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Purpose: To determine the prevalence and sociodemographic and
hospitalization history of genetic conditions in a sample of
inpatients in a pediatric hospital in 2017, and to compare results
with unpublished studies from 1985, 1995, and 2007.

Methods: Two weeks of admissions were classified according to a
pre-existing categorization, based on genetic etiology, encompass-
ing chromosomal and monogenic conditions, multifactorial (MF)
conditions, and no known genetic cause.

Results: In 2017, 299 (16%) patients had chromosomal or
monogenic conditions, 6-7% more than 2007 and 1995, but similar
to 1985. Autosomal dominant (AD) conditions increased from <2%
previously to 6% in 2017 (p < 0.001). MF conditions comprised the
majority throughout, increasing from 45% to 54%. Age at
admission was highest in autosomal recessive (AR) and X-linked
categories in 1995, 2007, and 2017, reflected in their high number

INTRODUCTION

Advances in genomic medicine have led to an increase in the
knowledge of genetic causes of disease’” and consequently,
more conditions are being classified as having a genetic basis.
The contribution of genetic factors to the etiology of morbidity
and mortality in pediatric patients has been studied in a
number of ways over many years.””® Most studies have utilized
either hospital-based medical record reviews’>""'* and/or
analysis of administrative data coded with the International
Classification of Diseases (ICD).*”'*!'* These studies have
explored the impact of genetic disease on various admission
types, including pediatric inpatients, emergency depart-
ments,' !¢ intensive care/high risk units,'”” ' rehabilitation
centers,”” and through state-wide population-based studies.

There are many different estimates of the genetic contribu-
tion to pediatric hospitalizations, derived from direct review
of the medical records.”>”"'* A landmark study of pediatric
hospitalizations published almost 40 years ago reported that
4.5% of all admissions were due to monogenic conditions,
while 53% of all admissions had a genetic or partially genetic
cause.” Fifteen years ago, a hospital-based review of 5747
admissions found that 11% of admitted patients had either a
single-gene or chromosomal condition and 70% had an

of previous admissions, while the AD, MF, and nongenetic
categories were the youngest with similar lengths of stay and
previous admissions.

Conclusion: Conditions with a genetic contribution account for
over half of pediatric inpatients. Since 1985, there have been many
changes in age at admission and length of stay, but it is the
increasing prevalence of AR, AD, and MF conditions that is
important when considering future service provision.
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underlying condition that was known to be at least partly
genetically determined.” Differences between classification
systems, methods of categorization, definition of genetic
conditions, populations and sources of data have contributed
to the variation seen across these studies.

At the Royal Children’s Hospital (RCH), Melbourne,
Australia, in order to review the contribution of genetics to
hospital admissions, the same classification system has been
utilized over four time periods, 1985, 1995, 2007, and 2017.
The 2017 review of medical records was undertaken using
electronic medical records, but otherwise, the methodology
has been the same. As most of the published data are more
than a decade old and conducted prior to the extensive use
of next-generation sequencing and electronic health
records, the true impact of pediatric genetic conditions
may be underestimated.® The aims of this study were to (1)
determine the current prevalence of different categoriza-
tions of genetic and nongenetic conditions in a sample of
patients admitted to RCH in 2017, (2) describe socio-
demographic characteristics of inpatients with these condi-
tions and their hospitalization history, and (3) compare all
these results with data collected in the three earlier
unpublished RCH studies.

'La Trobe University, Discipline of Health Information Management, Department of Public Health, Melbourne, Australia; 2Murdoch Children’s Research Institute, Melbourne,
Australia; 3Department of Paediatrics, University of Melbourne, Melbourne, Australia; 4Royal Children’s Hospital, Melbourne, Australia; Victorian Clinical Genetics Services,

Melbourne, Australia. Correspondence: Jane Halliday (janehalliday.h@mcri.edu.au)

Submitted 4 November 2019; revised 5 June 2020; accepted: 7 June 2020
Published online: 19 June 2020

GENETICS in MEDICINE | Volume 22 | Number 11 | November 2020

1777


http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-020-0871-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-020-0871-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41436-020-0871-9&domain=pdf
http://orcid.org/0000-0001-6206-3857
http://orcid.org/0000-0001-6206-3857
http://orcid.org/0000-0001-6206-3857
http://orcid.org/0000-0001-6206-3857
http://orcid.org/0000-0001-6206-3857
https://doi.org/10.1038/s41436-020-0871-9
https://doi.org/10.1038/s41436-020-0871-9
mailto:janehalliday.h@mcri.edu.au

ARTICLE

GJORGIOSKI et al

Table 1 Classification categories from 1985, 1995, 2007, and 2017 studies.

Category number Category code

Category name

Examples

1 Chr Chromosomal conditions Trisomy 21, chromosome deletions

2 AR Autosomal recessive conditions Cystic fibrosis, thalassemia

3 XL X-linked conditions Duchenne muscular dystrophy, hemophilia

4 AD Autosomal dominant conditions Crouzon syndrome, neurofibromatosis type 1
5 MF Multifactorial conditions Autism, spina bifida

6 NG Nongenetic conditions Trauma, infections, prematurity

MATERIALS AND METHODS

Study population

This descriptive study was undertaken at the RCH, Melbourne,
in conjunction with the Murdoch Children’s Research Institute
(MCRI). The RCH is the major specialist pediatric hospital in
Victoria and is internationally recognized as a leading center
for pediatric treatment, teaching, and research.”> The MCRI is
the research institute located in the hospital and encompasses
Victorian Clinical Genetics Services, the clinical genetics
service for RCH and regional Victoria.

The electronic medical records of all admitted patients less
than 18 years of age, who were discharged from the RCH
between 1 and 14 March 2017, were reviewed. This period was
selected to ensure consistency with the previous three reviews
undertaken in 1985, 1995, and 2007. Admissions were excluded
if they were overnight accommodation admissions, as patients
with this admission type may have been accommodated before,
during, or after their acute or same-day service, with no clinical
services provided during these admission types.”* For instance,
patients residing in a rural setting may be accommodated prior
to their admission. In addition, admissions were excluded if the
patient was transferred from the emergency observation ward
(considered admitted episode) to an acute ward on the same
day, for the same condition. Patients were identified through
the RCH patient administrative database and provided by the
health information service.

Generalizability of the two-week sample

The total number of admissions for the year, for 20 different
conditions, was obtained in both 2007 and 2017. The
proportion of admissions for each of these conditions was
compared with the proportion in the two-week sample period.
There were no differences found at all, confirming that this
period in March was representative of the whole year.

Data classification

Eligible admissions were assigned to one of six categories
based on the pre-existing classification of conditions developed
by an expert panel of clinical geneticists, consistently used in
the 1985, 1995, and 2007 studies (Table 1). Category 1
comprised chromosomal conditions and included all cytogen-
etically visible chromosome abnormalities and copy-number
variants that encompassed multiple genes. Mendelian condi-
tions were classified into categories 2-4, with category 2
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comprising autosomal recessive (AR) conditions, category 3 X-
linked conditions, and category 4 autosomal dominant (AD)
conditions. Category 5 comprised multifactorial conditions,
and included all conditions for which there is known to be a
genetic contribution in at least a proportion of cases, including
polygenic conditions (e.g., asthma) as well as conditions where
a subset of cases are caused by a single high penetrance gene
variant (e.g., retinoblastoma). Note that cases where file review
showed clear evidence of Mendelian inheritance (e.g., bilateral
retinoblastoma with family history) were classified as AD
rather than multifactorial. Category 6 (nongenetic conditions)
comprised conditions where a combination of clinical
diagnosis and file review did not reveal evidence of a genetic
contribution, e.g., trauma and infections.

To assist with the classification of new conditions not
already in the pre-existing list, information was obtained from
two databases: OMIM?® and Pictures of Standard Syndromes
and Unidentified Malformations (POSSUM).%® For cases that
were difficult to assign to a category, consultation was sought
from a clinical geneticist and/or epidemiologist (who is an
expert in genetics and congenital anomalies). To ensure the
validity of the data, regular meetings were held with the
research team to verify the list of categories and correspond-
ing diseases prior to analysis.

The classification system was hierarchical, such that a
patient with both cystic fibrosis (AR) and autism (multi-
factorial) was assigned to category two (AR). Admissions
containing more than one condition in the same category
were assigned to the condition listed as the principal diagnosis
on the discharge summary or the first listed diagnosis. If a
genetic condition was found in the medical record review but
was not a reason for admission, then it was recorded that the
admission was unrelated to that condition. For example, a
patient with B-thalassemia (AR), admitted for treatment of an
arm fracture due to a motor vehicle accident (nongenetic
illness), would be classified in the AR category, but the
admission would be recorded as unrelated to the genetic
condition. This allowed the researcher to identify how many
patients were admitted for treatment of their condition or for
unrelated health problems.

Data collection and analysis
The electronic medical record (EMR) Epic was reviewed for
diagnoses, comorbidities, and family history for each patient. All
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Table 2 Frequency of conditions by category: 1985, 1995, 2007, and 2017.

Categories 1985 1995 2007 2017 X2 p°

1 Chromosomal 24 (1.0%) 19 (1.8%) 21 (1.6%) 57 (3.0%) 6.23 0.01

2 Autosomal recessive 217 (9.4%) 39 (3.6%) 58 (4.4%) 92 (4.9%) 0.38 0.58

3 X-linked 34 (1.5) 18 (1.7%) 23 (1.8%) 40 (2.1%) 0.56 0.46

4 Autosomal dominant 29 (1.3%) 21 (1.9%) 27 (2.1%) 110 (5.9%) 27.62 <0.00001
Total simple genetic conditions (categories 1-4) 304 (13.1%) 97 (9.0%) 129 (9.9%) 299 (15.9%) 24.12 <0.001

5 Multifactorial 1037 (44.8%) 476 (44.1%) 704 (53.6%) 1009 (53.6%) 0.0007 0.98

6 Nongenetic 976 (42.8%) 507 (46.8%) 480 (36.6%) 574 (30.5%) 12.83 <0.001
Total 2317 1080 1313 1882

p values calculated between the 2007 and 2017 sample only.

diagnoses, even those not directly related to the episode of care,
were included. However, comorbidities had to be current (still
existing or being treated at the time of the admission) to be
eligible for inclusion. The review of the EMR included looking
through the discharge summary and progress notes for the
corresponding admission. The record was also reviewed for
evidence of genetic counseling and/or clinical genetic consultation
for a diagnosis to assist with the classification of the inheritance of
genetic conditions. Any tests that were ordered within the
admission were checked to determine if they confirmed the
presence or absence of a specific condition. As some genetic tests
may have a turnaround time of several weeks to months,>*”**
admissions occurring after the specified timeframe were reviewed
to assist with the classification of suspected conditions that might
have been diagnosed after the study. However, for a condition to
be included in the study, the signs and symptoms had to be
present and documented in the March 2017 sample. For example,
a patient with signs and symptoms of asthma in March 2017
(documented as suspected, but not conclusive), which was
confirmed at a later date (June 2017), was included because
asthma may require more than one episode of respiratory
symptoms for a clinician to make a definitive diagnosis.

Data pertaining to patient demographics were extracted
from the patient administrative database by the health
information service at RCH.

Statistical analysis was performed using STATA (version
14), Epi Info (version 7), and Microsoft Excel, using
descriptive statistics, chi-square analyses, and a Student’s t-
test to compare variables between the six categories. Statistical
comparisons were possible with the 2007 data due to the
similarity of the study methodologies.

The RCH Human Research Ethics Committee (HREC) and
La Trobe University Human Research Ethics Committee
provided ethics committee approval for this research (HREC
reference 38004A).

RESULTS
Across the four 2-week periods, there were a total of 6592
admitted episodes for which the reason for admission
was classified into 648 different conditions within
the six etiological categories (Supplementary Table 1).
In summary, there were 39 chromosomal, 59 AR, 28
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X-linked, 74 AD, 225 multifactorial, and 223 nongenetic
conditions.

For the 2-week period in 2017 there were 1908 admitted
episodes. Twenty-six were excluded as they were duplicates or
overnight accommodation admissions, leaving 1882 to be
classified (Table 2). These admissions represented 1715
patients, some having more than one admission within the
sample period.

In total, there were 299 (15.9%) admissions for single-gene
and chromosomal conditions (categories 1-4) and 1009
(53.3%) for multifactorial conditions. (Table 2). The other
574 (30.5%) were admissions for conditions with no known
genetic contribution.

Although comparable 2-week periods in March were
examined, the overall number of admissions in 2017 was
higher than in 2007. The largest changes over the entire study
period were the decrease in AR from 9.4% in 1985 to 4.8% in
2017 (p <0.001), increase in AD from 1.3% to almost 6% and
decreasing trends across the nongenetic category (Table 2).
Opverall, simple genetic conditions (categories 1-4) increased
by 6-7% from 1995 and 2007 (p<0.001). There was no
marked change in the proportion of multifactorial conditions
between the years.

Diagnoses in genetic categories

There was a total of 443 different conditions diagnosed
among the 1882 admissions during the two-week period at
the RCH in 2017, of which 213 were classified as genetic. Of
the 56 admissions of patients with chromosome conditions,
28.8% (n=15) had trisomy 21 and 37.5% (n=21)
had chromosome deletions (e.g., 3q21.1q23 deletion syn-
drome, 3p deletion syndrome, and 17p13.2 deletion). The
remaining 20 admissions with chromosome conditions
included Turner syndrome, Klinefelter syndrome, and
various duplications. The most common AR condition was
cystic fibrosis, accounting for 154% (n=14 of 91) of
admissions in this category. Hunter syndrome was the most
frequent admission in the sex-linked category (35%, n = 14 of
40) and neurofibromatosis type 1 in the AD category (10.8%,
n=12 of 111). Of the conditions in the multifactorial
category, autism spectrum condition, hypospadias, and
cancers were the most frequently occurring admissions.
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Table 3 Characteristics of patients by category: 2017.

GJORGIOSKI et al

Characteristic 1 Chr 2 AR 3 XL 4 AD 5 MF 6 NG Total
Inpatient characteristics
Male sex: n (%) 29 (50.9) 48 (52.2) 38 (95) 52 (47.3) 566 (56.1) 325 (56.6) 1058 (56.2)
Age at admission (years)
Mean (SD) 7.2 (6.1) 8.3 (5.4) 10.1 (5.7 1(5.3) 7.2 (5.5) 5.4 (5.1) 6.8 (5.5)
Age at admission: n (%)
0 years 8(14.3) 9 (9.8) 2 (5.0 9(17.3) 123 (12.2) 118 (20.6) 279 (14.8)
1 to 4 years 21 (36.8) 21 (22.8) 9 (22.5) 29 (26.4) 323 (32.0) 221 (38.5) 624 (33.2)
5 to 9 years 10 (17.9) 28 (30.8) 8 (20.0) 26 (23.4) 247 (24.5) 112 (19.5) 431 (22.9)
10 to 14 years 6(10.7) 20 (22.0) 11 (27.5) 30 (27.0) 186 (18.4) 3 (14.5) 336 (17.9)
15 to 19 years 12 (21.4) 13 (14.3) 10 (25.0) 7 (6.3) 130 (12.9) 0 (7.0) 212 (11.3)
Socio-Economic Indexes for Areas (SEIFA)
1 (Low) 8(14.3) 19 (20.9) 7 (17.5) 2 (10.8) 137 (13.6) 1(12.4) 254 (13.5)
2 12 (21.4) 12 (13.2) 8 (20.0) 28 (25.2) 154 (15.2) 3 (14.5) 297 (15.8)
3 25 (44.6) 42 (46.2) 10 (25.0) 44 (39.6) 367 (36.3) 200 (37.0) 688 (36.6)
4 (High) 11 (19.6) 18 (19.8) 15 (37.5) 27 (24.3) 352 (34.9) 220 (38.3) 643 (34.2)
Hospitalization characteristic
Length of stay (days)
Mean (SD) 3.2 (5.1) 3.9(10.8) 2.8 (5. 3.6(12.3) 2.9 (8.8) 2.9(11.8) 3.0 (10.0)
Mean (SD) 95% 2.1 (2.5) 2.3 (2.9) 1.8 (2.1 1.8(1.7) 5(1.3) 1.3 (0.8) 1.5 (1.3)
Length of stay: n (%)
Same day 6 (45.6) 60 (65.2) 27 (67.5) 58 (52.7) 590 (58. 275 (47.9) 1036 (55.0)
1 day 3(22.8) 6 (6.5) 4(10.0) 21 (19.1) 176 (17. 4) 167 (29.1) 387 (20.6)
2 to 6 days 2 (21.1) 15 (16.3) 4 (10.0) 21 (19.1) 174 (17.2) 111 (19.3) 337 (17.9)
Greater than 7 days 6 (10.5) 11 (12.0) 5(12.5) 10 (9.1) 9 (6.8) 21 3.7) 122 (6.5)
Previous admissions
Mean (SD) 7.4 (9.0) 42.3 (93.2 69.5 (120.1) 11.6 (16.5) 8.5(17.8) 1.5 (6.4) 9.0 (31.1)
Previous admissions:* n (%)
No previous 9(17.0) 9(12.9) 2 (6.5) 8(18.2) 300 (33.1) 342 (62.3) 680 (39.7)
1to4 19 (36.5) 10 (13.2) 7 (22.6) 4 (24.0) 297 (32.8) 174 (31.8) 531 (31.0)
5to 14 6(30.2) 0 (28.6) 6 (19.4) 4 (34.3) 145 (16.0) 23 (4.2) 244 (14.2)
Greater than 15 9(17.3) 38 (49.4) 16 (51.6) 23 (23.2) 164 (18.1) 10 (1.8) 260 (15.2)

AD autosomal dominant, AR autosomal recessive, Chr chromosomal, MF multifactorial, NG nongenetic, XL sex linked.
Previous admission denominator is the number of patients in the sample (n = 1715).

Admissions directly related to genetic category

Eighty-five percent (n=1607) of admissions were directly
related to the category assigned. That is, the condition or its
complications was directly treated during the episode of care.
Patients with chromosomal and AD conditions had the
highest proportion of unrelated admissions to the category
assigned.

Characteristics of patients

Gender and age

Opverall, in the 2017 sample, there were more admissions of

male children (56.2%) compared with females (43.8%)

(Table 3). More than half of all admissions were for males

in all categories except for chromosomal and AD categories.

These data were consistent over the four sample time periods,

with males more common across all six categories (Fig. 1a).
One-third of patients in the 2017 sample (n = 624) were aged

between 1 and 4 years (Table 3); yet admissions in the genetic
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categories 1-4 were more likely to involve older children, with
60.5% (n =181 of 299) aged greater than five years. In contrast,
59.1% (n=339 of 574) of patients with nongenetic related
admissions were aged between zero and four years. The average
age for genetic categories 1-4 was 7.9 years (SD 5.6), compared
with 5.4 years (SD 5.1) for nongenetic categories (p <0.001).
Compared with 1985, the mean age of admissions in all
categories was markedly higher across the other three time
periods. The age at admission for AR and X-linked conditions
increased the most. (Fig. 1b). The lowest mean age was for
patients in the nongenetic category, this having decreased
significantly from 2007 to 2017 (p < 0.01).

Socio-Economic Indexes for Areas (SEIFA)

There is little disparity between the socioeconomic position of
patients with genetic and nongenetic conditions, with patients
in both groups more likely to be ranked in the top two
quartiles (Table 3). There were no statistically significant
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Fig. 1 Trends in sociodemographic and hospitalization history of inpatients with genetic and nongenetic conditions. (a) Gender by category
(1985, 1995, 2007, 2017). (b) Mean age by category (1985, 1995, 2007, 2017). (c) Mean length of stay by category (1985, 1995, 2007, 2017). (d). Mean
previous admissions by category (1985, 1995, 2007, 2017). Previous admission denominator is the number of patients in the sample (e.g., for 2017,
n=1715). AD autosomal dominant, AR autosomal recessive, Chr chromosomal, MF multifactorial, NG nongenetic, XL sex linked.
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differences between genetic and nongenetic admissions
observed between 2007 and 2017. These data were not
available for the earlier studies.

Hospitalization

Length of stay

The average length of stay (ALoS) in 2017 was found to be
highest among category 2, AR (3.9 days), followed by category
4, AD (3.6 days) (Table 3). The ALoS across all categories was
no more than 3.9 days but huge variation occurred as noted
by the large SDs. Since the 1985 study sample, the ALoS
decreased in most categories over time (Fig. 1c).

In 2017, 55% (n=1036) of admissions were same-day
presentations and 45% (n = 846) overnight admissions with a
minimum LoS of at least one night. Patients with multi-
factorial conditions were significantly more likely to have a
same-day admission than nongenetic patients (p <0.001).
Admissions with X-linked (67.5%) and AR conditions
(65.2%) had the most same-day presentations. In contrast,
patients with simple genetic and multifactorial conditions had
a greater proportion of admissions with a LoS of more than
7 days, while the nongenetic category had a higher proportion
of admissions with a LoS between 1 and 6 days.

Previous admissions

In 2017, patients with an AR or a sex-linked condition had a
higher average number of previous admissions (>15) than all
other categories (Table 3). This is consistent with 1985, 1995,
and 2007 findings (Fig. 1d). The average number of previous
of admissions for genetic categories 1-4 has increased since
2007; however, no significant changes were noted.

DISCUSSION

This study provides the first description of the current
prevalence of different categories of genetic and nongenetic
conditions in a large metropolitan children’s hospital using an
electronic medical record review. The 2017 data show that
16% of admissions in a two-week sample of patients aged
0-18 years had a chromosomal or Mendelian genetic
condition and 53.6% had a multifactorial condition with a
partially genetic cause. This is lower than results previously
reported by McCandless et al.,” but consistent with the
findings from Hall et al.* despite his study being undertaken
four decades ago.

Compared with 2007, there were increases in all genetic
categories, particularly in the number of chromosomal
(category 1) and AD (category 4) conditions. The observed
increase seen in these categories may result from increasing
maternal age and technological advances in genetic screening
and genomic testing.”” The number of AD conditions is
markedly higher in 2017 with many being single cases (n=
38) of rare conditions arising from de novo gene variants,
which may well have been detected using advanced genomic
technologies that became available in the preceding decade.”
Unfortunately, it was not possible to determine how the
diagnoses were made across the years, but it is well recognized
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that there has been an increasing frequency of both the
discovery and diagnoses of rare Mendelian conditions since
the introduction of ES and GS.”' Since 2013, data from the
National Institutes of Health (NIH) Centers for Mendelian
Genomics show that these genomic technologies have
discovered almost three times the number of genes as
previously. In line with this, our data show three times as
many diagnosed AD conditions admitted in 2017 than
previously.

In 1985, the number of AR conditions at the RCH was
much higher than in more recent years, specifically due to the
large number of admissions for thalassemia (n=114) and
cystic fibrosis (n = 59). Relocation of the Victorian thalasse-
mia service to another pediatric service, and improved
management of cystic fibrosis, including the introduction of
newborn screening, undoubtedly account for the decrease in
the AR admissions.

In regard to chromosomal conditions, the introduction of
the use of chromosomal microarrays (CMA) has increased the
detection of submicroscopic chromosomal anomalies (DNA
copy-number variants).’"?> CMA was introduced as a first
tier test in the pediatric setting in 2006 for intellectual
disability or multiple anomalies’*>* and this may contribute
to the large proportion of deletions (37.5%) in the
chromosomal category of this 2017 study.

Over half of the admissions in the 2017 sample were due to
multifactorial conditions, with no change since 2007; how-
ever, a 10% increase is seen within this category between 1985
and 1995. Some of this is due to same-day admissions for
allergy and food challenges, not seen in the earlier years.
Another contributing factor is the increase in admissions,
again many being same day, for chemotherapy treatment,
from 4.3% in 1985 to 10.8% in 2017. According to the
Australian Institute of Health and Welfare, in 2016-2017 the
majority of same-day acute separations in public hospitals
were for chemotherapy.”> This, coupled with changing
practices in medical treatment, is likely to be increasing the
numbers observed within the study.

Another explanation for the decrease seen in the nongenetic
illness category is that the last four decades has seen a shift
from admissions being due to infections and trauma, to more
chronic debilitating diseases, most of which have a genetic or
partially genetic cause, For instance, in 1985 infections such as
tonsillitis and gastroenteritis accounted for 23.2% of admis-
sions. In 2017 infections only accounted for 7.2% of
admissions. The inclusion of more untreated comorbidities
such as asthma, allergies, and autism is also an influential
factor.

Inpatient and hospitalization characteristics

This study also examined the inpatient and hospital
characteristics of children with genetic conditions. Consistent
with previous research, males were more likely to have a
genetic condition, compared with females. Children with
single-gene and chromosomal conditions were found to have
a higher mean age (7.9 years), compared with patients with
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multifactorial (7.2 years) and nongenetic conditions (5.4
years). This is similar to the findings of McCandless et al.
where the mean age was 6.1 years for single-gene conditions,
and 5.4 years for those patients with nongenetic conditions.’
Compared with the three previous studies, there is an
increasing mean age observed, explained by medical advances
that are likely to improve the life expectancy of children living
with these monogenic conditions.”® As a result, patients with
genetic conditions are living longer, increasing use of hospital
resources compared with nongenetic patients.

Length of stay

As stated above, there were increasing numbers of patients
with same-day admissions. This is reflected in the reduced
ALoS in category 5 (multifactorial), which has decreased since
1985 and 1995 from 11.4 and 4.8 days respectively to 2.9 days
in 2017. In this category, the majority of patients were
admitted for same-day chemotherapy, while patients with
inflammatory bowel disease attended for same-day infliximab
transfusions and others for food and drug challenges. This
downward trend has previously been reported, with factors
such as changes in admission patterns, clinical practice,
financial pressures, and advances in medical technology
thought to contribute to this decline.’® In Australia, the ALoS
for all age groups has decreased since 2004-2005 from
3.4 days to 2.8 days in 2016-2017,”” while the rate of same-
day hospitalizations continues to increase.”® This is compar-
able with the findings reported in our study. This trend was
also apparent in the population study by Dye et al., where it
was reported that in 2006, 41% of admissions for patients with
single-gene and chromosomal conditions were same-day
admissions.® Regardless of the increasing trend of same-day
admissions, patients with single-gene and chromosomal
conditions require longer hospitalizations compared with
other patients. This supports the findings of earlier studies
that found genetic patients had admissions twice as long as
nongenetic patients.*’

Previous admissions

In 2017, there was an increase in the mean number of
previous admissions for genetic categories 1-4, while the
mean number in the nongenetic category has remained
consistently very low over the four sample periods. The
average admission number for single-gene and chromosomal
conditions in 2017 was 26.7 (SD=69.2), the large SD
observed being due to outliers. This number is an increase
in what has been previously reported by Hall et al.,, at 5.3
admissions,” and 2.6 admissions in the study by Dye et al.°
However, the low mean number of previous admissions in the
study by Dye et al. is due to the study only including previous
admissions occurring between 2000 and 2006,° while this
study and that of Hall et al. counted all previous admissions in
the patient’s lifetime.* The increase in number of previous
admissions observed in 2017 is consistent with the chronic
and relapsing course of most genetic conditions.'” This is not
surprising given the changes to hospital practice and
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improvements to treatment, resulting in people with genetic
conditions living longer.

Strengths and limitations

The strengths of this current study include the large number
of admissions examined carefully, the rigor of the categoriza-
tion, and the ability to review the complete medical record for
an underlying genetic condition, even when not directly
treated in the episode of care. In addition, the ability to use
the Epic EMR enabled 100% of the eligible admissions to be
reviewed, with no missing records. Also, the functionality of
the EMR ensured there was a consistent approach for
abstracting information from the medical record for each
admission.

The existence of equivalent data from 2-week periods in
1985, 1995, and 2007 provides a unique opportunity to
observe trends in disease and hospital patterns, but this
strength is also a weakness, because equivalent patients may
have been classified differently in different decades. For
example, a patient in 2017 admitted with X-linked epileptic
encephalopathy due to PCDH19 (X-linked) would likely have
been classified as epilepsy (multifactorial) in previous decades.
It is also acknowledged that the distinction between multi-
factorial disorders and nongenetic disorders is not always
clear, and that even conditions such as infection and trauma
may have contributing genetic factors.

Another minor limitation of this study is that it included
only inpatients from one pediatric hospital and excluded
patients seen in the emergency and outpatient setting.
Nevertheless, the RCH is the major pediatric hospital,
including admissions from all over the state, enhancing the
generalizability of the results to a wider pediatric population.

It is possible that differences between the characteristics and
experiences of the researchers undertaking the categorization
of conditions may have impacted the results. For example, the
two earliest studies were undertaken by medical students,
while the current and 2007 study were conducted by health
information management students who have expertise in
medical record abstraction and extensive knowledge of the
ICD-10-AM classification system. Potential disparities in
classification were addressed by involving a clinical geneticist
and epidemiologist expert in congenital anomalies, who
assisted with the categorization and verification of disease
throughout the classification process in these two study
periods. It was more difficult to compare the results between
the 1985 and 1995 cohorts, and therefore most comparisons
were made between the 2007 and 2017 studies when the
procedures and characteristics of the researchers were similar.

Last, categorization was based exclusively on the documen-
tation within the medical records. As the current study
utilized an EMR review, potential biases may include notes
being copied and pasted when they do not relate to particular
episodes of care, not end dating diagnoses that appear on
automated patient history sections, and failing to update
allergies and family history.” This becomes problematic when
deciphering what diagnoses may be current and those that are
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no longer being actively treated. As a result, the use of an
EMR may overestimate the true impact of “current”
conditions. Further, the experience of the clinician may have
an impact on the quality of information within the record. For
instance, clinicians with increased knowledge in genetics and
genetic causes of disease may be more likely to refer patients
for further testing. This may increase the number of incidental
findings of genetic conditions.

Conclusions

This study has demonstrated that over half of the RCH
admissions in the study period in 2017 had an underlying
genetic contribution, with the majority of these admissions
directly related to the episode of care. Since 2007, the
percentage of patients with single-gene and chromosomal
conditions has significantly increased, from 10% to almost
16% in 2017. Patients with genetic conditions had more
admissions and stayed longer in hospital than those patients
with nongenetic conditions. An increasing mean age at
admission since 1985 was observed for patients with
monogenic conditions, indicating that patients are living
longer. With genetic technological advances, more discoveries
are being made on the genetic causes of disease, leading to an
increased detection of genetic conditions caused by nontradi-
tional inheritance such as de novo pathogenic variations,
copy-number variants, nucleotide repeats, and epigenetic,
imprinting, and mitochondrial conditions.*” Future research
should assess the magnitude of these specific genetic
etiologies, updating the current categorization system to
reflect nontraditional genetic causes of disease. Ultimately, the
data generated from this study provide an up to date estimate
of the current prevalence of genetic conditions in the pediatric
population, confirming that these are common in the
pediatric inpatient setting.
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