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Abstract
Objectives To determine and characterise the health
impacts of extreme heat events on the population in Wve
regions of New South Wales (NSW). Such data provide
evidence necessary for the development of policy and pro-
gramme initiatives designed to reduce the burden of disease
due to the impact of climate change.
Methods A case-only approach was used to analyse
1,497,655 emergency hospital admissions in Sydney East
and West, Illawarra, Gosford-Wyong and Newcastle. The
distribution of daily minimum and maximum temperatures
in each region was used to deWne extreme heat (¸99th per-
centile). We investigated the susceptibility of the main
causes of emergency hospital admission to extreme heat.
We also examined the presence of underlying conditions as
a risk modiWer of emergency hospital admission on extreme
heat. Logistic regression model was used to estimate the
eVect modiWcations.
Results Main causes: On days of extreme heat, the risk of
emergency hospital admission due to heat-related injuries,
dehydration and other disorders of Xuid, electrolyte and acid–
base balance increased more than the risk of admission from

other causes. Underlying conditions: Those with underlying
mental and behavioural disorders, diseases of nervous and cir-
culatory system, especially cardiac, diseases of respiratory
system, especially asthma and chronic obstructive pulmonary
disease, neoplasms and renal disease, especially renal failure,
were more susceptible to an extreme heat event.
Conclusions In this study, we identiWed several main
diagnoses and underlying conditions for emergency hospi-
tal admission that are particularly susceptible to extreme
heat events. This knowledge can contribute directly to
establishing health programmes that would eVectively tar-
get those with higher relative risk of emergency hospital
admission due to extreme heat.

Keywords Climate change · Extreme heat event · 
Heat-related illness · Heat threshold · Heat wave · 
Case-only design

Introduction

There is an increasing evidence that extreme heat events
have become more prolonged with climate change and that
these events will increase in frequency, duration and inten-
sity (Solomon et al. 2007). These extreme heat events have
a signiWcant impact on human health both directly through
dehydration and heat stroke and indirectly through a num-
ber of other health conditions including cardiovascular col-
lapse and respiratory distress (Solomon et al. 2007).

Early warning health systems to detect and reduce mor-
bidity and mortality due to extremes in heat have been
shown to be eVective (Kilbourne 2002; Bernard and
McGeehin 2004; Nogueira 2005). These systems are based
on a number of components, including accurate and timely
meteorological forecasts, an understanding of the potential
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health outcomes of heat waves and adequate health
intervention strategies (Sheridan and Kalkstein 2004;
Smoyer-Tomic and Rainham 2000; Kalkstein et al. 1996;
Department of Health 2009).

This study was part of a wider programme on adaptation
to climate change undertaken by the New South Wales state
health department. Understanding the impacts of climate
change on a population is the key to reducing the burden of
disease due to climate change. Of those impacts, extremes
of temperature, particularly heat, have been shown to have
considerable eVects on morbidity and mortality (Nogueira
2005; Smoyer-Tomic and Rainham 2000; Stafoggia et al.
2006; Kaiser et al. 2007; Hajat et al. 2006). A number of
overseas studies have demonstrated these eVects (Filleul
et al. 2006; O’Neill et al. 2005; Medina-Ramon et al.
2006). This study focuses on identifying the modifying
eVect of selected main diagnosis and underlying condition
on emergency hospital admission during an extreme heat
event. Much of the literature relates to events in the north-
ern hemisphere. This study is a Wrst step in trying to charac-
terise what happens in NSW during an extreme heat event
and whether the northern hemisphere results can be gener-
alised for the southern hemisphere.

The objective of the study was to characterise the suscepti-
bility to emergency hospital admission due to extreme heat in
Wve areas of NSW and to identify the temperature index that
best predicts increased susceptibility to emergency hospital
admission. And further the study aims to identify chronic dis-
eases or other characteristics that modify the risk of hospitali-
sation due to extreme heat. The outcomes of this study can be
used to understand the health impacts of extremes of heat and
to provide evidence to develop and support public health
interventions to reduce such impacts.

Materials and methods

Study design and population

In Australia, the spring months are September to Novem-
ber, and the summer months are from December to Febru-
ary. We have used a case-only design for studying the
susceptibility to extreme heat events using weather, air pol-
lution and emergency hospital admissions for selected dis-
ease categories over the total 1,422 spring and summer
days, from 1st September to 28th February of each year, in
the period 1998–2006. Data from February 2006 were not
ready at the time of constructing the dataset so that 1 month
was omitted from analysis. The study focussed on Wve
regions in NSW: Sydney East; Sydney West; Gosford-
Wyong; Newcastle and Illawarra.

Cooler nights in Sydney West and cooler days in Sydney
East provided the rationale for dividing Sydney into East

and West. Data from Sydney weather stations were used to
deWne two temperature regions (Sydney West and Sydney
East) by maximising the ratio of between groups to within-
group temperature variance. Statistical local areas (SLA)
within Sydney were then assigned to the west and east
regions. SLA of residence was used to assign patients to
Sydney East, Sydney West, Illawarra, Gosford-Wyong and
Newcastle. The average of weather and air pollution obser-
vations from all monitoring stations in each region was
used (Fig. 1).

Morbidity data

We examined current literature on mortality, morbidity and
temperature to determine the range of diseases that may
modify the risk for hospital admission during extreme heat
events (Schwartz 2005; Kovats and Ebi 2006; Medina-
Ramon et al. 2006; Johnson et al. 2005; Le Tertre et al.
2006). The diseases selected for the analysis were similar to
those described in previously published studies with the
addition of cancer.

Daily hospital admissions were obtained from NSW
Health, for each of the Wve regions. Hospitalisation data are
routinely assembled by NSW Health, and there is universal
coverage of all admissions. For each admission, informa-
tion on primary diagnosis, secondary diagnosis, sex, refer-
ral source, age and SLA of residence was obtained. The
following primary diagnoses were retrieved: cardiovascular
disease (International ClassiWcation of Diseases [ICD]-10
code I00-I99), cardiac arrest (ICD-10 code I00-I52),
cerebrovascular disease (ICD-10 code I60-I69), respiratory
disease (ICD-10 code J00-J99), asthma (ICD-10 code J45-
J46), chronic obstructive pulmonary disease (COPD; ICD-10
code J40-J44 and J47), renal disease (ICD-10 code N00-
N39), acute renal failure (ICD-10 code N17-N19), calculus
of the kidney and ureter (ICD-10 code N20-N23), injury
(ICD-10 code S00-T98), heat-related injuries (ICD-10 code
T67), mental and behavioural disorders (ICD-10 code F00-
F99), diabetes (ICD-10 code E10-E14), dehydration (ICD-
10 code E86) and other disorders of Xuid, electrolyte and
acid–base balance (ICD-10 code E87.0-E87.8).

Admission data were also reviewed for up to 55 second-
ary underlying diagnoses: cardiovascular disease (ICD-10
code I00-I99), cardiac arrest (ICD-10 code I00-I52), cere-
brovascular disease (ICD-10 code I60-I69), respiratory
disease (ICD-10 code J00-J99), asthma (ICD-10 code J45-
J46), chronic obstructive pulmonary disease (COPD; ICD-10
code J40-J44 and J47), renal disease (ICD-10 code N00-
N39), acute renal failure (ICD-10 code N17-N19), calculus
of the kidney and ureter (ICD-10 code N20-N23), diabetes
(ICD-10 code E10-E14), mental and behavioural disorders
(ICD-10 code F00-F99), diseases of nervous system (ICD-
10 code G00-G99) and cancer (ICD-10 code C00-D48).
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The analysis was limited to subjects with their status
at admission Xagged as emergency. All planned and
maternity/newborn admissions were excluded. The
source of referral was the emergency department for
87.4% of the patients. Nursing homes, psychiatric facili-
ties and general practitioners were amongst other cate-
gories of referral.

Environmental data

Daily minimum and maximum temperature, and humid-
ity and wind speed at 9 am and 3 pm from NSW Bureau
of Meteorology were obtained for each monitoring
station in the Wve regions. The measurements were
averaged over 4 stations in Sydney East, 11 in Sydney

Fig. 1 NSW Department of Environment and Climate change air quality monitoring sites and Australian Bureau of Meteorology weather stations 
overlaying study regions
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West, 1 in Illawarra, 3 in Gosford-Wyong and 2 in
Newcastle.

We used four diVerent metrics for temperature (daily
maximum temperature, daily minimum temperature, appar-
ent temperature at 9 am and apparent temperature at 3 pm)
to investigate which heat indicator has the most inXuence
on modifying admissions to hospital, as some recent studies
have suggested that a high minimum temperature (indicat-
ing lack of overnight cooling) may be a good predictor of
adverse health eVects as this may impede the body’s ability
to cope with continuing high temperatures the next day
(Diaz et al. 2002; O’Neill et al. 2003). The apparent
temperature is a measure of relative discomfort due to
combined heat, low wind speed and high humidity and
was calculated using methods used by the Australian
Bureau of Meteorology (http://www.bom.gov.au/info/
thermal_stress/).

For each of the temperature metric, extreme heat events
were deWned as either (a) days when that temperature
exceeded the 99th percentile of its distribution in that
region (lag0); (b) days for which this criterion was met on
the previous day (lag1); and (c) days where the 3-day mov-
ing average exceeded its 99th percentile, as some studies
have suggested that multiple days with extreme tempera-
ture may be more important than a single day of extreme
temperature (Kalkstein and Valamont 1986; Saez et al.
1995).

The above three deWnitions for extreme heat events were
created for each of the Wve regions as previous studies have
shown that the relationship between health-related out-
comes and temperature varies across diVerent regions, with
the largest heat eVect observed in cooler regions (Hales
et al. 2000; Keatinge et al. 1997).

Air pollution data from NSW Department of Environ-
ment, Climate Change and Water were obtained. The data
included daily 1-h maximum of nitrogen dioxide (NO2),
daily average of particulate matter less than 10 microns in
diameter (PM10) and daily 1-h maximum of ozone (O3). As
Gosford-Wyong does not have an air pollution monitoring
station, it was assumed that the air pollution level in Gos-
ford-Wyong was similar to that of Newcastle, an area
slightly to the north with similar air pollution sources,
geography and weather patterns.

For each region (except for Gosford-Wyong), daily aver-
age NO2, PM10 and O3 were calculated. The measurements
were averaged over 4 stations in Sydney East, 10 in Sydney
West, 4 in Illawarra and 3 in Newcastle.

Statistical analysis

Armstrong (2003) introduced the use of the case-only
design, originally applied to the study of gene-environmen-
tal interactions, for identifying groups susceptible to

environmental factors such as air pollution or weather. The
author argues that the conventional study design and statis-
tical methods for investigating eVect modiWcations through
interaction terms, for example, in time series Poisson
regression depends on hard to verify modelling assump-
tions and complex computation. The case-only approach
provides an advantage over other study designs as it
requires fewer assumptions and is eYcient for detecting
precise estimates of interaction and also the analysis is
more straightforward. However, there are some limitations
to the case-only design particularly that the main eVects
cannot be estimated (Armstrong 2003). The results from
case-only analyses are expressed as relative odds and
require careful interpretation (Armstrong 2003; Schwartz
2005).

Since the introduction of the case-only design for envi-
ronmental health research, it has been used to identify
underlying conditions that modify the risk of mortality and
morbidity associated with heat waves and ambient air pol-
lution (Schwartz 2005; Medina-Ramon et al. 2006).

Following the methods of Schwartz (2005) and Arm-
strong (2003), we Wtted logistic regression models in Stata
(version 9; StataCorp, College Station, TX) in two separate
series:

1. Presence or absence of each primary diagnosis as out-
come and extreme heat indicator as predictor.

2. Presence or absence of each underlying secondary
diagnosis as outcome and extreme heat indicator as
predictor.

Separate analyses were conducted for each of the heat indi-
cators: maximum temperature, minimum temperature,
apparent temperature at 9 am and apparent temperature at
3 pm. As the daily maximum temperature consistently gave
the highest relative odds for each of the primary and sec-
ondary diagnoses, further analysis proceeded using only
this predictor variable. The analysis was repeated using this
temperature indicator on the day of hospitalisation (lag0),
the day before hospitalisation (lag1) and for the 3-day aver-
age ending on the day of hospital admission.

Schwartz (2005) states that “time varying predictors of
risk, such as seasonality should not confound any associa-
tion with chronic conditions, because such conditions will
not Xuctuate over time.” However, if the proposed modiWer
of the eVect of extreme temperature is a modiWer of season-
ality (e.g. if diabetics have a stronger seasonal pattern in
morbidity than other persons) or if the morbidity of interest
has seasonal pattern (e.g. injuries might be higher at Christ-
mas and on New Year’s Eve), a confounding with the inter-
action of interest could occur. Therefore, all models also
included a sine and cosine term with a 365.24-day period to
capture interactions between season and the characteristic
being investigated (Medina-Ramon et al. 2006).
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The study aimed to estimate the eVect modiWcation
across the Wve regions. As noted by Armstrong (2003), this
can be either achieved by meta-analytic techniques or by
including morbidities from all regions in a case-only logis-
tic regression stratiWed by region (i.e., in which an indicator
for region is included). The second method was chosen as
the individual record data were available for all regions so
it permits more detailed modelling of the possible eVect
diVerences between those regions.

As Armstrong (2003) pointed out, the interaction
between a suggested modiWer of interest (for example dia-
betes) and other time-varying factors (for example air pol-
lution) does not cancel out in a case-only method.
Therefore, this was taken into account when using air pol-
lution variables (NO2, PM10 and O3) as regressors in the
model.

Results

This study included a total of 1,497,655 admissions across
the Wve regions in NSW during the spring and summer peri-
ods of 1st September 1998-31st January 2006. Sydney East,
with 596,368 admissions (39.82%), had the highest number
of admissions during the study period, followed by Sydney
West with 545,485 admissions (32.4%). The smaller
regions of Illawarra (6.7%), Gosford-Wyong (8.8%) or
Newcastle (8.2%) contributed less than 133,000 hospital
admissions each. Those aged 65–74 accounted for 12.1%,
and those over 75 years of age were 24.4% of the total
admissions, with 13.6% of all admissions attributed to
those less than 14 years of age. A little over half (50.2%) of
admissions were women.

The most common primary diagnoses for hospital
admission in the Wve regions during the study period were
injury (17.8%), diseases of circulatory system (12.3%) and
diseases of respiratory system (10.5%).

Of those admitted during the study period, the most
common underlying conditions were diseases of circulatory
system (26.1%) speciWcally cardiac, followed by mental
and behavioural disorders (12.3%), diseases of the respira-
tory system (9.7%), diabetes mellitus (8.5%) diseases of the
renal system (7.9%) and the nervous system (6.8%) and
cancers (4.8%).

The mean daily maximum temperature was higher in
Sydney West (27°C) compared to Sydney East (25°C)
whereas the mean daily minimum temperature was higher
in Sydney East (16°C) compared to Sydney West (14°C).
The temperature distributions during the year have been
used for calculating the 99th percentile. Temperature met-
rics by region in spring and summer of 1998–2006 are pre-
sented in Table 1.

Descriptive analysis shows that for some main diagnosis
and also for some underlying conditions, number of emer-
gency hospital admissions on extreme heat days was higher
than that on not extreme heat days. Results are not shown
here for all except for emergency admission due to heat-
related injuries as an example to show the relative increase
on emergency admission (Table 2).

Table 3 shows the association between the primary
causes of emergency hospitalisation to extreme heat events,
deWned either for the same day (lag0), the day before (lag1)
or as a 3-day moving average. The association of emer-
gency hospital admission due to mental health and behav-
ioural disorders with extreme heat events increased
signiWcantly only during the prolonged heat events
(OR = 1.07; 95% CI: 1.00–1.15). During extreme heat
events, the association between emergency hospital admis-
sion due to heat-related injuries (OR = 5.87; 95% CI: 4.33–
7.95), dehydration (OR = 1.56; 95% CI: 1.30–1.88); and
other disorders of Xuid, electrolyte and acid–base balance
(OR = 1.29; 95% CI: 1.05–1.58) increased signiWcantly.

Table 4 shows the results of the analysis looking at mod-
iWcation by underlying conditions during extreme heat

Table 1 Extreme heat event indicators (oC) calculated at the 99th percentile of the study period temperature distribution 1998–2006 in Sydney,
Illawarra, Gosford-Wyong and Newcastle

Sydney East Sydney West Illawarra Gosford-Wyong Newcastle

Daily lag0

Maximum temperature 36.2 38.7 34 37.2 38.4

Minimum temperature 22.4 21.7 21.6 20.7 22.1

Apparent temperature 9 am 28.7 28.1 30.1 28.2 30.3

Apparent temperature 3 pm 32 35 33.1 34.9 37.3

3-day moving average

Maximum temperature 33.5 36.3 32.5 35.1 36.4

Minimum temperature 22.3 21.3 21 20.5 21.7

Apparent temperature 9 am 28.3 27.7 28.9 27.5 29.9

Apparent temperature 3 pm 29.8 33.1 30.3 33.1 35.3
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events, deWned either for the same day (lag0), the day after
(lag1) or a 3-day moving average. The majority of these
modiWers were most pronounced in their eVect on emer-
gency admissions after 3 days of high temperatures. Those
who have asthma showed the greatest evidence of eVect
modiWcation, with an odds ratio of 1.57 (95% CI: 1.40–
1.76).

Patient characteristics

Individual characteristics that could increase subject sus-
ceptibility to extreme heat were also examined including:
“more than 75 years old”, “more than 65 years old”, “less
than 4 years old”, “male” and “living at nursing home”.
None of the above characteristics signiWcantly modiWed the
overall risk of emergency admission to hospitals (results
not shown).

With regard to individual susceptibility for each main
condition, emergency admission risk for men was signiW-
cantly increased when the main diagnosis was renal disease
(OR = 1.22; 95% CI: 1.04–1.44). Men over 75 years of age
were more likely to be admitted with a primary diagnosis of
heat-related illness and children less than 4 years of age
with dehydration.

When the underlying condition was cerebrovascular dis-
ease, emergency admission risk was signiWcantly modiWed
for those older than 65 years (OR = 1.59; 95% CI: 1.09–
2.31). Cancer as an underlying condition also modiWed the
risk for subjects older than 65 years (OR = 1.17; 95% CI:
1.00–1.37) and for those older than 75 years (OR = 1.21;
95% CI: 1.03–1.42).

Discussion

A feature that distinguishes this study from some previous
investigations is the use of the case-only analysis to identify
susceptible groups for the adverse health eVects of air pol-
lution or weather. The case-only approach provides an
advantage over Poisson modelling, as it is simpler and
relies on reduced assumptions when the focus is to identify
eVect modiWcation.

For this study, case-only analysis is useful in determining
which groups of patients may be more susceptible to extreme
heat events; however, it does not provide quantitative esti-
mates of the overall increase in demand for health services
during such events. The odds ratios estimated here represent
the relative increase in emergency admissions due to diVerent
primary diagnosis or underlying cause, not an absolute esti-
mate of the expected increase in overall hospital utilisation.

We have estimated relative increases in emergency hos-
pital admissions for primary diagnoses ranging from 7%T
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(for mental disorders) to 590% (heat-related injuries includ-
ing heat exhaustion, heat syncope, sunburn and sunstroke).
Those with underlying conditions of asthma and heart dis-
ease are expected to be most likely to have an emergency

hospital admission after 3 days of very high temperatures
(57 and 14% increase, respectively). The conditions identi-
Wed are aVected by temperature independent of the eVect of
air pollution on health.

Table 3 Main diagnoses for emergency hospital admissions associated with extreme heat events

Estimates represent the relative odds of emergency hospital admissions during an extreme heat event for persons admitted for the speciWc main
diagnosis compared with persons who are admitted for other diagnosis

)IC%59(sddoevitaleR

egarevagnivomyad-31gaL0gaL

sisongaidniaM

Diseases of the circulatory system 0.98 (0.94, 1.02) 0.93 (0.90, 0.97) 0.98 (0.93, 1.03)

)40.1,69.0(00.1caidraC 0.92 (0.88, 0.97) 0.95 (0.89, 1.01)

Cerebrovascular diseases 0.99 (0.90, 1.10) 0.94 (0.85, 1.04) 1.04 (0.91, 1.18)

Disease of respiratory system 0.97 (0.93, 1.01) 1.02 (0.97, 1.06) 0.96 (0.91, 1.02)

)20.1,38.0(29.0amhtsA 0.91 (0.82, 1.01) 0.80 (0.69, 0.92)

)01.1,39.0(10.1DPOC 1.01 (0.93, 1.10) 0.99 (0.88, 1.11)

Diseases of the renal system 0.99 (0.93, 1.05) 1.05 (0.99, 1.12) 1.02 (0.94, 1.11)

Renal failure 1.06 (0.88, 1.27) 1.14 (0.95, 1.37) 1.13 (0.89, 1.43)

Urolithiasis 0.95 (0.84, 1.06) 1.04 (0.93, 1.16) 1.08 (0.94, 1.25)

Mental and behavioural disorders 1.04 (0.99, 1.10) 1.01 (0.96, 1.07) 1.07 (1.00, 1.15)

Diabetes mellitus 1.08 (0.97, 1.22) 0.98 (0.87, 1.11) 1.13 (0.97, 1.31)

)40.1,79.0(00.1yrujnI 1.00 (0.97, 1.03) 1.01 (0.96, 1.05)

Heat-related injuries 5.87 (4.33, 7.95) 1.63 (1.06, 2.49) 5.76 (4.05, 8.20)

Volume depletion (Dehydration) 1.56 (1.30, 1.88) 1.33 (1.09, 1.63) 2.19 (1.77, 2.70)

Other disorders of fluid, electrolyte

& acid-base balance 1.29 (1.05, 1.58) 1.21 (0.98, 1.49) 1.38 (1.06, 1.78)

Table 4 Underlying conditions for emergency hospital admissions as modiWers of the association between extreme heat events and emergency
hospital admission

Estimates represent the relative odds of emergency hospital admissions during an extreme heat event for persons who had the condition (e.g., have
asthma) compared with persons who did not have the condition

Relative odds (95% CI) Underlying conditions 

 Lag0   Lag1   3-days MA 

Diseases of the circulatory system 1.06 (1.03, 1.09) 1.08 (1.05, 1.11) 1.12 (1.08, 1.16) 

                  Cardiac 1.08 (1.05, 1.11) 1.09 (1.05, 1.12) 1.14 (1.10, 1.19) 

                  Cerebrovascular diseases 1.00 (0.92, 1.10) 0.99 (0.90, 1.08) 1.11 (0.99, 1.25) 

Disease of respiratory system  1.09 (1.04, 1.14) 1.06 (1.01, 1.11) 1.14 (1.08, 1.21)

                   Asthma 1.26 (1.15, 1.38) 1.26 (1.15, 1.38) 1.57 (1.40, 1.76) 

                   COPD 1.10 (1.02, 1.19) 1.09 (1.01, 1.18) 1.12 (1.01, 1.24)

Diseases of the renal system  1.03 (0.98, 1.08) 1.04 (0.99, 1.09) 1.11 (1.05, 1.18) 

 Renal failure 1.06 (1.00, 1.12) 1.05 (0.99, 1.12) 1.18 (1.09, 1.27) 

                   Urolithiasis 0.93 (0.74, 1.17) 1.01 (0.82, 1.26) 0.86 (0.62, 1.19) 

Mental and behavioural disorders  1.07 (1.03, 1.11) 1.05 (1.01, 1.09) 1.11 (1.06, 1.17)

)60.1,79.0(10.1sutillemsetebaiD 1.04 (0.99, 1.09) 1.04 (0.98, 1.10) 

Diseases of Nervous system  1.10 (1.04, 1.15) 1.06 (1.01, 1.12) 1.12 (1.04, 1.19)

)01.1,89.0(40.1)60.1,49.0(00.1msalpoeN 1.11 (1.02, 1.20) 
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The presenting and underlying conditions identiWed in
this study are broadly similar to those identiWed in other
studies of heat and hospital admissions. The only other sim-
ilar study from Australia found emergency admissions with
a primary diagnosis of mental health, renal disease and
ischaemic heart disease in the elderly were observed to
increase signiWcantly during heat waves (Nitschke et al.
2007).

European studies have generally found increase in
extreme heat-related emergency admission is most marked
amongst the elderly; however, the role of underlying car-
diovascular disease has not been highlighted. In France,
presentations for dehydration, hyperthermia, malaise, hyp-
onatraemia, renal colic and renal failure were observed to
occur more frequently and the number of elderly patients
also increased signiWcantly during heat waves (Josseran
et al. 2009). In a study limited to the very elderly in Italy,
heat and respiratory disease emergency admissions
increased signiWcantly after three or more days above 40°C;
however, there was no increase of admissions with a pri-
mary diagnosis of circulatory disease (Mastrangelo et al.
2007). A twelve city study also found increased emergency
admissions with a primary respiratory cause amongst those
over 75 years but no eVect for admissions where cardiovas-
cular was the primary cause (Michelozzi et al. 2009). By
contrast, heat waves in European cities have been associ-
ated with an excess of deaths due to cardiovascular condi-
tions (Mastrangelo et al. 2006; Linares and Diaz 2007;
Kovats et al. 2004).

A study that compared emergency hospital admissions
during a heat wave in Chicago in 1995 described changes in
both primary and underlying conditions. Similar to our
Wndings, increased emergency admissions were due to
dehydration, heat stroke and heat exhaustion but also
included acute renal failure, and elevated co-morbid condi-
tions were cardiovascular disease, renal disease and
nervous system disorders, but also included diabetes.
Respiratory disease overall was not noted to be a signiWcant
co-morbidity, and only emphysema showed any increase as
an underlying respiratory condition during the heat wave
period. In this study, the elderly were disproportionately
admitted (Semenza et al. 1999).

The increase in emergency admissions for mental and
behavioural disorders related to heat has been noted in other
studies (Johnson et al. 2005; Garcia-Pina et al. 2008). A
relationship with underlying diseases of the nervous system,
particularly Alzheimer’s and Parkinson’s disease, was noted
during the Chicago heat wave (Semenza et al. 1999). There
are likely to be multiple causes behind the observed eVect of
heat on these conditions, including impaired coping skills.
One study observed an increase in emergency admissions
and mortality during heat waves for several conditions that
commonly use psychotropic drugs and postulated that the

interference of these drugs with body temperature regulation
exacerbates the impact of heat on the health of those using
them (Hansen et al. 2008). There is a need to further investi-
gate the mechanism of such events on mental health
patients, and mechanisms for health services to eVectively
provide this target group with protective measures.

This study identiWed that any additional risk for the eld-
erly was limited to those with underlying cerebrovascular
disease or cancer and that males over 75 years are the most
likely to be admitted due to heat-related illness. However,
we were not able to determine which factors are most
important in increasing the risk. These at risk groups need
speciWc and targeted information in order to reduce their
susceptibility to extreme heat events.

Whilst initiating a heat wave plan as early as possible on
a day when the maximum temperature, or the 3-day average
maximum, is expected to reach extreme levels is desirable
this is highly reliant on accurate temperature predictions.
However, to initiate a heat wave plan too early, or at too
low a threshold, could undermine its eVectiveness (Nogueira
2005; Smoyer-Tomic and Rainham 2000; Kalkstein et al.
1996; Department of Health 2009; Kovats and Ebi 2006).

Although this study looked at daily minimum and maxi-
mum temperatures and two measures that incorporate humid-
ity and wind speed, the greatest eVect was predicted by daily
maximum temperature alone. The 3-day moving average of
the maximum temperature was a better predictor of risk than
the maximum temperature on the same day or the day before.
Numerically, the 3-day average is lower than the daily max-
ima; however, the highest 3-day average periods represent
periods of sustained very high temperature. Had we extended
our analysis to longer time lags we may have found larger
impacts on health. In Italy, four consecutive hot humid days
were required before an eVect on hospital admissions was
observed (Mastrangelo et al. 2007).

Previous studies have used a range of heat indicators.
The other Australian study only looked at periods where the
temperature exceeded 35°C for three or more days
(Nitschke et al. 2007). A similar approach to deWning
excess heat was used in Italy (Mastrangelo et al. 2007),
whereas other studies have focussed on speciWc heat wave
episodes (Josseran et al. 2009; Semenza et al. 1999; Shiloh
et al. 2005). A more exploratory approach similar to the
intent of our analysis has been used recently in other studies
to try and characterise heat conditions of relevance to
health outcomes (Michelozzi et al. 2009; Linares and Diaz
2007; Martin-Latry et al. 2007). To date, no consistency
has been found between the most sensitive heat indicators
for diVerent locations.

In summary, this study will assist health services to
develop programmes and policies to limit the impacts of
extreme heat events on the population, particularly those
sensitive subgroups.
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