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Abstract
Objective: To assess the impact of hospitalization for chronic health conditions on early child development and wellbeing at school start.

Methods: We conducted a longitudinal cohort study of children starting school using population-based record linkage of routinely collected
admitted hospital data and standardized assessment of early childhood development (Australian Early Developmental Census: AEDC).
Developmental vulnerability (DV) was defined as children scoring <10th centile in any one of five developmental domains. Children scoring
<10th centile on two or more domains were considered developmentally high-risk (DHR). Children hospitalized with chronic health conditions
were compared to children without hospitalizations prior to school start.

Results: Among 152,851 children with an AEDC record, 22,271 (14�6%) were hospitalized with a chronic condition. Children hospitalized with
chronic health conditions were more likely to be DHR (adjusted odds ratio 1.25, 95% CI: 1.18–1.31) compared to children without hospitaliza-
tions. Children hospitalized more frequently (>7 times) or with longer duration (>2weeks) had a 40% increased risk of being DHR (1.40, 95% CI:
1.05–1.88 and 1.40, 95% CI: 1.13–1.74, respectively). Children hospitalized with mental health/behavioral/developmental conditions had the high-
est risk of DHR (2.23, 95% CI: 1.72–2.90). Developmental vulnerability was increased for physical health (1.37, 95% CI: 1.30–1.45), language
(1.28, 95% CI: 1.19–1.38), social competence (1.22, 95% CI: 1.16–1.29), communication (1.17, 95% CI: 1.10–1.23), and emotional maturity
(1.16, 95% CI: 1.09–1.23).

Conclusions: Frequent and longer duration hospitalizations for chronic health conditions can impact early childhood development. Research and
interventions are required to support future development and well-being of children with chronic health conditions who are hospitalized.
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Introduction

The first years of life form the foundation of a child’s health
and mental wellbeing. Critical childhood development occurs
across all domains of functioning: physical, cognitive, social,
and emotional. School readiness has been used to describe
children who are developmentally ready for the experiences
afforded by school (including sensory, social and developmen-
tal experiences), who are able and ready to participate in
school activities and engage with learning (Peterson et al.,
2018). As a marker of early childhood development, measure-
ment of school readiness has varied with regard to what
developmental domains to include, but typically includes cog-
nitive development, physical development, language develop-
ment, social-emotional development, and approaches to
learning (Peterson et al., 2018). Children with low school
readiness have fewer developed skills for classroom engage-
ment and potentially academic success (Bell et al., 2016;
Peterson et al., 2018). Known risk factors to development and
school readiness include ethnic and racial minority status, and

low socioeconomic status (SES), exposure to violence, lack of
stimulation, parental health and mental health and infection
during pregnancy (McCoy et al., 2017; Romano et al., 2010;
Walker et al., 2011).

Children with low school readiness are more likely to have
worse academic performance, are more likely to repeat a grade,
and less likely to graduate from secondary school (McCoy
et al., 2017; Peterson et al., 2018; Romano et al., 2010).
Conversely, children ready for school start have lower incarcer-
ation rates, teen pregnancy and better mental and physical
health later in life (Campbell et al., 2014; Reynolds et al.,
2011). The cost of impact to early child development and con-
sequently school readiness is therefore significant to individu-
als, communities and governments, and highlights how
essential preventative measures, such as interventions promot-
ing school readiness, in early childhood are to negate these neg-
ative outcomes (Bierman et al., 2018; Reynolds et al., 2011).

With increasing neonatal survival, the number of children
living with chronic health conditions is increasing (Keogh
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et al., 2018; Van Der Lee et al., 2007), and many will live
with significant effects of their disease and treatment
(Robison & Hudson, 2014; Steiner & Kovacs, 2018).
Childhood health has the potential to impact early develop-
ment (Peterson et al., 2018). Children with health conditions
prior to school commencement can have difficulties with and
engaging in learning, are more likely to display disruptive
behavior, and report reduced quality of life (Delaney &
Smith, 2012; Quach & Barnett, 2015).

Terminology, conceptualizations and operationalization of
chronic health conditions among children varies in the litera-
ture (Bethell et al., 2008). Systematic review has highlighted
commonalities between the terms chronic health conditions,
children with special health needs, and children with medical
complexity (Van Der Lee et al., 2007). Sustained health and
wellbeing impact, that may be incurable, and ongoing health
service usage or reliance on medical technologies are defining
characteristics for this population of children (Rogers et al.,
2021; Van Der Lee et al., 2007). Van Der Lee et al. (2007)
provide a framework for identifying children with health
impacts based on diagnosis, limitations (impact) and health
care use, and a final group of children with special health care
needs “who have or are at increased risk of a chronic physi-
cal, developmental, behavioral, or emotional condition and
who also require health care and related services of a type or
amount beyond that required by children generally” (p.
2749). Here we use chronic health conditions for those requir-
ing at least 1 year of medical care, including follow-up
appointments, hospitalization, or medication (Hardelid et al.,
2014). Examples include, but are not limited to, epilepsy,
attention-deficit/hyperactive disorder, cancer, and congenital
heart disease (Hardelid et al., 2014).

Like school readiness and education, health disparities
exist. Children with chronic health conditions from diverse
race and ethnicity groups have difficulties accessing timely
and targeted health care due to racism borne out through
institutional structures, and interpersonal relationships (Trent
et al., 2019). Children from migrant families’ experiences are
compounded by lack of availability of culturally competent
and linguistically appropriate care (Chang, 2019). Children
living in disadvantaged socioeconomic circumstances experi-
ence reduced access to healthcare services and also worse
health outcomes (Pearce et al., 2019). These disparities and
impacts have been worsened by the COVID-19 pandemic
(Saatci et al., 2021).

While several studies have reported on disease specific
impacts on early development, for example cancer (Morris
et al., 2021), few studies have considered all chronic health
conditions to capture overall impacts. Data from a small
cohort study indicated children with chronic health condi-
tions (N¼ 2,879) are 17–34% more likely to be classified as
developmentally vulnerable on all domains of a standardized
measure of school readiness (Bell et al., 2016). Parent report
data suggest children with longer duration and more severe
chronic health conditions prior to school have reduced school
readiness as indicated by teacher rated learning outcomes
(mathematics and literacy) and approach to learning (Quach
& Barnett, 2015). However, further work is needed to exam-
ine the impact of hospitalizations on school readiness.

Chronic health conditions in early childhood may impact
early development and school readiness in multiple ways. The
chronic condition or its treatment may directly impact devel-
opment of school readiness (e.g. neurological conditions or

CNS directed treatment, Lum et al., 2017). Children with
chronic health conditions may also miss out on opportunities
for development, particularly in social and communication
domains, offered through participation in formalized child-
care or preschool programs due to the requirement for
ongoing medical appointments and treatments (Ehrlich et al.,
2014), or parental perceptions of child vulnerability (Anthony
et al., 2003). Many children with chronic health conditions,
particularly those with medical complexity, experience recur-
rent hospital admissions (Coller et al., 2016), and may be a
proxy marker for condition severity. Yet no studies have con-
sidered the impact on early development of children with
chronic health conditions who are hospitalized and how the
impact varies by frequency and duration of hospitalization.

Understanding how the burden of managing chronic health
conditions and hospitalizations experienced during the first 5
years of life impact on school readiness is critical to informing
development of interventions to support children to achieve
their potential. Therefore, this study aimed to (i) identify the
number of children with chronic health conditions who expe-
rience hospitalizations prior to school start, and (ii) determine
the impact of hospitalization frequency and duration of stay
on school readiness for children with chronic health condi-
tions. To address these aims we used standardized definitions
of developmental status obtained through objective and
national census of children starting school in New South
Wales (NSW) Australia and linkage with longitudinal hospi-
talization data obtained prior to developmental assessment.
We hypothesized children with chronic health conditions who
are hospitalized, especially with more frequent and longer
duration hospitalizations, experience greater disruption in
early development.

Methods
Study Design and Data Sources

We conducted a population-based longitudinal cohort study
of linkage records of all children born in NSW, Australia,
who had a school readiness assessment at school entry in
2009 and 2012. The study cohort was identified via record
linkage of birth (NSW Perinatal Data Collection, PDC), hos-
pital (NSW Admitted Patient Data Collection, APDC) and
early child development (Australian Early Development
Census, AEDC) datasets. The study was approved by the
NSW Population and Health Services Research Ethics
Committee. The NSW Centre for Health Record Linkage
probabilistically linked individual records across datasets and
provided de-identified data to the researchers. The data
underlying this article cannot be shared publicly due to pri-
vacy and ethical requirements of data custodian.

Study Outcomes

We used the AEDC as a measure of early development prior
to school start. The AEDC is implemented nationally every 3
years in Australia from 2009 for children in their first year of
formal full-time schooling (normally at 5 or 6 years of age).
Coverage is almost universal in NSW, with 99.9% of children
enrolled to begin school in 2009 having a record for the
AEDC and 96.5% in 2012 (Australian Government, 2013).
Only AEDC data in 2009 and 2012 were available in the link-
age records analyzed in this study. The AEDC data are col-
lected using the Australian version of the Early Development
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Instrument (AvEDI), adapted from the Canadian Early
Development Instrument. Teachers complete the AvEDI, indi-
vidually assessing each child in their class (Brinkman et al.,
2014). More than 100 items cover five domains; physical
health and wellbeing, social competence, emotional maturity,
language and cognitive skills, communication skills and gen-
eral knowledge. The AvEDI has demonstrated reliability and
validity (Brinkman et al., 2014), and AvEDI teacher ratings
have been shown to predict later educational outcomes
(Brinkman et al., 2013). Children with a domain score in the
lowest 10% of the population were considered developmen-
tally vulnerable (DV) on that domain, and those in the lowest
10% of the population on at least two domains were classi-
fied as developmentally high risk (DHR). These cut-off per-
centiles are based on the baseline AEDC data collected in
2009 and remain the same across each collection cycle to pro-
vide a reference point against which later AEDC results can
be compared (Australian Government, 2019). Children with
medical evidence of diagnosis of chronic medical, physical or
intellectual disabilities that require special assistance at school
are identified as having special needs, and did not have AEDC
domains or developmental risk (i.e., DV and DHR) deter-
mined as this scoring has not been validated (Australian
Government, 2019).

Study Exposures

We used the APDC to identify all hospital admissions with
chronic health conditions that occurred from birth to before
AEDC school readiness assessment. We excluded admissions
that occurred within 29 days of birth as these were likely to be
associated with the birth. The APDC contains up to 50 diag-
nosis fields associated with the hospitalization, coded using
the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision, Australian
Modification (ICD-10-AM) system.

We considered children to be hospitalized with a chronic
condition if they had at least one hospital admission related
to chronic health conditions identified using ICD codes from
Hardelid et al.’s (2014) classification system. This system
defines a chronic condition as “any health problem likely to
require follow-up for more than 1 year, where follow-up
could be repeated hospital admissions, specialist follow-ups
through outpatient department visits, medication or use of
support services” (Hardelid et al., 2014: 2). The ICD codes
were classified by clinicians and included validated code lists
for chronic health conditions in children. Eight mutually
exclusive categories affecting different body systems were cre-
ated: mental health/behavioral/developmental (e.g. conduct
disorder, developmental delays), cancer/blood disorders (e.g.
leukemia), chronic infections (e.g. HIV), respiratory (e.g.
asthma, cystic fibrosis), metabolic (e.g. diabetes), musculoske-
letal (e.g. juvenile idiopathic arthritis), neurological (e.g. epi-
lepsy, cerebral palsy), cardiovascular (e.g. congenital heart
disease), and one category for non-specific chronic condition
(e.g. lack of expected normal physiological development).
Supplementary Table 1 shows each diagnostic code included
in each category, and see Hardelid et al. (2014) for further
methods on classification system development. We identified
condition-specific hospitalizations based on all the 50 diagno-
sis fields; thus, a child may be in multiple diagnostic categories
of chronic conditions. Children without any hospital
admission records were the comparison group. Total fre-
quency (1, 2–3, 4–6, and �7), total duration of

hospitalizations (1–2, 3–4, 5–7, 8–14, and �15 days), and
types of chronic condition diagnosis prior to school readiness
assessment were determined.

Potential Confounders

We grouped potential confounders into five categories for
progressive adjustment in analyses (specific variables shown
in Table I): (1) child sex; (2) perinatal factors; (3) maternal
and familial socio-demographic factors at child’s birth; (4)
cultural and linguistic diversity (CALD); and (5) child age at
school enrolment (used to control for cohort difference).
Maternal postcode-level area socioeconomic disadvantage
was determined using the Index of Relative Socioeconomic
Disadvantage (IRSD), developed by the Australian Bureau of
Statistics. The IRSD is a summary measure of a range of soci-
oeconomic factors, including income, educational and occu-
pational status, of the people and the households within a
postcode-level area.(Australian Bureau of Statistics, 2008).
The Accessibility/Remoteness Index of Australia (ARIA) was
used to categorize geographic accessibility to services for the
residents within a postcode-level area (Australian Bureau of
Statistics, 2008).

Statistical Analysis

We used logistic regression analysis to examine how the
occurrence, frequency, and duration of hospitalizations with
a chronic condition influence the odds of each school readi-
ness outcome. Crude odds ratios (ORs) were estimated using
univariable logistic regression analysis (Model 1). Adjusted
ORs (aORs) were estimated by cumulatively controlling for
the various categories of potential confounders (Model 2–
Model 5, Supplementary Table 2). Each exposure variable
(i.e., occurrence, frequency, duration, and diagnosis of hospi-
talizations) was treated as a dummy variable in the regression
analyses. We controlled for teacher-based clustering of out-
comes using generalized estimating equations (GEE)
approach. The standard errors of the regression coefficients
were estimated using the empirical estimation method to con-
struct 95% confidence intervals (Zeger et al., 1988). Where
there was a greater than 10% change in estimates between
models we assessed potential interaction with chronic health
conditions and relevant variables. All analyses were con-
ducted using SAS (Enterprise Guide) statistical software ver-
sion 7�1 (SAS Institute Inc., Cary, NC, USA).

Results

A total of 152,851 children had an AEDC record either in the
year 2009 (n¼ 72,758) or 2012 (n¼ 80,093). Of these chil-
dren, 22,271 (14.6%) were hospitalized with a chronic condi-
tion, 45,406 (29.7%) were hospitalized without any chronic
condition, and 85,174 (55.7%) had no hospital admission
records and were included as the comparison group in this
analysis (Table I). Nearly three-quarters of the children were
5 years old at school entry. Just over half (51.5%) of the chil-
dren were male, and most (91.7%) were born full-term.
Among those hospitalized with chronic conditions there were
more boys (59.6% vs. 46.9%), children born pre-term
(10.2% vs. 5.1%), children whose language was English
(85.5% vs. 81.3%) or whose mother was born in Australia
(76.8% vs. 70.9%), and who were older than 6 years at
school entry (30.5% vs. 24.7%) compared to children with-
out hospitalizations. Other available socio-demographic,
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Table I. Maternal, Perinatal and School Characteristics of Children With and Without Hospitalization for Chronic Health Conditions

Sociodemographic, perinatal,

and childhood characteristics

Number of childrena Hospitalizations with chronic health conditions

Children with no

hospitalizations

(comparison group)

Children hospitalized

without

any CC

Children hospitalized

with a chronic

condition

p values

N (column %) n (column %) n (column %) n (column %)

All 152,851 (100) 85,174 (100) 45,406 (100) 22,271 (100)
Child sex

Male 78,657 (51.5) 39,949 (46.9) 25,444 (56.0) 13,264 (59.6) <.001d

<.001e

<.001f
Female 74,095 (48.5) 45,169 (53.0) 19,935 (43.9) 8,991 (40.4)

Unknown 99 (0.1) 56 (0.1) 27 (0.1) 16 (0.1)
Child perinatal factors
Gestational age (weeks)

Pre-term birth (gestational age �36) 9,992 (6.5) 4,359 (5.1) 3,360 (7.4) 2,273 (10.2) <.001d

<.001e

<.001f
Term birth (gestational age: 37–41) 140,120 (91.7) 79,185 (93.0) 41,281 (90.9) 19,654 (88.3)
Post-term birth (gestational age �42) 2,710 (1.8) 1,610 (1.9) 757 (1.7) 343 (1.5)
Missing 29 (0.0) 20 (0.0) 8 (0) 1 (0.0)

Birthweight by gestation
Small for gestation (<10%) 15,756 (10.3) 8,421 (9.9) 4,836 (10.7) 2,499 (11.2) <.001d

<.001e

.064f
Birthweight by gestation: 10–<90% 121,266 (79.3) 68,008 (79.9) 35,838 (78.9) 17,420 (78.2)
Large for gestation (�90%) 15,516 (10.2) 8,593 (10.1) 4,635 (10.2) 2,288 (10.3)
Missing 313 (0.2) 152 (0.2) 97 (0.2) 64 (0.3)

Plurality
Singleton 148,266 (97.0) 82,974 (97.4) 43,851 (96.6) 21,441 (96.3) <.001d

<.001e

.045f
Twins or others 4,585 (3.0) 2,200 (2.6) 1,555 (3.4) 830 (3.7)

Apgar score (5 min)
5 min Apgar: <7 1,725 (1.1) 822 (1.0) 498 (1.1) 405 (1.8) .024d

<.001e

<.001f
5 min Apgar: 7–10 150,759 (98.6) 84,139 (98.8) 44,804 (98.7) 21,816 (98.0)

Missing 367 (0.2) 213 (0.3) 104 (0.2) 50 (0.2)
Maternal and familial socio-demographic factors at child’s birth
Maternal parity

First born child 62,756 (41.1) 34,182 (40.1) 19,028 (41.9) 9,544 (42.9) <.001d

<.001e

<.001f
Second born child 52,236 (34.2) 29,508 (34.6) 15,172 (33.4) 7,556 (33.9)
Third born child or younger 37,291 (24.4) 21,177 (24.9) 11,029 (24.3) 5,085 (22.8)
Missing 568 (0.4) 307 (0.4) 175 (0.4) 86 (0.4)

Gestational weeks at 1st antenatal visit
Antenatal care < 20 weeks 135,252 (88.5) 75,069 (88.1) 40,314 (88.8) 19,869 (89.2) <.001d

<.001e

.051f
Antenatal care �20 weeks 15,765 (10.3) 9,089 (10.7) 4,551 (10) 2,125 (9.5)

Missing 1,834 (1.2) 1,016 (1.2) 541 (1.2) 277 (1.2)
Maternal smoking during pregnancy

Yes 21,550 (14.1) 11,041 (13.0) 7,192 (15.8) 3,317 (14.9) <.001d

<.001e

.002f
No 130,224 (85.2) 73,529 (86.3) 37,917 (83.5) 18,778 (84.3)

Unknown 1,077 (0.7) 604 (0.7) 297 (0.7) 176 (0.8)
Maternal age (years)
<20 5,720 (3.7) 2,844 (3.3) 2,030 (4.5) 846 (3.8) <.001d

<.001e

<.001f
20–24 21,485 (14.1) 11,281 (13.2) 7,051 (15.5) 3,153 (14.2)
25–34 93,431 (61.1) 52,366 (61.5) 27,450 (60.5) 13,615 (61.1)
35–39 26,636 (17.4) 15,405 (18.1) 7,360 (16.2) 3,871 (17.4)
�40 5,537 (3.6) 3,254 (3.8) 1,498 (3.3) 785 (3.5)
Missing 42 (0.0) 24 (0.0) 17 (0) 1 (0.0)

Maternal postcode-level residential SESb

�25% (most disadvantaged) 31,237 (20.4) 17,460 (20.5) 9,613 (21.2) 4,164 (18.7) <.001d

<.001e

<.001f
25<–50% 37,276 (24.4) 20,792 (24.4) 11,340 (25) 5,144 (23.1)
50<–75% 39,924 (26.1) 22,320 (26.2) 11,847 (26.1) 5,757 (25.9)
>75% (least disadvantaged) 44,288 (29.0) 24,520 (28.8) 12,576 (27.7) 7,192 (32.3)
Missing 126 (0.1) 82 (0.1) 30 (0.1) 14 (0.1)

Maternal postcode-level residential remoteness/accessibilityc

Major cities of Australia 118,902 (77.8) 67,041 (78.7) 34,271 (75.5) 17,590 (79.0) <.001d

.11e

<.001f
Inner regional Australia 25,309 (16.6) 13,654 (16.0) 8,115 (17.9) 3,540 (15.9)
Outer regional Australia 7,621 (5.0) 3,990 (4.7) 2,636 (5.8) 995 (4.5)
Remote and very remote Australia 920 (0.6) 425 (0.5) 360 (0.8) 135 (0.6)
Unknown 99 (0.1) 64 (0.1) 24 (0.1) 11 (0.1)

(continued)
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perinatal, and childhood characteristics were broadly similar
across the groups with and without chronic health conditions.
Among children with chronic health conditions, children were
mostly hospitalized for respiratory conditions (52.4%), fol-
lowed by neurological conditions (32.1%. Table II).

A higher proportion of children hospitalized with chronic
health conditions (10.9%), and hospitalized without chronic
health conditions (10.5%) were identified as DHR compared
with those without any hospitalizations (8.5%) (Table II). On
crude analysis, children hospitalized with chronic health con-
ditions had 37% (odds ratio [OR] 1.37; 95% confidence
interval [CI] 1.30–1.43) increased odds of being DHR,
although after controlling for covariates the odds were attenu-
ated slightly (adjusted (a)OR 1.25, 95% CI: 1.18–1.31,
Table II). The change in odds was mostly attributable to child
sex (Supplementary Table 2: Model 2) and after stratifying
the analysis we found greater odds for DHR for girls (aOR
1.32; 95% CI 1.20–1.46) compared with boys with chronic
health conditions (aOR 1.21; 95% CI 1.14–1.29) (test for
interaction, p¼ �07, Supplementary Table 3). Table II also
shows that being hospitalized with a chronic condition only
once or for only 1–2 days was associated with 20% increased
risk of DHR. The adjusted odds of DHR rose progressively,
with increased frequency or duration of hospitalizations with
a chronic condition, such that children hospitalized more
than 7 times or more than 2 weeks before starting school had
40% increased risk of being DHR (aOR 1.40; 95% CI: 1.05–
1.88, and 1.40; 95% CI: 1.13–1.74, respectively). Both these
associations were most influenced by child sex, and perinatal
factors played an additional role in slightly attenuating the

association for duration of stay in hospital (Supplementary
Table 2). Additionally, children hospitalized with chronic
health conditions had 9% increased odds of DHR than those
hospitalized without a chronic condition (aOR 1.09; 95% CI
1.03–1.15, Supplementary Table 5).

Children with mental health/behavioral/developmental con-
ditions who were hospitalized were more likely to be identi-
fied as DHR with the highest odds of 2.23 (95% CI: 1.72–
2.90). Other chronic health conditions associated with
increased odds of being DHR included childhood cancer
(aOR 1.46; 95% CI: 1.18–1.81), musculoskeletal (aOR 1.39;
95% CI: 1.15–1.68), neurological (aOR 1.34; 95% CI: 1.23–
1.46), and respiratory (aOR 1.23; 95% CI: 1.15–1.31) condi-
tions (Table II). Regardless of chronic condition, odds of
DHR was attenuated after controlling for child sex
(Supplementary Table 4: Model 2). The impact of other cova-
riates varied by chronic health conditions. Perinatal factors
were relevant for mental health/behavioral, cancer and cardi-
ovascular conditions. Maternal and socio-demographic fac-
tors affected estimates for chronic infections, neurological and
non-specific chronic health conditions. Age at school entry
impacted the association for mental health/behavioral/devel-
opmental conditions (Supplementary Table 4).

Children hospitalized with and without chronic health con-
ditions had increased odds of being developmentally vulner-
able on each AEDC domain, compared to those without any
hospitalizations (Tables III and IV). Overall, the odds of being
developmentally vulnerable for children hospitalized with
chronic health conditions were 1.37 for physical health and
wellbeing (95% CI: 1.30–1.45), 1.28 for language and

Table I. (continued)

Sociodemographic, perinatal,

and childhood characteristics

Number of childrena Hospitalizations with chronic health conditions

Children with no

hospitalizations

(comparison group)

Children hospitalized

without

any CC

Children hospitalized

with a chronic

condition

p values

N (column %) n (column %) n (column %) n (column %)

Cultural and linguistic diversity
Language background other than English

Yes 26,205 (17.1) 15,962 (18.7) 7,017 (15.5) 3,226 (14.5) <.001d

<.001e

.001f
No 126,646 (82.9) 69,212 (81.3) 38,389 (84.6) 19,045 (85.5)

Maternal country of birth
Australia born 112,099 (73.3) 60,358 (70.9) 34,644 (76.3) 17,097 (76.8) <.001d

<.001e

.18f
Non-Australia born 40,752 (26.7) 24,816 (29.1) 10,762 (23.7) 5,174 (23.2)

Child’s age at school entry
<5 years 1,344 (0.9) 796 (0.9) 368 (0.8) 180 (0.8) <.001d

<.001e

<.001e
5–5.5 years 38,760 (25.4) 22,800 (26.8) 10,958 (24.1) 5,002 (22.5)
5.5–6 years 71,985 (47.1) 40,542 (47.6) 21,144 (46.6) 10,299 (46.2)
�6 years 40,762 (26.7) 21,036 (24.7) 12,936 (28.5) 6,790 (30.5)

Year of AEDC
2009 72,758 (47.6) 40,172 (47.2) 22,191 (48.9) 10,395 (46.7) <.001d

<.19e

<.001e
2012 80,093 (52.4) 45,002 (52.8) 23,215 (51.1) 11,876 (53.3)

a Comprises of children without any hospitalizations (n¼ 85,174), children hospitalized for conditions other than chronic health conditions (n¼ 45,406),
and children hospitalized with a chronic health conditions (CC) (n¼ 22,271).

b Maternal postcode-level residential SES was measured using the Index for Relative Socioeconomic Disadvantage score.
c Maternal postcode-level residential remoteness was determined using the Accessibility/Remoteness Index of Australia (ARIA) classification.
d p value for the statistical significance of distributional difference of each factor between every two groups using the Chi-square tests: p values between

children with no hospitalizations and children hospitalized without any chronic condition.
e p value for the statistical significance of distributional difference of each factor between every two groups using the Chi-square tests: p values between

children with no hospitalizations and children hospitalized with a chronic condition.
f p value for the statistical significance of distributional difference of each factor between every two groups using the Chi-square tests: p values between

children hospitalized with and without a chronic condition.

Children with Chronic Health Conditions Early Development 803

D
ow

nloaded from
 https://academ

ic.oup.com
/jpepsy/article/48/10/799/7146155 by guest on 22 O

ctober 2023

https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data
https://academic.oup.com/jpepsy/article-lookup/doi/10.1093/jpepsy/jsad025#supplementary-data


cognitive skills (95% CI: 1.19–1.38), 1.22 for social compe-
tence (95% CI: 1.16–1.29), 1.17 for communication skills
and general knowledge (95% CI: 1.10–1.23), and 1.16 for
emotional maturity (95% CI: 1.09–1.23). Increasing number
of hospitalizations with a chronic condition was associated
with increased odds of developmental vulnerability (DV) for
two domains: physical health and wellbeing (trend aOR 1.18;
95% CI: 1.11–1.26) and communication skills and general
knowledge (trend aOR 1.09; 95% CI: 1.01–1.17). The odds
for the other three domains dropped at the last level when
children had the highest frequency of hospitalizations, likely
due to the small sample sizes (Tables III and IV). Children
with mental health/behavioral/developmental conditions con-
sistently had greater than twofold increased odds of being
developmentally vulnerable on all AEDC domains. Children
with respiratory (aORs ranged from 1.12 to 1.33) and neuro-
logical diseases (aORs generally above 1.30) had increased
odds of being developmentally vulnerable on all domains
(Tables III and IV). Children hospitalized with chronic health
conditions had higher odds of being developmentally vulner-
able than those hospitalized without a chronic condition,
especially on physical health and wellbeing (aOR 1.21; 95%
CI: 1.15–1.29) and social competence domains (aOR 1.07;
95% CI: 1.01–1.13, Supplementary Table 5).

Table V shows that 11.7% of children hospitalized with a
chronic condition and 4.3% of children hospitalized without

a chronic condition had special needs (these children did not
have an AEDC assessment), compared to 3.0% of children
without any hospitalizations. More boys than girls hospital-
ized with a chronic condition had special needs identified
(13.3% vs. 9.3%). The proportion of children reported to
have special needs increased as the frequency and the duration
of hospitalizations related to chronic conditions increased,
with 48% for those hospitalized �7 times and 39% for those
hospitalized for �15 days. Of children hospitalized with men-
tal health/behavioral/developmental conditions prior to
school start, nearly 60% had special needs. Specific mental
health diagnoses differed by child age. At age 3 the most com-
mon diagnoses were developmental (e.g. 48.7% were speech
and language or autism diagnoses). At 4 and 5 years the most
common diagnoses were related to behavioral disorders (e.g.
oppositional defiant disorder). After mental health/behavio-
ral/developmental conditions, 27% of children hospitalized
with cardiovascular diseases had special needs.

Discussion

This study sought to investigate the impact of frequency and
duration of hospitalization among children with chronic
health conditions on early development using a dataset of
over 100,000 children. Our analysis found almost 15% of
children with chronic health conditions had been hospitalized

Table II. Association Between Having a Hospitalization With a Chronic Condition and the Risk of Developmentally High Risk (DHR)

Number of children Developmentally high risk (DHR)

N (column %) No. of children

DHR (row %)

Crude OR (95% CI)a Adjusted OR (95% CI)b

Without hospital admissions (comparison
group)

82,200 (56�7) 6,955 (8�5) Reference Reference

Had hospitalizations but none with CC 43,228 (29.8) 4,558 (10.5) 1.26 (1.21, 1.31) 1.15 (1.10, 1.19)
Had �1 CC-related admission 19,589 (13�5) 2,139 (10�9) 1.37 (1.30, 1.43) 1.25 (1.18, 1.31)
Number of CC-related hospital admissions

1 13,150 (9.1) 1,408 (10.7) 1.32 (1.25, 1.40) 1.20 (1.13, 1.28)
2–3 5,037 (3.5) 568 (11.3) 1.45 (1.33, 1.57) 1.34 (1.22, 1.46)
4–6 996 (0.7) 114 (11.5) 1.50 (1.25, 1.78) 1.34 (1.11, 1.63)
�7 406 (0.3) 49 (12.1) 1.56 (1.18, 2.04) 1.40 (1.05, 1.88)

Duration of CC-related hospital admissions
(days)
1–2 12,824 (8.8) 1,313 (10.2) 1.28 (1.21, 1.36) 1.19 (1.12, 1.27)
3–4 3,004 (2.1) 352 (11.7) 1.49 (1.34, 1.65) 1.32 (1.18, 1.47)
5–7 1,943 (1.3) 234 (12.0) 1.49 (1.31, 1.70) 1.35 (1.17, 1.55)
8–14 1,094 (0.8) 138 (12.6) 1.54 (1.30, 1.84) 1.38 (1.14, 1.66)
�15 724 (0.5) 102 (14.1) 1.72 (1.41, 2.10) 1.40 (1.13, 1.74)

Types of chronic conditionc

Mental health/behavioral/developmental 405 (2.1) 76 (18.8) 2.43 (1.91, 3.09) 2.23 (1.72, 2.90)
Cancer/blood disorders 777 (4.0) 102 (13.1) 1.66 (1.36, 2.02) 1.46 (1.18, 1.81)
Chronic infections 98 (0.5) 12 (12.2) 1.48 (0.83, 2.62) 1.15 (0.61, 2.19)
Respiratory 10,260 (52.4) 1,194 (11.6) 1.43 (1.35, 1.52) 1.23 (1.15, 1.31)
Metabolicd 2,414 (12.3) 234 (9.7) 1.25 (1.10, 1.41) 1.14 (0.99, 1.30)
Musculoskeletal/skin 1,214 (6.2) 141 (11.6) 1.38 (1.16, 1.65) 1.39 (1.15, 1.�68)
Neurological 6,287 (32.1) 640 (10.2) 1.34 (1.24, 1.45) 1.34 (1.23, 1.46)
Cardiovascular 710 (3.6) 79 (11.1) 1.39 (1.12, 1.71) 1.17 (0.93, 1.47)
Non-specific chronic condition 1,141 (5.8) 121 (10.6) 1.42 (1.20, 1.68) 1.45 (1.20, 1.75)

a Crude ORs were derived from the univariable logistic regression analyses controlling for teacher-level clustering only.
b Adjusted ORs were generated from the multivariable logistic regression analyses controlling for all the groups of confounders including child’s sex,

child’s perinatal factors, maternal and familial socioeconomic factors, child’s age at school entry, and year of AEDC assessment, as well as teacher-level
clustering.

c A child may be hospitalized for multiple types of chronic health conditions, thus the sum of the numbers of children hospitalized for different types of
chronic health conditions is greater than the total number of children hospitalized for any chronic health conditions.

d Metabolic/endocrine/digestive/renal/genitourinary conditions.
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Table III. Association Between Frequency and Duration of Hospitalizations and Developmental Vulnerability of AEDC Domains

AEDC domains

Number of

children

Physical health

and wellbeing

Social competence Emotional

maturity

Language and

cognitive skills

Communication

skills and

general knowledge

N (column %) n (row %) Adjusted OR

(95% CI)a
n (row %) Adjusted OR

(95% CI)

n (row %) Adjusted OR

(95% CI)

n (row %) Adjusted OR

(95% CI)

n (row %) Adjusted OR

(95% CI)

Without hospital
admissions (com-
parison group)

82,596 (56.7) 6,146 (7.4) Reference 6,289 (7.6) Reference 4,829 (5.9) Reference 3,663 (4.�4) Reference 6,360 (7.7) Reference

Had hospitalizations
but none with CC

43,457 (29.8) 3,918 (9.0) 1.13 (1.08, 1.18) 4,067 (9.4) 1.14 (1.10, 1.19) 3,307 (7.6) 1.15 (1.09, 1.20) 2,561 (5.9) 1.22 (1.15, 1.29) 3,755 (8.6) 1.11 (1.06, 1.16)

Had � 1 CC-related
admission

19,674 (13.5) 2,028 (10.3) 1.37 (1.30, 1.45) 1,911 (9.7) 1.22 (1.16, 1.29) 1,499 (7.6) 1.16 (1.09, 1.23) 1,137 (5.8) 1.28 (1.19, 1.38) 1,691 (8.6) 1.17 (1.10, 1.23)

Number of CC-
related hospital
admissions
1 13,206 (9.1) 1,301 (9.0) 1.29 (1.21, 1.38) 1,264 (9.6) 1.19 (1.12, 1.26) 987 (7.5) 1.13 (1.05, 1.21) 754 (5.7) 1.26 (1.16, 1.37) 1,110 (8.4) 1.11 (1.04, 1.19)
2–3 5,055 (3.5) 535 (10.6) 1.44 (1.31, 1.58) 501 (9.9) 1.29 (1.18, 1.42) 399 (7.9) 1.22 (1.10, 1.36) 300 (5.9) 1.36 (1.20, 1.54) 448 (8.9) 1.26 (1.14, 1.40)
4–6 999 (0.7) 120 (12.0) 1.70 (1.41, 2.05) 107 (10.7) 1.35 (1.11, 1.64) 84 (8.4) 1.33 (1.06, 1.67) 61 (6.1) 1.29 (0.98, 1.69) 88 (8.8) 1.26 (1.02, 1.56)
�7 414 (0.3) 72 (17.4) 2.54 (1.96, 3.29) 39 (9.4) 1.23 (0.91, 1.66) 29 (7.0) 1.05 (0.72, 1.53) 22 (5.3) 1.09 (0.71, 1.68) 45 (10.9) 1.53 (1.12, 2.09)

Duration of CC-
related hospital
admissions (days)
1–2 12,872 (8.8) 1,199 (9.3) 1.25 (1.17, 1.34) 1,192 (9.3) 1.18 (1.11, 1.26) 947 (7.4) 1.13 (1.05, 1.22) 668 (5.2) 1.21 (1.11, 1.33) 1,046 (8.1) 1.14 (1.06, 1.22)
3–4 3,016 (2.1) 321 (10.6) 1.39 (1.23, 1.56) 313 (10.4) 1.30 (1.16, 1.45) 239 (7.9) 1.20 (1.05, 1.37) 203 (6.7) 1.43 (1.23, 1.67) 273 (9.1) 1�15 (1.02, 1.31)
5–7 1,955 (1.3) 229 (11.7) 1.58 (1.37, 1.82) 196 (10.0) 1.24 (1.07, 1.43) 165 (8.4) 1.26 (1.07, 1.49) 131 (6.7) 1.38 (1.14, 1.67) 180 (9.2) 1.22 (1.05, 1.43)
8–14 1,100 (0.8) 149 (13.6) 1.75 (1.47, 2.09) 121 (11.0) 1.37 (1.14, 1.66) 88 (8.0) 1.17 (0.93, 1.46) 72 (6.6) 1.29 (1.01, 1.67) 107 (9.7) 1.24 (1.01, 1.52)
�15 731 (0.5) 130 (17.8) 2.37 (1.94, 2.90) 89 (12.2) 1.40 (1.13, 1.74) 60 (8.2) 1.17 (0.89, 1.55) 63 (8.6) 1.47 (1.11, 1.94) 85 (11.6) 1.40 (1.12, 1.76)

a Adjusted ORs were generated from the multivariable logistic regression analyses controlling for all the groups of confounders including child’s sex, child’s perinatal factors, maternal and familial socioeconomic
factors, child’s age at school entry, and year of AEDC assessment, as well as teacher-level clustering. For each regression analysis, there was only one comparison/reference group, which was “children without hospital
admissions”, and each other group was compared with the reference group separately, not simultaneously.
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Table IV. Association Between Type of Hospitalizations With a Chronic Condition and Developmental Vulnerability of AEDC Domains

AEDC domains

Number of

children

Physical health

and wellbeing

Social

competence

Emotional

maturity

Language and

cognitive skills

Communication skills

and general

knowledge

N (column %) No. of

children

(row %)

Adjusted OR

(95% CI)a
No. of

children (row %)

Adjusted OR

(95% CI)

No. of

children

(row %)

Adjusted OR

(95% CI)

No. of

children

(row %)

Adjusted OR

(95% CI)

No. of children

(row %)

Adjusted OR

(95% CI)

Types of chronic
health conditions
Mental health/

behavioral/
developmental

408 (2.07) 73 (18.0) 2.65 (2.06, 3.41) 60 (14.8) 1.87 (1.41, 2.47) 55 (13.6) 2.12 (1.6, 2.82) 40 (9.9) 2.26 (1.62, 3.16) 70 (17.2) 2.58 (1.95, 3.40)

Cancer/blood
disorders

785 (3.99) 105 (13.5) 1.81 (1.47, 2.23) 78 (10.0) 1.24 (0.99, 1.55) 54 (7.0) 0.99 (0.74, 1.32) 67 (8.6) 1.88 (1.45, 2.44) 82 (10.5) 1.35 (1.08, 1.69)

Chronic infections 99 (0.50) 12 (12.2) 1.32 (0.7, 2.47) 10 (10.2) 1.14 (0.61, 2.12) 9 (9.2) 1.43 (0.76, 2.71) 7 (7.1) 1.06 (0.4, 2.76) 12 (12.2) 1.58 (0.85, 2.94)
Respiratory 10,302 (52.36) 1,102 (10.7) 1.33 (1.24, 1.42) 1,027 (10.0) 1.19 (1.11, 1.27) 809 (7.9) 1.13 (1.04, 1.22) 657 (6.4) 1.29 (1.18, 1.41) 950 (9.3) 1.12 (1.05, 1.21)
Metabolicc 2,431 (12.36) 250 (10.3) 1.40 (1.23, 1.6) 227 (9.4) 1.25 (1.1, 1.43) 184 (7.7) 1.19 (1.03, 1.39) 110 (4.6) 0.99 (0.81, 1.22) 181 (7.5) 1.00 (0.86, 1.16)
Musculoskeletal/

skin
1,218 (6.19) 147 (12.1) 1.73 (1.45, 2.06) 127 (10.5) 1.34 (1.1, 1.63) 89 (7.4) 1.19 (0.94, 1.49) 78 (6.4) 1.57 (1.24, 1.99) 116 (9.6) 1.40 (1.15, 1.70)

Neurological 6,310 (32.07) 610 (9.7) 1.45 (1.33, 1.58) 595 (9.5) 1.3 (1.19, 1.41) 489 (7.8) 1.27 (1.16, 1.40) 310 (4.9) 1.30 (1.15, 1.46) 491 (7.8) 1.33 (1.21, 1.46)
Cardiovascular 719 (3.65) 90 (12.6) 1.60 (1.28, 20) 73 (10.2) 1.27 (1.02, 1.58) 59 (8.3) 1.22 (0.92, 1.60) 44 (6.2) 1.19 (0.88, 1.63) 58 (8.1) 0.99 (0.76, 1.28)
Non-specific
chronic condition

1,146 (5.82) 133 (11.6) 1.85 (1.55, 2.2) 117 (10.2) 1.46 (1.22, 1.77) 84 (7.4) 1.26 (1.00, 1.58) 59 (5.2) 1.37 (1.05, 1.80) 98 (8.6) 1.42 (1.15, 1.74)

a Adjusted ORs were generated from the multivariable logistic regression analyses controlling for all the groups of confounders including child’s sex, child’s perinatal factors, maternal and familial socioeconomic
factors, child’s age at school entry, and year of AEDC assessment, as well as teacher-level clustering. The comparison group is “children without any hospital admissions” for all types of chronic health conditions to
facilitate comparison of the effect sizes.

b Metabolic/endocrine/digestive/renal/genitourinary conditions.
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at school start, and 30% of children had been hospitalized
without a chronic condition. Hospitalization prior to school
start was associated with increased risk to development, for
children with and without chronic health conditions. Among
children with chronic health conditions, risk of reduced devel-
opment increased with increasing frequency of hospitaliza-
tions and longer duration in hospital. Children with the most
frequent (more than 7 times) and longest duration of hospital-
ization (more than 2 weeks) had 1.4-fold increased risk of
being DHR at school start. Early development was compro-
mised across all developmental domains for children who had
been hospitalized prior to school start, with and without
chronic health conditions. Those hospitalized with chronic
health conditions were at particular increased risk compared
to those hospitalized without chronic health conditions. The
domains of physical health and communication skills exhib-
ited the strongest decrements related to hospitalization
severity. Children hospitalized with mental health/behavioral/
developmental conditions were more likely to be identified as
DHR and having special needs than children hospitalized
with other chronic health conditions.

Severe and chronic health conditions during childhood
have the potential to impact the child, their family and society
(Kazak, 2006; Pinquart & Teubert, 2012). Our findings high-
light that this impact may be further exacerbated with
extended periods in hospital. Further, our results show that

when factors known to impact on early child development are
statistically controlled for (such as maternal education level,
familial socio-demographic factors at child’s birth and cul-
tural and linguistic diversity), hospitalization with chronic
health conditions further impacts early development and
school readiness. There is well documented evidence of socio-
economic and racial disparities in both health and early child
developmental outcomes (Newacheck et al., 2002; Peterson
et al., 2018), and factors that also affect child developmental
outcomes, and are associated with suboptimal chronic health
condition management, such as SES, family structure, avail-
able support, parental health and mental illness, access to
service which may compound impacts on both health and
education outcomes (Newacheck et al., 2002). For example,
management of chronic health conditions and accessing
healthcare (Newacheck et al., 2002) and high-quality pre-
school programs (Bassok & Galdo, 2016) are likely to be
more challenging for families from disadvantaged socioeco-
nomic backgrounds. Future work investigating these interac-
tions is therefore warranted for development of services and
interventions that consider the whole of child context.

Time away from usual activities and opportunities to
develop school readiness due to chronic health conditions can
lead to life-long reductions in academic performance, social
and emotional wellbeing (Lum et al., 2017; Maslow et al.,
2012; Peterson et al., 2018). The cost of chronic health

Table V. Characteristics of Children With Special Needs in Relation to Hospitalizations With a Chronic Condition

Hospital admissions with a

chronic condition (CC)

Number of children

Total N (column %) Children with special needs (row %)

Total Boys Girls

Without hospital
admissions

85,174 (55.7) 2,578 (3.0) 1,777 (4.5) 799 (1.8)

Had hospitalizations but
none with CC

45,406 (29.7) 1,949 (4.3) 1,443 (5.7) 506 (2.5)

Had �1 CC-related
admission

22,271 (14.6) 2,597 (11.7) 1,761 (13.3) 834 (9.3)

Number of CC-related hospital admissions
1 14,293 (9.4) 1,087 (7.6) 773 (9.1) 314 (5.4)
2–3 5,826 (3.8) 771 (13.2) 533 (15.2) 236 (10.2)
4–6 1,357 (0.9) 358 (26.4) 228 (29.0) 130 (22.8)
�7 795 (0.5) 381 (47.9) 227 (47.6) 154 (48.7)

Duration of CC-related hospital admissions (days)
1–2 14,027 (9.2) 1,155 (8.2) 849 (10.0) 306 (5.5)
3–4 3,388 (2.2) 372 (11.0) 257 (12.7) 113 (8.3)
5–7 2,269 (1.5) 314 (13.8) 214 (16.1) 100 (10.7)
8–14 1,388 (0.9) 288 (20.8) 179 (23.3) 109 (17.7)
�15 1,199 (0.8) 468 (39.0) 262 (39.6) 206 (38.4)

Types of chronic conditiona

Mental health/behavio-
ral/developmental

973 (4.4) 565 (58.1) 381 (62.6) 183 (50.4)

Cancer/blood disorders 941 (4.2) 156 (16.6) 96 (17.7) 60 (15.1)
Chronic infections 115 (0.5) 16 (13.9) 9 (14.3) 7 (13.5)
Respiratory 11,339 (50.9) 1,037 (9.2) 744 (10.6) 292 (6.8)
Metabolicb 2,915 (13.1) 484 (16.6) 310 (17.4) 173 (15.4)
Musculoskeletal/skin 1,519 (6.8) 301 (19.8) 168 (22.9) 133 (17.0)
Neurological 7,687 (34.5) 1,377 (17.9) 886 (19.4) 491 (15.7)
Cardiovascular 985 (4.4) 266 (27.0) 148 (27.8) 118 (26.1)
Non-specific chronic

condition
1,599 (7.2) 453 (28.3) 265 (31.4) 188 (24.9)

a A child may be hospitalized for multiple types of chronic health conditions, thus the sum of the numbers of children hospitalized for different types of
chronic health conditions is greater than the total number of children hospitalized for any chronic health conditions.

b Metabolic/endocrine/digestive/renal/genitourinary conditions.
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conditions born out across the lifespan is significant with high
health care utilization and costs observed at school entry
(Nasuuna et al., 2016; Quach & Barnett, 2015), persisting
into adulthood (Delaney & Smith, 2012). The needs of this
population are under-recognized, and are therefore not yet
well addressed by either health or education systems
(Goldfeld et al., 2012; Peterson et al., 2018). The combined
cost of chronic health conditions and missed education oppor-
tunities on productivity has not been quantified, but the indi-
vidual level impact of reduced academic performance, lower
graduation rates, and low rates of further training, can culmi-
nate in higher rates of unemployment (Lum et al., 2017).

As observed elsewhere (Pinquart, 2020), physical health
was compromised in children hospitalized with chronic health
conditions. Early development of communication, language
and social competence were also affected. Chronic health con-
ditions may act as a specific barrier to social interactions
through disruption to friendships and impact on development
of social cognitive skills in early life (Janin et al., 2018; Lum
et al., 2017). Communication and social-emotional skills are
critical to academic success (Maslow et al., 2012; Romano
et al., 2010), and particularly social success which can protect
against negative impacts on health, mental health and overall
quality of life (Dalton et al., 2016; Jones et al., 2015; Maslow
et al., 2012). Reduced development in these skills at school
start may preclude establishing strong social support net-
works to protect against mental health difficulties in later life
(Jones et al., 2015). For young adults and adults with child-
onset chronic health conditions, social and emotional well-
being are areas of life-long vulnerability, contributing to over-
all decreased quality of life, physical health problems, and
increased healthcare costs (Dalton et al., 2016).

Our data indicate hospitalization with any chronic condi-
tion in the first 5 years of life can impact early development
and school readiness, however there were some differences
across domains by chronic health conditions. For children
hospitalized with metabolic, musculoskeletal and skin, neuro-
logical, or cardiovascular chronic health conditions, physical
health and wellbeing had greater odds of DV compared to
other domains assessed. Children with mental health/behavio-
ral/developmental conditions early in life were more likely to
be developmentally vulnerable across all domains assessed,
potentially due to the AEDC focus on social and emotional
development. For children hospitalized with cancer and other
blood disorders, respiratory chronic health conditions both
physical health and wellbeing and language and communica-
tion were at increased odds of DV compared to other
domains. Consistent with others, boys were more likely to
have identified special needs (Goldfeld et al., 2012). In con-
trast, girls had slightly greater odds of DV, possibly because
boys were more likely identified as having special needs and
therefore not included in the AEDC assessment of DV.
However, sample sizes were small with increasing severity of
hospitalization, and this result requires cautious interpreta-
tion and further research.

Early developmental health difficulties are likely to be long
lasting in the absence of intervention (Dekker et al., 2007),
and emotional and behavioral difficulties at school entry are
predictive of later education and learning outcomes (Barnett
et al., 2018). Early intervention, and support in developing
school readiness skills with these young children is especially
warranted. This may be even more critical in the context of
the global COVID-19 pandemic. Children with chronic health

conditions may be at increased risk of contracting COVID-19
and severe negative impacts (Tsankov et al., 2021; Woodruff
et al., 2022), and as a result may face greater limitations on
their engagement with childcare and other early childhood
school readiness programs. While COVID-19, associated
social distancing requirements, and school and childcare clo-
sures have caused increased stress on families (Kerr et al.,
2021; Rao et al., 2021), family stress may be particularly ele-
vated in the homes of children with chronic health conditions
as the burden of managing a chronic health conditions is com-
pounded by fears of increased risk of infection and reduced
access to medical care and psychological support (Davies
et al., 2022; Wauters et al., 2022).

Clinicians and health care providers who have regular con-
tact with children with chronic health conditions and their
families are ideally placed to identify and refer these children
to programs for promoting school readiness (Peterson et al.,
2018). However, clinicians report unmet training needs in
understanding and managing the implications of health on
schooling (Ellis et al., 2019). These unmet needs may limit
referrals to appropriately trained pediatric psychologists who
are well-suited to deliver evidence-based interventions across
all domains of development to support school readiness in the
context of chronic health conditions. Preschool interventions
that promote school readiness, self-regulation, and early
learning have the potential to reduce burden on health serv-
ices and reduce the need for later remedial interventions
(Bierman et al., 2018). Innovative approaches to delivering
evidence-based mental health treatments, such as parent–child
interaction therapy, at the hospital bedside may support both
mental health and health status of children with chronic
health conditions, and importantly can be tailored address
care disparities (Christian-Brandt & Santacrose, 2020).
Future research focusing on identifying potential for develop-
mental impact and developing interventions targeting the
unique developmental domains impacted by specific chronic
health conditions will support practice, health, and education
outcomes. For example, implementing developmental assess-
ments for children with cancer in hospital clinics supported
timely access to developmental domain specific, age appropri-
ate, play-based, family-centered intervention services to sup-
port early childhood development (Harman et al., 2021).
Integration and systemic implementation of developmental
testing can reduce barriers to accessing timely, clinically, and
developmentally appropriate support across the silos of
health, psychology, and education for children with chronic
health conditions to ultimately support optimal development
in the first 5 years of life in the context of health (Harman
et al., 2021).

While our study has several strengths, there were limita-
tions. Our study cannot account for individual and family
level differences including parent health, lifestyle, health
behaviors and parent education. Our data also do not account
for approaches to learning and parenting style, previously
shown to predict academic performance for children with and
without chronic health conditions (Barnett et al., 2018). Due
to confidentiality and ethics agreements, we were not able to
identify and report on the outcomes of children identifying as
Aboriginal and Torres Strait Islander, and the data we do
have on ethnicity/race are limited (i.e. language background
other than English and maternal country of birth which we
do have are not good measures of ethnicity). Further, as we
used hospitalization data, we could not identify children who
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had chronic health conditions but did not have any hospital-
ization records where their chronic health condition was
noted in the APDC. Many of these children may receive care
from primary and community-based healthcare providers. A
further limitation is children with special needs did not have
AEDC domain or vulnerability risk determined (according to
scoring and administration instructions: Australian
Government, 2019), yet this cohort may be most in need of
early identification of developmental needs and tailored sup-
port services. Thus, the lack of the AEDC outcome for chil-
dren reported to have special needs may result in
underestimated effects of hospitalizations with chronic condi-
tions on school readiness found in this study. This may be
particularly an issue for children admitted with mental health
diagnoses, given 60% of these children had identified special
needs. We did not examine hospitalization of comorbidity
(i.e., hospitalization for multiple chronic conditions) in this
study, due to the complex pattern of comorbidity (e.g., vari-
ous types, numbers and durations of comorbid chronic condi-
tions). This warrants a separate investigation. Our study
importantly demonstrates the impact of more severe chronic
health conditions on school readiness across an entire popula-
tion and is consistent with other studies using parent report
(Nasuuna et al., 2016). In a study of an Australian cohort of
24,678 children starting school, over 50% were identified by
their parents as having a health condition such as allergy, sen-
sory, dental, intellectual, behavioral, and physical health con-
ditions (Nasuuna et al., 2016). Nasuuna et al. (2016) found
more serious or complex conditions, which are more likely to
require hospitalization (e.g. epilepsy, cystic fibrosis), and
intellectual, developmental conditions impacted on later aca-
demic performance, while less serious health problems (e.g.
dental problems, asthma) did not. However, given we found
hospitalization with and without chronic health conditions
prior to school start was associated with impacts to early
development, further research is needed to better support chil-
dren requiring hospitalization prior to school start.

Conclusions

Children hospitalized with chronic health conditions are at
risk of compromised early development and school readiness
compared to children without hospitalizations in the first 5
years of life. Children with the most serious and severe
chronic health conditions as indicated by increasing frequency
and duration of hospitalizations increases the risk of poor
school readiness. Our data also indicate chronic health condi-
tions in the first 5 years of life impact more than physical
health. Caring for these children must therefore consider the
impact on developmental domains crucial for school readi-
ness, particularly social, emotional, and language develop-
ment. Pediatric psychologists with interdisciplinary expertise
across physical, cognitive, social, and emotional development
and health and illness issues in children, adolescents, and fam-
ilies are therefore well positioned to work with healthcare
providers and educators to support school readiness and life-
long academic success for children with chronic health
conditions.
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