multiple exposures or Priority should be given to health indicators that link to multiple

health effects environmental exposures.

Priority should be given to indicators where there is potential for policy
(v) Relevant to policy actions about the environmental exposure to make a difference; and/or the
issue is of current policy interest.
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To assess the number of people affected, we used published New Zealand figures on the burden
of disease attributable to second-hand smoke [16] and household crowding [17], by disease. For the
burden of asthma attributable to damp and mouldy housing, no recent estimates were available for
New Zealand. To estimate the attributable burden of disease, we calculated the population attributable
fraction (PAF), which is the proportion of cases of a disease that are attributable to a risk factor. The PAF
is given by the following formula:
p(RR—1)

PAF = RR—T) +1

where p is the prevalence of exposure in the population, and RR is the relative risk (or odds ratio,
which is an estimate of the relative risk from certain types of studies). A relative risk of 1.56 (95%
confidence interval 1.30-1.86) was used for current asthma for children exposed to dampness and
mould [18] and an estimated prevalence of exposure to dampness and mould in the home of 31.8% in
adults from the 2014/2015 New Zealand General Social Survey [19]. This gave an approximate PAF of
15%. The attributable burden of disease was estimated by multiplying the total burden of disease by
the PAF:
Attributable burden = PAF x burden of disease

We used published figures of 3552 hospitalisations due to asthma in children aged 0-14 years in
2015 [20], from which to estimate the attributable burden in children.

For injuries occurring in the home, no PAFS were available, so the total number of deaths and
hospitalisations were used. We used the most recent available data, from 1989-1998, for injuries
in children aged 0—4 years [21]. However, incompleteness of data for the location of injury in the
hospitalisations dataset is likely to have underestimated these numbers.

The attributable burdens were tabulated in the published measurement unit, for example,
attributable deaths, hospitalisations, or DALYs (which combine years of life lost (YLL) to premature
death, and years of life lived in disability (YLD) due to illness or injury).

3.4. Finalising the Set of Environmental Health Indicators to Monitor

Based on the results of the indicator selection criteria and public health impact criteria assessments,
we grouped indicators that met the criteria into the following:

1. Core set of indicators: the most important indicators to monitor to be produced annually,
with factsheets, webpages, and data in an online atlas;

2. Indicators for further investigation: indicators that may become core indicators but need further
work and/or data to become available before a final decision is made; and

3.  Attributable burden indicators: to be produced occasionally (for example, every 3-5 years) to
update the burden of disease attributable to a specific environmental exposure.

3.5. Design and Implementation Stage

In the final design stage, technical details of core indicators were finalised. For indicators
requiring analysis of datasets, the design stage included defining ICD (International Classification
of Diseases) codes, age groups, and exclusions (for example, hospitalisations excluded hospital
transfers, day cases, overseas visitors, and deaths). This work drew heavily on other published
indicators and methodologies used in the New Zealand context, as identified in the scoping stage.
Analyses of confidentialised unit record files were carried out using SAS software, version 9.4
(SAS Institute Inc., Cary, NC, USA), and statistical outputs of health indicators included crude
and age-standardised rates, and 95% confidence intervals [22]. Analyses were output for the total
population, and by sex, age group, prioritised ethnic group, New Zealand Index of Deprivation quintiles
(NZDep2013) [23], urban-rural status, health districts (District Health Boards), and local councils
(territorial authorities). These population groups included some vulnerable groups identified in the
scoping stage. Metadata (indicator profiles) were produced for all indicators to give details of the design.
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4. Results

4.1. Scoping Stage

Household crowding, second-hand smoke exposure, damp and mouldy housing, and unsafe
homes were identified as major exposure issues relating to the indoor environment in New Zealand.
A review of the literature identified that household crowding affected 16% of children aged 0-14 years
and 10% of the total population in New Zealand in 2013 [24]. An estimated 1300 hospital admissions for
infectious diseases were attributable to household crowding in New Zealand (average annual numbers
for 2007-2011) [17], with children and Maori and Pacific peoples most affected [17]. Additionally,
second-hand smoke exposure in the home affected 5.0% of children aged 0-14 years in 2012/2013
and 3.7% of non-smoking adults [25]. An estimated 104 deaths were caused by second-hand smoke
exposure in New Zealand in 2010, as well as the loss of 2286 healthy years of life (DALYs) in 2006,
with males, children, and Maori disproportionately affected [16]. Furthermore, in 2014/2015 an
estimated 31.8% of New Zealand adults reported living in a house with dampness or mould [19].
While the attributable burden due to dampness and mould has not been estimated for New Zealand,
a review estimated that 16-28% of current asthma in New Zealand children and adults was caused
by this risk factor in 2000 [26]. Lastly, childhood injuries occurring in the home led to 390 deaths and
24,635 hospitalisations in children aged 0—4 years over the ten years, 1989-1998 [21].

4.2. Identifying Causal Relationships

A conceptual model using the MEME framework was developed, incorporating the four selected
exposures and their related health effects (Figure 2). A full range of the health impacts caused
by the environmental exposures were then identified from the literature (Table 3). For household
crowding, a recent meta-analysis identified the following health effects as being causally related to
household crowding: hepatitis A and Helicobacter pylori infection in all ages, tuberculosis in adults,
and gastroenteritis, pneumonia/lower respiratory tract infection, bronchiolitis, Haemophilus influenzae
type b (Hib disease), and meningococcal disease in children [17]. Additionally, upper respiratory tract
infections were found to be strongly associated with household crowding for children, while some
evidence supported links with acute rheumatic fever and serious skin infections.

Contexts

Economic conditions (income, home ownership, socioeconomic deprivation)

Demographic conditions (age, sex, ethnic group, region, urban/rural)
Social conditions (housing affordability, home ownership rates, social housing)

l l

Exposures :: Health outcomes
Second-hand smoke ‘\ L SHS: Cardiovascular disease, cancer,

expasure (SHS) respiratory disease, SUDI, respiratory

infections, otitis media, birth outcomes

-/

Damp and mouldy housing Dampy, mouldy housing: Asthma,

respiratory infections

Household crowding

Household crowding: Infectious diseases

) S | —

Unsafe housing: Injuries and poisonings

\
)
)
)
)
UnsafeThousmg J/ j T “ T

Preventive Remedial
actions actions

(o —)

Actions

Figure 2. The multiple exposures multiple effects (MEME) framework, applied to the indoor
environment. Source: Adapted from Briggs [2]. SUDI: sudden unexpected death in infancy.
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Table 3. Environmental exposures and related health effects, for the indoor environment.

9 of 22

Environmental Exposure

Pathway

People Exposed

Health Effects—Causal (Level 1)

Health Effects—Suggestive (Level 2)

Household crowding

Household crowding

Children living in crowded households

GastroenteritisPneumonia/lower respiratory
tract infection

Bronchiolitis from respiratory syncytial virus
(RSV) infection

Haemophilus influenzae (Hib disease)
Meningococcal disease

Upper respiratory tract infection
Serious skin infections
Acute rheumatic fever

People (all ages) living in
crowded households

Hepatitis A
Helicobacter pylori infection
Tuberculosis

Second-hand smoke

Maternal smoking and/or
exposure to SHS

Babies exposed to SHS through
maternal smoking

Sudden unexpected death in infancy (SUDI)

Maternal exposure to SHS
during pregnancy

Babies exposed to SHS in utero
(non-smoking mother exposed to SHS)

Small for gestational age (low birthweight)

Preterm delivery

Asthma
Lower respiratory tract infection (including

(SHS) exposure Children exposed to SHS in the home bronchitis, bronchiolitis, pneumonia, Meningococcal disease
Second-hand smoke and acute respiratory infection)
) Otitis medi
exposure in the home s media
Ischaemic heart disease Asthma (induction, exacerbation)
Non-smoking adults exposed to SHS Strok Breast cancer
in the home Lu?\ ecancer Chronic obstructive pulmonary disease
& (COPD)
D » i};llllcll;;nhlg;snegs in damp and Asthma exacerbation Respiratory infections, bronchitis
amp, mouldy,

cold houses

Damp and mould

Adults living in damp and
mouldy houses

Asthma exacerbation
Respiratory infections, bronchitis

Unsafe home
environment

Physical hazards in . Falls
the home Children Burns
Hazardous chemicals Children Poisonings

in the home

Drowning
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For second-hand smoke exposure in the home, eight conditions were identified as being
caused by second-hand smoke exposure [14,27-29], including lung cancer, ischaemic heart disease,
and stroke in non-smoking adults, and asthma, lower respiratory tract infections, and otitis media
in children. Additionally, having a mother that smoked in the first year of life increased the risk
of sudden unexpected death in infancy (SUDI), while having a non-smoking mother exposed to
second-hand smoke during pregnancy increased the risk of the new-born being small for gestational
age. Other health impacts with level 2 evidence (suggesting causality) included meningococcal disease
in children [30,31] and pre-menopausal female breast cancer [32], chronic obstructive pulmonary
disease [33], and asthma in non-smoking adults [28].

For damp and mouldy housing, indoor coldness and excess moisture can lead to mould growth,
which has been linked to respiratory problems [34,35]. Recent reviews identified asthma exacerbation
in children as being the only outcome with sufficient evidence to deduce causation [26,34]. For unsafe
home environments, the children’s environmental health indicator work [2] was used to identify
physical injuries in the home (particularly falls and burns) and poisonings in the home for children as
key health outcome indicators.

4.3. Identifying and Evaluating Potential Indicators against Indicator Selection Criteria

Using the environmental exposures and health impacts identified in Table 3, 24 potential indicators
(4 exposure indicators and 20 health indicators) were identified, and possible data sources identified.
The majority of these data sources were government-collected datasets, including the New Zealand
Health Survey, the Census, and administrative health datasets.

A total of 19 of the 24 potential indicators met all the Statistics New Zealand selection criteria
(Table 4). Of the five indicators that did not meet the all the criteria, three were health effects from
second-hand smoke exposure in non-smoking adults. These health effects are difficult to monitor
among non-smokers only; additionally, the lag time between exposure and the health effects reduces
the indicator’s sensitivity to change, and the overall impact that second-hand smoke exposure has on
these diseases is small (PAF of about 2% in non-smokers).

Several potential sources of data were identified for the indicator of living in damp and mouldy
housing: the New Zealand General Social Survey, which asked adults about living in damp and
mouldy houses, and the 2018 New Zealand Census of Populations and Dwellings, which collected
similar data on living in damp and mouldy housing for the total population, as well as data on houses
without a heating source. Given that children are the highest priority population group based on the
health evidence, and that measuring damp and mouldy housing directly was preferable to using a
proxy about homes without a heating source, the Census data on damp and mouldy housing was
selected as the most appropriate data source.

For Helicobacter pylori infection, little prevalence or incidence data were available for New Zealand.
A possible alternative was to monitor hospitalisations for sequelae of H. pylori infection (non-cardia
gastric cancer, peptic ulcer, gastritis, and duodenitis) [3]. However, not all cases of H. pylori infection
result in sequelae [36]. Additionally, H. pylori is typically acquired during childhood and does not
usually resolve spontaneously, so there can be a large lag time between exposure and health effects [36].

4.4. Assessing the Public Health Impact

The public health impact criteria were then applied to all the potential health indicators to
prioritise the most important indicators to monitor from a public health perspective (Table 5).
The health impacts with the highest burden due to second-hand smoke exposure included
ischaemic heart disease, stroke, lung cancer, and SUDI. For household crowding, pneumonia/lower
respiratory tract infections (including bronchiolitis) had the highest burden. For damp and mouldy
housing, asthma had a large burden in children, while for unsafe housing, there were almost
2500 hospitalisations annually for injuries in the home among children aged 0—4 years in 1989-1998.
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Table 4. Potential environmental health indicators identified for the indoor environment (n = 24).

Indicator Selection Criteria

2 = w3 <
MeetAll 2 o S t = £ ST oz
i i eet s Py B v & R E
< 3] 9 5] g @ o B
Potential Indicator Data Source Criteria? 3 -J::j g 2 %b & i % E = % % gb g Comments
> =5 5 a o ME = =
IR TR
& ® v 3 T A
=} p= s
Exposure indicators
People living in crowded households Census Yes Vv 4 Vv Vv Vv Vv 4 Vv v/ Both children and total population are important to monitor.
People exposed to SHS in the home NZHS Yes Vv Vv Vv Vv Vv v Vv Vv v/ Both children and adults are important to monitor.
Mothers smoking at two weeks postnatal Maternity Yes 4 V4 Vv V4 V4 V4 4 V4 V4
Census (living in dam Data about people living in damp and mouldy houses are
J P No X Vv Vv Vv Vv v Vv Vv v/ not currently available but will be available in 2019 from the
and mouldy houses)
2018 Census. Not known if this data will be collected again.
NZGSS No % N N J N N N N 5 Only adults are covered, not children. Data collected twice

People living in damp and mouldy houses (2010 and 2014)—unknown if it will be collected again.

Data about households with no source of home heating
could be a proxy for cold houses, which are associated with
damp and mouldy housing. However, this is not a good

v
measure of cold houses (for example, some people do not
use available home heating due to cost) or damp and
mouldy houses and will mis-measure the true value.

Census (no source
of home heating)

No Vv X v VARV v v v

Health indicators

Lower respiratory tract infection

Evidence for 0-1 years (SHS) and 0-5 years

hospitalisations in children NMDS Yes v v v v v v v v v (household crowding)

Bronchiolitis from RSV hospitalisations \MDS Ys v v v v v vy oy Drnhiltisisalsoincudedin he definiion forlower
Hospitalisations are for sequelae of H. pylori infection,

. .. . . including non-cardia gastric cancer, peptic ulcer, gastritis,

Helicobacter pylori infection hospitalisations NMDS No v Vv X v Vv v Vv Vv v and duogenitis. Ther(;gcan bea largeﬁag time bet\;gveen
exposure and health effects.

Gastroenteritis hospitalisations NMDS Yes Vv V4 Vv Vv Vv V4 4 Vv V4

Tuberculosis hospitalisations NMDS Yes v 4 Vv Vv v v Vv Vv Vv

Meningococcal disease notifications EpiSurv Yes V4 V4 Vv Vv Vv V4 4 Vv V4 ]j:;;irsl:: dfﬁ;i—&]éitﬁeggs(household crowding) and

Hepatitis A hospitalisations NMDS Yes 4 4 Vv V4 V4 4 4 V4 V4
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Table 4. Cont.

Indicator Selection Criteria

2 = w3 =
MeetAll 2 o S t = £ SE s
i i eet s P B v & R E
< 3] 9 ] g @ o B
Potential Indicator Data Source Criteria? = “:Z g 2 o & g 3 E = E’ e = Comments
2 E3 52 & g %3 PE 8 E
o] 0 o 2 ev =35 2 s =
g % 3 o § £ g <2
s W 9 s 2 &
A = s
Haemophilus influenzae (Hib disease) One of the ICD-10-AM codes for Hib disease (J14) is also
oprus NMDS Yes V4 4 Vv Vv Vv V4 4 Vv v/ included in the definition for lower respiratory tract
hospitalisations infection
Asthma prevalence in children NZHS Yes Vv Vv v v v v Vv v v/ Evidence for 0-14 years (SHS, dampness/mould).
T . . Evidence for 0-14 years (SHS, dampness/mould). Asthma
Asthma hospitalisations in children NMDS Yes v v v v v v v v v hospitalisations arz a préxy for ast}f)ma exacerbat)ion‘
Sudden unexpected death in . . .
infancy (SUDI) MoH Yes V4 4 Vv Vv Vv V4 4 Vv v/ Strong evidence for mothers smoking after birth
Otitis media/grommets hospitalisations
in children NMDS Yes v v v v v v v v v
Ischaemic heart disease s .
hospitalisations /deaths in NMDS/Mort No X 4 X V4 V4 V4 4 V4 V4 ]a?ftcfeff:xlt :)Osfreet data for non-smokers. Lag-time of 1-5 years
non-smoking adults P ]
Stroke hospitalisations/deaths in Difficult to get data for non-smokers. Lag-time of 1-5 years
non-smoking adults NMDS/Mort No x v x v v v v v v after exposure.
Lung cancer registrations/deaths in Difficult to get data for non-smokers. Lag-time of
non-smoking adults Cancer/Mort No x v x v v v v v v 1020 years after exposure.
. . . . Data are available for proportion of all babies born at term
Small for gestational age (low birthweight) Maternity Yes V4 4 Vv Vv Vv V4 4 Vv V4 gestation who are smarl)l f(I))r their gestational age.
Unintentional injuries in the home 5
in children NMDS Yes v v v v v v v v v
. . - The data exists, but it depends whether location data is
Falls in the h hild NMDS Y ? ’
a7s I the home Ih chiidren b v v v v v v v v v robust enough to include. Needs further investigation.
Burns in the home in children NMDS Yes V? V4 Vv V4 V4 V4 4 V4 V4
Poisonings in the home in children NMDS Yes V? 4 Vv Vv Vv V4 4 Vv Vv

Abbreviations: / = Meets criteria; X = Does not meet criteria; SHS = second-hand smoke; Census = New Zealand Census of Populations and Dwellings; NZHS = New Zealand Health
Survey; Maternity = New Zealand Maternity Clinical Indicators; NZGSS = New Zealand General Social Survey; EpiSurv = EpiSurv notifiable disease surveillance database; MoH = Ministry
of Health publications; NMDS = National Minimum Dataset (hospitalisations data); Mort = New Zealand Mortality Collection; Cancer = New Zealand Cancer Registry; ICD-10-AM =

International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification.
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Table 5. Assessment of health indicators for indoor environment, by public health impact criteria.
Health Condition Aliet C.;I:O:l}i’for Melt :11 (t)ther Public Health Impact Criteria
. . . . ributable ndicator i i i
Potential Health Indicator (Relating to Potential Burden Selection @ P"PP"““’“ (i) Attributable . X (iv) Yulnerable (iii) Multiple (v) Specific Policy Recommend
Health Indicator) urde; electio Attributable Burden (ii) Severity of Impact Populations Affected Exposures Relevance of Indicator
Evidence Criteria? (PAE, %) and/or Inequalities P

Household Crowding Annual Attributable
Indicators Hospitalisations (2007-2011) [17]
T_owe? resplrat'ory tra.Ct Powe4r respiratory . 0-5 years Yes 10% 669 Short-term, rarely fatal Children, Maori, Pacific ~ Yes Core
infection hospitalisations infections /pneumonia
Bronchiolitis hospitalisations Bronchiolitis from RSV 0-3 years Yes 16% 644 Short-term, rarely fatal Children, Maori, Pacific

Long-term, can lead to
Hospitalisations for sequelae of  Helicobacter pylori o other health problems; not S e .
Helicobacter pylori infection infection O+ years Yes 8% 102 all H. pylori infection leads Maori, Pacific peoples

to health impacts
Gastroenteritis hospitalisations ~ Gastroenteritis 0-5 years Yes 2% 42 Short-term, rarely fatal in Children

New Zealand

Long-term; takes a long Maori adults In New Zealand, little
Tuberculosis notifications Tuberculosis 15+ years Yes 19% 22 time to treat and cure; can Pacific adult 7 disease transmission takes

have some sequelae. acticaduits place within-country
Meningococcal disease . . . Can be fatal and may cause  Children, Maori, Yes An ep1dem1c in the 20005

e O Meningococcal disease  0-16 years Yes 15% 5 S Lo (second-hand led to national Core
notifications long-term disability Pacific peoples A .
smoke Level 2)  vaccination campaign
Hepatitis A hospitalisations Hepatitis A 0+ years Yes 5% 1
Hospitalisations for Haemophilus influenzae 9 o .
Haemophilus influenza type b typeb 0-6 years Yes 10% 07 Children
Second-Hand Smoke Attributable DALYs (2006) [16]
Exposure Indicators
Ischaemic heart disease 15+ vears
hospitalisations/deaths in Ischaemic heart disease Yy No 1.5% 1033 Can be fatal
X non-smokers
non-smoking adults
stroke hospltvahsatlons/ deaths Stroke 35+ years No 1.3% 389 Can be fatalr cause
in non-smoking adults non-smokers long-term disability
Lung cancer 15+ vear
registrations/deaths in Lung cancer years No 2.2% 96 Often fatal
. non-smokers
non-smoking adults
. SUDI prevention activities
Sudden unexpected death in SUDI 0 years Yes 11.3% 596 Fatal Children, Maori are funded in Core
infancy (SUDI)
New Zealand
Asthma prevalence Asthma (onset, ever 0-14 years Yes 3.1% 93 Long-term, rarely fatal Children, Maori Yes Core
had asthma)

T_owe}r resplratAor}A/ tréct Lowe}r respiratory tract 0-1 years Yes 3.1% 42 Short-term, rarely fatal Children, Maori Yes Core
infection hospitalisations infections
Otitis media hospitalisations Otitis media 0-14 years Yes 2.6% 31 Short-term Children, Maori

(acute; grommets)
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. Age Group for  Met All Other Public Health Impact Criteria
Health Condition iﬂ ibutabl Indicat
. . . . ributable ndicator i i i
Potential Health Indicator (Relating to Potential Burden Selection (@) Proportion o )0 o table N . (iv) Vulnerable (iii) Multiple (v) Specific Policy Recommend
Health Indicator) . ectl Attributable Burden (ii) Severity of Impact Populations Affected Exposures Relevance of Indicator
Evidence Criteria? (PAE, %) and/or Inequalities P
Small for gestational age Low birthweight 0 years Yes 2.5% 6 Can lead to Children, Maori
at term long-term effects
Damp and Mouldy Annual Attributable
Housing Indicator Hospitalisations (2015)
Asthma hospitalisations Asthma exacerbation 0-14 years Yes 15% 537 Long-term illness Children, Maori, Pacific ~ Yes Core
Unsafe Environments Indicator Annual Impacts (1989-1998) [21]
. Core, but subject
Unintentional injuries . . L 3 deaths,{ to further
hospitalistati T Unintentional injuries . 2464 hospital Can be fatal, may cause . - L
ospitalistations (for injuries . 04 years Yes Not available - Lo Children investigation of
in the home admissions long-term disability

occurring in the home)

(total numbers)

data quality for
location data
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In terms of severity of health impact, SUDI had the most severe impact (death of a baby),
while some other health conditions could also cause death (ischaemic heart disease, stroke, lung cancer,
meningococcal disease, and unintentional injury). Some diseases could lead to long-term illness and
disability, including asthma and meningococcal disease. While inequalities were apparent for most
health conditions, asthma, lower respiratory tract infections, and meningococcal disease had high
inequalities, particularly for Maori and/or Pacific peoples. These health conditions also related to
multiple environmental exposures.

To some degree, all indicators were related to environmental issues of policy relevance,
with either the potential for policy actions and/or the issue being of current policy interest.
Housing quality, household crowding, and children’s health are of particular policy interest at present
in New Zealand [12]. Additionally, an epidemic of meningococcal disease in the 1990s led to a
vaccination campaign in New Zealand, so future monitoring is important in case of another outbreak.
Tuberculosis was less important from an environmental health policy perspective, as historically most
cases of tuberculosis in New Zealand have been due to importation [37].

4.5. Finalising the Set of Environmental Health Indicators for the Indoor Environment

Based on the indicator selection process and public health impact assessment, eight core
indicators were selected: living in crowded households, exposure to second-hand smoke in the
home, maternal smoking at two weeks post-birth, asthma prevalence, asthma hospitalisations,
lower respiratory tract infection hospitalisations, SUDI, and meningococcal disease notifications
(Table 6). These indicators were selected as they met the indicator selection criteria and also had a
substantial public health impact, in particular, meeting multiple sub-criteria. For example, the lower
respiratory tract infection hospitalisations indicator was selected as it related to both household
crowding and second-hand smoke exposure, had considerable health burden as a result of these,
and disproportionately affected some vulnerable population groups. The definition for this indicator
also included bronchiolitis and Hib disease, so the wider condition group of lower respiratory tract
infections was selected for monitoring.

In addition to the eight core indicators, an indicator on living in damp and mouldy housing was
identified to be developed when the 2018 Census data becomes available. An indicator about children’s
injury occurring in the home was also identified for further investigation to assess the quality of injury
location data in the hospitalisation dataset and to determine the specific types of injuries to monitor
(for example falls, burns, and poisoning). Developing these indicators would ensure a more balanced
and cohesive set of indicators for monitoring the indoor environment in New Zealand.

To complement the core indicators, we also decided to include three attributable burden indicators:
the attributable health burden due to second-hand smoke exposure; infectious disease hospitalisations
attributable to household crowding; and children’s asthma burden attributable to damp and mouldy
housing. These indicators would include an overall assessment of the health impacts of each
environmental exposure, incorporating all health effects with Level 1 evidence of causality, as well as
up-to-date information on population exposure levels and the PAF.

4.6. Designing the Final Set of Indicators

The final stage of developing the core set of indicators involved specifying the definitions for
each indicator, including ICD codes, age groups for monitoring, and hospital exclusions. These details,
and the latest results for each indicator (including for selected vulnerable populations), are provided
in Table 6. For the indicators from the National Minimum Dataset and EpiSurv, the results are based
on analysis of the confidentialised datasets.
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Table 6. Final set of core environmental health indicators for indoor environment.
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Indicator

Age Group

Data Source

Design Details

Latest Results for New Zealand
(Year of Data)

Exposures

Proportion of people living in
crowded households

0-14 years, Total population

Census

People living in a house requiring one or more
additional bedrooms, according to the Canadian
National Occupancy Standard [24]

10% of total population; 16% of
children; 25% of Maori children; and
43% of Pacific children (2013)

Proportion of children and
non-smoking adults exposed to
second-hand smoke in the home

0-14 years
15+ years

New Zealand Health Survey

People reporting that someone smoked inside the
house [25]

5.0% of children; 3.7% of
non-smoking adults; and 9.2% of
Maori children (2012/13)

Mothers smoking at two
weeks postnatal

All mothers who gave birth
in that year

New Zealand Maternity
Clinical Indicators

Mothers who reported that they smoked at two
weeks after birth, among all mothers who reported
a smoking status at two weeks after birth [38]

12% of mothers; and 32% of Maori
mothers (2015)

Health Effects

Children aged 2-14 years who have been

16.6% of children; 24.0% of Maori

Prevalence of asthma in children 2-14 years SNew Zealanftl H? alth diagnosed by a fioc’for as having a?sjchma, and who children; and 17.4% of Pacific
urvey publications are currently using inhalers, medicine, tablets, .
: > 1 X children (2015/2016)
pills, or other medication for it [39]
Acute and semi-acute hospitalisations with asthma
(ICD-10AM J45-J46) or wheeze (R06.2) as the
primary diagnosis, for chﬂdreg ‘aged 0-14 years. 682 hospitalisations per 100,000
Asthma hospitalisations in children 0-14 years National Minimum Dataset Analyses e).<cl|.'1ded overseas VlSltOr.S, deaths, and' children; 838 per 100,000 (Maori);
transfers within and between hospitals. Wheeze is and 1324 per 100,000 (Pacific) (2016)
included as there is evidence that paediatricians are P !
more likely to diagnose suspected asthma as wheeze
for younger children in New Zealand [40,41].
Acute and semi-acute hospitalisations with
Lower respiratory tract infection pneumonia (ICD-10AM J12-J16, J18), bronchitis 3050 hospitalisations per 100,000
hospitalisations in children 0—4 years National Minimum Dataset (J20), bronchiolitis (J21) or unspecified acute lower  children; 4254 per 100,000 (Maori);
respiratory tract infection (J22) as the primary and 6711 per 100,000 (Pacific) (2016)
diagnosis, for children aged 04 years.
Meningococcal notifications 0-14 years EpiSurv Notifications of meningococcal disease, in children 35 notifications; highest rates in
aged 0-14 years. Maori and Pacific children (2016)
Deaths in children aged under one year of age
Sudden unexpected death in Fetal and infant (<1 year old) with an underlying cause of death in 45 deaths; highest rate in Maori
0 years the following ICD-10AM codes: R95, R96, R98, ¢

infancy (SUDI)

deaths publication

R99, W75, W78, W79. Rates are presented per 1000
live births [42].

babies (2014)
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5. Discussion

5.1. The Importance of Using a ‘Public Health Impact” Approach to Develop Environmental Health Indicators

This project has demonstrated the importance and value of using a public health impact approach
when developing environmental health indicators and has provided a framework and methodology
that can be used for other topics and in other countries to prioritise and select environmental health
indicators. Using public health impact criteria and an attributable burden of disease approach during
the indicator selection process ensures that environmental health indicators are based on robust,
scientific evidence about the health burden caused by the environmental exposure and therefore focus
on the most important health needs of the country. A focus on policy relevance, vulnerable populations,
and the number of people affected ensures that indicators are relevant and useful to decisionmakers
and policymakers, who can use policies, programmes, and projects to address these environmental
health issues.

This work also demonstrates how prevalence data about exposure in the population can
be used to estimate the proportion of health burden attributable to an environmental exposure,
through the population attributable fraction (PAF). In this paper, we demonstrated this method
by estimating the PAF for children’s asthma caused by damp and mouldy housing in New
Zealand at 15%. Calculating the PAF allows the development of ‘attributable burden indicators’,
which have been suggested as the most robust form of environmental health indicators [Briggs,
personal communication], as they link specifically between the environmental exposure and the related
health effects.

Using a public health impact criterion and sub-criteria extends previously published processes
for developing environmental health indicators [2—4,10]. Researchers and developers of indicators
may have intuitively used a similar process in the past for prioritising environmental health indicators.
For example, a WHO working group screened potential indicators based on their “policy relevance,
health relevance and potential data availability” [43]. The public health impact criteria are also similar
to criteria suggested in the children’s environmental health indicators (‘relevant to an issue of policy
or practical concern’ and ‘actionable’) [2]. However, our approach goes further than these criteria,
as it includes an assessment of the health impact from the environmental exposure for the country
of interest and gives researchers a solid and systematic framework for carrying out an assessment.
Having a set of specific public health impact criteria, against which to assess indicators, moves decision
making from intuition to a transparent and informed decision.

We have also highlighted some modifications to the WHO approach for developing environmental
health indicators, which are useful when developing indicators for a specific country. Most importantly,
it is beneficial to identify data sources before applying the indicator selection criteria, rather than in
the design stage, to ensure that the proposed indicators meet selection criteria such as data availability,
timeliness, consistency, comparability, and methodologically-sound measurement. Additionally;,
identifying causal relationships in the selection stage ensures that the conceptual framework is based
on robust evidence and, furthermore, that both health and exposure indicators monitor outcomes for
the most important age groups. A further addition to the WHO approach was to identify vulnerable
population groups in the scoping stage and to consider these groups in both the selection and design
stages of indicator development.

Overall, we found that using a public health impact approach was valuable for identifying
a ‘core set’ of indicators for regular monitoring. While our approach has only been applied to
health indicators at this stage, the approach could also be adapted for exposure variables as well.
We also identified attributable burden indicators for potential development: the burden of disease
attributable to second-hand smoke exposure, household crowding, and damp and mouldy housing.
These indicators may require more work than other indicators and so would be updated less regularly
than the core indicators. However, the attributable burden indicators are beneficial for informing action,
as they estimate the potential health impacts that could be gained from removing the environmental
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exposure. For example, eliminating household crowding in New Zealand would prevent an estimated
1300 hospitalisations for infectious diseases each year. Thus, attributable burden indicators show how
improving a specific aspect of the environment would have substantial health benefits.

5.2. Findings from the Indoor Environment Indicators

Our indoor environment indicators showed that the indoor environment has a sizeable impact
on health in New Zealand. In particular, damp and mouldy housing has a relatively large burden
on children’s health in New Zealand, accounting for an approximate 500 hospitalisations for asthma
each year. Future work and upcoming Census data releases will help to refine this estimate, as well
as provide a better estimate of the percentage of children living in damp and mouldy houses and
the population attributable fraction. Household crowding affected almost one in six (16%) children
in New Zealand in 2013, increasing their risk of infectious diseases; the recent housing affordability
issues in New Zealand [12] may well have impacted on this figure, and upcoming data from the 2018
Census may shed more light on this issue. By comparison, second-hand smoke exposure affected 5%
of children and 3.7% of non-smoking adults in New Zealand; nonetheless, the health impacts from
second-hand smoke exposure were significant, particularly for babies exposed to second-hand smoke
from their mother in their first year, which increases the risk of SUDL

Focusing on vulnerable population groups was an important part of this indicator development
process. Potentially vulnerable populations were identified at the scoping stage and were considered
as part of the public health impact assessment. This information then informed how indicator results
were output to ensure monitoring of high priority population groups. In particular, our indicators
showed that some ethnic groups were disproportionately affected by the indoor environment in
New Zealand. For example, household crowding affected 43% of Pacific children and 25% of Maori
children in 2013. These high exposure rates were mirrored by higher rates of lower respiratory
tract infection hospitalisations and meningococcal disease notifications for children in these ethnic
groups. This example demonstrates the power of having several health effect indicators relating to one
environmental exposure to allow triangulation of health impacts. Additionally, focusing on vulnerable
population groups provides evidence to inform targeted actions to help reduce inequalities.

5.3. Limitations of Our Approach

A limitation of this study was the comparison of published attributable burdens using different
measurement units (attributable deaths, hospitalisations, and DALYs). DALYs tend to be the most
helpful measurement, as they combine both fatal outcomes (years of life lost to premature death) and
non-fatal outcomes (years of life lived in disability or ill-health). While it is not ideal to compare across
exposures using different measurements, we were able to use a consistent measurement within each
individual exposure, which allowed the most important health effects for each exposure to be identified.
Additionally, the attributable burden data were only used as a guide for prioritising indicators and
using the published statistics was a pragmatic decision given limited resources. A helpful next
step could be converting the various attributable burdens into the same measurement, for example,
by applying PAFs to country-specific DALYs sourced from the Global Burden of Disease Study
(http:/ /ghdx.healthdata.org/) or a similar national study. The Global Burden of Disease Study is also
a useful data source for deaths and DALYs at the country level when other data sources or research
results are unavailable.

An additional limitation was the lack of published PAFs for the injury indicator, which meant
we were unable to estimate the proportion of injuries attributable to an unsafe indoor environment.
The total number of injuries occurring in the home for 0—4-year-olds was used instead in the public
health impact assessment; while this may be an over-estimate of the attributable burden, it still
provided useful information about the total injury burden occurring in the indoor environment to aid
indicator selection.
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One of the drawbacks of the prioritisation process was that the final core set of indicators did
not include some health conditions with large attributable burdens, for example, ischaemic heart
disease and stroke, which mainly affect older adults. These indicators were ruled out based on
the indicator selection criteria, including difficulties in monitoring these conditions in non-smokers,
lag times of 1-5 years between exposure and health impact, and a small PAF of 2%. In particular,
a small PAF indicates that only a small fraction of the overall health burden is attributable to the
environmental exposure, resulting in the potential indicator being less sensitive to change and
therefore less valid. Nonetheless, these health conditions, and other potential indicators identified
through the selection process, could be considered worthy of monitoring. There are two potential
ways of addressing these limitations. Firstly, having attributable burden indicators ensure that all
health conditions and age groups are included in the assessment of health impact, as part of the
environmental burden of disease methodology. Secondly, a set of supplementary indicators can be
developed as part of regular monitoring. This would allow lower priority health indicators to still
be monitored, although not to the same level of detail or with the same amount of commentary
as the core set of indicators. These supplementary indicators would also be informative for other
areas of environmental health monitoring, such as outdoor air quality. For the indoor environment,
potential supplementary indicators could include ischaemic heart disease, stroke, lung cancer,
gastroenteritis hospitalisations, otitis media hospitalisations (acute admissions, and waiting list for
grommet insertion), bronchiolitis from respiratory syncytial virus (RSV) infection, hospitalisations
for sequelae of H. pylori infection, and tuberculosis notifications. Additionally, health indicators
with Level 2 evidence of causality (such as upper respiratory tract infections) could also be included
as supplementary indicators if desired. These supplementary indicators could also be output by
different population groups to enable monitoring of vulnerable population groups (such as children
and older adults).

More generally, one limitation of using a public health impact approach is that it does not provide
the answer to what indicators to select. However, this approach still helps inform the final decision
and provides a set of criteria to guide the decision-making process. In particular, this approach allows
the indicator developers to communicate and discuss the merits of each indicator and moves the
decision-making to a transparent and more systematic process.

Our assessment of indoor environment indicators for New Zealand was limited to four main
exposures but could have included a wide range of additional exposures. These include indoor
cold (separate from dampness and mould), traffic noise, and exposure to substances, such as lead,
carbon monoxide, and formaldehyde [11]. Other aspects of the indoor environment, such as indoor
radon and indoor cooking on open wood or coal fires, have little relevance in New Zealand and are
not considered national environmental health issues of concern.

6. Conclusions

This study has demonstrated a novel and valuable approach for prioritising and selecting
environmental health indicators based on their ‘public health impact’. The public health impact
of potential indicators was assessed based on five sub-criteria: the number of people affected (based on
environmental burden of disease statistics); severity of health impact; whether vulnerable populations
were affected and/or large population inequalities were apparent; whether the indicators relate to
multiple environmental exposures; and relevance to policy. The approach can be used when numerous
possible health indicators have been identified and need to be reduced to a ‘core’ set of indicators.
In this way, this approach fills a gap by describing how to move from the results of applying indicator
selection criteria to a final list of indicators. Moreover, we propose some modifications to the indicator
development method described in the children’s environmental health indicators to tailor the process
for a specific country.

After following the indicator development process, the following core indicators were
selected to monitor the indoor environment in New Zealand: living in crowded households,
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exposure to second-hand smoke, maternal smoking at two weeks after birth, asthma prevalence,
asthma hospitalisations, lower respiratory tract infection hospitalisations, meningococcal disease
notifications, and sudden unexpected death in infancy (SUDI). Additionally, indicators on living in
damp and mouldy housing and children’s injuries in the home were identified for further development,
subject to data availability and quality. Furthermore, we identified indicators of the attributable health
burden due to household crowding, second-hand smoke exposure, and damp and mouldy housing.

These indicators, selected using a public health impact approach, showed that housing quality
and availability has a sizeable impact on the health of New Zealanders, particularly for children and
Maori and Pacific peoples. Addressing these environmental issues would have substantial health
benefits for New Zealand and reduce health inequalities for some population groups. Using public
health impact criteria and an environmental burden of disease approach proved valuable in identifying
and prioritizing the most important environmental health impacts to monitor.
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