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Abstract
Background
Extreme heatwaves occurred in Adelaide, South Australia, in the summers of 2008 and 2009. Both heatwaves were unique in terms of their duration (15 days and 13 days respectively), and the 2009 heatwave was also remarkable in its intensity with a maximum temperature reaching 45.7°C. It is of interest to compare the health impacts of these two unprecedented heatwaves with those of previous heatwaves in Adelaide.

Methods
Using case-series analysis, daily morbidity and mortality rates during heatwaves (≥35°C for three or more days) occurring in 2008 and 2009 and previous heatwaves occurring between 1993 and 2008 were compared with rates during all non-heatwave days (1 October to 31 March). Incidence rate ratios (IRRs) were established for ambulance call-outs, hospital admissions, emergency department presentations and mortality. Dose response effects of heatwave duration and intensity were examined.

Results
Ambulance call-outs during the extreme 2008 and 2009 events were increased by 10% and 16% respectively compared to 4.4% during previous heatwaves. Overall increases in hospital and emergency settings were marginal, except for emergency department presentations in 2008, but increases in specific health categories were observed. Renal morbidity in the elderly was increased during both heatwaves. During the 2009 heatwave, direct heat-related admissions increased up to 14-fold compared to a three-fold increase seen during the 2008 event and during previous heatwaves. In 2009, marked increases in ischaemic heart disease were seen in the 15-64 year age group. Only the 2009 heatwave was associated with considerable increases in total mortality that particularly affected the 15-64 year age group (1.37; 95% CI, 1.09, 1.71), while older age groups were unaffected. Significant dose-response relationships were observed for heatwave duration (ambulance, hospital and emergency setting) and intensity (ambulance and mortality).

Conclusions
While only incremental increases in morbidity and mortality above previous findings occurred in 2008, health impacts of the 2009 heatwave stand out. These findings send a signal that the intense and long 2009 heatwave may have exceeded the capacity of the population to cope. It is important that risk factors contributing to the adverse health outcomes are investigated to further improve preventive strategies.
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Background
Excess mortality and morbidity related to heatwaves have been experienced worldwide over the past 15 years [1–4]. These have been severe enough to initiate preventive action plans in affected cities and at an international level, where efforts are supported by the World Health Organisation [5].
Adelaide, the capital city of South Australia (SA) has a population of 1,145,812 which is 73% of SA's population. It has a semi arid climate characterised in summer by hot daytime temperatures and cool nights. A recent study in Adelaide explored the potential for intensive and prolonged heat events to be associated with adverse health effects [6]. These results substantiated overseas findings that have shown increased risk of people diagnosed with renal or mental health diseases during heatwaves, as well as a substantial burden placed on ambulance services [7–9]. Increased mortality was not observed except in association with diagnosed mental health disease outcomes.
Towards the end of the warmest decade recorded in Australia, SA experienced a record breaking 15 day heatwave in March 2008 and an exceptionally long and intense heatwave in January to February 2009 [10]. Extremely strained health services were anecdotally reported on both occasions, which led to this comparison of the health impacts of these two unprecedented heatwaves. Associations between health impacts and the duration and intensity of Adelaide's heatwaves were also examined.

Methods
Health data
Health data from July 1993 to March 2009 were analysed. While hospital admissions and ambulance call-out data were available for the whole study period, health outcomes-specific mortality data were only available up to December 2007, and emergency department presentation data were only available from July 2003 onwards. The specific health categories used were based on the indicative results from an earlier study and from overseas findings [6, 11, 12].
For routinely collected hospital admissions, emergency department presentations and mortality (public and private system), the following international classifications of diseases (ICD, revisions 9 and 10) were used: total cardiovascular (ICD-9, 390-4599; ICD-10, I00-99), ischaemic (ICD-9, 410-4149; ICD-10, I20-I25), respiratory (ICD-9, 460-5199; ICD-10, J00-J99), mental (ICD-9, 290-294-9; ICD-10, F00-F999), renal (ICD-9, 580-599; ICD-10 N00-N399) and a direct heat-related category comprising dehydration, heat and sunstroke and exposure to excessive heat (ICD-9, 2765, 992, E900; ICD-10, E86, T67, X30). The pre-defined categories for ambulance call-outs were obtained from the SA Ambulance Service. Cardiac, respiratory and neurological conditions were included, while ambulance transfers between hospitals were excluded.

Heatwave definition
An extended period of heat was categorised as a heatwave when the maximum temperature reached 35°C or above for three consecutive days or more with 35°C marking the 95th percentile for maximum daily temperature for the period 1993-2009. Temperatures were obtained from the SA Bureau of Meteorology measured at a city location representative of the Adelaide metropolitan area [6]. The 2008 heatwave lasted 15 days (3 March-16 March 2008); the 2009 heatwave was defined as a 13 day episode, but included one day where the maximum temperature was just below 35°C (26 January-7 February 2009).

Statistics
Average daily rates of adverse health effects in metropolitan Adelaide during heatwaves were compared with non-heatwave periods during the warm season (1 October to 31 March) using case series methodology [13]. Assuming that the exposure temperature is the same for the whole population, the case-series design was modified to apply at the population level using aggregated daily health outcomes in relation to acute risk and control periods. In this form, the case-series approach produces the same result as a case-crossover analysis where all non-heat wave periods in the observation period are used as control time. Case series analysis can only be used for transient exposures with a defined short term risk period. It requires that the probability of exposure is not affected by the occurrence of an outcome event. Cases are used as their own controls in non-risk periods, thus implicitly controlling for all fixed confounders [13, 14]. The results are expressed as incidence rate ratios (IRR). The analysis was conducted within years; implicitly adjusting for long-term trends. Poisson regression models were fitted in Stata version 10 [15]. Each model was tested for fit, and negative binomial regression models were used to allow for over-dispersion where it occurred
The 2008 and 2009 heatwave days were included in the model as two separate dummy variables providing IRRs for the two hazard periods using the respective within warm season non-heatwave periods as control periods and adjusting for the effects of averaged heatwaves if they occurred during the same warm season. Expected cases were calculated as observed cases divided by the IRR. Excess cases were calculated by subtracting expected from observed cases.
The dose-response relationship for duration was assessed using increasing number of days within a heatwave. As heat events were sparse at the upper duration level, eight or more consecutive heatwave days were combined into one category. Health risks associated with increasing intensity were estimated for every 1°C increment in daily maximum temperature above 35°C.


Results
According to the definition, a total of 38 heatwave events occurred during the study period. The distribution of maximum temperature and duration during the Adelaide heatwaves is depicted in Figure 1. When excluding the two extreme events, the mean duration of heatwaves was 3.9 days with the longest duration of eight days occurring only twice. The 2008 event was the longest heatwave on record for any Australian capital city with 15 days over 35°C and a maximum daily temperature of 40.5°C. The average minimum temperature was 22.9°C and the highest minimum was 30.2°C. In comparison, the 2009 heatwave was more intense with the maximum temperature soaring to 45.7°C. The average minimum temperature was 26.1°C and the highest minimum was 33.9°C.[image: A12940_2011_Article_430_Fig1_HTML.jpg]
Figure 1
Duration and intensity of heatwaves in Adelaide. Distribution of daily maximum temperatures and number of days by heatwaves in Adelaide, 1993-2009.





Table 1 provides summary statistics for the average daily rates of ambulance call-outs, hospital admissions, emergency department presentations and mortality during heatwaves and non-heatwave periods over the past 16 years.Table 1Descriptive statistics for total and disease-specific health outcomes.


	 	Minimum
	Maximum
	Mean
	SD

	
                            Daily ambulance call-outs (5753 observation days)
                          
	84
	361
	182.2
	51.1

	non-heat wave periods (cold seasons): 2837 days
	89
	331
	183.9
	50.6

	non-heat wave periods (warm seasons): 2748 days
	84
	336
	179.4
	50.8

	Heat wave period 08: 15 days:
	248
	303
	270.9
	17.6

	Heat wave period 09: 13 days
	243
	361
	291.1
	36.1

	Cardiac
	1
	66
	27.1
	8.0

	Respiratory
	0
	48
	16.0
	6.7

	Neurological
	1
	48
	18.9
	8.8

	
                            Daily hospital separation (5753 observation days)
                          
	202
	1811
	1086.5
	465.2

	non-heat wave periods (cold seasons): 2837 days
	263
	1811
	1103.0
	461.7

	non-heat wave periods (warm seasons): 2748 days
	202
	1800
	1066.3
	469.3

	Heat wave period 08: 15 days:
	385
	1676
	1248.6
	508.8

	Heat wave period 09: 13 days
	460
	1742
	1322.9
	506.4

	Cardio-vascular
	17
	137
	73.0
	24.6

	Ischaemic heart disease
	3
	60
	24.8
	8.6

	Respiratory
	13
	138
	58.7
	20.8

	Mental health
	5
	214
	35.6
	13.5

	Renal
	1
	60
	21.1
	9.9

	Heat
	0
	55
	1.1
	1.7

	
                            Daily Emergency Department (2101 observation days)
                          
	653
	1263
	880.3
	98.4

	non-heat wave periods (cold seasons): 1007 days
	658
	1263
	879.0
	102.4

	non-heat wave periods (warm seasons): 1020 days
	653
	1138
	878.3
	92.2

	Heat wave period 08: 15 days:
	889
	1129
	1025.4
	63.3

	Heat wave period 09: 13 days
	905
	1065
	994.5
	54.3

	Cardio-vascular
	13
	63
	34.8
	7.7

	Ischaemic heart disease
	0
	22
	9.6
	3.3

	Respiratory
	23
	175
	70.1
	24.0

	Mental health
	0
	61
	22.7
	16.2

	Renal
	5
	46
	19.0
	5.8

	Heat
	0
	63
	2.2
	3.0

	
                            Daily mortality (5753 observation days)
                          
	2
	44
	23.7
	5.4

	non-heat wave periods (cold seasons): 2837 days
	7
	43
	25.3
	5.4

	non-heat wave periods (warm seasons): 2747 days
	6
	44
	22.4
	5.2

	Heat wave period 08: 15 days:
	19
	31
	23.2
	4.2

	Heat wave period 09: 13 days
	15
	44
	28.6
	9.4


Daily incidences of ambulance call-outs, hospital admissions (July 1993-March 2009), emergency department presentations (July 2003-March 2009) and mortality (total: 1993-2009; ICD specific: 1993-2006) for metropolitan Adelaide.




Ambulance call-outs
The increases in daily total ambulance call-outs were 9.7% during the 2008 heatwave and 16% during the 2009 event compared to an average 4.4% increase during previous heatwaves (Table 2). A key difference between the two extreme events and previous averaged heatwaves was the increase in total cardiac-related call-outs. These increased by 9.8% and 12.7% respectively, while no increases in cardiac-related call-outs were observed during previous averaged heatwaves. Neurological-related call-outs increased during the two extreme events in the 65-74 year age group, but not in previous averaged heatwaves. During the 2008 heatwave, an increase in respiratory-related call-outs was also seen for the 15-64 year age group. Excess call-outs were estimated to be 360.0 (95% CI, 108.2-595.7) for the 2008 heatwave, and 517.7 (95% CI, 288.3-731.9) for the 2009 heatwave.Table 2Risk estimates for daily ambulance call-outs.


	Age groups

	Ambulance call-out categories
	All ages
	0-4
	5-14
	15-64
	65-74
	75+

	
                              Previous heatwaves
                            

	total ambulance
	1.04 1.02-1.07
	1.04 0.96-1.12
	0.98 0.91-1.06
	1.08 1.04-1.11
	1.03 0.99-1.06
	1.02 0.99-1.05

	cardiac
	0.98 0.95-1.02
	1.12 0.80-1.57
	0.64 0.26-1.58
	1.02 0.95-1.08
	1.02 0.95-1.10
	0.94 0.89-1.00

	respiratory
	1.00 0.95-1.04
	1.03 0.86-1.24
	1.47 1.13-1.91
	1.02 0.93-1.11
	0.95 0.85-1.06
	0.95 0.88-1.02

	neurological
	1.01 0.97-1.05
	1.07 0.90-1.28
	0.86 0.67-1.11
	1.03 0.98-1.08
	1.02 0.90-1.17
	0.96 0.89-1.05

	
                              Heatwave in 2008
                            

	total ambulance
	1.10 1.03-1.17
	1.09 0.87-1.35
	1.13 0.92-1.37
	1.12 1.03-1.21
	1.13 1.03-1.24
	1.04 0.97-1.13

	cardiac
	1.10 1.01-1.20
	---
	---
	1.16 1.01-1.34
	1.18 0.98-1.43
	1.02 0.89-1.16

	respiratory
	1.06 0.94-1.19
	1.18 0.76-1.86
	0.78 0.40-1.50
	1.32 1.08-1.61
	0.87 0.63-1.18
	0.97 0.80-1.17

	neurological
	1.08 0.99-1.19
	1.05 0.68-1.61
	0.61 0.28-1.30
	1.06 0.94-1.20
	1.39 1.01-1.91
	1.11 0.90-1.36

	
                              Heatwave in 2009
                            

	total ambulance
	1.16 1.08-1.24
	1.08 0.86-1.36
	0.86 0.68-1.08
	1.14 1.04-1.24
	1.11 1.01-1.23
	1.24 1.15-1.34

	cardiac
	1.13 1.03-1.23
	---
	---
	1.16 0.99-1.35
	1.06 0.86-1.31
	1.13 0.10-1.29

	respiratory
	0.88 0.77-1.01
	1.05 0.67-1.64
	0.64 0.22-1.90
	1.16 0.93-1.45
	0.78 0.55-1.10
	0.73 0.59-0.92

	neurological
	1.02 0.92-1.12
	0.94 0.59-1.49
	0.98 0.56-1.72
	1.00 0.88-1.14
	1.35 0.97-1.89
	0.98 0.78-1.24


Incidence rate ratios and 95% confidence intervals (CI) for the effects of previous heatwaves, the 2008 and the 2009 heatwave, by age groups and health-specific effects. Empty cells indicate insufficient data to produce reliable estimates.





Hospital admissions
Small (non-significant) increases in total hospital admissions were observed in all three heatwave categories for the adult age groups (Table 3). Admissions for ischaemic heart disease increased by 33% (IRR; 1.33; 95%CI, 0.99-1.80) in the 15-64 year age group during the 2009 heatwave only. While increases in mental health related admissions during previous averaged heatwaves were clearly identified across the age groups, this was not as evident during the 2008 and 2009 heatwave. Previous averaged heatwaves have shown significant increases in total renal admissions (IRR1.098; 95% CI, 1.01-1.20). This trend was repeated during the two extreme events where renal admissions were pronounced in the 5-14 and 75+ year age groups.Table 3Risk estimates for daily hospital admissions


	Age groups

	Hospital admission categories
	All ages
	0-4
	5-14
	15-64
	65-74
	75+

	
                              Previous heatwaves
                            

	Total
	1.04 0.96-1.12
	0.99 0.97-1.01
	0.99 0.90-1.09
	1.05 0.96-1.14
	1.05 0.96-1.14
	1.31 0.96-1.11

	Ischaemic
	0.99 0.93-1.05
	 	 	1.01 0.92-1.12
	1.05 0.97-1.13
	0.91 0.85-0.97

	Respiratory
	0.95 0.88-1.03
	0.88 0.79-0.98
	1.00 0.89-1.13
	0.99 0.89-1.11
	0.94 0.88-1.01
	0.89 0.83-0.95

	Mental health
	1.05 1.00-1.10
	1.48 0.99-2.21
	1.03 0.81-1.32
	1.04 0.99-1.09
	1.12 1.01-1.24
	1.10 1.01-1.19

	Renal
	1.10 1.01-1.20
	1.02 0.83-1.26
	0.86 0.66-1.14
	1.13 1.03-1.25
	1.05 0.90-1.23
	1.07 0.98-1.18

	Direct heat
	3.12 2.51-3.87
	2.13 1.27-3.57
	2.00 0.95-4.24
	2.59 2.01-3.33
	3.05 2.06-4.54
	3.65 2.92-4.57

	
                              Heatwave in 2008
                            

	Total
	1.06 0.84-1.34
	0.99 0.83-1.18
	0.98 0.73-1.32
	1.05 0.80-1.36
	1.06 0.82-1.36
	1.11 0.90-1.37

	Ischaemic
	1.03 0.84-1.25
	 	 	0.97 0.71-1.33
	1.17 0.91-1.49
	0.99 0.82-1.19

	Respiratory
	0.98 0.77-1.24
	0.83 0.59-1.2
	1.02 0.71-1.47
	1.06 0.77-1.45
	0.91 0.72-1.13
	0.96 0.80-1.15

	Mental health
	0.98 0.84-1.14
	 	1.64 0.70-3.87
	0.97 0.83-1.12
	0.87 0.62-1.22
	1.10 0.85-1.41

	Renal
	1.11 0.85-1.40
	1.12 0.60-2.08
	2.64 1.47-4.73
	1.00 0.73-1.38
	1.07 0.68-1.69
	1.23 1.03-1.47

	Direct heat
	2.62 1.32-5.20
	 	 	2.53 1.22-5.25
	1.99 0.53-7.48
	3.05 1.54-6.06

	
                              Heatwave in 2009
                            

	Total
	1.08 0.84-1.39
	1.05 0.82-1.26
	0.80 0.56-1.13
	1.08 0.82-1.42
	1.08 0.83-1.40
	1.14 0.91-1.42

	Ischaemic
	1.09 0.88-1.33
	 	 	1.33 0.99-1.80
	0.91 0.91-1.49
	0.98 0.79-1.20

	Respiratory
	0.95 0.73-1.22
	1.03 0.74-1.42
	0.65 0.41-1.04
	0.10 0.71-1.41
	0.82 0.64-1.05
	0.98 0.84-1.14

	Mental health
	1.03 0.88-1.20
	 	0.84 0.34-2.09
	1.03 0.89-1.21
	1.03 0.74-1.42
	1.05 0.80-1.36

	Renal
	1.24 0.95-1.62
	1.16 0.67-2.00
	0.71 0.29-1.74
	1.09 0.79-1.51
	1.38 0.89-2.14
	1.48 1.15-1.88

	Direct heat
	13.66 8.89-20.98
	 	 	11.53 7.18-18.53
	7.06 3.05-16.30
	19.23 12.44-29.70


Incidence rate ratios and 95% confidence intervals (CI) of the effects of previous heatwaves, the 2008 and the 2009 heatwave by age groups and health-specific effects. Empty cells indicate insufficient data to produce reliable estimates.




A more than three-fold (IRR 3.12; 95% CI, 2.51-3.87) increase in total direct heat-related hospital admissions was observed in previous averaged heatwaves, while in 2008, the increase was less than three-fold (IRR 2.62; 95% CI, 1.32-5.20). However, during the 2009 heatwave, this increase was strengthened to nearly 14-fold (IRR 13.66; 95% CI, 8.89-20.98), with increases across the adult age range and the highest point estimate in the 75+ year age group (IRR 19.23; 95% CI, 12.44-29.7). Overall, an estimated 32.8 (95% CI, 12.8-42.8) excess heat-related hospital admissions were observed during the 2008 event and 215.0 (95% CI, 205.9-220.9) excess admissions during the 2009 event.

Emergency Department presentations
Total emergency department presentations were significantly increased only during the 2008 heatwave (IRR 1.06; 95% CI, 1.01-1.10) (Table 4). During the 2009 heatwave, increased presentations were restricted to the 75+ year age group (IRR 1.17; 95% CI, 1.11-1.22). Previous averaged heatwave data indicate increases in renal emergency department presentations in the 0-4 year age group. During the 2008 heatwave, increases in renal presentations were seen across most age groups. An even larger impact across the age groups manifested during the 2009 heatwave.Table 4Risk estimates for daily emergency department presentations


	Age groups

	Emergency categories
	All ages
	0-4
	5-14
	15-64
	65-74
	75+

	
                              Previous heatwaves
                            

	Total
	1.01 0.99-1.04
	0.96 0.91-1.02
	0.98 0.93-1.03
	1.03 1.00-1.05
	1.03 0.99-1.07
	1.03 1.00-1.06

	Ischaemic
	0.91 0.82-1.01
	 	 	0.90 0.76-1.06
	0.99 0.81-1.20
	0.88 0.75-1.03

	Respiratory
	0.93 0.88-1.00
	0.96 0.89-1.04
	1.16 0.91-1.46
	0.90 0.82-0.98
	0.88 0.75-1.03
	0.81 0.72-0.91

	Mental
	1.11 1.04-1.18
	1.98 0.78-4.99
	0.68 0.41-1.14
	1.09 1.02-1.17
	1.59 1.22-2.08
	1.15 0.93-1.43

	Renal
	1.01 0.94-1.08
	1.30 1.01-1.66
	0.81 0.55-1.19
	0.96 0.87-1.05
	1.14 0.92-1.40
	1.02 0.85-1.22

	Direct heat
	2.68 2.19-3.28
	1.58 0.86-2.91
	2.29 1.21-4.32
	2.99 2.24-3.99
	2.60 1.74-3.89
	2.73 2.20-3.37

	
                              Heatwave in 2008
                            

	Total
	1.06 1.01-1.10
	1.02 0.92-1.13
	1.04 0.95-1.14
	1.07 1.02-1.12
	1.09 1.02-1.15
	1.03 0.97-1.08

	Ischaemic
	0.96 0.81-1.13
	 	 	0.95 0.72-1.23
	1.07 0.77-1.48
	0.90 0.69-1.18

	Respiratory
	1.03 0.93-1.15
	1.05 0.89-1.04
	1.08 0.70-1.66
	0.97 0.83-1.13
	1.21 0.96-1.53
	1.02 0.85-1.22

	Mental
	1.05 0.96-1.14
	0.56 0.08-4.18
	0.96 0.53-1.73
	1.04 0.95-1.13
	1.24 0.85-1.82
	1.15 0.78-1.51

	Renal
	1.11 0.99-1.23
	0.80 0.48-1.32
	1.74 1.06-2.85
	1.06 0.92-1.22
	1.30 0.94-1.79
	1.14 0.86-1.53

	Direct heat
	3.33 2.40-4.62
	0.92 0.21-4.27
	2.11 0.62-7.23
	4.77 3.11-7.30
	1.59 0.68-3.72
	2.95 2.07-4.18

	
                              Heatwave in 2009
                            

	Total
	1.02 0.98-1.07
	0.90 0.85-0.95
	0.83 0.74-0.92
	1.05 0.99-1.10
	1.00 0.94-1.07
	1.17 1.11-1.22

	Ischaemic
	1.03 0.86-1.23
	---
	---
	1.39 1.08-1.78
	0.76 0.49-1.16
	0.84 0.61-1.16

	Respiratory
	0.77 0.68-0.88
	0.72 0.62-0.83
	0.64 0.36-1.14
	0.86 0.73-1.02
	0.80 0.61-1.05
	0.83 0.68-1.00

	Mental
	1.04 0.95-1.13
	0.62 0.83-4.60
	0.96 0.58-1.59
	1.05 0.96-1.10
	0.66 0.40-1.09
	1.18 0.85-1.64

	Renal
	1.39 1.26-1.54
	1.51 1.02-2.23
	1.25 0.71-2.21
	1.32 1.16-1.50
	1.21 0.87-1.71
	1.68 1.29-2.10

	Direct heat
	12.01 9.55-15.12
	3.36 1.54-7.30
	3.82 1.40-10.40
	12.40 8.80-17.40
	9.48 6.13-14.65
	15.85 12.49-20.12


Incidence rate ratios and 95% confidence intervals (CI) of the effects of previous heatwaves, the 2008 and the 2009 heatwave by age groups and health-specific effects. Empty cells indicate insufficient data to produce reliable estimates.




The most profound impact was seen on direct heat-related emergency department presentations, where the IRR for total presentations increased from 2.68 (IRR; 95% CI, 2.19-3.28) during previous averaged heatwaves to 3.33 (IRR; 95% CI, 2.40-4.62) in 2008 and to 12.01 (IRR; 95% CI, 9.55-15.12) during the 2009 event. During the 2008 heatwave, there were an estimated 77.6 (95% CI, 64.7-87.0) excess heat-related emergency department presentations. The presentations during the 2009 heatwave increased across all age groups with an overall excess of 304.4 cases (95% CI, 297.2-310.0) and the greatest excess of cases (140.5) observed in the 75+ year age group.
The 2009 heatwave was unique in that ischaemic heart disease-related emergency department presentations rose by 39% (IRR; 95% CI, 8-78%) in the 15-64 year age group. Respiratory-related emergency department presentations were generally unaffected during the 2008 heatwave, while previous averaged heatwave data and 2009 data indicate a reduction in respiratory-related emergency department presentations. As seen with hospital admissions, increases in mental health-related emergency department presentations were only observed during previous averaged heatwaves.

Mortality
A key difference between the 2008 and 2009 heatwaves compared with previous averaged heatwaves was the effect on mortality. During previous averaged heatwaves, there was no evidence of an increase in total or age-specific mortality. Table 5 indicates that during the 2008 heatwave total mortality increased modestly, with the exception of a significant rise in the 0-4 year age group (IRR 3.23; CI, 1.30-7.99). During the 2009 heatwave, a borderline significant increase in total mortality (IRR 1.10; 95% CI, 0.99-1.22) was observed with a significant increase of 37% (IRR 1.37; 95%CI, 1.09-1.71) in the 15-64 year age group. The older age groups were unaffected. Total estimated excess mortality for the 2009 heatwave was 32.4 (95% CI,-5.5-67) with 23 (95%CI, 7.4-35.7) excess deaths in the 15-64 year age groups. Figure 2 shows the progression of mortality during the 2009 heatwave (26 January - 7 February), with a steep increase in mortality during four days when consecutive temperatures were in excess of 43°C accompanied by unusually hot nights.Table 5Risk estimates for daily mortality


	Age groups

	Total mortality
	All ages
	0-4
	5-14
	15-64
	65-74
	75+

	
                              Previous heatwaves
                            

	 	0.98 0.94-1.22
	1.15 0.81-1.63
	1.18 0.62-2.28
	0.98 0.90-1.07
	0.99 0.91-1.09
	0.97 0.92-1.01

	
                              Heatwave in 2008
                            

	 	1.05 0.94-1.22
	3.23 1.30-7.99
	3.77 0.39-36.27
	1.01 0.57-2.29
	1.03 0.76-1.38
	1.04 0.91-1.19

	
                              Heatwave in 2009
                            

	 	1.10 0.99-1.22
	1.53 0.54-5.31
	4.33 0.45-41.66
	1.37 1.09-1.71
	1.15 0.86-1.52
	1.00 0.88-1.15


Incidence rate ratios and 95% confidence intervals (CI) of the effects of previous heatwaves, the 2008 and the 2009 heatwaves by age groups.
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Figure 2
Mortality and temperature during the 2009 heatwave. Daily number of deaths, minimum and maximum temperatures during the 2009 heatwave (26 January-7 February 2009)






Exposure-response
Using the data from 1993-2009, a dose response relationship was evident between increasing intensity and ambulance call-outs and mortality, while hospital admissions and emergency department presentations were not associated with increasing intensity. For every 1°C increment in maximum temperature above 35°C, ambulance callouts increased by 0.7% (IRR; 95% CI, 0.4-1.1%) and mortality increased by 0.9% (IRR; 95%CI, 0.0-1.8%). A dose response was identified between duration and ambulance callouts (IRR; 1.011 95% CI, 1.007-1.016), emergency department presentations (IRR 1.009; 95% CI, 1.006-1.013), and marginally with hospital admissions (IRR 1.019; 95% CI, 1.00-1.042), but not with mortality (IRR 1.00; 95%CI, 0.99-1.01).


Discussion
The main objective of this study was to assess the extent of health effects during the 2008 and 2009 extreme heatwaves in Adelaide and to compare to those for averaged heatwaves over the previous years. IRRs for total ambulance call-outs and for total mortality during both extreme events were higher than those for the previous averaged heatwaves, but the 2009 heatwave eclipsed the longer, but less intense 2008 event.
Although total hospital admissions and emergency department presentations were only modestly increased, specific health outcomes such as renal, mental and direct heat-related diseases were affected. Renal disease-related increases were of particular concern during the 2009 heatwave. As highlighted in a previous Adelaide study, and substantiated by international studies, heat-related dehydration appears to promote acute renal failure. Additional factors such as the physiological effects of ageing, personal behaviour, cognitive ability, pre-existing chronic disease and related medication use have also shown to contribute to acute renal disease in the elderly and the very young [8–11, 16–18].
A 14-fold increase in total direct heat-related hospital admissions was recorded during the 2009 event, compared to a three-fold increase in the previous averaged heatwaves and the 2008 heatwaves. Similar findings have been reported during the concurrent heatwave in Victoria (Australia) and in other cities [17, 19, 20]. However, these findings could possibly be explained by greater accuracy and expertise in reporting of ICD codes for direct heat-related diseases during the 2009 heatwave than in the past because of recurring extreme heat conditions. Although, heat-related disease has the potential for poor short-term and long-term prognosis, it is largely preventable [21, 22].
Surprisingly, with the exception of neurological-related ambulance call-outs in the 65-74 year age group, mental health conditions were not significantly affected during the two extreme events, contrary to what was expected based on our previous research and highlighted in the results from previous averaged heatwaves [7]. However, the lack of effects on mental health-related hospital admissions and emergency department presentations may be explained by the relatively small number of mental health-related cases during single heatwave episodes or the effect of preventive actions recently put in place to support susceptible people in Adelaide. These initiatives were introduced during the 2009 heatwave as a result of previous local investigations, and included daily telephone follow up of patients at the severe end of the mental health disease spectrum.
The 2009 event was associated with a substantial increase in hospital admissions and emergency department presentations for ischaemic heart disease, particularly in the 15-64 year age group. Cardiac-related ambulance call-outs were also significantly increased during both extreme events. This is consistent with findings from the US, where cardiovascular-related hospital and emergency department admissions were increased during heatwaves [17, 23]. A recent study in Victoria found that men younger than 65 years have an increased risk of myocardial infarction when temperatures are elevated [24]. This supports our findings of an increased ischaemic heart disease risk in this younger age group. Our previous averaged heatwave data did not suggest effects on cardiac or ischaemic heart disease outcomes and this may be explained by averaging the data over relatively mild heatwaves. This absence of an effect in cardiovascular morbidity agrees with results from a European study where also no effect on heart disease admissions was found [3]. However, The sudden increase in cardiac-related mortality outside of health-care settings during the 2003 heatwave in Paris poignantly demonstrates the immediacy of cardiovascular mortality during extreme heat events suggesting that patients may die prior to presentation at hospital [25]. This is plausible considering the biological impacts of heat on blood viscosity and heart rate, especially in people with pre-existing heart conditions [26, 27].
Results from previous averaged heatwaves implied that, on average total mortality during heatwaves is not higher than during non-heatwave periods. However, increased overall mortality was observed during both extreme events, with substantially greater excess deaths during the 2009 event. During the 2009 heatwave in Victoria, mortality increased by 62%, with the greatest increase in the 65+ years and over age groups which is consistent with findings in other parts of the world [19, 28]. Whereas in Adelaide there was an increase in total mortality of 10%, and surprisingly, the majority of excess deaths occurred in the 15-64 year age group. When health outcome-specific mortality data becomes available, it will offer further insight into the areas of concern for this age group. Meanwhile, a possible link between the rise of ischaemic heart disease morbidity and the increase in mortality in the 15-64 year age group is only speculation. It could be argued that the absence of excess elderly deaths in Adelaide may be due to the generally high standards of care provided to the elderly. Regular telephone calls offering assistance to people at risk during the excessive heat days during the 2009 heatwave may also have contributed to the prevention of heat-related deaths in the older age groups. The higher mortality in Victoria may have been influenced by location-specific parameters. For instance, the prevalence of air-conditioning in homes is 67% in Melbourne compared to more than 80% in Adelaide [29, 30]. This suggests greater preparedness in Adelaide where average summer temperatures are higher than in Melbourne (28.5°C versus 25.3°C for December, January and February). Acclimatisation to regular hot weather in Adelaide may also play a role. Similar large differences in mortality between cities have been observed overseas and the importance of location-specific parameters and investigations is strongly supported in the heatwave literature [1, 31].
In accordance with overseas studies, mortality was instantly elevated on the hottest day of the 2009 heatwave (Figure 1), with only two-day latency until daily mortality peaked leaving a very small window of opportunity for preventive action [32]. This finding ties in with the observed dose response relationship between mortality and heatwave intensity but not with heatwave duration. However, the increasing duration of heatwaves was associated with increases in ambulance, hospital and emergency outcomes which may indicate that vulnerable people eventually visit health services due to accumulating heat effects.
This study design does not allow the recognition of the potential progression of heat-related disease to mortality after heatwaves have ceased, but this will be explored in a future study.

Conclusions
The results of this study indicate increased health risks during the 2008 and 2009 heatwaves in Adelaide compared to previous averaged heatwaves. Compared to other national and international extreme heat episodes, Adelaide's health outcomes were relatively contained, but a number of important health lessons can be learned for the future. Renal and heat-related morbidity can escalate during extreme heat events and should be targeted for prevention, because of the potentially serious consequences. Unlike the findings from previous heatwave investigations, the 2009 heatwave was associated with excess deaths which are likely to be due to unprecedented intensity over consecutive days. This may indicate that the capacity to cope with heat has been exceeded during this episode. Furthermore, medical social and environmental circumstances underlying the sudden increase in ischaemic heart disease and mortality in the 15-64 year age group during the 2009 heatwave must be explored. Further studies aiming to ascertain specific risk factors that may have contributed to morbidity and mortality during recent extreme heat events in Adelaide are currently underway. Considering the likelihood of increasing incidence and severity of heat events it is crucial to interrogate local data to provide the best evidence for developing and implementing effective heat health prevention in the future.
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