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Key points

* This study piloted a surveillance system
for heat iliness among people presenting
to hospital emergency departments
(EDs) to provide information about
environmental, personal, and behavioural
risk factors or vulnerabilities to heat
exposure

Abstract

Objective: To pilot surveillance to describe environmental, personal and
behavioural risk factors for people presenting to hospital emergency
departments (EDs) with heat illness.

Methods: We conducted a retrospective case series and telephone interview
study of people presenting to EDs across South Western Sydney, Western
Sydney and Nepean Blue Mountains Local Health Districts with heat illness
over the 2017/18 and 2018/19 summer periods (1 December to 28 February).
We used the Public Health Rapid Emergency Disease Syndromic Surveillance
(PHREDSS) ‘heat problems’ syndrome to identify people with heat iliness

and medical records to find contact details. We developed a detailed
questionnaire instrument to guide the telephone interview.

Results: A total of 129 individuals presented with ‘heat problems’ (57

in 2017/18 and 72 in 2018/19). The median age was 44 years (range

1-89 years). Most attended hospitals via the NSW Ambulance Service (568%)
or private car (40%). Of the total, 53% were classified as triage category 3
(potentially life-threatening), 27% as category 4 (potentially serious) and 16%
as category 2 (imminently life-threatening). The main supplementary codes
were heat exhaustion (35%), heat syncope (39%), and heat stroke (30%). The
majority were discharged from the emergency department after completing
treatment (73%), with 21% requiring admission. A total of 38 follow-up
interviews were completed (29% response rate). Almost all individuals were
exposed to heat outside their home environment: 11 (29%) were engaged in
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Key points (continued)

* Of people presenting to EDs with ‘heat
problems’, most were exposed to heat
through work or outdoor activities

Older people exposed in their home
environment were not identified, and
further work is needed to ascertain if this
group has been missed

Surveillance for heat illness in emergency
presentations provides insights into risk
behaviours, but a modified ‘heat illness’
definition may be necessary to identify
those exposed in the home and built
environment

Introduction

Classical epidemiological methods using interviews or
questionnaires to obtain details of risk factors, such as
case-control studies, have seldom been used to study
heat illness because they are more resource-intensive
and rely on identifying cases of heat-related illness or
death."* However, there is potential for these methods
to yield rich and locally relevant information to assist
with tailoring public health messages, understanding
adaption priorities and prevention advice, and enabling
follow-up action. In contrast, time series epidemiological
studies based on routine data sources are excellent for
quantifying cause-specific morbidity and mortality burden
and are less resource intensive, but do not identify
specific persons presenting with a condition caused

by heat and lack detailed person-based, residential,
and environmental information that allows us to identify
specific vulnerabilities.>” The ongoing collection of risk
information from cases of heat-related illness through
case-based surveillance and follow-up interviews could
be an important method to enhance our understanding of
the causes of heat-related illness.

Personal risk factors associated with heat illness
include cardiovascular®, renal®, respiratory disease®,
psychiatric illness?, ethnicity®, mobility®, and social
isolation.®* Behavioural factors include dressing:, personal
cooling?; physical activity levels'™; and attention to news
or warnings. Environmental risk factors include dwelling
type, location on a top floor?, and having a working air
conditioner*'or fans. There is less epidemiological
evidence for the importance of eaves, blinds, roof colour,
shade, and green surrounds. 23 The relevance and
importance of the above factors may vary depending on
local circumstances. Most of these factors can only be
obtained through interviews and/or site inspections.

We chose to study heat-related presentations in
Western Sydney, home to approximately 2.5 million
people and hotter than the eastern parts of the city

paid work, 5 (13%) in outdoor housework, and 10 (26%) in outdoor
recreational activities.

Conclusion: Our pilot surveillance study successfully collected home, local
environment and behavioural risk factors on a small cohort presenting with
‘heat problems’ to EDs in Western Sydney during the summer months. Most
were exposed to heat outdoors while engaged in work or recreation outside
the home, and were preventable.

because it is deprived of the temperature moderation
provided by the sea and sea breezes.™

This study aimed to pilot a collection of information
that could form a future case-based surveillance system
to provide ongoing intelligence about people who present
with heat-related conditions.

Methods

We conducted a retrospective case series and interview
study of presentations to public hospital emergency
departments (EDs) with ‘heat problems’. Participants
presented to 14 EDs across South Western Sydney,
Western Sydney and Nepean Blue Mountains Local
Health Districts (LHDs) with a heat-related illness over the
2017/18 and 2018/19 summer periods (1 December to
28 February).

Data on ED presentations with an ED diagnosis of
‘heat problems’ were obtained from the Public Health
Rapid Emergency Disease and Syndromic Surveillance
(PHREDSS) system which monitors several syndromes
of public health importance through ED electronic
records.' ‘Heat problems’ is an umbrella term used in
the Systematised Nomenclature of Medicines —Clinical
Terminology (SNOMED-CT) nomenclature that includes
heat exhaustion, heat stroke, heat syncope, heat cramps,
and anhidrotic heat exhaustion.'® The following variables
were obtained from PHREDSS for each presentation:
medical record number, arrival date, diagnosis code,
diagnosis description, patient ID, age in years, sex,
arrival mode, departure status, triage category, hospital
name and postcode. Research collaborators at each
LHD accessed participants’ electronic medical records
using the patient identifier from the record obtained from
PHREDSS. Contact details for participants were obtained
from the electronic medical record (name, contact phone
number, address, next of kin and next of kin phone
number).
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A detailed questionnaire instrument
(see supplementary File 1, doi.org/10.6084/
m9.figshare.24558301) was developed largely following
the work of Zhang et al.* and Naughton et al." The
interview instrument asked about: demographic
information health status including any medical
conditions?; functional ability'”; perceived social
supports'®; access to transport; living conditions
and building features, as well as information on the
participant’s activity and location, and awareness of
heatwave warnings prior to the heat iliness presentation.

Authors KA or SG conducted a telephone interview
with consenting participants who presented to EDs
with heat problems during the 2017/18 and 2018/19
summer periods. For presentations of children and
adolescents interviews were conducted with their parent
or guardian. As per ethics approval, consent to complete
the telephone interview was obtained at the initial
telephone call with an option to be posted a participant
information sheet and be recontacted by telephone or
decline. Interviews with people presenting to emergency
in summer 2017/18 were delayed until late 2018. After
an ethics amendment, data collection was extended to
the summer of 2018/19. In early 2019, we received data
weekly from PHREDSS and interviews were attempted
closer to the time of the ED presentation. PHREDSS data
and interview data were recorded on a Microsoft Excel
spreadsheet and analysed in the program.' Data was
stored on a password-protected network drive.

Figure 1.
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Bureau of Meteorology (BoM) data was accessed
to prepare figures showing the relationship between
daily ‘heat problem’ presentations and daily maximum
temperatures averaged from three representative
monitoring stations in Western Sydney. We used simple
univariable Poisson regression in Stata®, with maximum
daily temperature as the exposure and ‘heat problem’
presentations per day as the outcome to describe the
association. This study was approved by the South
Western Sydney Local Health District Human Research
Ethics Committee (HREC/18/LPOOL/219).

Results

There were 129 presentations for ‘heat problems’ over the
two summer periods in the three LHDs. The association
with daily maximum temperature is shown in Figures

1 and 2. For each degree increase in maximum daily
temperature, there was a 20% increase in the likelihood
of an emergency department presentation with ‘heat
problems’ (combined summers).

There were 57 individuals who presented with

‘heat problems’ in 2017/18 and 72 in 2018/19. The

129 individuals with ‘heat problems’ had a median age of
44 years (range 1-89 years). Most attended hospitals via
the NSW Ambulance Service (58%) or private car (40%).
More than half (53%) were in triage category 3 (potentially
life-threatening), 27% in category 4 (potentially serious),

Daily presentations to Western Sydney emergency departments with ‘heat problems’: 1 December 2017
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Figure 2. Daily presentations to Western Sydney emergency departments with ‘heat problems’: 1 December 2018
to 28 February 2019
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16% in category 2 (imminently life-threatening) and Characteristic ED presentations Interview
3% in category 1 (immediate attention). The main (N=129) subset
supplementary diagnostic codes were: heat exhaustion n (%) (N=238)
(35%), heat syncope (39%) and heat stroke (30%). The n (%)
majority were able to be discharged from the ED after Sex
asseggment arjd ‘completing treatment (73%), with 20% Male 88 (68) 21 (55)
requiring admission (Table 1).
Female 41(32) 17 (45)
Table 1. Summary characteristics of 129 emergency Arrival mode
department presentations with ‘heat problems’ over two Ambulance 75 (58) 21 (55)
summers, and subset of 38 interviewees Private car 51 (40) 16 (42)
— ° ° Invalid 3(2) 1(3)
Characteristic ED presentations Interview -
(N=129) subset Triage category
n (%) (N = 38) 1 (immediate attention) 4 (3) 0(0)
n (%) 2 (imminently life- 21 (16) 5(13)
Summer period 57 (44) 11 (29) threatening)
2017/18 3 (potentially life- 69 (53) 26 (68)
Summer period 72 (56) 27 (71) threatening)
2018/19 4 (potentially serious) 35 (27) 7(18)
Diagnosis description 5 (less urgent) 0(0) 0
frequency Mode of leave
Heat exhaustion 45 (35) 16 (42) Admitted 1o critical 1(1) 0
Heat stroke 30 (23) 8 (21) care
Heat syncope 39 (30) 13 (34) Admitted to ward 26 (20) 7(18)
Heat cramps 5(4) 1(3) Transferred 1(1) 1(3)
Other 10 (8) 0(0) Departed, treatment 94 (73) 30 (79)
Median age, [range 44 [range 1-89] 46 [range completed
(years)] 6-89] Did not wait//left at 7(5) 0(0)

own risk/missing
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Of the 129 cases with heat problems, 38 interviews were
completed (response rate 29%). Eleven interviews were
conducted for the 2017/18 summer (19% response rate)
and 27 for the 18/19 summer (response rate 38%). For
22 cases, the phone was out of service or call restricted,
eight declined an interview, one had died (not due to
heat-illness), and for 60 presentations, there was no
response to the attempted telephone contact.
Demographic and social factors of the people
interviewed are summarised in Table 2. The median age
of the interviewees was 46 years (range 6-89 years).
Twenty-one were male (55%). Median family income was
in the $60 000-90 000 range, 21 had completed Year 12
or above in their education (55%). Overall, they had good
health. The main medical comorbidity was hypertension.
Functionally, almost all interviewees were independent.
Most reported receiving visits from friends or neighbours,
but a number reported ‘never having visits from friends or
neighbours (n= 11, 28%). Most believed they received
understanding from others and could count on others
for help if required. Most lived in detached brick houses
constructed in the last 30 years, and the majority had
access to air conditioning. (Table 2).

Table 2. Selected personal, social and environmental
factors of interviewees (/N = 38)

Characteristic

Age, median (range), years 46 (6-89)
Male n, (%) 21 (55%)
Median annual income category ($) $60-90,000
University qualification n, (%) 5 (13%)
Underlying medical condition? n, (%) 13 (84%)
Language spoken at home

English n, (%) 33(87)
Other n, (%) 5(13)
Social connection

Receive visits from friends/neighbours n, (%)

Never 11(29)
Less than once a week, 12 (32)
More than once a week 15 (39)
Partake in social activities n, (%)

Never 5(17)
Less than once a week 12 (32)
More than once a week 21 (55)
Living alone n, (%) 3(8)
Dwelling type

House n, (%) 31(82)
Apartment n, (%) 5(13)
Terrace/townhouse n, (%) 2 (5)
Construction - brick n, (%) 22 (58)
Dwelling age >30 years n, (%) 12 (38)
Dark coloured roof n, (%) 22 (58)

Characteristic

Air conditioning n, (%) 33 (87)
Fans n, (%) 27 (71)
Home comfort rating in hot weather (>35°C)°

Hot n, (%) 9 (24)
Warm n, (%) 9 (24)
Slightly warm n, (%) 5(13)
Neutral n, (%) 15 (39)

a Heart disease (n = 2), respiratory disease (n = 2), asthma (n = 1),
kidney disease (n = 2), hypertension (n = 13), diabetes (n = 1),
depression (n = 3), cancer (n = 3).

® Home comfort rating as reported by participants.

Almost all interviewees were exposed to heat outside
their home environment (Table 3). Nearly one-third were
engaging in paid work (n =11, 29%), which included
manual labour such as landscaping, moving homes and
raising scaffolding. Of this group, five were aware of work-
related policies relating to protection from heat. A further
group (n =5, 13%) were completing unpaid outdoor
housework, such as mowing lawns and painting fences.
Approximately one-quarter (n = 10, 26%) were involved in
recreational activities, including bushwalking, camping,
cycling, or attending an outdoor party. Most people
(n=31, 82%) reported consuming daily news media,
mainly through television and the internet. Only 12 (32%)
were able to recall a health warning about heatwaves
or hot weather in the days before the incident that led
to their presentation to the ED. In response to our final
open-ended question inviting interviewees to share any
other information about their health or behaviour during
hot weather, some volunteered information expressing
surprise or embarrassment that they had developed heat-
illness, indicated that they had underestimated the heat,
or told that they would not usually have acted in the way
they had (see Supplementary Table 2, doi.org/10.6084/
m9.figshare.24558397).

Discussion

Our study aimed to pilot a surveillance system to
provide information about environmental, personal, and
behavioural risk factors or vulnerabilities to heat. We
obtained detailed information about risk from nearly
one-third of people who presented to EDs with ‘heat
problems’. In the subsample of interviewees, we found
a mainly healthy working-age and middle-aged group
exposed to heat through either work, recreational activity
or activity around the home, with most exposed to heat
outdoors. There were more male than female emergency
presentations — our interviewed subsample suggests this
likely reflects more outdoor work.

A low response rate limited our study. In the first
summer, there was a long time lag between the
presentation to ED and the attempted interview, which
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Table 3. Line list of heat exposure for 38 detailed survey responses

Age band, Sex Time, hours?  Setting Activity Detail of heat exposure

years

35-64 Female 0.5 Outdooor Walking Walked home from train station

17-34 Male 4 Outdoor Working Landscaping

35-64 Male 4 Indoor Working Sales work

35-64 Male 8 Indoor Working Warehouse work

65+ Male 2 Outdoor Housework Doing yard work — mowing and cleaning
17-34 Male 8 Indoor Working Job in open warehouse

5-16 Female 2 Indoor Shopping Shopping indoor

35-64 Female 0.5 Outdoor Recreation Golf

5-16 Female 1 Outdoor Recreation Swimming

35-64 Male 2 Outdoor Working Working and going out

35-64 Female 2 Outdoor Recreation Bushwalking

17-34 Female 8 Indoor Working In restaurant on floor duty; no air conditioning
5-16 Male 1 Indoor Recreation School physical education

65+ Male 2 Indoor Recreation Golf - sitting or standing at range

35-64 Male 35 Indoor Recreation Function club — air conditioning not working
35-64 Male 2 Outdoor Recreation Training run, 30 kilometres

17-34 Female 0.5 Indoor Shopping Walking in shopping centre

35-64 Female 1 Indoor Recreation Waiting to get a table at restaurant

65+ Female 10 Outdoor Recreation Got lost when out for a walk

65+ Female 2 Indoor Recreation Club; air conditioning not working

5-16 Female 1 Outdoor Recreation In spa

35-64 Male 6 Outdoor Housework Painting tar

65+ Male 2 Outdoor Housework Mowing lawn

35-64 Female 2.5 Outdoor Housework Gardening

65+ Female 3.5 Outdoor Shopping Walking

17-34 Male 11 Outdoor Working Building work

35-64 Male 2.5 Outdoor Working Moving items

17-34 Male 2 Outdoor Working Fell asleep in the car after loading trucks
35-64 Female 2.5 Indoor Other Sitting on veranda

65+ Male 0.5 Outdoor Shopping Returning from shops

35-64 Female 72 Outdoor Recreation Returning from camping trip

65+ Female 4 Outdoor Recreation Walked from hospital into town centre and return
35-64 Male Outdoor Housework Moving house - lifting boxes and furniture
35-64 Female Outdoor Recreation 15 kms bicycle ride

65+ Male 2.5 Outdoor Recreation Party in backyard - standing and sitting
65+ Male 24 Indoor Indoor Does not like air conditioning

17-34 Male 2 Outdoor Working Putting up scaffolding

17-34 Male 96 Outdoor Working Military exercises

@ Time spent on heat exposure activity.
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probably contributed to the poor response rate. The
response rate improved to a small extent when we
obtained data from PHREDSS weekly in 2018/19 and
attempted interviews much closer to the time of the

ED presentation. There were other indicators that our
interview sample was biased: interviewees were slightly
older, more likely to be female, and were predominantly
English-speaking. Our study was also limited by the
persons identified by the diagnostic codes for ‘heat
problems’. The ‘heat problems’ codes are found within
the external injury subset of codes. Persons are given
these diagnostic labels when they have a clear history
of heat exposure. Older cohorts with chronic conditions
without a history of outdoor heat exposure were not
captured. It is possible that older people and people
with chronic conditions were not captured because
they were protected in their homes. However, we

know from time series studies that older cohorts with
chronic conditions contribute importantly to the excess
morbidity and mortality observed during heat waves
and that it affects a wide range of medical conditions
beyond those immediately coded to heat.?° For example,
during the 2017/18 and 2018/19 summer periods,

there were 820 presentations for dehydration to EDs in
Western Sydney. Within that group, there may be further
unidentified presentations with heat illness.

In the group we interviewed, there was some evidence
that people underestimated personal risk from heat
exposure. This group should have had opportunities to
hear and see heat warnings and modify their plans and
activities. For example, during the summer of 2018/19,
NSW Health published five heat warning media releases
that focused on signs of heat-related iliness, precautions
to take, and populations considered particularly
vulnerable. A review of media sources showed multiple
media releases and articles in online and television news
sources disseminating this information. Most of the group
interviewed engaged with media daily, yet only one-third
could recall hearing messaging around heat waves.

Previous studies have identified that warning systems
are less likely to reach those with less education, older
adults and those with low income.?' Our study identified
a group that underestimates their individual risk, making
them more likely to engage in behaviours and activities
that may lead to heat-related illness.

We were strongly interested in the relevant features
of the home and the surrounding built environment that
may make people more vulnerable to heat. We were
surprised that we identified so few individuals exposed
to heat in their home environment. Severe heat waves
may be necessary to uncover deficiencies in our homes
and environments. The French heatwave of August 2003
resulted in nearly 15 000 excess deaths.? Death was
associated with manual occupation; not leaving home;
reduced mobility; pre-existing cardiovascular, mental
health and neurological conditions; having a bedroom
directly under the roof and an increase in local small
area temperature index. Dressing lightly and using a

cooling device or technique was protective.? In a 1995
Chicago heatwave, similar associations were found
between death and living conditions, such as living on
the top floor, under a flat roof, and in an apartment, while
access to a working air conditioner, an air-conditioned
lobby or visiting a cooling shelter was protective.® In the
US, building characteristics (at a state level) shown to
be linked to heat-related morbidity and mortality include
building age, prevalence of air conditioning and thermal
properties of external walls and roof. Building materials,
ventilation and shading devices are crucial to reduce
indoor temperatures.™ A working air conditioner is a
significant protective factor against heat-related illness.*"
However, there are concerns about the affordability

of air conditioning for the most vulnerable, access for
people who rent, reliability in times of power outages and
environmental cost.™

There is now a strategic commitment to mitigate
and increase heat resilience in our homes and built
environments in high-level NSW strategic plans.?? There
is a recognition of the importance of a multiagency
approach to mitigating and adapting to heat, particularly
in Western Sydney.?® Since 2004, new housing in NSW
must comply with the Building and Sustainability Index
(BASIX), which prescribes targets for thermal comfort for
annual heating loads. However, there is a recognition that
BASIX will be inadequate in a warming climate.?*

Several technical barriers need to be overcome to
implement a system of active follow-up surveillance
for heat illness through EDs. To improve the
representativeness of the cohort with heat iliness, it is
necessary to access a broader group of people than the
small group presenting with ‘heat problems’. This requires
a modified surveillance case definition, which will need
to undergo testing and validation. The time and resource
cost of individual interviews is a challenge. A sampling
approach or more automated questionnaire generation
may be needed to make surveillance feasible within
resources. The response rate may be improved if there
is a timely interview and/or an automated questionnaire
within a few days of presentation.

Our study is just one example of an approach to
improving our understanding of risk factors for heat-
related illness. To implement this active surveillance
approach would require investment and commitment.
Other complementary approaches would also contribute
to our knowledge, including survey methods and
real-time data collection during heatwaves. Adopting
a more comprehensive and regular reporting of
morbidity and mortality associated with heat illness and
innovative approaches to surveillance for risk factors
have not been high priorities in health but are timely
as the climate changes. The call for better reporting
of heat-health outcomes and risks often comes from
organisations external to health.?*?® Health data is critical
to demonstrate the cost-benefit of investment across
infrastructure, housing and other sectors.


https://doi.org/10.17061/phrp3342331 

Public Health Research & Practice December 2023; Vol. 33(4):e3342331 « https://doi.org/10.17061/phrp3342331
Heat illness surveillance in Western Sydney

Conclusion

In this study of individuals presenting to Western Sydney
EDs with ‘heat problems’ in two consecutive summers, we
found an active middle-aged or working-age cohort with
a clear history of heat exposure, mainly outdoors. This
group was reasonably aware of the risk of heat illness,
but some individuals underestimated this risk. Specific
messaging and communication strategies may be
needed to reach this group.

To extend an understanding of heat illness risk factors
in the home and built environment and to identify those
who could benefit from home intervention, a broader,
more representative group of people presenting with
‘heat-illness’ will need to be identified. Constructing a
modified definition of heat illness to capture this group
seems a worthwhile goal but will require careful testing
and validation.

Finally, if we are to adapt to the growing threat of
increasing frequency, duration, and intensity of heat
events due to climate change, we need better data to
understand the interaction between personal factors,
home and neighbourhood environments and behaviour.
With modification, surveillance methods could enhance
our understanding of risk and contribute to the evidence
base to support changes to protect those at risk.
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