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Hospital service use for young people with chronic
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Aim: This study aims to identify the hospitalised morbidity associated with three common chronic health conditions among young people using
a population-based matched cohort.
Methods: A population-level matched case-comparison retrospective cohort study of young people aged ≤18 years hospitalised with
asthma, type 1 diabetes (T1D) or epilepsy during 2005–2018 in New South Wales, Australia using linked birth, health and mortality
records. The comparison cohort was matched on age, sex and residential postcode. Adjusted rate ratios (ARR) were calculated by sex and
age group.
Results: There were 65 055 young people hospitalised with asthma, 6648 with epilepsy, and 2209 with T1D. Young people with epilepsy (ARR
10.95; 95% confidence interval (CI) 9.98–12.02), T1D (ARR 8.64; 95% CI 7.72–9.67) or asthma (ARR 4.39; 95% CI 4.26–4.53) all had a higher risk of
hospitalisation than matched peers. Admission risk was highest for males (ARR 11.00; 95% CI 9.64–12.56) and females with epilepsy (ARR 10.83;
95% CI 9.54–12.29) compared to peers. The highest admission risk by age group was for young people aged 10–14 years (ARR 5.50; 95% CI 4.77–
6.34) living with asthma, children aged ≤4 years (ARR 12.68; 95% CI 11.35–14.17) for those living with epilepsy, and children aged 5–9 years (ARR
9.12; 95% CI 7.69–10.81) for those living with T1D compared to peers.
Conclusions: The results will guide health service planning and highlight opportunities for better management of chronic health conditions,
such as further care integration between acute, primary and community health services for young people.
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What is already known on this topic

• Asthma, type 1 diabetes and epilepsy are common chronic
health conditions of young people.

• Uncontrolled chronic health conditions can have an adverse
impact on a range of life aspects.

• Limited information on hospital service use of young people with
a chronic health condition compared to peers.

What this paper adds

• Young people with asthma, epilepsy or type 1 diabetes all had a
higher hospitalisation risk than matched peers.

• Admission risk was highest for males and females with epilepsy
compared to peers.

• Need for further care integration between acute, primary and
community health services for young people.

Asthma, type 1 diabetes (T1D), and epilepsy are among some of the

most common chronic health conditions experienced by children

and adolescents aged ≤18 years.1–3 Asthma is the most prevalent

chronic disease for young people, ranked in the top 10 in terms of

disability-adjusted life years,1 an estimated 2.58 million young peo-

ple aged ≤19 years are living with T1D,2 and an estimated 1% of

young people are living with epilepsy4 world-wide. In both high-

and low-income countries, chronic non-communicable diseases in

adolescents represent a considerable disability-adjusted life year bur-

den.1 In Australia, among young people aged ≤14 years, around 460

000 were living with asthma in 2017–2018, representing around

10% of the population,5 an estimated 19000 had epilepsy in 2019–

2020,6 and approximately 6500 had T1D in 2017.5
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If not adequately controlled, chronic conditions can have an

adverse impact on all aspects of life for a young person, including

their general health, sleep quality, school attendance, and family

and peer relationships.7–9 Recurrent chronic illness has also been

associated with poor academic performance and an increased

likelihood of not finishing high school compared to peers.10–12

Young people with a chronic health condition are more

likely to use hospital and health services than the general pop-

ulation due to their ongoing need for health services to main-

tain their health.13 However, there is limited current

information available that has quantified the extent of hospital

service use among young people with asthma, T1D, or epi-

lepsy compared to their peers in the general population in

Australia to guide health service planning and chronic disease

management. This study aims to identify the hospitalised mor-

bidity associated with three common chronic health condi-

tions among young people aged ≤18 years using a population-

based matched cohort.

Methods

This is a population-level case-comparison retrospective cohort

study of young people hospitalised with asthma, T1D or epilepsy

aged ≤18 years in New South Wales (NSW), Australia, using

linked birth, health and mortality data collections from 1 January

2005 to 31 December 2018. Ethical approval and a waiver of con-

sent were obtained from the NSW Population and Health Ser-

vices Research Ethics Committee (2018HRE0904).

Data sources

Information on hospital service use was obtained from emer-

gency department (ED) visit and hospital admission data collec-

tions in NSW. ED visits to public hospitals included data on

arrival and departure times, visit type and provisional diagnosis.

Hospital admissions were to public or private hospitals, and con-

tained information on demographics, diagnoses, separation type

(e.g. hospital transfer, death) and clinical procedures. Health ser-

vice use was followed until 30 June 2019. Mortality data were

obtained from the NSW Registry of Births, Deaths and Marriages

and included date of death. Young people who died during the

study timeframe were excluded from the analysis of hospital ser-

vice use (i.e. 124 deaths in the asthma cohort, 271 in the epilepsy

and 6 in the T1D cohorts).

The Centre for Health Record Linkage linked the birth, health

and mortality records using probabilistic record linkage. Upper

and lower probability cut-offs for a link were 0.75 and 0.25 and

record groups with probabilities between the cut-offs were cleri-

cally reviewed. The Centre for Health Record Linkage also identi-

fied the population comparison group.

Case and comparison inclusion criteria

Cases included young people with a year of birth ≥1997 who

were aged ≤18 years at the index hospitalisation who had a

principal or additional diagnosis of asthma (International Classi-

fication of Diseases, 10th Revision, Australian Modification

(ICD-10-AM: J45), T1D (ICD-10-AM: E10) or epilepsy (ICD-

10-AM: G40-G41) (Table S2, Supporting Information) in up to

50 additional diagnosis classifications during 1 January 2005 to

31 December 2018. Whether a young person hospitalised with

asthma or epilepsy was diagnosed with status asthmaticus (ICD-

10-AM: J46) or status epilepticus (ICD-10-AM: G41), respec-

tively, was also identified. Refractory epilepsy was identified

using the fifth digit of G40 and/or if the young person had

undergone surgery related to their epilepsy (i.e. anterior

section of corpus callosum: 40700-00; corticectomy of brain

40703-00; topectomy 40703-01; partial lobectomy of brain

40703-02; and hemispherectomy 40706-00).

Three population-based comparison groups who were not hos-

pitalised with asthma, T1D or epilepsy from 1 July 2001 to

31 December 2018 were randomly selected from NSW birth

records matched 1:1 on age, sex and residential postcode to their

respective counterparts with asthma, T1D or epilepsy. The selec-

tion timeframe for comparisons included a 3.5-year wash-out

period prior to the case selection timeframe to avoid the potential

selection of comparison group members who may have been

hospitalised either with asthma, any form of diabetes or epilepsy,

respectively, prior to the case criteria timeframe.

Identification of other health conditions

Common chronic health conditions for young people were con-

sidered as conditions reasonably expected to last 12months or

need ongoing health care. For this study, a chronic health condi-

tion was identified using a 3-year look-back period (to 1 January

2002) and diagnosis classifications from ICD-10-AM, excluding

the health condition of interest (Table S1, Supporting Informa-

tion). Three additional comorbidities related to epilepsy were also

identified: Rhett’s syndrome (ICD-10-AM: F84.2), viral encepha-

litis (ICD-10-AM: G00-G03) and bacterial meningitis (ICD-

10-AM: A83-A87).

Socio-economic status and geographical location

The young person’s postcode of residence was used to categorise

socio-economic disadvantage into quintiles from most (i.e. 1) to

least (i.e. 5) disadvantaged using the Index of Relative Socio-

Economic Disadvantage, 2011. The Australian Statistical Geo-

graphical Standard, 2011 is based on distance to service centres

and was used to classify the postcode of residence of the young

person as either urban (i.e. major cities) or rural (i.e. inner and

outer regional, remote and very remote).

ED visits, hospital admissions and hospital length
of stay

The number of ED visits and hospital admissions post the index

hospital admission were identified for both the cases and their

matched peers. The calculation of hospital length of stay (LOS)

post the index admission was cumulative and included transfers

between hospitals. The index admission was not included in the

count of ED visits, hospital admissions or in the calculation of

cumulative hospital LOS.
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Data management and analysis

Data analysis was conducted using SAS 9.4 (SAS Institute, Cary,

NC, USA). All hospital episodes of care related to the same event

were linked to form a period of care. χ2 tests of independence

and Wilcoxon Mann–Whitney tests, as appropriate, were used to

examine characteristics of young people hospitalised with

asthma, T1D or epilepsy and their matched counterpart.

Due to overdispersion, negative binomial regression, adjusted

for asthma or T1D or epilepsy status, sex, age group, com-

orbidities (i.e. Y/N), location of residence and socio-economic sta-

tus, with the log of the length of exposure post the index case

admission as an offset was used to quantify associations between

each health condition and counts of hospital admissions up to

30 June 2019 using rate ratios and 95% confidence intervals

(CI). As comparison group members could have nil hospital LOS,

a small constant value was added to LOS before transformation.

Where rate ratios were calculated by sex or age group, these vari-

ables were not included as predictors in the models.

Results

There were 65 055 young people hospitalised with asthma, 6648

with epilepsy, and 2209 with T1D who were aged ≤18 years dur-

ing 2005–2018. Males accounted for almost two-thirds of

hospitalisations with asthma (63.3%), around half (51.8%) hos-

pitalised with epilepsy, and 46.5% hospitalised with T1D. Chil-

dren aged ≤4 years accounted for 65.2% of hospitalisations with

asthma and 55.2% of those hospitalised with epilepsy. Children

aged 5–9 years accounted for over one-third (38.9%) of

hospitalisations with T1D. Almost three-quarters (70.3%–74.0%)

of young people hospitalised with one of the chronic health con-

ditions lived in urban areas and young people were living in a

range of socio-economic areas. The majority of young people did

not have other chronic comorbidities, but they did have a higher

proportion of comorbidities compared to their matched peers

(asthma: 2.1% vs. 1.0%; epilepsy: 18.0% vs. 7.6%; T1D: 2.4%

vs. 1.8%) (Table 1).

For young people hospitalised with epilepsy, there were

669 (10.1%) with status epilepticus, 271 (4.1%) with refractory

epilepsy, and 8 (0.1%) had had a surgical procedure conducted

related to their epilepsy. None of the young people with epilepsy

had Rhett’s syndrome, 59 (0.9%) had viral encephalitis, and

34 (0.5%) had bacterial meningitis compared to none, 4 (0.1%)

and 6 (0.1%) cases in their matched peers, respectively. Of the

young people hospitalised with asthma, 1372 (2.1%) had status

asthmaticus.

In terms of hospital service use, young people with asthma

(82.5% vs. 53.3%, respectively), epilepsy (90.8% vs. 51.5%,

respectively), and T1D (76.0% vs. 44.3%, respectively) all had a

higher proportion of ED visits after their index admission than

their matched peers. Young people with asthma (58.8%

vs. 24.6%, respectively), epilepsy (69.5% vs. 23.9%, respectively)

and T1D (73.6% vs. 20.6%, respectively) also had a higher pro-

portion of admissions post their index admission than matched

peers (Table 2).

After adjusting for covariates, young people with epilepsy

(adjusted rate ratio (ARR) 10.95; 95% CI 9.98–12.02), T1D (ARR

8.64; 95% CI 7.72–9.67) or asthma (ARR 4.39; 95% CI 4.26–

4.53) all had a higher risk of hospitalisation than their matched

peers. The risk of admission was highest for young males (ARR

11.00; 95% CI 9.64–12.56) and females (ARR 10.83; 95% CI

9.54–12.29) with epilepsy compared to matched counterparts.

Compared to matched peers, the highest admission risk by age

group was for young people aged 10–14 years (ARR 5.50; 95%

CI 4.77–6.34) living with asthma, ≤4 years (ARR 12.68; 95% CI

11.35–14.17) for young people living with epilepsy, and 5–9

years (ARR 9.12; 95% CI 7.69–10.81) for young people living

with T1D compared to peers (Table 3).

Discussion

The prevalence of chronic health conditions among young people

is increasing and as a result, the health-care use associated with

asthma, T1D and epilepsy among young people has increased

over time.13 This study found that young people who were hos-

pitalised with each of the three health conditions had a higher

risk of hospitalisation than their peers.

The risk of hospitalisation was high for both sexes for each of

the three health conditions examined compared to matched

peers. The current study found that young females with asthma

had a slightly higher risk of hospitalisation than males. Likewise,

in the USA, young females had higher rates of hospital

readmission than males.14 Inadequately controlled asthma may

contribute to the high hospitalisation risk among young people

living with asthma.15 For T1D, the highest hospitalisation risk

compared to peers was for young females. Similarly, in Germany

in an examination of hospital admissions among young people

with T1D aged ≤19 years compared to the general population,

young females were found to have a higher likelihood of

hospitalisation compared to peers.16 The higher hospitalisation

risk among females with T1D could be due to worse metabolic

control and subsequent severe hypoglycaemia, more frequent

diabetic ketoacidosis, poor adherence to treatment, such as mis-

sed insulin, or due to irregular eating patterns being more likely

among young females.17,18

The current study found that hospitalisation risk varied for

each health condition by age group. Compared to peers, the

highest hospitalisation risk for young people with asthma was for

young people aged 10–14 years. Similarly, prior research found

that young people aged 12–18 years who had been hospitalised

were more likely to be readmitted to hospital.14 It is possible that

higher non-adherence to asthma medication, along with diffi-

culty to control asthma in adolescents could play a part in con-

tributing to admissions.14 For young people with T1D, the

highest hospitalisation risk compared to peers was for young peo-

ple aged 5–9 years. Previous research also identified that young

people aged 5–10 years had a higher likelihood of being hos-

pitalised than their peers.16 The higher risk of hospitalisation

among young adolescents is likely due to poor metabolic control

among adolescents,17 along with development during puberty

which has been associated with diabetic ketoacidosis.16

For young people with epilepsy, the highest hospitalisation risk

compared to peers was for children aged ≤4 years. High use of

hospital services has been associated with young people aged

≤17 years, who have additional comorbidities, and who have

refractory epilepsy.19 In NSW, young people account for one-

third of hospital admissions for epilepsy and for accounted for
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27% of those with refractory epilepsy.20 That young children liv-

ing with epilepsy have the highest rate ratio for hospitalisations

compared to their peers is likely due to their need for assessment,

diagnosis, and seizure treatment.21

Hospital admissions for each chronic health condition are

potentially preventable if the condition is managed well with

assistance from primary care.14,22 For young people living with

epilepsy, more effective management of seizures and the devel-

opment of a comprehensive care plan and treatment strategy23

would likely reduce hospital admissions. For young people living

with T1D, there is a need for good metabolic control and adher-

ence to treatment regimens.14 For young people living with

asthma, the development of an asthma management plan,

increased awareness around self-management and better asthma

symptom control, including medication14,24 may assist to reduce

the need for hospital admission. Future research could incorpo-

rate Medicare and pharmaceutical records to identify ongoing use

of primary and other specialist health-care services, and use of

medication to manage symptoms.

This study’s strength is that it was a large population-based

study linking birth, ED visit, hospital admission, and mortality

records over a 13-year period. The study adjusted for key factors

that may influence health service use, including comorbidities, res-

idential location and socio-economic status. However, there were

study limitations. Only chronic health conditions relevant to a hos-

pital admission are indicated in hospital diagnosis classifications,

and it is possible that some conditions experienced are under-enu-

merated. This is likely for the comparison cohort where they had

not been admitted to hospital and as a result, there was no oppor-

tunity to identify comorbidities, despite the 3-year look-back

period. No information was available on the exact date of disease

onset, on type or frequency of medication use, seizure activity for

young people living with epilepsy or metabolic control, number of

severe hypo/hyperglycaemic episodes or frequency of diabetic

ketoacidosis for young people living with T1D. A small number of

residential postcodes were not known to the authors and location

of residence and socio-economic status for these records were not

able to be identified. The study only included young people who

had been hospitalised, and did not include young people pre-

senting solely to other health professionals for treatment. Visits to

private hospital EDs were not able to be accessed. Data validity

assessments were not able to be conducted and it is possible that

there could be some data misclassification.

Conclusions

This study has provided insight into hospital service use for

young people with common chronic health conditions compared

to their peers. The results will inform health service planning and

resourcing and will highlight opportunities for better manage-

ment of chronic health conditions to reduce the need for

hospitalisation, such as further care integration between acute,

primary and community health services for young people.
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