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ABSTRACT

Objectives: To examine spatial, temporal and seasonal patterns in childhood and adolescent asthma hospitalisations across
Queensland, and assess variation in hospitalisation risk by age and sex across climate regions.

Design: A retrospective, population-based ecological study using area-level administrative data from hospital admissions.
Setting: All public and private hospitals in Queensland, Australia, 1 January 2000-31 December 2019.

Participants: Children and adolescents aged 0-19 years who were admitted to hospital with a principal diagnosis of asthma.
Main Outcome Measures: Age-standardised admission rates and relative risks (RRs) from spatial models; temporal patterns
from time-series analysis; spatial variation from mapping; age-, sex- and climate zone-specific risks.

Results: Hospitalisations among children aged 0-4years declined from 48.1% (1640 admissions) in 2000 to 23.2% (721 admis-
sions) in 2019, whereas proportions in older age groups increased. Seasonal peaks occurred in May, June and February, with
male patients showing a stronger February peak and female patients maintaining higher risks into July. Hot desert regions had
the highest RRs, rising from 3.73 (95% credible interval [CrI], 3.71-3.74) in 2000-2001 to 9.37 (95% Cr1, 9.28-9.47) in 2009-2010,
then declining to 2.37 (95% Cr1, 2.37-2.38) in 2018-2019. Hot semi-arid and tropical savanna regions showed persistently elevated
risks (hot semi-arid: RR, 1.86-3.75; tropical savanna: RR, 1.81-4.58). Three temporal phases were evident statewide: an early
lower-risk period (2000-2002), a higher-risk period (2002-2012) and a later reduction (2012-2019), with most RRs between 0.5
and 1.5. Seasonality was strongest in hot desert zones (seasonal strength, 0.519) and weakest in tropical savanna zones (0.063).
Conclusions: Childhood and adolescent asthma hospitalisations in Queensland exhibit significant spatiotemporal variation,
with burden shifting from younger to older children, and climate-specific risks, although observed reductions in the youngest
age group may partly reflect diagnostic and hospital admission practice changes. Higher asthma risks in arid and tropical sa-
vanna regions underscore the need for geographically tailored services and planning. These findings suggest that targeted public
health strategies might help reduce asthma burden in vulnerable communities.

JEL Classification: Respiratory tract diseases, Environment and public health, Pediatric medicine, Statistics, epidemiology and
research design, Health services administration
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Plain Language Summary

The known:

Childhood and adolescent asthma hospitalisations ex-
hibit seasonal variation, differing by sex and age group.

The new:

Over the past two decades, Queensland's asthma hospital-
isation burden has shifted from children aged 0-4 years to
older age groups. Asthma risk shows latitude-dependent
patterns, with arid (hot desert, hot semi-arid) and tropical
savanna regions consistently exhibiting the highest rela-
tive risks despite low population densities.

The implications:

These findings highlight the need for targeted early warn-
ing systems and asthma management strategies that con-
sider demographic and geographic differences.

1 | Introduction

Asthma is a common chronic respiratory condition that affects
children and adolescents worldwide [1] and imposes a consider-
able burden on health care systems and families [2]. In Australia,
the prevalence of asthma among young people remains high at
about 10% [3].

Although previous spatial studies in Australia have revealed
regional variation in asthma prevalence [4], most relied on
cross-sectional data, which limits detection of persistent risks or
evolving patterns [5]. One Queensland study reported seasonal
peaks in emergency asthma visits with latitude-dependent vari-
ation; however, it spanned only 6years and aggregated data by
hospital networks rather than by patient residential location and
climate zones, restricting detection of broader environmental
patterns [6]. Spatial and temporal analyses can offer insight into
how risk shifts over time and whether elevated burdens persist
in specific regions [7, 8].

Queensland's integrated medical records provide an ideal con-
text for investigating statewide, longitudinal patterns in asthma

hospitalisations. As Australia’s second-largest state, Queensland
accounts for 20% of the national population [9], with children
and adolescents comprising about 25% of residents [10]. The
state encompasses diverse climate conditions from tropical
north to subtropical south, with population concentrated in
subtropical regions where several areas report high childhood
asthma prevalence [11]. To systematically examine climate's
role in asthma risk, this study applied the Koppen-Geiger cli-
mate classification system [12], which categorises regions based
on temperature and precipitation patterns and provides a robust
framework for assessing hospitalisation risk across environ-
mental contexts (Figure S1 and Table S1). Building on our pre-
vious national prevalence survey that identified climate zone
differences in childhood and adolescent asthma [4], we focus
on Queensland hospital admissions (2000-2019) to characterise
spatial and temporal patterns by age and sex across Koppen—
Geiger climate zones. Our aim is to translate prevalence-based
signals into admission-focused evidence on when, where and
in which groups risks are higher, to inform targeted prevention
and service planning.

2 | Methods
2.1 | Data Source

This ecological study utilised weekly hospitalisation data (1
January 2000-31 December 2019) for children and adoles-
cents aged 0-19years from all public and private hospitals
in Queensland, Australia. The study is reported according
to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) [13] guidelines for observational
studies (Text S1). Asthma hospitalisations were defined as ad-
missions with a principal diagnosis of asthma (International
Classification of Diseases, 10th Revision, Australian
Modification [ICD-10-AM] J45); emergency presentations not
resulting in admission were excluded. Sex was recorded as a bi-
nary biological variable (females and males) and, given the study
population of children, is reported as male patients and female
patients. Geographic identifiers used Statistical Local Areas
(SLA) or Statistical Areas Level 2 (SA2) (Figure 1), with admis-
sions assigned to patients’ usual residence. Age-standardised
rates were calculated using the 2001 Australian standard pop-
ulation [14].
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FIGURE1 | Flowchart of the data collection timeline and corresponding geographic boundary versions for Queensland Health data (2000-2019).

ASGC, Australian Standard Geographical Classification; ASGS, Australian Statistical Geography Standard.
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2.2 | Statistical Analysis

Analysis covered temporal, spatial and climate-based compo-
nents: (i) time series decomposition to describe long-term changes
and seasonal patterns, (ii) spatial modelling using Bayesian meth-
ods to estimate geographic variations in relative risk and (iii) cli-
mate zone comparisons to examine environmental associations.

2.2.1 | Time Series Analysis

Weekly hospitalisation data were aggregated to monthly counts
for temporal analysis by overall, age group, sex and climate zone.
Monthly counts were decomposed into trend and seasonal com-
ponents using seasonal-trend decomposition via Loess. Seasonal
strength was quantified and the trend component significance
assessed with Mann-Kendall tests.

2.2.2 | Spatial Analysis

Spatial analyses were conducted using fiscal-year data from
2000-2001 to 2018-2019, with each year defined as 1 June to
31 May. Age-standardised hospitalisation rates were derived
for each area using the 2001 Australian standard population.
Relative risks (RRs) were estimated with Intrinsic Conditional
Autoregressive (ICAR) models in R-INLA [15]. RR represents
the ratio of observed to expected hospitalisations in each area
after adjusting for age and spatial effects. Values above 1.0 indi-
cate higher-than-expected risk, whereas values below 1.0 indi-
cate lower-than-expected risk. The ICAR model smooths these
estimates by incorporating information from neighbouring
areas, and 95% credible intervals (CrIs) were calculated to quan-
tify statistical uncertainty around each RR estimate (Text S2).

2.2.3 | Subgroup and Sensitivity Analyses

Age-specific analyses were conducted separately for each age
group, with rate differences assessed using Kruskal-Wallis
tests followed by post hoc Dunn tests. Sex-specific spatial mod-
els were fitted independently for male patients and female pa-
tients. Two sensitivity analyses were undertaken: excluding the
0-4years group to assess diagnostic uncertainty impact, and
including both ICD-10-AM J45 and J46 codes to evaluate severe
presentations. Further breakdown by J45 subcodes was not un-
dertaken due to sparse data.

2.2.4 | Climate Zone Analysis

Geographic areas were classified using Koppen-Geiger climate
zones (version 2) [12]. SLA/SA2 units were assigned to climate
zones by maximum area overlap, with zone-level summaries
calculated using zonal statistics on risk surfaces. Between-zone
differences were evaluated using Kruskal-Wallis tests with H
statistics reported, followed by Bonferroni-corrected pairwise
comparisons. Latitudinal gradients were assessed through
spatial regression of Kriging-predicted values against latitude
coordinates, with linear regression models fitted annually to
evaluate north-south changes over time. Kriging-predicted

values represent standardised spatial risk estimates relative to
the state mean (baseline=0), where negative values indicate
below-average risk and positive values indicate above-average
risk compared with Queensland's overall hospitalisation pattern.

Additional details are provided in the Supporting Information
(Text S3 and Figure S2). Analyses were conducted using R version
4.3.0 (packages INLA, spdep, sf and forecast) and ArcGIS Pro 3.4.0.

2.3 | Ethics Statement

This study was approved by the Children's Health Queensland
Hospital and Health Service Human Research Ethics Committee
(HREC/21/QCHQ/80236, 21/10/2022) and the Queensland
University of Technology Human Research Ethics Committee
(LR 2024-7972-17208).

3 | Results
3.1 | Population Distribution and Patterns

Asthma hospitalisation patterns showed significant variation by
age and sex (Figure 2, Figures S2-S4 and Table S2). The propor-
tion of hospitalised patients aged 0-4years declined from 48.1%
(1640 hospitalisations) in 2000 to 23.2% (721 hospitalisations) in
2019, while the proportion of hospitalised patients in the older age
groups increased. Male patients had higher hospitalisation rates
than female patients at ages 0-4, 5-9 and 10-14 years, whereas fe-
male patients had higher rates than male patients at 15-19years.

3.2 | Seasonal Patterns of Asthma Hospitalisation

Seasonal decomposition revealed seasonal patterns that varied
by age group and climate zone, with overall peaks in May-June
and lows in December-January (Figures 2-5, Figures S5 and
S6 and Tables S3 and S4). Age-specific analysis showed asthma
hospitalisations among children aged 0-4 years peaked in May,
those among children aged 5-9years in May to June with sec-
ondary February peaks, while adolescents aged 15-19years
uniquely showed June as the primary hospitalisation peak.
Seasonal effects decreased substantially with age. By sex, male
patients had higher seasonal amplitude with pronounced May-
June and February peaks, whereas female patients showed
broader winter patterns extending into July; both sexes had
troughs in November-January. Climate zone analysis indi-
cated significant seasonal variation in all regions (p <0.001).
BWh (hot desert) zones had the strongest seasonality (seasonal
strength, 0.519) with September peaks, while Aw (tropical sa-
vanna) zones had the weakest (0.063) with May peaks; tropical
and subtropical zones showed varied peak timing.

3.3 | Risk Variation by Age Group and Sex

Asthma hospitalisation risk patterns showed marked age-
specific heterogeneity in both spatial and temporal dimensions
(Figure S7). The 0-4 and 5-9years age groups consistently ex-
hibited the highest asthma rates (hospitalisations per 100,000
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FIGURE 2 | Trend component of monthly asthma hospitalisations by age group in Queensland, 2000-2019. Sharp seasonal transitions reflect

natural patterns in the raw data.

population), with persistent high-risk areas in scattered inland
regions and southeastern coastal areas. The 10-19years age
group showed the lowest rates, with most areas below 500 cases
per 100,000 population except during 2006-2011.

Temporally, the 0-4years age group had the highest age-
standardised RR (ASRR) for asthma at baseline, ranging from 1.25
(95% Cr1, 1.20-1.31) to 1.16 (95% Cr1, 1.11-1.22) during 2000-2009,
then declined steadily to 0.98 (95% CrI, 0.91-1.05) in 2018-2019
(Figure 6, Table S5). The 5-9years age group showed increas-
ing ASRR from about 0.82-0.96 in early years to 1.04 (95% CrI,
0.99-1.10) in 2018-2019. The 10-14 and 15-19years age groups
maintained ASRR below 1.0 throughout most of the study period.

From 2000-2001 to 2018-2019, spatial distribution of asthma ad-
missions displayed marked sex differences (Figure S8). Female
patients exhibited a higher relative risk than male patients in
early years, particularly in central-south and northern regions,
with these high-risk areas gradually diminishing after 2012. Male
patients showed more persistent and widespread elevated risk
than female patients, especially across inland and southern areas.

3.4 | Statewide Spatial and Temporal Risk Patterns

Kriging analysis revealed three evolutionary phases in asthma
admissions (Figure 7). The early phase (2000-2002) showed
low overall risk with localised high-risk areas in southwestern
regions. The middle phase (2002-2012) exhibited the highest

asthma risk with widespread high-risk coverage across south-
western, northwestern and northern regions, with relative risk
values reaching >4.5. The southeastern inland region also
showed significant hotspot areas during 2006-2011.

The late phase (2012-2019) was characterised by substantial risk
reduction for asthma admissions. From 2012 to 2013 onwards,
most regions entered a low-risk state (RR, 0.5-1.5), representing
a shift towards baseline or protective profiles. The northeastern
coastal region occasionally showed localised risk hotspots.

Kriging-predicted values revealed a significant latitudinal gra-
dient in asthma admissions (p <0.001), shifting over time from
negative gradients (decreasing risk south to north) to positive,
with the strongest correlations in 2015-2016 (r=0.475) and
2011-2012 (r=0.400) (Table S6). Sensitivity analyses produced
consistent results (Figures S9-S11).

3.5 | Comparative Risk Across Climate Zones

Between 2000 and 2019, the RR of asthma admissions var-
ied significantly between climate zones, showing spatial and
temporal heterogeneity (Figure 8, Table S7). Arid regions (hot
desert and BSh [hot semi-arid]) and tropical savanna climates
consistently exhibited the highest RR for asthma admis-
sions. In hot desert areas, RR increased from 3.73 (95% CrlI,
3.71-3.74) in 2000-2001 to annual peaks of about 4.00-9.37
during 2002-2008, with a peak of 9.37 (95% CrI, 9.28-9.47) in
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FIGURE 3 | Trend component of monthly asthma hospitalisations by climate zone in Queensland, 2000-2019. Af, Tropical rainforest; Am,
Tropical monsoon; Aw, Tropical savanna; BSh, Hot semi-arid; BWh, Hot desert; Cfa, Humid subtropical; Cfb, Temperate oceanic; Cwa, Subtropical

with dry winter.
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FIGURE4 | Seasonal component of monthly asthma hospitalisations (1-year cycle) overall and by age group in Queensland, 2000-2019.

2009-2010, then declined to about 2.27-2.44, including 2.37
(95% Crl, 2.37-2.38) in 2018-2019. Asthma admission in hot
semi-arid and tropical savanna regions remained elevated,
with peak RRs of 3.75 and 4.58, respectively, before declining
in later years.

Af (tropical rainforest) and Cfb (temperate oceanic) zones gener-
ally maintained asthma admission RRs at or below 1.0 through
most of the study period. The tropical rainforest zone was largely
protective against asthma admissions (e.g., RR, 0.71-1.12 before
2012) but increased recently (to about RR, 1.53-2.10), while
Cfa (humid subtropical) remained relatively stable. Notable

increases were observed in Am (tropical monsoon) zones in the
late phase (to RR, 2.08-2.36 in 2017-2019).

Kruskal-Wallis tests revealed statistically significant differ-
ences in asthma admissions across climate zones in all study
years (p <0.001) (Table S8).

4 | Discussion

This study provides the first comprehensive analysis of long-
term spatial and temporal patterns in childhood and adolescent
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FIGURES5 | Seasonal component of monthly asthma hospitalisations (1-year cycle) by climate zone in Queensland, 2000-2019. Af, Tropical rain-
forest; Am, Tropical monsoon; Aw, Tropical savanna; BSh, Hot semi-arid; BWh, Hot desert; Cfa, Humid subtropical; Cfb, Temperate oceanic; Cwa,
Subtropical with dry winter. Dashed horizontal line indicates no seasonal effect.
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FIGURE6 |

asthma hospitalisations across Queensland, incorporating
age, sex, seasonality and climate zones. Strong seasonal pat-
terns emerged with May-June peaks across most age groups,
and adolescents aged 15-19 years uniquely showed June as the
primary peak. Over 20years, age distribution shifted notably
from highest burden in 0-4-year-olds to increased rates among
older age groups, with male patients having higher rates in early
childhood and female patients having higher rates among ad-
olescents. Spatial analysis revealed three evolutionary phases:
early low-risk (2000-2002), middle high-risk (2002-2012) and
late substantial risk reduction (2012-2019). Arid climate zones
consistently exhibited the highest relative risks, while tropical
rainforest zones showed protective effects.

Asthma hospitalisations in Queensland exhibited distinct sea-
sonal patterns by age-specific triggers and climate zones. These
patterns align with cooler-month circulation of respiratory vi-
ruses [16] and cold air-induced bronchoconstriction [17]. This
differs from Australian temperate regions, where peaks occur in
February and November [18], likely reflecting different climate
conditions and triggers. Climate zone analysis revealed hot des-
ert zones showed the strongest seasonality and tropical savanna
zones the weakest.

Age-specific asthma hospitalisation patterns reveal distinct
seasonal variations, with younger children (0-4years) showing
peaks in May-June, while school-aged children show additional
peaks coinciding with school terms, likely reflecting increased

Distribution of age-specific relative risk across fiscal years in Queensland.

viral transmission through social interactions [19, 20]. Sex dif-
ferences were observed, with male patients showing stronger
February peaks possibly due to increased allergen exposure,
while female patients exhibited more sustained winter hospital-
isation rates [21].

Beyond these seasonal triggers, age-specific asthma hospi-
talisation rates evolved over time, possibly reflecting shifts
in physiological development, health policy and lifestyle be-
haviours. In the early 2000s, asthma hospitalisation rates
were highest among children aged 0-4years, likely due to
immature immune systems and increased vulnerability to
respiratory infections and allergens [22]. However, targeted
public health interventions, including early screening, ma-
ternal-child health services and community support pro-
grammes, may have contributed to the decline in this age
group [23]. Childhood vaccination programmes, particularly
influenza vaccination, also mitigated infection-related exac-
erbations [24].

Asthma management strategies evolved during the study pe-
riod. Successive guideline updates (Global Initiative for Asthma
2002, 2006, 2014; Australian Asthma Handbook 2014, 2019)
[1, 25] strengthened inhaled corticosteroid use, introduced
control-based frameworks and promoted stepwise treatment
approaches. Implementation of written asthma action plans,
asthma-friendly school initiatives and greater availability of re-
liever inhalers supported earlier recognition and management,
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FIGURE7 | Kriging-Smoothed relative risk (RR) of asthma among children and adolescents in Queensland for fiscal years based on the standard

population distribution for ages 0-19years. The white grid lines represent the climate zone.

consistent with post-2012 declines in hospitalisations, although
causal attribution cannot be made. For 0- to 4-year-olds, part of
the apparent decline is also likely to reflect diagnostic transfer
(e.g., viral-induced wheeze or reactive airways disorder) and the
wider use of short-stay units that may alter recording of asthma
admission rates over time [26]. In contrast, school-aged children
(5-9 and 10-14years) showed increased rates in recent years,
possibly due to greater outdoor activities and environmental
trigger exposure [27, 28]. Adolescents (15-19years) experienced
upticks coinciding with rising e-cigarette use, a known exacer-
bating factor [29]. These emerging risk factors underscore the

dynamic interplay between biological, environmental and pub-
lic health determinants in shaping age-specific asthma changes.

Geographic variation in asthma hospitalisation across
Queensland was shaped by environmental, climatic and struc-
tural factors. Spatial risk patterns exhibited three evolutionary
phases: early low-risk (2000-2002), with localised high-risk
areas in southwestern inland regions; middle high-risk (2002-
2012), characterised by widespread coverage across multiple re-
gions; and late phase (2012-2019), marked by substantial risk
reduction statewide. These changes likely reflect environmental
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FIGURE 8 | Distribution of asthma relative risk (RR) by climate zones across fiscal years in Queensland.

exposures, population distributions and health care access vari-
ations. The fluctuating latitudinal gradients likely reflect alter-
nating dominance of coastal versus inland climatic influences,
with negative gradients indicating higher southern (coastal)
risk and positive gradients indicating higher northern (inland)
risk, modulated by local demographic and environmental
vulnerabilities.

Asthma hospitalisation risk varied substantially across climate
zones, with consistently elevated risks in arid and semi-arid re-
gions (hot desert and hot semi-arid) likely due to increased air-
borne dust and particulate matter from dry conditions and soil
disturbance [30, 31]. In contrast, tropical rainforest zones gen-
erally showed lower risk, while monsoonal areas maintained
stable low risks until experiencing increases in recent years,
possibly reflecting changing environmental conditions and de-
mographic shifts.

These spatial patterns reflect demographic and structural fac-
tors. Queensland is characterised by densely populated coastal
cities and sparsely inhabited inland regions [32]. In remote and
rural communities, limited health care infrastructure, trans-
port barriers and reduced access to asthma management ser-
vices likely contribute to persistently elevated risks [32, 33].
Research shows asthma risk rises from inner-city to outer sub-
urbs, where incidence nearly doubles [34], while children and
adolescents in hotspot zones often reside in areas with high
social vulnerability, marked by socio-economic disadvantages
and related social determinants of health, such as household
composition and disability, housing conditions and access to
transportation [35].

This admissions-based study extends our previous national
prevalence survey [4] within the same climate zone framework.

Broad patterns are consistent, with higher levels in arid regions
and clear sex differences. Key differences include that admission
patterns do not fully align with national prevalence hotspots,
and tropical rainforest regions show lower hospitalisations in
most years. These divergences likely reflect differences between
admissions and self-reported prevalence, including severity
thresholds, care-seeking behaviour and variation in disease
management.

These findings provide an evidence base to inform policy plan-
ning, particularly for resource allocation and targeted inter-
ventions. By highlighting spatial, demographic and seasonal
variations, the study supports the development of climate-
responsive strategies to reduce asthma-related health dispar-
ities in Queensland [36]. Examples include targeted seasonal
preparedness and climate zone-specific health promotion.
Climate-specific risk patterns could guide targeted public health
messaging. Nevertheless, these historical patterns might not re-
liably predict future changes, given changing climate conditions
and evolving health care practices.

5 | Limitations

This study has limitations. First, it relies on hospitalisation
data, which might underestimate asthma burden, as milder ep-
isodes managed through primary care or self-medication are
not captured. Environmental variables were excluded due to
methodological constraints. Outcome misclassification is pos-
sible: over time, diagnostic transfer (e.g., wheeze/reactive air-
ways disorder) and expanding use of short-stay units may have
redirected some acute episodes away from inpatient asthma
codes. Statewide linkage to emergency department and short-
stay encounters was unavailable, so we could not assess the
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magnitude of this effect. This would tend to reduce inpatient
rates in 0- to 4-year-olds. Geographic boundary changes over
time precluded consistent environmental exposure alignment
and multivariate modelling. This means observed patterns
may be confounded by unmeasured environmental factors,
potentially affecting the effect of climate zones on hospitalisa-
tion risk. Climate-driven allergen shifts have been shown in
southeastern Australia [37], but comparable data are lacking
for Queensland, limiting adjustment for regional exposures.

Socio-economic status indicators, widely used to explain asthma
disparities [38], were excluded due to inconsistent geographic
unit definitions over the study period to avoid spatial misclassi-
fication. Although Indigenous populations carry disproportion-
ately high respiratory disease burden [36], separate analyses for
these groups were not included.

Due to geospatial data incompatibility, population data for
2009 and 2011 were derived from preceding year estimates,
potentially introducing minor temporal misalignment. The
Koppen climate classification provides relatively coarse spa-
tial resolution, which may obscure finer-scale environmental
influences. As an ecological study, findings reflect area-level
associations rather than individual-level risk and causal in-
ferences cannot be drawn. Climate zones as exposure proxies
may lead to misclassification and potential modifiable areal
unit effects. In addition, our data lack individual patient iden-
tifiers, preventing distinction between new admissions and re-
admissions. Research from New South Wales found children
aged 2-4years had the highest asthma readmission rates [39],
suggesting that the high hospitalisation burden we observed
in the 0-4years group may include both incident cases and
repeat admissions for children with severe disease. Temporal
aggregation and spatial smoothing might have obscured ex-
tremes. Unmeasured area-level confounders, including health
care access, care-seeking behaviour, admission pathways
and environmental exposures, may contribute to observed
variation.

Intra-annual patterns in asthma presentations vary between
viral-induced wheeze and allergic asthma associated with (pol-
len) allergen exposure [40]. Finally, inclusion of children aged
0-4years, despite diagnostic uncertainty in < 3-year-olds, was
considered appropriate given the ecological focus and signifi-
cant respiratory burden in this age group. Sensitivity analysis
excluding this cohort produced broadly consistent patterns, sup-
porting the robustness of main findings.

6 | Conclusion

Findings show spatiotemporal heterogeneity in childhood and ad-
olescent asthma hospitalisations across Queensland from 2000 to
2019 related to climate zones. The burden shifted from younger to
older children over time, with three distinct phases: early low-risk,
middle high-risk and late risk reduction. Arid regions consistently
showed elevated risks while tropical rainforest zones showed
protective effects. The climate zone-specific patterns and spatial
clustering suggest potential for geographically targeted, climate-
responsive interventions to reduce health disparities in childhood
and adolescent asthma care across Queensland.
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