) GRIVERS Ty

The effects of diurnal temperature range on mortality and
emergency department presentations in Victoria state of Australia:
A time-series analysis

Author

Amoatey, Patrick, Osborne, Nicholas J, Darssan, Darsy, Xu, Zhiwei, Doan, Quang-Van, Phung,
Dung

Published
2023

Journal Title

Environmental Research

Version
Accepted Manuscript (AM)

DOI

10.1016/j.envres.2023.117397

Rights statement
© 2023 Published by Elsevier Inc.

Downloaded from
http://hdl.handle.net/10072/426588

Griffith Research Online
https://research-repository.griffith.edu.au


http://dx.doi.org/10.1016/j.envres.2023.117397
http://hdl.handle.net/10072/426588
https://research-repository.griffith.edu.au

Journal Pre-proof

environmental

The effects of diurnal temperature range on mortality and emergency department
presentations in Victoria state of Australia: A time-series analysis

Patrick Amoatey, Nicholas J. Osborne, Darsy Darssan, Zhiwei Xu, Quang-Van Doan,

Dung Phung

PIl: S0013-9351(23)02201-6

DOI: https://doi.org/10.1016/j.envres.2023.117397
Reference: YENRS 117397

To appearin:  Environmental Research

Received Date: 2 May 2023
Revised Date: 30 July 2023
Accepted Date: 11 October 2023

Please cite this article as: Amoatey, P., Osborne, N.J., Darssan, D., Xu, Z., Doan, Q.-V., Phung, D., The
effects of diurnal temperature range on mortality and emergency department presentations in Victoria
state of Australia: A time-series analysis, Environmental Research (2023), doi: https://doi.org/10.1016/
j-envres.2023.117397.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2023 Published by Elsevier Inc.


https://doi.org/10.1016/j.envres.2023.117397
https://doi.org/10.1016/j.envres.2023.117397
https://doi.org/10.1016/j.envres.2023.117397

Credit author statement

Patrick Amoatey: Writing Manuscript-draft, Review, Editing, Analysis.

Nicholas J. Osborne: Review, Editing, Resources, Supervision.

Darsy Darssan: Statistical analysis, Review, Editing.

Zhiwei Xu: Statistical analysis, Review, Editing.

Quang-Van Doan: Data process, Review, Editing.

Dung Phung: Conceptualization, Methodology, Formal Analysis, Review, Editing, Resources,

Supervision.



[EEN

(Sa TN -

O 00 N O

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

The effects of diurnal temperature range on mortality and emergency department
presentations in Victoria State of Australia: A time-series analysis

Patrick Amoatey?, Nicholas J. Osborne?3>, Darsy Darssan?, Zhiwei Xu®, Quang-Van Doan#,
Dung Phung~*

1School of Public Health, Faculty of Medicine, The University of Queensland, Australia
2School of Population Health, University of New South Wales, Sydney, NSW 2052, Australia
3European Centre for Environment and Human Health (ECEHH), University of Exeter Medical
School, Knowledge Spa, Royal Cornwall Hospital, Truro TR1 3HD, Cornwall, UK

4Center for Computational Sciences, University of Tsukuba, Japan
>Queensland Alliance for Environmental Health Sciences, The University of Queensland

6School of Medicine and Dentistry, Griffith University, Australia

*Correspondent: Dung Phung (d.phung@ugq.edu.au)

Abstract

State of Victoria, Australia (SVA) has a wide variation of diurnal temperatures (DTR). DTR has
been reported to be associated with risk of mortality and morbidity. We examined the
association between exposure to DTR and risk of all-cause mortality and emergency
department (ED) presentations in the SVA. We obtained data on daily counts of deaths and
ED presentations, and weather data from 15t January 2000-2019. We applied a quasi-Poisson
time-series regression analysis to examine the association between daily DTR exposures and
risk of mortality and ED presentations. The analyses were queried by age, sex, seasons, ED
presentations triages, and departure status. Risk of mortality and ED presentation increased
by 0.33% (95% Cl: 0.24% — 0.43%), and 0.094% (95% Cl: 0.077% — 0.11%) in relation to one
degree increase in the daily DTR. The association between DTR and ED presentations was
stronger in children (0-15 years) (0.38% [95% Cl: 0.34% — 0.42%]) and the elderly (75+ years)
(0.34% [95% Cl: 0.29% — 0.39%]). Resuscitation, which was consistently accounted for the
highest vulnerability to DTR variation, increased by 0.79% (95% Cl:0.60%-0.99%). This study
suggests that the risk of mortality and ED presentations associates with the increase of DTR.
Children, the elderly, and their caregivers need to be made aware of the health risk posed by

DTR.
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1.0 Introduction

The Intergovernmental Panel on Climate Change (IPCC) has projected an increase in
extreme climate hazards (frequency of hot days, cold days)(IPCC, 2022). Studies have shown
that climate change effects such as rise in surface air temperature is an important driver of
variations in diurnal temperature ranges (DTR)(Easterling et al., 1997). DTR is defined as
daily variations in maximum and minimum ambient temperatures. While DTR has reduced
globally, changes in land use change (i.e. deforestation, urbanization, urban heat island),

are important factors that could modulate local DTR levels (Doan et al., 2022) .

Generally, differences in spatial patterns of DTR could also be attributed human-
based radiative forcing due to a range of atmospheric mechanisms such as aerosol-cloud
interactions (Forster and Solomon, 2003). Other natural factors including precipitation,
cloud cover, and duration of solar radiation could explain DTR variabilities (Doan et al.,
2022) . Though studies may have heightened the knowledge of human health effects
associated with heatwaves, DTR is also an important health threat because it is unlikely for
populations to undergo acclimatization compared to heatwaves (Benjamin et al., 2019;

Guo et al., 2016).

In addition to aerosol-radiation interaction, prior research suggests that interaction
between DTR and anthropogenic air pollution (e.g., ozone, particulate matter etc.) are
linked to health outcomes such as chronic obstructive pulmonary diseases (COPD) due to
their similar pathways to human body (Diao et al., 2021). There have been an increased in

association between DTR and cardiovascular disease caused mortality when adjusted with



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

air pollutants such as particulate matter with aerodynamic diameter < 2um (PMjo), sulphur

dioxide (SOz) , and nitrogen dioxide(NO3)(Zhou et al., 2014).

The continent of Australia is geographically and climatically diverse leading to
differences in ambient extreme temperature intensities (defined as maximum daily
temperatures) across some of its cities in reference to the equator(Stern et al., 2000).
During 1950-2018, there was an increased in DTR in the State of Victoria caused by local
climate systems (Clarke et al., 2019). This might be attributed to increase in yearly mean
temperature which is slightly >1°C when compared to both Australia and the global levels
(Clarke et al., 2019). This unique local climatic condition of Victoria has made it necessary to
fully understand the human health implications of such changing climates (i.e., DTR) across

its population.

The health effect of increased DTR has been well documented and found to be
associated with an increase in cardiovascular and respiratory disease related hospital
admissions especially among the elderly (65 years and above) (Phosri et al., 2020; Zha et
al., 2021). Other researchers have investigated DTR and the risk of increased daily
mortalities in different cities in hot and cold climates. This is important for instigation of
preventive alert systems and response during such extreme conditions (Lee et al., 2019;
Yang et al., 2021; Zhao et al., 2017; Zhou et al., 2014). However, very limited numbers of
studies have studied DTR exposure and the risk of mortalities and emergency
presentations under such different climates (hot and cold seasons) in Australia (Li et al.,
2014) . This study presents a special case for further research in Australia because there is

an evidence of increasing temperature variations in State of Victoria, and such changes
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would cause health effects to the population especially the most vulnerable ones (Pearce et

al., 2016).

The evidence from previous studies were limited to only Australian city settings , suggesting
the link between DTR, childhood asthma and diarrhea (Xu et al., 2013a; Xu et al., 2013b).
Similar city scale study has also revealed an association between DTR and mortality during
colder seasons only (Lee et al., 2020). Therefore, the extent of burden of mortality and
emergency department presentation associated with DTR at State level based on different

age, sex, and seasons is unclear.

Future studies are critical because acute health care services (i.e. emergency department
presentations) can potentially increase due to upper respiratory tract infections (e.g.
influenza ) following DTR exposure in cold climates , especially among the elderly and
children (Jang and Chun, 2021; Park et al., 2020). It is still imperative to understand the
effect of current DTR levels and health outcomes a bigger and geographically diverse areas

geographical unit of Australia such as the State of Victoria.

This current study aims to (1) investigate the association between DTR and the risk
of mortality and emergency presentations using data from State of Victoria, Australia (SVA)
between January 2000 to January 2019 and (2) assess how the relationship varies by triage,

departure status, age, sex, and season of years.
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2.0 Materials and Methods

2.1 Mortality and emergency departments presentations data

Daily counts of all-cause mortality and ED presentation data in the State of Victoria,

Australia (SVA) were obtained from the Australian Bureau of Statistics (ABS).

The health data for Victoria were aggregated from all cities and towns. The daily
mortality and ED presentation data were extracted from 1°t January 2000 to 1% January
2019. The mortality data were further classified based on sex (male and female), age groups
(0-65 years, 65-85 years, and 85+ years). The ED presentation data was stratified according
to age (0-15 years, 16-74 years, 75+ years), triage (emergency, resuscitation, urgent, and

semi-urgent), and departure status from ED (home, ward, and other).

Triage refers to hospital emergency management procedures that classifies patients
according to the severity of their health conditions. Thus, patients whose health conditions
falls under triages: resuscitation, emergency, urgent, acute, non-urgent receives a medical
care immediately, within minutes, within 1 hour, within hours, and within days, respectively
(Gerard et al., 2010). Departure status means where the patient departed to after receiving
hospital emergency care services, this could be home , ward, or any other places other

those previously mentioned.

The State of Victoria is classified as inner and outer regional remoteness of areas
lying in south eastern part of Australia with an approximate land area of 227, 444
km?(Australian Bureau of Statistics, 2016). The total population of the State as of 2016 was
estimated to be 5,926,624 of which females constitutes about 50.9%, the estimated median

age for both males and female is 37 years (Australian Bureau of Statistics, 2016).
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The Koppen climate classification shows that the climate systems of the State are
mostly Oceanic (Cfb) , and humid sub-tropical (Cfa) characterized by lowest (-10.5°C to
11.7°C) and highest (47.9°C to 48.1°C) ambient temperature conditions, the annual

maximum mean temperature is 19.9°C (BOM, 2023).

2.2 Temperature data

We obtained daily maximum and minimum air temperature over the State of
Victoria from multiple weather stations in the central district of Victoria provided by the
Australian Bureau of Meteorology (BOM) (Figure 1). Daily DTR was calculated by subtracting
the daily minimum air temperature from the daily maximum air temperature (midnight to
midnight). Daily data on ozone (Os), and particulate matter with an aerodynamic diameter
10um (PM1o) regenerated from air quality monitoring stations located in Central District
Victoria were obtained from the Environment Protection Authority (EPA) Victoria. Figure 1
shows the spatial distribution of weather and air pollution monitoring stations in located in

Central District Victoria.
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Fig 1. Weather (red) and air (blue) quality monitoring stations providing maximum,
minimum temperatures, and air pollutants (Ozone, PMio) data in Central District Victoria

2.3 Statistical analysis

A time series analysis was conducted to examine the association between DTR,
mortality, and ED presentations. Daily counts of these outcome data follow the Quasi -
Poisson distribution family. We assumed a linear relationship of the association by applying
the log-link functions for mortality, and ED presentations count data in order to allow for
overdispersion (Zhang et al., 2017) . A natural cubic spline function of time using seven
knots per year was used to control for the potential effect of long-term trend and

seasonality. The model specification is described below.

Y;~Poisson (u;)

Log(ue) = log(ue)
= a+ L(DTR,;) + ns(temp, 7 knots per year)

+ ns(time, 7 knots per year) + y(03) + §(PM,,) + DOW
+ of fset (Log [population])
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The (u;) represents the expected number of deaths/ED presentations occurring on
day t., I referring to lag days for DTR. The symbol « is an intercept, § is a coefficient showing
mortality/ED presentations association per unit increase in DTR, “ns” is the natural spline
function of the time and temperatures. DOW represents the days of the week, and air
pollution (O3 and PM1o) as environmental confounders as commonly applied from the
previous studies (Phosri et al., 2020; Wang et al., 2022). Due to the varying population size,
a log product of natural log (In) was included in the Poisson regression model as an offset
(Cheng et al., 2018; Yang et al., 2023). These air quality data are intended to serve as
potential confounders to ensure the robustness of the DTR-mortality/ED presentation dose-
response relationship (Cheng et al., 2021). Also, we examined the delayed effects for single
lags (0,1, 2, 3 days) and cumulative lags (0-1, 0-2 and 0-3 days) of DTR on mortality/ED
presentations. For instance, we defined lag0 day, as the same day and lagl day as the last
day of DRT exposure, respectively. Similarly, cumulative lag0-1 day represents the average
value of the current and the lag one day of DTR exposure. A stratified analysis was
performed to evaluate potential effect modification by age (< 15 - 85+ years), sex (male and
female) and season (warm and cold). In this analysis, we defined warm season (including
Spring and Summer) as warmer months starting from September to February, and cold
season (including Winter and Autumn) as colder months starting from March to August. All
the data were presented at 95% confidence intervals where p-value <0.5 was considered
statistically significant. All the data analyses were conducted in STATA (version 17) Software

(College Station, TX, USA) (StataCorp, 2021).



179 3 Results
180 3.1 Descriptive Analysis of ED presentations and Mortalities
181 A total of 703, 377 deaths and 22.7 million ED presentations were reported in the
182  State of Victoria from 1st January 2000 to 1st January 2019 as shown in Table 1. Death
183  cases were slightly higher in males (50.64%) than females (49.36%), with the highest and
184  lowest deaths occurring among 84+ years and 0-15 years. Regardless of sex, higher ED
185  presentations were reported among 16-74 years (64.32%) followed by 0-5 years (22.17%)
186  people. Based on triage, ED presentations cases were considered semi-urgent (50.32%),
187  urgent (37.84%), emergency (11.14%), and resuscitation (0.7%). The number of patients
188  were departed from home (62.65%) more than from hospital wards (34.15%). A steady and
189  sharp increase in overall ED presentations (including all ages and sexes) whereas the total
190 reported deaths seem relatively constant during the study period (Figure 2).
191 Table 1 Daily number of deaths (n =7,103) and ED Presentations (n=7,107) by sex and
192 age, ED triage classification, ED departure status, and environmental factors (air quality
193 and temperature levels) in the State of Victoria, Australia, 1st January 2000 to 1st January
194 20109.
Variable Mean Std. dev. Min Max Total %
Population 5,543,670 568,613 4,730,855 6,596,880 6,596,880 —
Total Deaths 99.0 14.8 46 182 703,377 100.0
Deaths by Sex
Death Females 48.9 9.1 18 110 347,219 494
Deaths Males 50.1 9.0 19 93 356,158 50.6
Deaths by Age
Deaths (0-15 years) 2.0 2.0 0 9 14,037 2.0
Deaths (16-64 years) 16.3 4.4 2 34 115,879 16.4
Deaths (65-84 years) 14.7 4.4 2 35 104,485 14.8
Deaths (75-85 years) 28.6 5.9 6 54 203,240 28.8
Deaths (84+ years) 37.4 10.2 7 85 265,704 37.7
Death rate (per 100,000) 1.8 2.6 1.0 2.8 10,662 —
Total ED Presentations 3191.7 782.9 1574 5,586 22,700,000 100.0
Total ED Presentations by Age
ED Presentations (0-5 years) 708.0 161.4 302 1,379 5,031,810 22.2
ED Presentations (16-74 years) 2058.1 530.7 914 3,667 14,600,000 64.3
ED Presentations (75+ years) 425.6 122.0 173 753 3,024,517 13.3
Triage 22,654,940 100.0



Emergency
Resuscitation
Semi-urgent
Urgent
Departure Status
Departure-Home
Departure-Ward
Departure-Other
Environmental Conditions
Diurnal temperature (°C)
Daily maximum temperature (°C)
Daily minimum temperature (°C)
Daily mean temperature (°C)
Daily mean 03 (ug/m?3)
Winter Oz (png/m?3)
Summer O3 (ug/m3)
Daily mean PM1o(pg/m3)
Winter PMyo(pg/m?3)
Summer PMyo(pg/m?)

355.2
22.2
1608.1
1,206.1

2,000.4
1,089.0
102.2

9.8
19.7
9.8
14.7
15.9
135
17.4
18.0
14.2

20.9

144.9
6.1
285.5
385.8

361.8
430.0
51.0

43
6.0
4.0
4.7
5.9
5.9
5.9
9.4
6.3
10.8

104

812
525

1,029
423

0.7
8.0
-0.9
5.4
0.01
0.01
1.9
2.3
4.5
2.3

823 2,524,838
66 158,133
2,532 11,400,000
2,520 8,571,969

22,666,504
3,341 14,200,000
2,154 7,740,157
270 726,347
27.8
45.2
25.6
33.8
46.0
28.9
46.0
249.6
157.3
133.5

11.1
0.7
50.3
37.8
100.0
62.6
34.1
3.2

195

196 3.2 Environmental Exposures

197  The mean DTR over 6940 counts of days of the study period (1st January 2000 to 1st January

198  2019) were 9.9°C where the mean daily maximum and minimum temperatures were 19.7°C

199 and 9.8 °C, respectively (Table 1). The ambient daily concentration levels of PMig (range 2.3-

200  249.6 pg/m?3) were higher than 03 (0.01-46.0 pg/m?3). The average concentration (average +

201  standard deviation) levels of Os; were higher during the summer (17.4 +5.9 ug/m3) season

202  than the winter (13.5 + 5.9 pg/m3), this was also similar for PM1o of 20.9 + 10.8 pg/m3 and

203  14.2 £6.3 pg/m3, respectively. The time series analysis in Figure 2 clearly shows a rise in

204  DTR was linked to an increase in ground level ozone caused by ultraviolet radiations, and a

205 decrease in PMqgq.

10
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Figure 2. Changes in diurnal temperature, ozone, PM1o, mortality, and ED presentations for
6940 counts of days of the study period in the State of Victoria, Australia (1st January 2000

to 1st January 2019
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3.3 DTR-Mortality Relationship

The effect of DTR exposure was determined as a percentage (%) increase in risk of
all-cause mortalities in relation to the increase in DTR as shown in Figure 3. Overall, a linear
association was observed between DTR and mortality with a relative risk of 0.33% (95% ClI:
0.24% — 0.43%) on lag0 day and peaked at cumulative lag0-1 day by 0.55% (95% Cl: 0.44 —
0.66%). In male population, the risk began at lag0 day by 0.33% (95% Cl: 0.19— 0.45%),
achieved a highest mortality risk of 0.55% (95 Cl: 0.39 —0.70%) at cumulative lag0-1 day
whereas the lowest risk of 0.08% (95% Cl: - 0.09% — 0.26%) was found at cumulative lag0-3
day. Similar in females, DTR was associated with mortality during lag0 day (0.34% [95% Cl:
0.21% — 0.47]), lag0-1 day (0.56% [95% Cl: 0.4% — 0.71%)]) and lag0-3 day (0.11% [95 CI:

0.06% — 0.28%]) as shown in Figure 3.

With regards to the age groups, we found that the association between DTR and risk
of mortality increases with age among the study population. At lag0, the mortality risk was
highest among the 85+ years population by 0.39% (95% Cl: 0.25% — 0.55%), followed by
those with 65-84 years by 0.31% (95%Cl: 0.17% — 0.45%), and the 0-64 years group with
0.23% (95% Cl: 0.02% — 0.45%). When we estimated the effect of DTR on mortality on lag0-1
lag structure by age, we found that 85+ year sub-group showed the highest cumulative risk

of 0.73% (95% CI:0.55 % — 0.91%) than the other age groups (Figure 3).

For season-specific analysis (Figure 3), warmer months DTR levels was associated
with mortality on lag0 day, laglday, lag2 day and lag3day with relative risk of 0.55% (95% ClI:
0.43% —0.67%) ,0.27% (95%Cl: 0.18%-0.35%), -0.086% (95% Cl: -0.16%- -0.011%) and -0.17%
(95% Cl: -0.25% -0.11%), respectively. However, the highest cumulative risk of mortality

occurred on lag0-1days (0.83% [95% Cl: 0.68% — 0.98%]), and later reduced on lag0-3 days

12
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(0.18% [95% Cl: 0.012 % -0.36%]). During the colder months, DTR was associated with
mortality on lag0 day (0.038% [95% Cl: -0.11% — 0.19%]), laglday (0.22% [95% Cl: 0.11% —
0.33%]), lag2day (0.046% [95% Cl: -0.055% —0.14%]) and lag3 day ( 0.0021% [95% Cl: -
0.096% — 0.1%]). The cumulative risk slightly for mortality was highest on lag0-1 days with
relative risk of 0.28% (95%Cl: 0.11% — 0.45%) compared to lag0-3 days (0.21% [95% ClI:
0.028% — 0.4%)]). Therefore, individuals exposed to DTR have higher risk of mortality during

warmer months than colder months (Figure 3).

3.4 DTR-ED Presentations Relationship

The effect of DTR on the ED presentation across the State of Victoria is shown in
Figure 4. We found an association between DTR and total ED presentation, the relative risk
increased during lag0 day, and cumulative lag 0-1day by 0.094% (95% Cl: 0.077%-0.11%) and
0.15% (95 % Cl: 0.13 — 0.16%), respectively. These risks increased but did not change much
from cumulative lag0-2 days (0.15%; 95% Cl: 0.13% — 0.17%), and cumulative lag0-3days
(0.15%, 95% 0.13% — 0.17%). At cumulative lag0-1 day, children (0-15 years) were found to
have experienced the highest risk of ED presentation by 0.38% (95% Cl: 0.34% — 0.42%)
followed by the elderly (75+ years) population of 0.34% (95% Cl: 0.29% — 0.39%) in relation

to increase in DTR.

The highest risk of ED presentation associated with increase in DTR for all age groups
were observed during the cold season with 0.21% (95% ClI:0.18% — 0.24%) at lag0 day and
persisted during cumulative lag0-1 day by 0.2% (95%Cl:0.17% — 0.23). However, the ED
presentation risk was observed to have decreased by nearly 100% within the previous two

days (lag2 days) by 0.02% (95% CI: 0.0026% — 0.04%).
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Considering the effect of seasons in DTR-ED presentation relationship, we found that
the season did not significantly modify the risk of ED presentation across all the lag structures
(lagOday to lag0-3 day). The relative risk of ED presentation during the warmer months were
0.083% (95%Cl:0.02%-0.1%), 0.042% (95%Cl:0.027%-0.057%), 0.042% (95%Cl:0.029%-
0.055%), and 0.059% (95%Cl:0.047%-0.072%) for lagO day, lagl day, lag2day and lag3 day,
respectively. The highest risk of ED presentation (0.23% [95% Cl: 0.20— 0.26]) occurred on
cumulative lag0-3 days. Similar trend of DTR-ED presentation association was also observed

during the colder months (Figure 4).

3.5 The DRT-ED Relationship queried by Triages and Patient’s Departure Status

The association between DTR and the risk of ED presentations queried by triages
and departure status was shown in Figure 4. Anincrease in DTR on lag0 day was associated
with higher resuscitation (0.79% [95% Cl:0.60%-0.99%]), this risk did not change much on
cumulative lag0-2 days (0.52%, 95% Cl:0.28%-0.77%) and cumulative lag0-3 days (0.53%,
95% Cl:0.27%-0.79%). Despite the emergency being the highest ED triage presentations
(Table 1), it only increased especially at lag0 days by 0.27% (95% Cl: 0.22%-0.33) but did not
increase on the next day (lagl day) (-0.04%, (95 % Cl: -0.075%-0.0052%)). Semi-urgent triage
slightly varied the association between DTR and ED presentation on lag0 day (0.018% [95%

Cl: -0.0043%- 0.041%]).

The association between an increase in DTR and risk of ED presentation by departure
status was also evaluated (Figure 4). A strong association was observed between DTR and
patients with other departure status, the risk increased by 0.47% (95% Cl:0.36-0.58%) at
cumulative lag0-1 day, which was higher than log0 day (0.35% [95% Cl: 0.26%-0.44]). The
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strongest and the weakest DTR-ED presentation association was observed among patients
who departed home on lag3 day (0.3% [95% Cl:0.27%-0.32%]) and on cumulative lag 0-3
days (0.06% [95% Cl: 0.049%-0.075%)]), respectively. Additionally, DTR-ED presentation
association was weak among patients who were admitted to the hospital wards for all the
lag structures except lag0 day with an estimated RR of 0.15% (95%Cl: 0.11%- 0.18% (Figure

a).
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290 Fig 3. Diurnal temperature range (DTR) and % change in risk of mortality (95% Cl) based on different age groups, sex, warm season
291  including Spring and Summer (September-February) and colder season including Autumn and Winter (March -August) in the State of Victoria,
292  Australia from 1st January 2000 to 1st January 2019
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294  Fig 4. Diurnal temperature range (DTR) and % change in risk ED presentations (95% Cl) based on different age groups, warm season including
295  Spring and Summer (September-February) and colder season including Autumn and Winter (March -August) season, ED triage, and departure
296  status in the State of Victoria, Australia from 1st January 2000 to 1st January 2019.
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4 Discussions

This is the first study in Australia examining the association between DTR and risk of
mortality and ED presentation (January 2000—January 2019) in State of Victoria, Australia
(SVA) using time-series design. We observed three notable findings in this study: (1) the risk
of mortality and ED presentations increased with the increase of DTR in Victoria, Australia;
(2) the association between DTR and the risk of ED presentations was stronger in children
(0-15 years) and the elderly (75+ years) than it was in the other age groups; and (3) the
association between DTR and the risk of ED presentations of resuscitation triage was greater

than that those in emergency, urgent and semi-urgent triages .

We found that short term increased DTR exposure is a risk factor for all-cause
mortalities especially among the elderly and children in the State of Victoria, Australia. Our
results were found to be consistent with previous reported study in Australia where DTR

was linked to poor lung function among asthmatic children (Li et al., 2014).

It should be noted that this is first assessing the association between DTR, mortality and
ED presentation in State of Victoria. However, some few studies conducted in Brisbane,
Australia have also shown an association between DTR, and childhood asthma including
diarrhea (Xu et al., 2013a; Xu et al., 2013b). This clearly shows that DTR is an important

climate hazard in Australia.

This health outcome has previously been confirmed by Kan et al. (2007) that
increased DTR in cold days are normally associated with respiratory diseases mortality. We
also found similar evidence across more than 400 communities in 20 countries indicating
that increased DTR could increase global excess mortalities from 1.4% to 10.3% nine
decades (Lee et al., 2020).
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The association between DTR and mortality are caused by changes in the normal
functioning of human physiological systems especially circulatory and renal organs following
exposure to increased DTR (Lee et al., 2020; Liu et al., 2015). DTR was associated with
decreased in heart rate variability, thus causing decrease in very low frequency power (VLF),
low frequency power (LF), and high frequency power (HF) by 3.9%, 6.9%, and 5.8%,
respectively, above than normal(Tang et al., 2021). An increase in temperature variability is
linked to nearly 3.95-6.99% reductions in human heart rate variability among the adult
population (Tang et al., 2021) . This cardiac response occurred on the same day of exposure
(Tang et al., 2021). A systematic review study findings made up of 9 inclusive studies have
concluded that the major risk factor for temperature variability is poor functioning of

human blood vessels and homeostatic systems (Casas et al., 2016)

It was further highlighted that these abnormal biological mechanisms seem common
among the elderly population and those with underlying comorbidities (Casas et al., 2016).
This result seems consistent with our current findings where the elderly sub-population (85+
years) group experienced the highest increase in mortalities following daily increased DTR
exposure especially during the warmer months. In addition, these abnormal biological
responses caused by temperature variability might be an important reason for an increase
in the risk of ED presentations among people who have experienced resuscitations. Patients
under this particular type of ED triage (i.e., resuscitation) are widely known of having
cardiopulmonary health conditions (Ghasemzadeh et al., 2018; Stevenson, 1998), and this

could be a major factor for increased ED presentations under this study.

The previous studies relied only on ED presentation data for all the patients without

analysing the effect of their related sub-group data such as triage and departure status on
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ED presentation risk (Byun et al., 2020; Jang and Chun, 2021; Ponjoan et al., 2021) . Having
noted this setback, we included the analysis on the relationship by different triage
presentations (resuscitation, emergency, urgent, and semi-urgent) and departure status
(home or ward, other) on the risk of ED presentations. Exposure assessment studies have
shown that south-eastern part of Australia (where State of Victoria is located), has high
levels of DTR than the other parts of the country , especially during the winter season
(Plummer et al., 1995). In addition to our findings, it implies that the vulnerable population
living in State of Victoria are likely to suffer from the health effect of extreme DRT exposure
in future if immediate mitigation actions are not put in place. This calls for the development
of future finer spatial scale (suburbs level) DTR -vulnerability assessment to help identify
the potential populations who may be risk of DTR exposure in the State of Victoria (Zhang

et al.,, 2018).

While future studies might advance this current knowledge for a better
understanding of DTR -mortality/ED presentation relationships, there is a handful of
strengths that can be found in this study. This is the first regional study that investigated
the association between DTR and risk of mortality/ED presentation outcomes in the State of
Victoria, Australia where the analyses of DTR-health outcomes were evaluated for different
triage presentations and departure status of the patients. The additional fine resolution sub-
group analysis based on age, sex, and season represents socio-demographic and

environmental factors that can be also used to identify vulnerable populations.

This study is faced with several limitations. First, since this is a regional study, all the
health data (mortality and ED presentation) were aggregated from the fine spatial locations

(suburb/cities) to the state level, making it difficult to consider the spatial variations of these
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health effects. We assumed a linear exposure-response relationship without concurrently
accounting for non-linear of the DTR-mortality/ED presentation relationship (Gasparrini et
al., 2015). Sub-daily (e.g., hourly) DTR exposure data are required to better understand the
short-term risk of ED presentation in Australia especially among the vulnerable population

(Cheng et al., 2017).

Since this is a State-level ecological study and observational in nature, it is difficult to
presuppose causality in the DTR-mortality/ED presentation association as individual level
inferences are difficult to draw. A comprehensive systematic review evaluating the effects
of DTR on health using the Hill’s criteria should be conducted to explore the causality of the
effects. Another limitation of the study is that RR of <1 shows negative TDR-mortality/ED
presentation association, which the DTR provides a protective effect. Though, we did adjust
our model to account for the effect of air pollution levels relation to mortality and ED
presentation. Since, these may not be exhaustive, is important for future studies to explore
the contribution these important confounders together with other sociodemographic

covariates.

Another important consideration such as type of occupancy, the altitude, population
levels in Melbourne including the whole State, proximity of population to monitoring
stations, and the locations of the hospitals could provide more insight about spatial
variability of DTR and health outcomes (e.g., mortality, ED presentations) . In addition, due
to the availability of the original data, we used the different classifications for the oldest age
groups (85+ for mortality vs. 75+ for ED presentations), so the comparison of the effects of

temperatures on mortality and morbidity would be difficult.
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Finally, temperature data used was acquired across different weather stations which
may vary in terms of spatial resolution and could not represent the actual DTR exposure
level in the State of Victoria. However, since majority of the population in central region of
the State of Victoria lives in Melbourne, it is expected DTR won’t vary much across different
locations. Future studies focusing on finer spatial scales (e.g., consisting of populations size
lesser than 200-800 people opposed to state level or statistical area level 2) analysis with
thousands and millions of populations. Applying meta-regression analysis to determine DTR
-health outcome relationship modified by the modification factors could advance this

current knowledge for future DTR-public health policies.

5 Conclusions

This study suggests that the risk of mortality and ED presentations increases with the
increase of DTR in the State of Victoria, Australia (SVA). Children (0-15 years), elderly (75+),
and their caregivers need to be made aware of this DTR-related health risk. Interventions
such as public health alerts systems, and warnings which may potentially reduce health
outcomes especially during high DTR levels needs to be investigated. This study could
provide a reference point for developing future DTR vulnerability assessment tool to protect
the most vulnerable population in SVA. Long-term intervention policies such as including
DTR into future State level heat-health action plans especially among the highly vulnerability

communities could potentially reduce the adverse health effect of DTR.

Author’s Contributions
Patrick Amoatey: Writing Manuscript-draft, Review, Editing, Analysis; Nicholas J. Osborne:
Review, Editing, Resources, Supervision; Darsy Darssan: Statistical analysis, Review, Editing.

; Zhiwei Xu: Statistical analysis, Review, Editing; Quang-Van Doan: Data process, Review,

22



414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

Editing; Dung Phung: Conceptualization, Methodology, Formal Analysis, Review, Editing,
Resources, Supervision.

Funding Source

None

Consent for publication

Not applicable

Declaration of conflict of interest

The authors declare no potential competing conflict of interest that might influence the
outcome of this study.

Acknowledgment

The authors wish to thank the Australian Bureau of Statistics (ABS) and the Bureau of
Meteorology (BOM) for providing the weather and health data. DP is supported by the
Research Start-up Fund provided by the Faculty of Medicine, The University of Queensland

(UQ). PAis supported by the PhD scholarship provided by the UQ Graduate School.

Reference

Australian Bureau of Statistics, Victoria 2016 Census All persons QuickStats. Australian
Bureau of Statistics, Canberra, Australia, 2016.

Benjamin, C. L., et al., 2019. Performance Changes Following Heat Acclimation and the
Factors That Influence These Changes: Meta-Analysis and Meta-Regression. Frontiers
in Physiology. 10.

BOM, Climate statistics for Australian locations. Bureau of Meteorology 2023.

Byun, S., et al., 2020. Association between diurnal temperature range and emergency
department visits for multiple sclerosis: A time-stratified case-crossover study.
Science of The Total Environment. 720, 137565.

Casas, A., et al., Effects of Temperature Variation on the Human Cardiovascular System: A

Systematic Review. 2016, pp. 73-87.

23



440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

Cheng, J., et al., 2021. Extreme temperature exposure and acute myocardial infarction:
Elevated risk within hours? Environmental Research. 202, 111691.

Cheng, J., et al., 2017. The mortality burden of hourly temperature variability in five capital
cities, Australia: Time-series and meta-regression analysis. Environment
International. 109, 10-19.

Cheng, J., et al., 2018. Heatwave and elderly mortality: An evaluation of death burden and
health costs considering short-term mortality displacement. Environment
International. 115, 334-342.

Clarke, J., et al., Victorian Climate Projections 2019 Technical Report. CSIRO, Melbourne
Australia., 2019.

Diao, L. J., et al,, 2021. Linear and Interactive Effects of Air Pollution and Diurnal
Temperature Range on COPD Mortality in Weifang, China: A Time Series Analysis.
Biomedical and Environmental Sciences. 34, 662-666.

Doan, Q.-V., et al., 2022. Causes for Asymmetric Warming of Sub-Diurnal Temperature
Responding to Global Warming. Geophysical Research Letters. 49, e2022GL100029.

Easterling, D. R., et al., 1997. Maximum and Minimum Temperature Trends for the Globe.
Science. 277, 364-367.

Forster, P. M. d. F., Solomon, S., 2003. Observations of a “weekend effect” in diurnal
temperature range. Proceedings of the National Academy of Sciences. 100, 11225-
11230.

Gasparrini, A., et al., 2015. Mortality risk attributable to high and low ambient temperature:
a multicountry observational study. The Lancet. 386, 369-375.

Gerard, F., et al., 2010. Emergency department triage revisited. Emergency Medicine
Journal. 27, 86.

Ghasemzadeh, G., et al., 2018. The Cardiac Risk Factors of Coronary Artery Disease and its
relationship with Cardiopulmonary resuscitation: A retrospective study. The Egyptian
Heart Journal. 70, 389-392.

Guo, Y., et al., 2016. Temperature Variability and Mortality: A Multi-Country Study.
Environmental Health Perspectives. 124, 1554-1559.

IPCC, Climate Change 2022: Impacts, Adaptation and Vulnetability: IPCC WGII Sixth
Assessment Report. Australasia. Intergovernmental Panel on Climate Change (IPCC)

2022, pp. 1-151.

24



472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

Jang, J. Y., Chun, B. C., 2021. Effect of diurnal temperature range on emergency room visits
for acute upper respiratory tract infections. Environmental Health and Preventive
Medicine. 26, 55.

Kan, H., et al., 2007. Diurnal temperature range and daily mortality in Shanghai, China.
Environmental Research. 103, 424-431.

Lee, W., et al., 2019. Interactive Effect of Diurnal Temperature Range and Temperature on
Mortality, Northeast Asia. Epidemiology. 30 Suppl 1, S99-s106.

Lee, W., et al., 2020. Projections of excess mortality related to diurnal temperature range
under climate change scenarios: a multi-country modelling study. The Lancet
Planetary Health. 4, e512-e521.

Li, S., et al., 2014. An Australian national panel study of diurnal temperature range and
children's respiratory health. Annals of Allergy, Asthma & Immunology. 112, 348-
353.e8.

Liu, C., et al., 2015. Cardiovascular response to thermoregulatory challenges. American
Journal of Physiology-Heart and Circulatory Physiology. 309, H1793-H1812.

Park, J.-E., et al., 2020. Effects of temperature, humidity, and diurnal temperature range on
influenza incidence in a temperate region. Influenza and Other Respiratory Viruses.
14, 11-18.

Pearce, J. L., et al., 2016. Exploring the influence of short-term temperature patterns on
temperature-related mortality: a case-study of Melbourne, Australia. Environmental
Health. 15, 107.

Phosri, A., et al., 2020. Short-term effects of diurnal temperature range on hospital
admission in Bangkok, Thailand. Science of The Total Environment. 717, 137202.

Plummer, N., et al., 1995. Trends in the diurnal temperature range over Australia since
1951. Atmospheric Research. 37, 79-86.

Ponjoan, A, et al., 2021. Extreme diurnal temperature range and cardiovascular emergency
hospitalisations in a Mediterranean region. Occupational and Environmental
Medicine. 78, 62.

StataCorp, Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC, 2021.

Stern, H., et al., 2000. Objective classification of Australian climates. Australian

Meteorological Magazine. 49, 87-96.

25



503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

Stevenson, L. W., 1998. Rites and Responsibility for Resuscitation in Heart Failure.
Circulation. 98, 619-622.

Tang, M., et al., 2021. The acute effects of temperature variability on heart rate variability: A
repeated-measure study. Environmental Research. 194, 110655.

Wang, R., et al., 2022. Relationship between diurnal temperature range and emergency
ambulance dispatches due to stroke in Guangzhou, China. Science of The Total
Environment. 817, 153037.

Xu, Z., et al., 2013a. Diurnal temperature range and childhood asthma: a time-series study.
Environmental Health. 12, 12.

Xu, Z., et al., 2013b. Is Diurnal Temperature Range a Risk Factor for Childhood Diarrhea?
PLOS ONE. 8, e64713.

Yang, J., et al., 2023. Influence of air pollution on influenza-like iliness in China: a nationwide
time-series analysis. eBioMedicine. 87.

Yang, Z., et al., 2021. Hourly temperature variability and mortality in 31 major Chinese cities:
Effect modification by individual characteristics, season and temperature zone.
Environment International. 156, 106746.

Zha, Q,, et al., 2021. Effects of diurnal temperature range on cardiovascular disease hospital
admissions in farmers in China’s Western suburbs. Environmental Science and
Pollution Research. 28, 64693-64705.

Zhang, W., et al., 2018. A Raster-Based Subdividing Indicator to Map Urban Heat
Vulnerability: A Case Study in Sydney, Australia. International Journal of
Environmental Research and Public Health. 15.

Zhang, Y., et al., Diurnal Temperature Range in Relation to Daily Mortality and Years of Life
Lost in Wuhan, China. International Journal of Environmental Research and Public
Health, Vol. 14, 2017.

Zhao, Y. Q., et al., 2017. Lagged effects of diurnal temperature range on mortality in 66 cities
in China: a time-series study. Zhonghua Liu Xing Bing Xue Za Zhi. 38, 290-296.

Zhou, X., et al., 2014. Acute effects of diurnal temperature range on mortality in 8 Chinese

cities. Sci Total Environ. 493, 92-7.

26



Highlights:

e The risk of mortality and emergency department (ED) presentations in State of
Victoria, Australia (SVA), associated with increase in diurnal temperature (DTR).

e The association between DTR and the risk of ED presentations was stronger in children
(0-15 years) and the elderly (75+ years).

e DTR exposure increased the risk of ED resuscitation.
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