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ABSTRACT

Objectives: To investigate the effect of hot and cold
temperatures on ambulance attendances.

Design: An ecological time-series study.

Setting and participants: The study was conducted
in Brisbane, Australia. The authors collected
information on 783935 daily ambulance attendances,
along with data of associated meteorological variables
and air pollutants, for the period of 2000—2007.
Outcome measures: The total number of ambulance
attendances was examined, along with those related to
cardiovascular, respiratory and other non-traumatic
conditions. Generalised additive models were used to
assess the relationship between daily mean
temperature and the number of ambulance
attendances.

Results: There were statistically significant
relationships between mean temperature and
ambulance attendances for all categories. Acute heat
effects were found with a 1.17% (95% Cl 0.86% to
1.48%) increase in total attendances for 1°C increase
above threshold (0—1 days lag). Cold effects were
delayed and longer lasting with a 1.30% (0.87% to
1.73%) increase in total attendances for a 1°C
decrease below the threshold (2—15 days lag).
Harvesting was observed following initial acute periods
of heat effects but not for cold effects.
Conclusions: This study shows that both hot and cold
temperatures led to increases in ambulance
attendances for different medical conditions. Our
findings support the notion that ambulance attendance
records are a valid and timely source of data for use in
the development of local weather/health early warning
systems.

INTRODUCTION

The effect of climate change on human
health has received much attention in
response to projected scenarios of both
increasing and more variable global temper-
atures." * Tt is important to examine these
effects as not only will it increase knowledge
of the relationships between temperature
and human health, but this information will
also inform public health policy that seeks to
minimise the adverse impacts of climate
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ARTICLE SUMMARY

Article focus

m To examine the relationship between exposure to
hot and cold temperatures and ambulance
attendances.

m To contribute to the literature concerning effects
of climate change on non-fatal health outcomes,
specifically ambulance attendances.

Key messages

m Hot and cold ambient temperatures affected
ambulance attendances for a variety of health
outcomes.

m There were differences in the temperature—
attendance relationship for different medical
conditions.

Strengths and limitations of this study

m This study adds to the limited literature exam-
ining the effects of temperature on non-fatal
health outcomes.

= Ambulance attendance data could be useful for
the development of weather/health early warning
systems.

m Misclassification bias might exist due to non-
standardised coding in administrative ambulance
data.

m The location of attendance may not always
correspond with the location where the patient
received the majority of exposure.

change on the population, particularly in
terms of major chronic conditions, such as
cardiovascular and respiratory diseases.”

To date, a large body of research has been
devoted to examining the effects of temper-
ature on mortality for different populations,
with a particular focus on vulnerable
subgroups, such as older people and the
frail.* > Studies have examined the effects of
hot and cold temperatures in terms of same-
day and extended periods of exposure (eg,
heatwaves), the apparent variation in
responses between populations living in
different climates and the presence of lagged
responses to exposure.” ? Another important
area of study relates to the non-linear nature
of the temperature—health relationship,
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which is sometimes interpreted through the existence of
temperature ‘comfort zones’, above and below which the
health risk due to increasing or decreasing temperature
increases dramatically.10

As opposed to research into fatal health events, there
has been much less attention into research of non-fatal
health outcomes. To date, only a few studies have
concentrated on hospital and/or emergency depart-
ment admissions data, collected from either hospital or
health department information systems."'~'* A number
of benefits to using non-fatal event data have been
suggested, from the ability to conduct more targeted
health intervention strategies throughout the commu-
nity,'* to the development of early warning assessment
SYStCmS.15_17 In such applications, other forms of
morbidity data such as ambulance attendance records
have been cited as being potentially useful for the
purposes of capturing those events that, while not
leading to immediate death, are important precursors to
such incidents and therefore to effective public health
intervention strategies.

There have been few attempts to examine the effect of
temperature on ambulance attendances.'® 2" A number
of studies have reported a strong relationship between
same-day temperature and emergency admissions by
ambulance for cerebrovascular disease®' ** and respira-
tory disease.” A study of ambulance response calls and
extreme heat in Toronto®* examined the spatial varia-
tion in calls across the city, noting that increased call
rates during hot periods were related to day-of-week
factors and associated population movements. Two
recent studies from Toronto™ and Italy®® attempted to
quantify the temperature—ambulance attendance rela-
tionship for cardiovascular and respiratory disease and
heat/cold exposure, after controlling for seasonality, air
pollution and day-of-week factors. They found an
increase in ambulance attendances for cardiovascular,
respiratory and other non-traumatic diseases in relation
to exposure to temperatures during the summer period.

To date, there exists a lack of research examining the
effects of temperature on morbidity, particularly ambu-
lance attendances, and no studies have been conducted
in a subtropical climate to assess both cold and hot
temperature effects on ambulance attendances. This
study therefore examined the relationship between
ambient temperature and ambulance attendances in
Brisbane, Australia.

METHODS

The study population

Brisbane is the capital city of Queensland, located on the
east coast of Australia (27° 30" south and 153° 00" east). It
has a subtropical climate and generally experiences mild
winters (average minimum and maximum temperature:
9.7°C, 21.3°C) and hot summers (average minimum and
maximum temperature: 20.8°C, 28.7°C). The population
increased over the study period from 0.88 million in
2000 to 1.01 million in 2007.

Data on meteorological factors, air pollution and
ambulance attendances in Brisbane, Australia, for the
period from 1 January 2000 to 31 December 2007 were
obtained from relevant government agencies. As post-
code was the only available geographical location iden-
tifier, a list of postcodes for the City of Brisbane was
obtained from the Australian Bureau of Statistics and
Brisbane City Council to define the area and population
of the study.

Ambulance attendance data

Anonymised ambulance attendance data were supplied
by the Queensland Ambulance Service, the main
provider of out-of-hospital emergency care and ambu-
lance transport in Queensland. The variables extracted
from each anonymised attendance record were the date
of attendance, sex and age of the patient, postcode of
attendance event and the health assessment of the
patient, recorded using a specific coding system. The
data were collected from the ambulance information
management system used by the Queensland Ambulance
Service. Ethical approval was obtained prior to the
collection of these data.

In this study, we calculated the daily number of
attendance events for groups of health assessment codes
related to cardiovascular, respiratory or other non-
traumatic attendances that may have been related to
ambient temperature exposure.

Exposure data

Daily meteorological data from a central monitoring
station were obtained from the Bureau of Meteorology,
which consisted of observations of daily mean tempera-
ture (calculated as the average of the daily minimum and
maximum temperatures) and humidity. Air pollution
data were obtained from the Department of Environ-
ment and Resource Management and consisted of
hourly mean concentrations of ozone (Os), nitrogen
dioxide (NOy), sulphur dioxide (SOg) and particulate
matter of size <10 um (PM;() from eight monitoring
sites throughout Brisbane. Daily mean values were then
calculated for all meteorological and environmental
data; when a particular station lacked daily environ-
mental data, the average across the remaining stations
was calculated. Daily mean temperature was used in the
analysis, following several previous studies that have
shown it to perform as well as or better than other
temperature measures.?” 2

Statistical analysis

To better understand the nature of the association
between ambulance attendances and temperature, we
initially examined the exposure—response curve using
generalised additive models. The relationship between
same-day temperature and attendances was analysed
using a natural cubic spline with 4 degrees of freedom
(df). The model also adjusted for the possible
confounding effects of humidity, Og, NOgy, SOy and PM,
by using separate cubic splines with 4 df each. The
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selection of df was based on previous research.*® To
control for any secular trends and seasonal effects other
than temperature, time was incorporated using a cubic
spline with 5 df per year. Effects from both day-of-week
and public holidays were incorporated through dummy
variables to control for calendar effects.

To derive specific estimates of heat and cold slopes, we
applied a distributed lag non-linear model (DLNM) with
either a ‘V’- or ‘U’shape linear threshold.'” *' This
involved specifying a single or double threshold for
temperature and then estimating a log-linear change in
risk of ambulance attendances above (or below) the hot
(or cold) threshold(s). To examine the nature of
delayed effects of temperature on ambulance atten-
dances, a natural cubic spline was used to incorporate
lagged effects up to 27 days.” An approximate range for
threshold value(s) was selected for each attendance
group. These ranges were partitioned into 0.5°C incre-
ments, and the DLNM model was applied iteratively
using each value across the range. The thresholds were
then selected based on the model of best fit (lowest
deviance) across the values. Using the DLNM with these
thresholds, cold effects (1°C decrease in temperature
below the threshold) and heat effects (1°C increase in
temperature above the threshold) were graphically
examined across lags. Based on an examination of the
general nature of the exposure—response relationship
for lags up to 27 days, parametric effect estimates were
obtained using a lag-stratified approach10 for the
following lag periods: the average of lag days 0—1, 2—15
and 16—27. Estimates of the per cent change in ambu-
lance attendance corresponded to a 1°C increase (or
decrease) in temperature above (or below) the
threshold(s). There were no missing values in the
ambulance attendance data, and very few missing envi-
ronmental data after aggregation over all available
stations (0.24% temperature data and 0.44% humidity
data). All analyses were conducted in SAS V.9.2 (SAS
Institute Inc) and R V2.12.2.

RESULTS
Figure 1 shows the distribution of attendance events
through time for all attendance categories, meteorolog-
ical and air pollution variables. A strong increasing
secular trend was apparent for total attendance events
over the study period, with a similar but slightly weaker
trend for cardiovascular and other non-traumatic atten-
dances. A strong seasonal pattern was observed for
respiratory attendances, with increases during the cooler
months. A sharp spike in total attendance events
occurred during early 2004, which corresponded to
a severe heatwave in Brisbane at that time.*? Strong
seasonality was observed in temperature, along with Og
and NOs concentrations, with weaker seasonality present
in both relative humidity and SOy concentrations. There
was no apparent seasonal pattern for PM;.

Table 1 shows that for the period of study from 2000 to
2007, there were 783935 ambulance attendances, of

which 15.8%, 8.7% and 7.1% were cardiovascular,
respiratory and other non-traumatic conditions, respec-
tively. Daily mean temperature for the period ranged
from 9°C to 34.2°C.

Table 2 shows the correlation coefficients between all
attendances and environmental variables. There exists
significant, although weak, correlation between temper-
ature, humidity and air pollutants. Temperature and
NOgy were found to have the strongest correlation across
all variables.

Through the use of a DLNM with a linear threshold
model for temperature, it was found that the exposure—
response relationship for total, cardiovascular and
respiratory attendances was described by a ‘V’ shape with
a threshold temperature (of minimum attendance
count) of 22°C. The other non-traumatic attendance
group was best described by a ‘U’ shape with a large
comfort zone between 15.5°C and 28°C.

There were similar patterns of lagged effects of both
hot (a 1°C increase above the threshold) and cold (a 1°C
decrease below the threshold) temperatures on the
number of ambulance attendances across all groups
(figure 2). Cold effects were found to be delayed,
generally occurring 2—3 days following exposure for all
groups. The other non-traumatic attendance group was
an exception, with effects not occurring until approxi-
mately 5—8 days after exposure. The respiratory and
other non-traumatic groups also displayed signs of acute
cold effects, although these were not statistically signifi-
cant. Heat effects were found to be acute across all
groups, occurring within 0—2 days following exposure.

We calculated parametric effect estimates for the
average of lags 0—1, 2—15 and 15—27 (table 3). There
were significant heat effects over lags 0—1, with a 1°C
increase in temperature above 22°C associated with
a 1.17% (95% CI 0.86% to 1.48%) increase in total
ambulance attendances. The largest heat effect found
was for the other non-traumatic attendance group, with
a 1°C increase in temperature resulting in a 20.56%
(95% CI 15.15% to 26.10%) increase in attendances.

We found that the hot effects on all groups displayed
characteristics consistent with harvesting, with a signifi-
cant decrease in attendances for total (—0.82%, 95%
Cl -135% to —0.30%), cardiovascular (—1.85%,
95% CI —3.06% to —0.64%) and respiratory (—1.99%,
95% CI —3.72% to —0.25%) categories over lags 2—15,
which followed the immediate increases in ambulance
attendance observed over the first few days of exposure.

Cold effects over lags 2—15 were found for all cate-
gories, with the largest increases in attendances associ-
ated with respiratory (3.656%, 95% CI 2.38% to 4.92%)
and other non-traumatic (3.40%, 95% CI 0.43% to
6.37%) groups. The other non-traumatic attendance
group also showed significant cold effects from 15 days
onward (6.49%, 95% CI 3.62% to 9.36%). There was no
apparent harvesting observed in cold effects, except for
the cardiovascular group (For unadjusted effect esti-
mates, see online supplemental material.)
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DISCUSSION

In this study, we examined the relationship between
temperature and ambulance attendances using time-
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series modelling techniques. Cold and heat effects were
observed for all attendance categories. There was a ‘V’-

or

‘U’-shaped

relationship between

daily mean

Table 1 Summary statistics for daily ambulance attendances, meteorological and air pollution variables in Brisbane,
2000—2007

No. of 25th 75th
Variable days Mean Minimum Percentile Median Percentile Maximum
Total (783 935 counts) 2922 268.3 104 210 283.5 325 432
Cardiovascular (120041 counts) 2922 411 11 34 41 48 77
Respiratory (68535 counts) 2922 235 3 18 23 29 62
Other non-traumatic (55822 counts) 2922 19.1 1 12 18 25 60
Mean temperature (°C) 2915 20.5 9 171 21 23.7 34.2
Relative humidity (%) 2909 714 23.8 66.3 72.6 78.5 96.3
PMyo (ng/m?®) 2922 19.7 4.7 14.9 18.4 22.6 166.8
Ozone (ppm) 2922 0.0144 0.0014 0.0107 0.0137 0.0174 0.0353
Sulphur dioxide (ppm) 2922 0.0015 0 0.0009 0.0013 0.0019 0.0085
Nitrogen dioxide (ppm) 2922 0.0116 0.0014 0.0077 0.0109 0.0151 0.0333
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Table 2 Spearman correlations between environmental

variables for Brisbane, 2000—2007

03 PM10 SOZ N°2
Temperature 0.132**  0.033 -0.162** —0.670**
O3 0.106** —-0.119** —0.225**
PMio 0.273** 0.305**
SO, 0.397**
**p<0.001.
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temperature and ambulance attendances, with statisti-
cally significant increases in different attendance cate-
gories for a 1°C change in temperature from the
thresholds. Cold effects were found to be delayed in
onset but last longer than heat effects, which were
immediate and short-lived.

There have been few studies of the effects of ambient
temperature on ambulance attendances. A Toronto
study25 reported large increases in ambulance response
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Figure 2 Lagged effects for a 1°C decrease (left) and increase (right) in mean temperature below (and above) the threshold
temperature for total, cardiovascular, respiratory and other non-traumatic attendances. The shaded region corresponds to the

95% CI.
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Table 3 Temperature effects on ambulance attendances in Brisbane, Australia

Attendance category (95% CI)

Lag in
days Total (22°C) Cardiovascular (22°C)  Respiratory (22°C) Other (15.5/28°C)
Heat 0-1 1.17 (0.86 to 1.48) 0.45 (—0.26 to 1.16) —0.38 (—1.40 to 0.63) 20.56 (15.15 to 26.10)
effect 2-15 -0.82(—1.35to —0.30) —1.85(—3.06to —0.64) —1.99 (—3.72to —0.25) —12.37 (—27.06 to 2.48)
16—27 —0.47 (—0.97 to 0.04) —0.35 (—1.51 to 0.81) —0.72 (—2.38 to 0.94) 3.19 (—10.30 to 16.83)
Cold 0-1 —0.16 (—0.40 to 0.08) —0.62 (—1.17 to —0.06) 0.63 (—0.09 to 1.34) —0.38 (—2.12 to 1.38)
effect 2—-15 1.30 (0.87 to 1.73) 1.63 (0.64 to 2.62) 3.65 (2.38 to 4.92) 3.40 (0.43 to 6.37)
16—27 0.12 (—0.28 to 0.53) —1.1 (—2.03 to —0.16) 0.9 (—0.30 to 2.11) 6.49 (3.62 to 9.36)

Significant effects are highlighted in bold.

Effects given as per cent change per 1°C above or below threshold (threshold stated in brackets for each category).

calls during the summer period. Similarly, a multicity
analysis in Ttaly*® found an increasing risk of ambulance
dispatches for increasing temperature, with the largest
same-day heat effects occurring for other non-traumatic
and respiratory conditions. However, no cold effect was
observed in their study. The short-term nature of the
heat effects in these studies has been observed more
generally. Heat effects on both cardiovascular and
respiratory diseases are often observed to be immediate
and short term,25 33 with the strongest heat effects
recorded in the first 1—3 days following exposure, before
decreasing in magnitude.”* We found similar trends
across all attendance categories, with a heat effect
observed immediately following exposure. In terms of
cold temperature effects, we found a significantly
increased risk for all attendance categories. The cold
effects on cardiorespiratory attendances are consistent
with most previous studies.” 7 Our results indicate that
the short exposure lags considered in the Italian study*®
may have resulted in an underestimation of the cold
effect. Our findings of lagged effect of cold tempera-
tures of up to 15 days following exposure corroborate
observations from previous research.”” *®

A common pattern across all categories was the slight
drop in heat effects between 2 and 15 days, consistent
with the harvesting phenomenon found in studies of
temperature and mortality.® The occurrence of such an
effect has a clear physiological explanation in terms of
fatal health outcomes; however, it is less clear as to what
would cause this displacement in out-of-hospital atten-
dances. One factor may be due to an initial large
number of transfers and subsequent admissions of seri-
ously ill patients to hospital. Once there, it would be
expected that such people would spend a number of
days in hospital, thereby removing high-risk individuals
from the general population that would further use
ambulance services.

An interesting finding was the differences in temper-
ature effects on different categories of ambulance
attendance. In our study, for same-day temperature
exposure, there was a slight non-significant decrease and
increase in heat effect for respiratory and cardiovascular
attendances, respectively. In particular, the direction of
effect on respiratory attendances is in line with previous
results that show a protective effect of hot temperatures

on preadmission respiratory morbidity.”® This finding
may be due to the fact that in our study, respiratory
tract infections made up a large proportion of respira-
tory attendances, conditions that are more prevalent
in cooler weather.*® ** The other non-traumatic atten-
dance category displayed a significantly larger heat
effect. This is likely a result of either the higher
temperature threshold identified for this subgroup or
the fact it contained a large percentage of attendances
that were related to psychiatric issues, which have
been identified as being strongly influenced by high
temperatures.*

This study has a number of strengths. First, given the
current lack of research into temperature effects on
ambulance attendances, the study contributes to an
understanding of how prehospital health conditions are
affected by changes in temperature. Second, ambulance
attendances often occur for conditions that do not
require hospital admission nor cause death. This implies
that ambulance attendance data may be useful in
surveillance systems as they provide the ability to
monitor health outcomes that will not be captured in
mortality or admissions data.

Limitations of the study should also be acknowledged.
First, compared with other types of health outcomes
such as mortality, hospital admissions and emergency
admissions, the available coding regime was limited for
ambulance attendances, and therefore, the risk of
misclassification of health outcomes was potentially
higher here than for other types of health outcomes. As
the primary purpose of the ambulance data set is for
administrative and performance evaluation purposes,
codes are not required at the level of detail seen in
a hospital setting, as a more thorough diagnosis is made
once the patient is admitted. Therefore, the relevant
attendance categories were necessarily grouped together.
Second, the postcode variable in our data set reflected
the location of attendance, not the residential area of
the patient. Therefore, the location of attendance may
not closely correspond with the location where the
patient received the majority of exposure. Finally, the
implementation of a new information system and coding
regime in 2006 may have produced some measurement
error in the data. However, sensitivity analyses using data
from each year separately and also data from before the
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new system was implemented (2000—2005) were found
to make little difference to the results.

This research may have several implications, within
both the research domain and public health policy
arena. First, this study has shown that the effects of
ambient temperature on ambulance attendances in
a subtropical climate are similar to those found in both
hospital admissions and mortality data.” However, some
specific effects on ambulance attendances were found to
differ from those on hospital admissions or mortality
and also between the different attendance categories; it
would therefore be useful to compare different expo-
sure—response relationships in future research.'® In
terms of public health policy,** examining ambulance
attendances rather than admission or mortality data
would potentially help to pick up the early signs of
temperature effects and also the effects on health
conditions that cannot be examined through analysis of
mortality and hospital admissions data.

This study found significant effects of both cold and
hot temperatures and lagged effects of up to 15 days on
cardiorespiratory attendances, which contributes to the
currently limited research of temperature effects on
ambulance attendances. The use of ambulance data in
epidemiological research is needed in order to assess
a wider range of non-fatal health outcomes, with its
analysis particularly useful in the development of more
responsive early warning and health surveillance systems.
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