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Abstract

Introduction: Heat waves have significant impacts on mortality and morbidity. However,
little is known regarding effects on pre-admission health outcomes such as ambulance
attendances, particularly in subtropical regions.

Problem: This study investigated both main temperature effects and the added effects of
heat waves on ambulance attendances in Brisbane, a subtropical city in Australia.
Methods: Daily data relating to 783,935 ambulance attendances, along with data on
meteorological variables and air pollutants, were collected for the period 2000-2007.
Ambient temperature (main) effects were assessed using a distributed lag nonlinear
approach that accounted for delayed effects of temperature, while added heat wave effects
were incorporated separately using a local heat wave definition. Effect estimates were
obtained for total, cardiovascular and respiratory attendances, and different age groups.
Results: Main effects of temperature were found for total attendances, which increased
by 50.6% (95% CI, 32.3%-71.4%) for a 9.5°C increase above a reference temperature
of 29°C. An added heat wave effect on total attendances was observed (18.8%; 95%
Cl, 6.5%-32.5%). Significant effects were found for both respiratory and cardiovascular
attendances, particularly for those aged 65 and above.

Conclusion: Ambulance attendances can be significantly impacted by sustained periods
of high temperatures, and are a valid source of early detection of the effects of extreme
temperatures on the population. The planning of ambulance services may need to be adapted
as a consequence of increasing numbers of heat waves in the future. Ambulance attendance
data also should be utilized in the development of heat warning systems and climate change
adaptation strategies.

Turner LR, Connell D, Tong S. The effect of heat waves on ambulance attendances in
Brisbane, Australia. Prebosp Disaster Med. 2013;28(5):482-487.

Introduction

Extreme temperatures have been found to have a detrimental effect on human health,
with such impacts set to increase as a result of climate chamge.1 In particular, the effects of
extreme heat consistently have been observed to impact health,? with high temperatures
associated with increased adverse health outcomes for cardiovascular, respiratory, and
other chronic diseases.>*

Heat waves are particularly dangerous, in that prolonged periods of high temperature
can pose serious threats to health, particularly for vulnerable subgroups.” During
extended Eeriods of high ambient temperature, the body’s thermoregulatory ability can be
impaired,®” particularly in the elderly, who have higher sweating thresholds and therefore
a reduced capacity to cool down. This can place increased stress on vital organs, leading to
susceptibility to morbidity or mortality due to heat stroke or pre-existing conditions.” In
light of future climate change projections of increasing frequency and intensity of heat
waves,” it is imperative to better understand the health impacts of heat waves in order to
inform mitigation strategies that can minimize risks to public health.™

There has been a substantial amount of research examining the effects of hot
temperatures and heat waves on mortatli'cy.Z’IL13 Impacts on morbidity, however, have
received less attention, with studies concentrating on emergency or hospital admissions. 1"
The effects of heat waves on different morbidities have been found to vary by both location
and duration."®'” The relationship between temperature and prehospital health outcomes
such as ambulance attendances (also referred to as ambulance interventions or call-outs,
where emergency care is given to those with acute health problems) has recently received
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increasing attention, particularly given the ability of such data to be
used for the rapid detection of heat impacts.?>*! Effects have been
found to depend on local climate and the particular condition
requiring attendance, with some studies in Japan showing minimal
heat effects.>*?* Studies from Canada observed increases for both
all-cause®® and heat-related attendances®® on hot days. A study of
ambulance dispatches throughout the Emilia—Romagna region of
Italy also showed a significant effect of hot temperatures on total,
cardiovascular and respiratory attendances.?”

A Swiss study®® examining the effects of the 2003 European
heat waves found sharp increases in ambulance requests,
particularly by those above 65 years of age, with the highest
number of excess attendances (attendances above the expected
value) during a heat wave recorded in that year. Similarly, studies
of heat wave periods in Adelaide, Australia during 1993-2006%°
and 2008-2009°° found increased numbers of attendances for all-
cause, assault, cardiac and respiratory conditions. Another study
in Sydney, Australia observed increases in all-cause attendances
due to a 2011 heat wave, with the largest effect experienced by
those aged 75 and above.?

Little is known about whether heat waves increase the demand
on ambulance services in tropical and subtropical climates, as
residents in those regions are well accustomed to hot weather. This
study examined if there was an increase in ambulance attendances
due to heat wave episodes experienced between 2000 and 2007 in
Brisbane, the capital city of Queensland, Australia, located on its
eastern coast (27° 30" south and 153° 00' east). The city has a
subtropical climate, with mild winters and hot summers.

Methods

Data

Daily data of meteorological and air pollution variables, along
with ambulance attendance records in Brisbane, Australia, were
obtained for the period from January 1, 2000 through December
31, 2007.

Ambulance attendance data were supplied by the Queensland
Ambulance Service (QAS), the primary service providers of out-
of-hospital emergency care and ambulance transport in Queens-
land. The data were obtained in a de-identified format from the
ambulance information management system and consisted of
individual cases, with each record containing the attendance date,
the location of the attendance event (specified in this case by
postcode), as well as the age and gender of the attendee. Each
record also contained a coded summary of both the general nature
of the attendance event (recorded pre-attendance by the phone
operator taking the call, post 2005 only) and the final assessment
of the attendance, recorded by the attending paramedic. Ethical
approval was obtained from the Human Research Ethics
Committee of the Queensland University of Technology prior
to the dataset being obtained from the QAS.

Meteorological data were obtained from the Bureau of
Meteorology, with daily observations of maximum temperature
over 24 hours (after 9 AM) and relative humidity obtained over the
study period. Data relating to a number of different air pollutants
were obtained from the Department of Environment and
Heritage Protection (formally the Department of Environment
and Resource Management). The specific variables collected for
inclusion in the analysis were hourly mean concentrations of
ozone (O3) and nitrogen dioxide (NO,), along with particulate
matter smaller than 10 pm (PM;jg). Daily mean values were
calculated for all air pollutants across eight monitoring stations;

when a particular station lacked daily environmental data, the
average across the remaining stations was calculated and used.

Heat Wave Definition

There are various definitions used to identify heat waves, and
to date there has been no accepted definition that applies to
all populations.®® Following previous studies conducted in
Brisbane,'®>2 a heat wave was defined as two or more consecutive
days with a daily maximum temperature at or above 37°C.

Statistical Analysis

To examine the association between heat waves and ambulance
attendances, data were categorized by type of attendance.
Specifically, daily numbers of events for groups of assessment
codes related to total, cardiovascular and respiratory attendances
were examined. To remove the influence of cold temperatures,
the study period was restricted to the warm months of each year
(October-March).

To examine both the effects of ambient temperature (main
effects) and the added effects of heat waves, an over-dispersed
Poisson regression model for daily attendance counts was
used.’®*® The main and added effects were separated in the
model, which was implemented in the following form:

Y, ~ Poisson(ut)

LoglEY )] = By + n5( T df = 3, df,, = 5)
+ B HW, + COV,

Here T}, denotes the daily maximum temperature, and HW, the
heat wave indicator. To capture lagged effects in the ambient
temperature-attendance relationship, daily maximum temperature
was incorporated using a distributed lag nonlinear model,>* which
allowed both nonlinear temperature and lagged effects (up to 10
days) to be modeled simultaneously. In this formulation, the effect
was examined across varying maximum temperature and lag, and
modeled using a natural cubic spline-natural cubic spline formula-
tion, with three and five degrees of freedom (dfs), respectively.

Main effect estimates were obtained from the nonlinear
function for 7}, which were presented as a percentage change in
attendances due to a 9.5°C increase above 29°C. This was the
reference temperature at which the lowest number of attendances
occurred, and the corresponding temperature increase was the
difference between the average maximum temperature on heat
wave days and this reference temperature.

The heat wave indicator identified those days that met the
heat wave definition. The added effects, that is, those in excess of
the main effects of ambient temperature, were estimated from the
heat wave indicator coefficient, and were stated as a percentage
change in attendances for heat wave days compared to non-heat
wave days.

The model was adjusted for several covariates (COV),
including humidity and atmospheric pollutants O3, NO,, and
PM,, with each fitted using splines with four dfs. To model
both within-summer seasonality and long-term trends, splines
were fitted for day-of-season and year using four and two dfs,
respectively. Throughout, the choices of dfs for the nonlinear
functions were based on previous research.'®® Both day-of-week
and public holidays were incorporated as categorical variables in
the model.
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Variable Mean (SD) Minimum 25" Percentile Median 75" Percentile Maximum
Heat wave days (n=7)
Max temperature (°C) 38.5 (1.4) 37.4 37.6 37.9 39 41.2
Relative humidity (%) 44.2 (7.8) 28.8 43.5 44.3 49.2 54.3
O; (ppb) 21.2 (3) 19.1 19.2 19.5 23.1 27.2
PMyo (Mg/ma) 29.1 (6.4) 21.8 24.8 27.6 31.8 417
NO: (ppb) 11.2 (3) 8.1 9 10.6 13.6 15.4
Ambulance attendances
Total 281 (93) 170 228 259 327 432
Cardiovascular 36 (9) 20 31 38 44 46
Respiratory 22 (7) 13 17 23 28 30
Non-heat wave days (n = 1451)
Max temperature (°C) 28.7 (2.6) 20.1 271 28.7 30.3 37.6
Relative humidity (%) 59.5 (11.3) 12.7 53.3 58.7 65.5 95.2
O3 (ppb) 15.4 (5.2) 1.4 11.5 14.7 18.9 35.3
PM;o (pLg/ma) 19.9 (9.1) 5.4 15.3 18.5 21.8 166.8
NO. (ppb) 8.6 (3.1) 1.4 6.3 8.2 10.4 21
Ambulance attendances
Total 263 (70) 104 208 279 320 409
Cardiovascular 40 (11) 11 33 40 47 77
Respiratory 20 (7) 3 15 20 24 45

Turner © 2013 Prehospital and Disaster Medicine

Table 1. Summary Statistics for Daily Ambulance Attendance (All Ages), Meteorological and Air Pollution Variables in

Brisbane, 2000-2007

In the first instance, the data were analyzed using the primary
heat wave definition (37°C for two or more days), across
groups defined by attendance type (total, cardiovascular and
respiratory) and age group (All ages, 15-64, 65-74, 75+). In
order to conduct sensitivity analyses, the same model was applied
for heat waves defined according to various percentiles of
observed temperzlture.19’31 Specifically, heat waves were defined
by considering temperatures above the 90, 95 97 and 99
centiles. A “leave-one-out” regime also was used, with each heat
wave being left out of the analysis in an iterative manner. All
analyses were conducted in SAS V9.2 (SAS Institute Inc, Cary,
North Carolina USA) and the R statistical package V2.12.2
(R Core Team, Vienna, Austria).

Results

The primary heat wave definition applied in this study was two
or more consecutive days with a daily maximum temperature
at or above 37°C. Three such heat waves were found to have
occurred over the study period: January 20-21, 2000; December
24-26, 2001; and February 21-22, 2004. The average maximum
temperature was 38.5°C (SD =1.4) during heat wave days,

compared with 29.4°C (SD =2.5) for non-heat wave days
(Table 1). Average values for air pollutants (O3, PM;o and NO,)
all were increased during heat wave periods.

Over the study period, there were 783,935 ambulance
attendances, with the mean number of attendances during heat
wave days being 281 (SD = 93), compared to 263 for non-heat
wave days (SD = 70). The mean number of respiratory attendances
during heat waves was slightly above that of non-heat wave days;
however mean numbers of cardiovascular attendances were lower
during heat wave days compared with non-heat wave days.

Table 2 shows the estimated percentage increases in ambulance
attendances for both the main effects and added heat wave effects.
Across all ages, main temperature effects were observed for total
(50.6%; 95% CI, 32.3%-71.4%) and respiratory (101.1%; 95%
CI, 34.0%-201.9%) attendances. The 15-64 age group showed a
main effect for total attendances (33.2%; 95% CI, 11.4%-59.2%),
and the 75+ age group showed significant increases for total
(85.4%; 95% CI, 49.6%-129.7%) and respiratory (162.8%; 95% CI,
32.8%-420.0%) attendances.

An added heat wave effect was observed for total (18.8%; 95%
CI, 6.5%-32.5%), cardiovascular (29.5%; 95% CI, 0.4%-67.0%)
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Attendance
Type Age Main Effect (% increase,? 95% CI)° Added Effect (% increase, 95% CI)®
Total 15-64 33.2 (11.4, 59.2) —-2.8(—17.0, 13.7)
65-74 34.1 (=5.2, 89.8) 87.9 (44.5, 144.4)
75+ 85.4 (49.6, 129.7) 32.7 (11.8, 57.5)
Total 50.6 (32.3, 71.4) 18.8 (6.5, 32.5)
Cardiovascular 15-64 —18.8 (—50.6, 33.3) 31.3 (—15.3, 103.6)
65-74 —12.5 (~56.3, 75.3) 163.7 (56.0, 345.8)
75+ 13.9 (—26.7, 77.1) —10.7 (~39.1, 31.0)
Total —3.2 (—28.3, 30.7) 29.5 (0.4, 67.0)
Respiratory 15-64 58.7 (—16.5, 201.8) 18.6 (—31.9, 106.5)
65-74 149.9 (—5.1, 558.1) 127.3 (14.7, 350.3)
75+ 162.8 (32.8, 420.0) 9.5 (—37.6, 91.9)
Total 101.1 (34.0, 201.9) 48.7 (6.4, 107.7)

Turner © 2013 Prehospital and Disaster Medicine

Table 2. Main and Added Effects of Heat Waves on Ambulance Attendances in Brisbane, 2000-2007

*Effect of average maximum temperature during heat wave days relative to 29°C.

PNumbers in bold are significant.

and respiratory (48.7%; 95% CI, 6.4%-107.7%) attendances.
In terms of specific age groups, an added heat wave effect was
found for total and respiratory attendances, with significant
effects for the 65-74 and 75+ age groups. The 65-74 age group
experienced added heat wave effects for total (87.9%; 95%
CI, 44.5%-144.4%), cardiovascular (163.7%; 95% CI, 56.0%-
345.8%) and respiratory (127.3%; 95% CI, 14.7%-350.3%)
attendances, while the 75+ age group experienced added heat
wave effects for total (32.7%; 95% CI,11.8%-57.5%) attendances.
A sensitivity analysis was conducted, comparing the local
heat wave definition with four additional definitions using the
90, 95™ 97" and 99™ centiles of daily maximum temperature
(see online supplemental material). There was marked variation
in both the number (3-65 heat waves) and duration (3-12 days)
of heat waves under the various definitions, with added effects
generally increasing with higher percentiles of temperature.

Discussion

The results of this study show that, even in a subtropical climate,
heat events can have a large impact on the health of the local
population. Heat waves were found to contribute to increases in
ambulance attendances for total, cardiovascular and respiratory
categories, in addition to those due to ambient temperature
increases. These additional effects were particularly apparent in
people aged 65 years and above, with heat wave effects differing
between age groups and attendance categories.

These results are broadly consistent with several other studies.
For example, in Ticino, Switzerland during 2003,%® an increase of
51% over expected attendance numbers was observed during the
first of three heat waves, and 21% over all three (65 years of age
and over). As opposed to the present study, a lower temperature
threshold was used to define heat waves; which is likely to be
explained by differences in population adaptation. Two South

Australian studies”*° found total ambulance attendances increased
by 4% (95% CI, 2%-7%) during heat waves from 1996 through
2006, and by 10% (95% CI, 3%-17%) and 16% (95% CI, 8%-24%)
during the 2008 and 2009 heat waves, respectively. The latter
study also found that cardiac attendances increased by 10%
(95% CI, 1%-20%) and 13% (95% CI, 3%-23%) during the
2008 and 2009 heat waves, respectively. Similar results were also
tound during the Sydney heat waves of 2011,%° with all-cause
attendances increasing by 14% (95% CI, 11%-16%). The results of
the present study indicate greater heat wave effects than those
observed in other studies, which could be a consequence of the
substantially higher threshold used in the present study to define
heat waves. However, comparable effects have been found when
examining heat wave related morbidities such as f:mergency18 and
hospital®® admissions.

Heat waves can have a substantial effect on the health of
vulnerable subgroups, particularly the elderly and frail. These
individuals are at higher risk of morbidity or mortality as a
consequence of heat eXposure,35’37 due to a decreased ability of the
body to compensate for higher temperatures, additional stress
caused by other chronic health conditions (including dehydration),
and potential alterations in the effect of medication.®® The results
of this study support such observations, showing that during
heat waves, conditions such as cardiovascular and respiratory
diseases were associated with an increased numbers of ambulance
attendances for older individuals, particularly those aged 65-74.
While heat waves were found to affect total attendances in
the 75+ age group, no added effect was observed for either
cardiovascular or respiratory attendances. The lack of effect for the
elderly in these two attendance categories is consistent with
previous studies, though the reasons for this remain unclear.?>3°
One potential explanation is that this age group is likely to include
a higher proportion of people who live in aged-care facilities, which
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are generally fitted with air-conditioners and provide a cooler,
protective environment.*’

Strengths and Limitations
The study has a number of strengths. First, to the authors’
knowledge, this is the first study to examine the effects of heat
waves on ambulance attendances in a subtropical region. Second,
a local heat wave definition was adopted, and in addition, a
sensitivity analysis was conducted using different heat wave
definitions. Finally, the study assessed separately both the main
effects of ambient temperature and additional heat wave effects.
There are also some limitations to this study that should be
acknowledged. First, only the intensity, and not the duration of
the heat waves was considered. As it has been noted in other
studies that heat wave duration can influence the extent of
associated health effects,*** further analysis should be conducted
that incorporates duration. Second, the method used to classify
ambulance attendance category was more general than those
used in medical facilities, as the codes are primarily for
administrative use only. Along with practical limits of assessment
in a nonhospital setting, an increased risk of misclassification
necessitated the grouping of attendance conditions into the
general groups of cardiovascular and respiratory attendances.
It was also not possible to distinguish planned ambulance
attendances (pre-booked ambulance transfers); however it is likely
that such events were constant across the study period. Third,
only data from one city was available for this study, so the results
should be generalized with caution. Finally, there may be some
exposure error in the data due to variations between the location
of exposure measurements and attendances, as well as the fact
that the attendance locations may not have corresponded to
the locations where individuals received the majority of their
exposure. However, given the high correlation found between
temperature readings at different weather stations, such error

should be minimal.

Policy Implications

Projected increases in both the frequency and intensity of heat
waves imply that public health strategies must adapt in order to
deal with greater heat-related impacts in the coming decades.
This study adds to the currently limited research of the effects of
extreme heat events on prehospital health outcomes, and makes

useful contributions to both the literature and policy development.
The analysis of prehospital events, particularly those related to
ambulance attendances, has the potential to identify serious heat-
related health events either prior to fatalities occurring, or for
those events that do not directly lead to death. Comparing
prehospital data with both hospital admission and mortality
outcomes therefore could improve the ability of heat warning
systems®® to forecast heat-related health problems in the
population prior to large numbers of fatalities. This research also
informs the operation and future deployment of ambulance
services, as it is critical that such services are delivered in an
optimal fashion to meet the needs of vulnerable subgroups.41

It is important for policy makers to develop public health
strategies to protect vulnerable groups such as the elderly and people
with pre-existing medical conditions, who have been shown to be at
increased risk of heat-related morbidity and mortality.>*** This
vulnerability is due partly to issues such as inadequate housing, poor
capacity to maintain appropriate ambient temperatures, and a
weakening physiological ability to stabilize the body temperature,
factors that may be compounded by a general lack of awareness of
appropriate heat-related health risks.*> Therefore, future research
should examine where vulnerable groups are located, and how
such demographic information can be incorporated effectively into
surveillance systems.**

Conclusion

In this study, both the main effects of temperature and additional
effects of heat waves on ambulance attendances in a subtropical
climate were examined. The results show increased levels of
ambulance attendance for older individuals (including the elderly)
related to total and cardiovascular conditions. These findings
stress the importance of adequately managing ambulance services
in times of severe heat events, particularly due to the severe
impacts that heat waves have on vulnerable subgroups such as the
elderly and people with pre-existing medical conditions. These
results may have significant implications in the development of
heat warning systems and climate change adaptation strategies.

Supplementary material
To view supplementary material for this article, please visit http://
dx.doi.org/10.1017/51049023X13008789
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