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Abstract
To examine the temporal trends of the association between heat exposure and hospitalizations for
renal disease in Queensland, Australia, between the summer season of 1 December 1995 and 31
December 2016. A total of 238 427 de-identified hospitalization records for renal disease were
collected from Queensland Health. Meteorological data was obtained from the Scientific
Information for Land Owners. Summer season means four consecutive months with higher daily
mean temperatures. We conducted a time-stratified case-crossover study using conditional
quasi-Poisson regression model and applied a time-varying distributed lag non-linear model were
used to evaluate the temporal trends of the associations between 1 ◦C increase in daily mean
temperatures (over 0–10 lags) and hospitalizations for renal diseases. We also conducted stratified
analyses by sex, age, climate zone, socioeconomic status, and cause-specific renal diseases. Overall,
the associations between high temperature and hospitalizations for renal diseases showed a
decreasing trend during the summer seasons from 1995 to 2016. However, the heat-related effects
in males increased from 3.0% (95% CI: 2.2%, 3.9%) in 1995 to 4.8% (95% CI: 3.9%, 5.6%) in
2016. In the elderly cohort (both sexes), there was a similar increase over time 2.0% (95% CI: 1.0%,
3.0%) in 1995 to 6.3% (95% CI: 5.4%, 7.3%) in 2016. People living in hotter climate zones and
those living in relatively socioeconomically disadvantaged areas also showed an increasing trend. In
the cause-specific disease analysis, the increasing trend was found in renal failure, with heat-related
effects increased from 3.45% (95% CI: 2.31%, 4.60%) in 1995 to 8.19% (95% CI: 7.03%, 9.36%) in
2016. Although the association between temperature and hospitalizations for renal diseases showed
a decreasing trend in Queensland’s hot season between 1995 and 2016, the susceptibility to high
temperatures is increasing in males, the elderly of both sexes, those living in hotter climate areas,
and socioeconomically disadvantaged areas. This increasing trend of susceptibility is a great
concern and indicates a strong need for targeted public health promotion campaigns.

1. Introduction

Renal system diseases are disorders and diseases that
affect the urinary system including kidneys, ureters,
bladder and the urethra [1]. Kidney disease alone is

estimated to affect 850 million people worldwide [2].
The number of disability-adjusted life-years (DALYs)
attributable to chronic kidney disease (CKD) world-
wide has increased stably from 2007 to 2017 [3].
For the other parts of the renal system, the DALYs
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attributable to urinary tract infection has increased
30.8%, and for urolithiasis it has increased 19.1%
from 2007 to 2017 [4]. In Australia, 1.8 million
hospitalizations have been associated with CKD in
2016–2017 [5]. The hospitalizations for CKD have
increased from around 130 per 100 000 population
in 2000–2001 to around 170 per 100 000 population
in 2016–2017 [5]. Along with the increasing renal sys-
tem disease burden is the tremendous health care cost
for diagnosis and treatment of CKD [6, 7].

High temperatures contribute to increased mor-
bidity and mortality from renal system diseases
[8–11]. The associations between high ambient tem-
perature and the increased incidence of renal diseases
in various geographic locations have beenwidely doc-
umented [12, 13], in industrialized and newly indus-
trialized country settings [14, 15]. In occupational
settings, heat stress has also been identified as a risk
factor of chronic kidney disease of unknown cause
(CKDu)—especially for the hotter regions in Central
America, Sri Lanka, and India [16]. Low-grade kidney
injury may occur even when exposed to modest heat
[17]. Prior studies indicate kidney diseases are climate
sensitive and heat stress nephropathy is possibly one
of the first ‘hidden’ epidemics that has been caused by
climate change [16].

According to the Intergovernmental Panel on Cli-
mate Change, global mean surface temperature is
projected to rise 3.7 ◦C (2.6 ◦C–4.8 ◦C) by 2100
due to human activity [18]. The intensity and dur-
ation of extreme temperatures is expected to increase
if current anthropogenic greenhouse gases emission
continues [19]. The incidence of heat-related renal
diseases is expected to increase in the context of cli-
mate change. The temporal variation studies in most
countries have demonstrated a decreasing trend in
heat-mortality associations owing to physiological
adaptation response and/or to the implementation
of public health strategies [20, 21]. However, very
few studies have investigated the temporal trends of
temperature-morbidity associations [22]. Moreover,
no study has yet investigated the temporal variations
between high temperature and hospitalizations for
renal diseases.

To fill the research gap, we used 21 year data
set to analyse the temporal trends of the asso-
ciations between temperature and hospitalizations
for renal diseases in Queensland, Australia, in the
summer season between 1 December 1995 and 31
December 2016. Summer season means four con-
secutive months with higher daily mean temperat-
ures. We investigated the effect modifiers includ-
ing intrinsic factors (age and sex) and extrinsic
factors (local climate zones and socio-economic
status). We also conducted stratified analyses by
cause-specific renal diseases. We hypothesized that
men and the elderly were more sensitive to the
changing climate.

2. Methods

2.1. Setting
Queensland is the second-largest state in Australia,
with a total land area of 1852 642 square kilometres
and a population of 4703 193 (Australian Bureau of
Statistics, 2016 Census Data). The state has a tropical
climate zone in the northern part characterized by hot
humid summers and warm winters, and a subtrop-
ical climate zone in south-eastern Queensland char-
acterized bywarm, humid summers andmildwinters.
Across the state, there are 443 postal areas (Australian
Bureau of Statistics, postal areas ASGS Edition 2016),
and, using the ‘Index of Relative Socioeconomic
Advantage/Disadvantage (IRSAD)’ we divided these
areas into three groups: a relatively high socioeco-
nomic level; a middle socioeconomic level; and, a
low socioeconomic level (Australian Bureau of Stat-
istics 2016 Census Data) (figure S1 (available online
at stacks.iop.org/ERL/17/064047/mmedia)).

2.2. Data sources
Between 1 December 1995 and 31 December 2016,
data on daily hospitalizations for renal diseases were
collected fromQueenslandHospital Admitted Patient
Data Collection, Queensland Health. Detailed hos-
pitalization records include date of hospitalization,
sex, age, post code, and primary diagnosis, coded
following the 9th version of the International Clas-
sification of Diseases (ICD-9): 580–599, 788 (for
the period 01 January 1995–30 June 1999) and
10th version of International Classification of Dis-
eases (ICD-10): N00–N39 (for the period 01 July
1999—31 December 2016). The cause-specific renal
diseases include: (a) kidney disease (ICD 9: 580–582,
584–586; ICD-10: N00–N19), including renal failure
(ICD 9: 584–586; ICD10: N17–N19); (b) urolithi-
asis (ICD9:592; ICD10: N20–N23); (c) urinary tract
infection (ICD9:599.0; ICD10: N39.0). We stratified
the hospitalization data according to sex (male and
female) and age (0–59, 60–74,⩾75 years).

Daily data on weather conditions were obtained
from Scientific Information for Land Owners (SILO)
hosted by Queensland government. SILO is a daily
time series of meteorological data at point locations,
consisting of station records which have been sup-
plemented by interpolated estimates where observed
data are missing. The dataset provides data on an
approximately 5 km× 5 km grid. The grid level tem-
perature and relative humidity dataset was construc-
ted from observational data obtained fromAustralian
Bureau of Meteorology. Postal area-specific min-
imum and maximum temperatures were obtained by
the grid level data overlaying with postal areas. Mean
temperature, calculated by the mean value of daily
maximum and minimum temperatures, was linked
with postal area level hospitalization data. Accord-
ing to Census of Population and Housing (Australian
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Bureau of Statistics, Australia, 2016), there were 443
postal areas in Queensland, Australia. We calculated
the daily mean temperature of each postcode area
during the study period. Then we trisected the postal
areas according to their daily mean temperatures
from high to low, i.e. 148 high climate postcode area,
147 middle climate postcode area, 148 low climate
postcode area. (figure S2).

We chose four consecutive months (December to
March the following year) with higher daily mean
temperatures to encapsulate the summer season.

2.3. Data analysis
2.3.1. Heat-hospitalization association
We used a time-stratified case-crossover study design
to analyse the association between high temperature
and hospitalizations for renal diseases. Hospitalized
cases on the exposure day were compared with three
or four referent days occurring on the same day of the
week of the same month. Each individual was used as
his/her own referent to control short-term individual
invariants, such as diet, BMI, or socioeconomic status
[23]. We used a conditional quasi-Poison regres-
sion model to estimate the relationship between daily
mean temperature and hospitalizations for renal dis-
eases [24]. We estimated the relative risks (RRs) and
95% confidence intervals (CIs) of hospitalizations
for renal diseases associated with a 1 ◦C increase in
daily mean temperatures in summer season over lag
0–10 d period to fully capture the harvesting effect
[25]. We used a cross-basis function of temperature
with a linear term for the temperature-hospitalization
relationship and a natural cubic splines with three
degrees of freedom for the lag structure. Covariates
include a natural cubic function of daily average rel-
ative humidity with three degrees of freedom (df) and
a binary variant ‘holiday’.

The heat-related effect in this study means the
increased RRs of hospitalizations for renal disease per
1 ◦C increase in daily average temperatures.

2.3.2. Temporal variations of heat-hospitalization
association
We used time-varying distributed lag non-linear
models (DLNM) models to examine the temporal
variation of the association between heat exposure
and hospitalizations for renal diseases [22, 26]. The
time-varying DLNMs include a linear interaction
between time and the cross-basis function of tem-
perature [27]. We compared the RRs in the middle
of 1995 and the middle of 2016, to represent the
temporal difference in the high temperature effects.
We tested the effect modifications of renal hospit-
alizations by age, sex and cause-specific renal dis-
eases with stratified analysis. We stratified the ana-
lyses by age groups (0–59, 60–74,75+ years of age),
sex, and cause-specific renal diseases (kidney disease,
renal failure, urolithiasis, urinary tract infection and
other diseases of renal system).

2.4. Sensitivity analysis
We tested the robustness of our results by changing
lag days of temperature from 0–8 to 0–12 d and the
degrees of freedom of lag days from three to five. We
used a 10 d moving average of relative humidity to
test the robustness of our results. We used a non-
linear function for the temperature to test if the asso-
ciations between heat exposure and hospitalizations
for renal disease were linear or not. We also analysed
the association between temperature and hospitalisa-
tion for renal diseases in every five years with two
years overlapping to check whether our time-varying
DLNM was robust or not. We also checked the asso-
ciation between different temperature metrics (max-
imum and minimum temperature) and hospitalisa-
tion. We used five year lag-specific results to test the
robustness of our results.

3. Results

The descriptive results are shown in table 1. In
total, 238 427 cases of hospitalized renal diseases
were recruited in Queensland, Australia, between the
summer seasons of 1995–2016. The detailed cause-
specific renal disease information is shown in table
S1. The overall mean temperature between 1995 and
2016 summer season was 25.2 ◦C (17.9 ◦C, 33.5 ◦C).
The mean summer season temperature rose from
24.8 ◦C in 1995 to 25.9 ◦C in 2016. The distribution
of hospitalized cases for renal diseases in Queensland,
Australia, between 1995 and 2016 is shown in figure 1.

Figure 2 shows the temporal variations of the
association between temperature and hospitaliza-
tions for renal diseases among different subgroups in
Queensland, Australia, during the 1995–2016 sum-
mer seasons. The exact RRs of hospitalization for
renal diseases due to heat exposure among differ-
ent subgroups in 1995 and 2016 summer seasons
are shown in table S2. In the 1995 summer season,
the predicted RR of hospitalization for renal dis-
ease due to heat exposure was 3.4% (95% CI: 2.6%,
4.1%). In the 2016 summer season, the predicted RR
was 3.2% (95% CI: 2.5%, 3.9%). The heat-related
effect increased in males with hospitalization risks
increased from 3.0% (95% CI: 2.2%, 3.9%) in 1995
to 4.8% (95% CI: 3.9%, 5.6%) in 2016. The increas-
ing trend of heat-related effect was also found in the
elderly of both sexes (⩾75 years), with RRs increas-
ing from 2.0% (95% CI: 1.0%, 3.0%) in 1995 to 6.3%
(95% CI: 5.4%, 7.3%) in 2016. Among different cli-
mate zones, the sharpest increase was found in hot cli-
mate areas, with hospitalization percentage increas-
ing from 0.88% (95% CI: −0.59%, 2.38%) in 1995
to 4.73% (95% CI: 3.31%, 6.17%) in 2016. How-
ever, the heat-related effect decreased in cold climate
areas. Among different socioeconomic status groups,
the heat-related effect increased in areas with low and
middle socioeconomic status, but decreased in areas
with high socioeconomic status. In areas with high
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Table 1. Distribution of enrolled hospitalizations and temperature features in the 443 postal areas between 1995 and 2016 summer
seasons in Queensland, Australia.

Average postal area temperatures (◦C)

Subgroup No. of cases Mean Minimum Maximum

Total 238 427 25.2 17.9 33.5
1995 24.8 20.7 30.0
2016 25.9 22.1 30.1

Climate
Hot 47 693 27.1 19.9 33.7
Mild 104 041 24.7 17.9 33.8
Cold 86 693 23.9 15.9 33.1

IRSAD
Low 83 370 25.3 17.9 32.9
Middle 84 616 25.6 17.9 33.8
High 70 419 24.8 17.8 34.0

Sex
Men 123 788
Women 114 639

Age (years)
0–59 120 733
60–74 61 773
75+ 55 921

Cause-specific
Kidney disease 63 147
Renal failure 22 695
Urolithiasis 60 119
Urinary tract infection 61 038
Other renal diseases 54 123

Note: Climate regions were divided according to the daily mean temperature of postal areas. IRSAD: Index of Relative Socio-Economic

Advantage/Disadvantage.

Figure 1. Distribution of numbers of hospitalized cases for
renal disease in Queensland between 1995 and 2016.

socioeconomic status, the RR of hospitalization for
renal disease decreased from 3.86% (95% CI: 2.55%,
5.19%) in 1995 to 2.01% (95% CI: 0.69%, 3.36%) in
2016.

Figure 3 shows the temporal variations of the
association between heat exposure and risks of hos-
pitalizations for renal diseases over lag 0–10 d by
sex and age groups in the 1995 and 2016 summer
season. The exact RRs are shown in supplementary
material (table S3). The sharpest increase was found
in the male elderly (⩾75 years), where there was
no heat-related effect in 1995, but the heat-related
effect increased to 8.06% (7.03%, 9.11%) in 2016. The
increasing trend was also found in the female elderly
(⩾75 years) and the male non-elderly (⩽59 years).
The sharpest decrease was found in the female non-
elderly (⩽59 years).

Temporal variations of the association between
heat exposure and hospitalizations for cause-specific
renal diseases are shown in figure 4. The exact RRs are
shown in table S4. There was a sharp increase in the
associations between high temperature and hospital-
izations for renal failure from 1995 to 2016, a sharp
decrease in urinary tract infections. There was not
much change in kidney disease and urolithiasis from
1995 to 2016.

Sensitivity analysis demonstrated that the associ-
ations between heat exposure and hospitalizations for
renal diseases fit a linear function (figure S3). Our
results were robust when changing the lag days of
temperature from 0–8 to 0–12 d (table S5), changing
the degrees of freedom from three to five (table S6)
and using 10 d moving average of relative humidity
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Figure 2. Cumulative association between heat exposure (1 ◦C increase in daily mean temperature) and hospitalization for renal
diseases over lag 0–10 d among different age, sex, climate zone, and socioeconomic status in 1995 and 2016 hot season.

Figure 3. Cumulative association between heat exposure (1 ◦C increase in daily mean temperature) and hospitalization for renal
diseases over lag 0–10 d by sex and age-group in 1995 and 2016 hot season.

(table S7). The association between temperature and
hospitalisations for renal diseases in every five years
with two years overlapping showed similar associ-
ation patterns as the pattern predicted from the time-
varying DLNMmodel (table S8). Different temperat-
ure metrics (maximum and minimum temperature)
showed similar association patterns (table S9). The
five year lag-specific results showed similar trends as
main model (figure S4).

4. Discussion

This is the first study to examine the temporal
trend of the associations between temperature and
hospitalizations for renal diseases in the summer

season in subtropical areas. During the 21 year
study period, the heat-related effect showed a non-
significant decreasing trend from 1995 to 2016. How-
ever, in the subgroup analysis, we found an obvi-
ous sex-specific, age-specific, local climate-specific,
and socioeconomic-specific pattern.Men and the eld-
erly (⩾75 years) demonstrated an increasing trend of
heat-related effects from 1995 to 2016. People who
live in hot climate zones and socioeconomically dis-
advantaged areas also showed an increasing associ-
ation with high temperatures. In the cause-specific
disease analysis, the increasing trend of heat-related
effects was found in renal failure. In the context of cli-
mate change, the increased susceptibility to high tem-
peratures are of significant concern for public health
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Figure 4. Cumulative association between heat exposure (1 ◦C increase in daily mean temperature) and hospitalization for renal
diseases over lag 0–10 d among cause-specific renal diseases in 1995 and 2016 hot season.

departments which are planning adaptation and resi-
lience campaigns to raise awareness of and activates to
reduce diseases related to heat exposure in the sum-
mer season. A renal disease screening project targeted
to susceptible populations would be a strategic move
to reduce an otherwise significant (and largely pre-
ventable) healthcare burden.

The overall average heat-related effect demon-
strated a decreasing trend from 1995 to 2016. That
means some form of adaptation had occurred in this
population. Since 1970, the mean Queensland sum-
mer temperature has increased by 0.2 ◦C–0.6 ◦C per
decade (www.bom.gov.au). There are more days with
temperatures >35 ◦C than previous years [28]. Pro-
tective measures such as air conditioning and heat
warning systems, may have contributed to this effect.

However, in the subgroup analysis, we found
a concerning demographic modifying effect. Heat-
related effect on hospitalizations for renal disease
increased in males, but decreased in females from
1995 to 2016. Besides the physiological difference
betweenmales and females, one of the reasons for the
different temporal trends was probably due to pat-
terns of behaviour. Men tended to carry out more
physically demanding outdoor jobs during hot days.
Heat stress was commonly reported in Australian
fieldwork [29, 30]. Extreme occupational heat stress
could contribute to the development of CKD [31].
Previous studies in Central America found that the
decreased kidney function and excessmortality due to
CKD was more prevalent in male than female among
agricultural workers [32, 33]. However, the incidence
of dehydration and conditions of physiological strain
is very low in the Australian workplace [30]. Corres-
pondingly, the increasing heat-related effects among
working-age (⩽59 years) males was not as large as the
elderly (⩾75 years) males.

There was a sharp increase in the associations
between heat exposure and hospitalizations for
renal diseases in the elderly (⩾75 years), especially
the elderly males. The increased susceptibility to
high temperatures in the elderly is mainly due to
reduced kidney function with ageing, decreased
thermal perception ability, and impaired thermore-
gulatory capacity. Denic et al reported that the
elderly had a decreased number of glomeruli and
an increased prevalence of nephrosclerosis [34].
The glomerular filtration rate declined at a rate of
6.3 ml min−1/1.73 m2 per decade [34]. That sug-
gests that the renal functional reserve had already
decreased in the elderly [34]. Guergova and Dufour
found that the elderly had an increased thermal
detection threshold, making them less sensitive to
high temperatures, and less likely to seek for cool-
ing facilities in summertime [35]. The elderly tend
to have impaired thermoregulatory capacity and
reduced ability to dissipate heat [36]. Cell damage
from increased core temperature could exacerbate
renal system damage, leading to hospitalizations [37].
Combined, these three physical changesmake the eld-
erly vulnerable to high temperatures. Consistently,
Hansen et al found that during the 1995–2006 heat-
wave periods in Adelaide, Australia, the incidence rate
ratio of hospitalizations for renal diseases increased
most in the⩾85 years group [38]. The increased sus-
ceptibility to high temperatures among the elderly
during the 21 year study period indicates a concern-
ing trend, and highlights that the present protective
procedures are not adequate to respond to the dele-
terious heat-related effects affecting the health of the
elderly’s renal systems. Active heat awareness public
health campaigns, including referring elderly people
to actively seek re-locating to cooling facilities during
hot, andmildly hot days, must be a real consideration
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in the near future. Our results warrant further studies
to explore the best fitting temperatures and intensive
care measures for the elderly.

The reason that elderly males demonstrated
a more obvious increasing trend of association
with high temperatures than elderly females may
involve sex hormones. Sex hormones influence the
age-related changes of kidney function by renin-
angiotensin system and nitric oxide pathways [39].
Testosterone has demonstrated a harmful effect on
the renal system [40]. Therefore, the deleterious high
temperature impacts on the renal system could pos-
sibly be exacerbated throughmale hormone pathway.
In addition, during the 1995 Chicago heatwave, heat-
related deaths increased more in older males than
females [41]. Studies indicated that this vulnerability
was possibly caused by social isolation [42]. Improve-
ment in social contacts and heat awareness among
older males could help reduce the impacts of these
heat-related health effects.

In the local climate zone analysis, the associations
between high temperatures and hospitalizations for
renal diseases increased in hot climate areas. Usually,
people who live in hot areas develop a physiological
acclimation mechanism to resist heat [43]. However,
thermal tolerance has an upper limit, as indicated
by the increased heat-related effects on hospitaliza-
tions for renal diseases in hot climate areas ofQueens-
land from 1995 to 2016. Our physiological modi-
fications can no longer overcome the heat exposure
challenge, and heat stress will occur [44]. Effective
adaptation measures, such as use of air conditioners
or re-locating to cooling facilities, avoiding outdoor
activities during the hot part of the hottest days, will
be increasingly important, especially for populations
located in hot climate areas.

In the socioeconomic status specific area analysis,
the heat-related effects increased in the socioeco-
nomically disadvantaged areas. In this study, we
used IRSAD as an index of neighbourhood socioeco-
nomic status. The low IRSAD means a relative lack
of advantage and greater disadvantage in general
[45]. Poverty had been identified as the risk factor
of chronic kidney injury [46]. Poverty at an indi-
vidual, or neighbourhood level, was associated with
the prevalence, progression and consequence of CKD
[47] and the incidence, prevalence and complic-
ations of end stage renal diseases (ESRDs) [48].
The increased risks of hospitalization associated with
high temperature in poor areas was possibly caused
by poor housing conditions, unaffordable cooling
facilities, limited social support, or restricted access
to healthcare insurance [49]. However, the asso-
ciations between high temperature and hospitaliz-
ations for renal disease in the socioeconomically
advantaged areas decreased from 1995 to 2016. High
socioeconomic status was associated with improved
quality of life among ESRD patients [50]. Our results
indicated that high socioeconomic status could also

help reduce the adverse effect of high temperatures.
The disparities in health between different socioeco-
nomic status groups appear to be widened due to cli-
mate change. The quantitative environmental justice,
and more recently, the climate justice literature, has
highlighted these issues and already called for pub-
lic health policies to be disproportionately weighted
toward disadvantaged areas accordingly. Measures
such as education campaigns to raise heat aware-
ness, provide affordable access to fans and air con-
ditioning, establishing more affordable and sustain-
able renal disease screening, and treatment facilities
are sorely needed in the socioeconomic disadvantage
areas.

In the cause-specific disease analysis, the heat-
related effect increased in renal failure. The other
renal diseases did not show a significant increase.
Renal failure in this study includes acute renal failure,
CKD, and unspecified kidney failure. Heat-stress and
dehydration led to the epidemic of CKDu in Central
American occupational settings [16, 31, 51]. Our res-
ults demonstrated directly that the hospitalization of
renal failure was accelerated by climate change. Fur-
ther studies are needed to explore the changing sus-
ceptibility among different subgroups of renal failure
patients.

The susceptibility to high temperatures decreased
in hospitalizations for urinary tract infections from
1995 to 2016. Most of the hospital encounters of
urinary tract infection patients are female [52]. The
decreasing susceptibility to high temperatures in
females and in urinary tract infection indicated some
behavioural improvements may happen among this
group.

Our study has many strengths. First, the 21 year
study period offers a large dataset to detect a small
effect size. The study was conducted in subtropical-
tropical areas, where 40% of the global population
live [53], consequently, our results may be used in
many other geographic locations with similar met-
eorological characteristics. Second, we applied a reli-
able statistical method. Time stratified case-crossover
study could control the personal short-term invari-
ants such as diet and other risk factors like hyperten-
sion and obesity for renal diseases.

There are some limitations to our study. Firstly,
we did not analyse the heat-related effect on acute
kidney failure and CKD separately. According to the
literature, the mechanisms whereby ambient temper-
ature could affect hospitalization for acute kidney
failure and CKD could differ.

Secondly, as with many studies of this nature, we
did not have access to the prevalence of air condi-
tioning use and have taken outside ambient temper-
atures to be the indoor temperatures for the exposed
populations. Although this is not ideal, it is the
standard approach used in these kinds of analyses
by previous studies. We used temperature data col-
lected from fixed monitoring stations, rather than

7



Environ. Res. Lett. 17 (2022) 064047 P Lu et al

measuring individual exposures. This might lead to
measurement errors in the assessment of exposure,
but these errors are generally to be random. We
did not control for air pollution because the data
were unavailable. However, previous studies have also
found that the health impacts of ambient temperat-
ure changed minimally after adjusting for particu-
late matter and ozone. Further, misclassification in
the outcomes might be possible. We could not dis-
tinguish between first and recurrent hospital admis-
sions. In addition, this study did not discuss all the
cause-specific renal diseases.

5. Conclusion

Although the association between temperature and
hospitalizations for renal diseases showed a non-
significant decreasing trend in the Queensland sum-
mer seasons between 1995 and 2016, the susceptibility
to high temperatures increased in males, the elderly
of both sexes (⩾75 years), individuals who live in hot
climate areas, and socioeconomically disadvantaged
areas. Our results indicate that renal failure can be
accelerated by climate change. This trend of increased
susceptibility to heat is a great concern for public
health practitioners and indicates an urgent need for
targeted public health promotion campaigns to raise
heat awareness among vulnerable populations [54].

Data availability statement

The data generated and/or analysed during the cur-
rent study are not publicly available for legal/ethical
reasons but are available from the corresponding
author on reasonable request.

Acknowledgments

The study was supported by Taishan Scholar Pro-
gram. Y G was supported by a Career Develop-
ment Fellowship of the Australian National Health
and Medical Research Council (#APP1107107 and
#APP1163693). S L was supported by an Early Career
Fellowship of Australian National Health and Med-
ical Research Council (#APP1109193). P L was sup-
ported by Natural Science Foundation of Shandong
Province(ZR202103050697).

Conflict of interest

None declared.

ORCID iDs

Peng Lu https://orcid.org/0000-0002-8755-0958
Donna Green https://orcid.org/0000-0003-4521-
8735

References

[1] O’Callaghan C 2016 The Renal System at a Glance (New
York: Wiley)

[2] Luyckx V A et al 2021 Sustainable development goals
relevant to kidney health: an update on progress Nat. Rev.
Nephrol. 17 15–32

[3] Fraser S D S and Roderick P J 2019 Kidney disease in the
global burden of disease study 2017 Nat. Rev. Nephrol.
15 193–4

[4] Kyu H H et al 2018 Global, regional, and national
disability-adjusted life-years (DALYs) for 359 diseases and
injuries and healthy life expectancy (HALE) for 195
countries and territories, 1990–2017: a systematic analysis
for the Global Burden of Disease Study 2017 Lancet
392 1859–922

[5] AIHW 2019 Chronic Kidney Disease (Sydney: Australian
Institute of Health and Welfare)

[6] Liyanage T et al 2015 Worldwide access to treatment for
end-stage kidney disease: a systematic review Lancet
385 1975–82

[7] Luyckx V A, Tonelli M and Stanifer J W 2018 The global
burden of kidney disease and the sustainable development
goals Bull. World Health Organ. 96 414
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