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Researcnh

Trends in New South Wales infant hospital
readmission rates in the first year of life:
a population-based study

n New South Wales, significant

health services are devoted to neo-

natal and infant health, with total
costs per year for neonatal and infant
hospital admissions estimated at about
$380 million.! Analysis of the trends in
health services utilisation can lead to
improvements in health service deliv-
ery and efficient allocation of health
care resources; however, trends in
infant hospital readmissions have
not been investigated. Over the past
decade, there has been an increase in
births in Australia?and changes in the
frequency of maternal and birth risk
factors associated with infant read-
missions,! including a decrease in
the proportion of young mothers, a
decrease in mothers who smoke and a
gradual shift to planned births at ear-
lier gestations.? The aim of this study
was to examine the trends in hospital
readmissions in the first year of life
and to investigate whether changes in
the frequency of maternal and infant
risk factors affected infant hospital
readmissions at a population level.

Study population and data sources

The study population included all live
births in NSW from 1 January 2001
through 31 December 2009. Data
were obtained from two linked pop-
ulation health databases. Births were
obtained from the NSW Perinatal Data
Collection (PDC), a legislated popula-
tion-based surveillance system of all
births in NSW of =20 weeks’ gestation
or where the baby has a birthweight of
=400g. Infant hospitalisations were
obtained from the Admitted Patient
Data Collection (APDC), an adminis-
trative database of all public and pri-
vate hospital admissions in NSW. The
two databases, the PDC and APDC,
were linked by the Centre for Health
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Objective: To examine the trends in hospital readmissions in the first year of
life and identify whether changes in maternal and infant risk factors explain any

changes.

Design: Population-based study using de-identified linked health data.

Participants: All 788798 live-born infants delivered in New South Wales from
1January 2001 to 31 December 2009 with a linked birth and hospital record.

Main outcome measures: The number of infants readmitted to hospital at least
once after discharge home from the birth admission to 1year of age, per 100 live
births each year, and changes in maternal and infant risk factors assessed by

logistic regression.

Results: The number of infants readmitted to hospital up to age 1year decreased
by 10.5% (average annual reduction, 1.8%; 95% Cl, - 1.7% to - 0.01%,
P=0.001), from 18.4 per 100 births in 2001 to 16.5 in 20009. Fifty-five per cent of
this decrease could be explained by changes in factors that are associated with
likelihood of hospitalisation; length of stay during the birth admission, maternal
age and maternal smoking. The rate of readmissions for jaundice and feeding
difficulties increased significantly over the study period, while readmissions for

infections decreased.

Conclusions: There has been a decrease in the rate of infants readmitted to
hospital in the first year of life, which can be partly explained by increasing
maternal age, decreasing maternal smoking and a shift to shorter length of
hospital stay at birth. Improved maternal and neonatal care in hospital and
increased postnatal support at home may have contributed to reduced risk of

readmission.

Record Linkage using probabilistic
linkage. The proportion of missing
data was small (0.02% of gestational
age, 0.02% of maternal age and 0.06%
of marital status data).

Study outcome

The study outcome was the number of
infants readmitted to hospital at least
once after discharge home from the
birth admission to 1 year of age, per
100 live births each year. Interhospital
transfers were included as part of the
admission in which they occurred.
Hospital admissions for routine cir-
cumcision were excluded as a NSW
Health policy introduced during the
study period directed circumcisions
away from public hospitals to private
hospitals and day clinics.

Explanatory variables

Explanatory variables available
for analysis were identified from a

previous study and included mater-
nal age, previous pregnancy history,
maternal smoking, hospital type at
birth, baby’s length of stay at birth
admission, gestational age, birth
order, multiple births, severe neo-
natal morbidity and residential post-
code,! which were all obtained from
the PDC. Maternal marital status was
obtained from the mother’s APDC
record. Maternal residential postcode
was used to determine socioeconomic
status (SES) and geographical region
of residence. SES was derived based
on scores from the Socio-Economic
Indexes for Areas Index of Relative
Socio-Economic Disadvantage pro-
duced by the Australian Bureau of
Statistics* and categorised into low
SES (<20th percentile), average SES
(20-80th percentile) and high SES
(=80th percentile). Geographical
area of residence was based on the
Accessibility/Remoteness Index of



1 Observed trend, predicted trend accounting for changes in maternal and
infant risk factors,* for infants readmitted to a New South Wales hospital in
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*Predicted trend is adjusted for maternal age, maternal smoking, birth in a private hospital, length of
hospital stay at birth, marital status, geographical area and socioeconomic status, severe neonatal
morbidity, gestational age, birth order, and single or multiple pregnancy. *

Australia and divided into major cit-
ies and regional and remote areas.’
Severe neonatal morbidity was deter-
mined using the Neonatal Adverse
Outcome Indicator.6

Data analysis

We compared the rate of infants
admitted per 100 births in 2001
through 2009 for each of the maternal
and infant risk factors of interest and
for the most common principal diag-
noses. Negative binomial regression
was then used to estimate the annual
percentage change in total readmis-
sion rates, and rates for each risk fac-
tor and for each condition.

Logistic regression models were
developed using data from the start
(infants born during 2001 and 2002)
and the end of the study period
(infants born during 2009) to com-
pare changes in the risk of readmission
over time. Due to significant interac-
tions, gestational age was combined
with severe neonatal morbidity as one
variable, and socioeconomic status was
combined with geographical area. To
estimate whether changes in the fre-
quency of risk factors over time can
explain changes in infant readmission
rates, the predictive logistic regression
model for infants born during 2001
and 2002 was applied to each subse-
quent year’s data to determine the pre-
dicted number of infants admitted to
hospital in each year.! If the predicted
number of admissions was similar to

the number observed, then this would
suggest that the change in infant read-
missions could be accounted for by
changes in prevalence of risk factors.
Conversely, any difference between
the observed and predicted num-
bers would be caused by factors not
included in the model.

This study was approved by the
NSW Population and Health Services
Research Ethics Committee.

From 2001 to 2009, there were 788798
live-born infants in NSW with a
linked PDC and APDC record. Over
the 9-year study period, the number
of infants readmitted to hospital up
to the age of 1 year decreased from
18.4 per 100 births in 2001 to 16.5 per
100 births in 2009 (Box 1), a relative
reduction of 10.5% (average annual
reduction of 1.8%; 95% CI, — 1.7%
to — 0.01%; P=0.001). The readmis-
sion rate decreased sharply from 2003
to 2004, followed by a substantial
increase in 2005 (Box 1).

Over the study period, the propor-
tion of infants born to mothers over
the age of 35 years increased from
18% to 24%, and the proportion of
infants born to mothers who smoked
decreased from 17% to 12%. There was
also a shift to shorter stays in hospital
at birth; the proportion of infants dis-
charged in the first 2 days after birth
increased from 28% to 36%, and the

proportion of infants staying 5 days
or more decreased from 33% to 23%.

The proportion of infants readmit-
ted to hospital for each maternal and
infant characteristic in 2001 and 2009,
the average annual percentage change
in the readmission rate and adjusted
odds ratios for hospital readmission
at the start and the end of the study
period are shown in Box 2. The factors
most strongly associated with hospi-
tal readmission did not change over
the study period. These were mater-
nal age less than 25 years, maternal
smoking, length of stay at birth of 5
days or more, and infants born before
39 weeks’ gestation (Box 2).

When the predictive model using
data for infants born in 2001 and
2002 (Box 2) was applied to the fol-
lowing years’ data, the predicted rate
of hospital readmission decreased
from the observed rate of 18.4 infants
per 100 births, to an expected rate of
17.4 infants per 100 births admitted
in 2009 (Box 1). Changes in the fre-
quency of risk factors, predominantly
the length of stay in the birth admis-
sion, maternal age and maternal smok-
ing, explained 55% of the decrease in
infant readmissions.

The most commonly diagnosed
conditions that had a significant
decrease in the rate of readmissions
over the study period were upper res-
piratory tract infections (— 1.6% per
year; 95% CI, — 2.8% to — 0.3% per
year), intestinal infectious diseases
(- 3.2% per year; 95% CI, — 9.3% to
— 0.5% per year) and viral infections
(— 3.2% per year; 95% CI, — 5.4% to —
1.0% per year). There was a significant
increase in hospital readmissions for
jaundice (8.1% per year; 95% CI, 5.9%
to 10.3% per year) and feeding prob-
lems (3.5% per year; 95% CI, 1.0% to
5.6% per year).

On average, over the study period, one
in six infants were readmitted to hos-
pital in the first year of life, but there
was a relative reduction in the infant
readmission rate of 10.5% from 2001
to 2009. Factors associated with infant
hospital readmissions include mater-
nal smoking, maternal age less than
25 years, gestational age less than 39
weeks and longer hospital stay at birth.
Over half of the total decrease can be
explained by changes in the frequency

Research

MJA 201 (1) - 7July 2014

41



Research

of maternal and infant risk factors, pre-
dominantly a decrease in the length of
stay in hospital at birth, an increase in
maternal age and a decrease in mater-
nal smoking.

The decline in infant hospi-
tal admissions can be attributed to
changes in maternal risk factors and

more global policy changes, both of
which can influence one another.
Maternal smoking rates have been
declining over the past 15 years in
Australia.” Older mothers are less
likely to smoke during pregnancy,
while mothers who attend antenatal
care earlier in their pregnancy are

more likely to stop smoking.8 Early
antenatal visits were highlighted as a
priority area for NSW Health policy in
2003,° with the proportion of women
attending antenatal care before 14
weeks’ gestation increasing from
around 62% in 2003 to almost 80%
in 2010.10

2 Proportion of infants born in 2001-2002 and 2009 readmitted to a New South Wales hospital, and multivariate analysis of infants readmitted to
hospital at least once up to age 1year by maternal and infant characteristic

Proportion of infants

Proportion of infants

Average annual % change in

Characteristics

readmitted, 2001

readmitted, 2009

rate, 2001-2009 (95% CI)

Adjusted OR* 2001— Adjusted OR* 2009
2002 (95% ClI) (95% CI)

Maternal age group

<20 years
20-24 years
25-29 years
30-34 years
=35 years

Hospital type at birth

Public hospital
Private hospital

Length of stay at birth

0-2 days
3-4 days

5 days or more

Non-smoker

Smoker

Major cities, low SES

Major cities, average SES

Major cities, high SES

Regional and remote, low SES
Regional and remote, average SES
Regional and remote, high SES

Marital status

Married or de facto

Not married

First born

Second born or higher

Singleton
Twins or triplets

26.9%
21.3%
18.9%
16.6%
16.4%

18.9%
16.9%

16.6%
16.9%
21.8%

Maternal smoking status

17.3%
23.9%

Geographical area and SES

19.1%
18.3%
17.4%
20.7%
17.8%
18.4%

17.4%
22.1%

Severe neonatal morbidity;’ and gestational age
With morbidity; < 33 weeks

With morbidity; 34—36 weeks

With morbidity; 37-38 weeks

With morbidity; 39—41 weeks

With morbidity; > 41 weeks

No morbidity; < 33 weeks

No morbidity; 34—36 weeks

No morbidity; 37-38 weeks

No morbidity; 39—-41 weeks

No morbidity; > 41 weeks

Birth order

38.7%
34.7%
34.5%
30.0%
33.3%
279%
27.4%
20.7%
16.5%
15.6%

18.0%
18.7%

Single or multiple pregnancy

18.1%
279%

23.4% - 1.3% (- 2.2% to - 0.4%)t
19.1% -13% (- 1.9% to - 0.7%)t
16.4% -1.3% (- 2.0% to - 0.5%)t
15.5% - 0.9% (- 1.4% to - 0.4%)t
15.5% - 0.7% (- 1.2% to - 0.1%)
17.1% -1.0% (- 1.6% to - 0.5%)t
14.7% -1.6% (- 2.7% to - 1.1%)*t
15.7% - 0.5% (- 1.3% to 0.3%)
14.9% -1.3% (- 1.7% to - 0.8%)t
20.5% - 0.6% (- 1.1% to 0.0%)
15.9% -1.0% (- 1.5% to - 0.4%)t
21.2% -1.2% (- 1.9% to - 0.5%)t
18.4% - 0.9% (- 2.0to 0.2%)
17.0% -11% (- 1.6% to - 0.6%)t
15.4% - 1.6% (- 2.2% to - 0.9%)t
17.1% -17% (- 2.5% to - 1.0%)t
16.0% - 0.7% (- 1.4% to 0.1%)
14.8% - 2.0% (- 3.3% to - 0.8%)t
15.8% -1.0% (- 1.5% to - 0.4%)t
20.3% -1.2% (- 1.8% to - 0.7%)t
357 - 0.8% (- 2.0% to 0.5%)
299 - 1.4% (- 3.3% to 0.6%)
279 - 3.3% (- 5.4% to - 1.3%)t
25.3 - 3.2% (- 51% to - 1.3%)t

241 = 2.3% (- 12.0% to 7.4%)

26.5 - 15 (- 3.9% to 0.8%)
24.6% - 0.8% (1.6% to 0.1%)
18.0% -1.3% (- 1.9% to - 0.7%)*
14.6% - 1.4% (- 2.0% to - 0.9%)t
15.3% = 2.1% (- 4.1% to - 0.1%)
16.1% -1.3% (- 1.9% to - 0.7%)*
16.8% - 11% (- 1.7% to - 0.6%)*
16.3% - 11% (- 1.7% to - 0.6%)*
25.7% - 1.3% (- 2.2% to - 0.3%)t

147 (1.37-1.56)
116 (111-1.21)
+
0.87 (0.84-0.90)
0.81(0.78-0.85)

k3
0.94 (0.91-0.97)

0.87 (0.84-0.90)
1

128 (1.25-132)

1
127 (1.23-1.32)

1.04 (0.99-1.09)
3+

1.05 (1.00-1.09)

0.96 (0.92-1.00)

0.88 (0.85-0.91)

1.02 (0.96-1.09)

+
114 (110-118)

2.29 (210-2.51)
2.06 (1.79-2.38)
2.39 (2.06-278)
1.82 (1.63-2.04)
173 (1.05-2.85)
171 (147-199)
152 (1.44-1.62)
1.24 (1.20-1.28)
s

0.91(0.83-1.00)

£
119 (116-1.22)

3
1.20 (112-1.28)

146 (1.33-1.61)
116 (1.09-1.23)
Ed
093 (0.88-0.97)
0.88 (0.84-0.92)

$
0.88 (0.84-0.92)

0.96 (0.92-1.00)
$

128 (1.22-1.35)

kS
122 (115-1.28)

1.03 (0.97-1.09)
E

098 (0.93-1.03)

0.87 (0.82-0.93)

0.88 (0.84-0.93)

093 (0.85-1.03)

S
117 (111-1.23)

2.51(2.24-2.83)
194 (1.63-2.32)
191 (1.59-2.27)
1.82 (1.59-2.07)
179 (0.76—4.21)
1.60 (1.28-2.01)
1.59 (1.49-173)
1.25 (1.20-131)
¥
1.07 (0.87-131)

S
118 (113-1.22)

$
114 (1.04-1.25)

OR = odds ratio. SES = socioeconomic status. * Adjusted for all variables in tables. t Statistically significant reduction in readmission rate (P <0.01). £ Reference category. ¢ Determined
with Neonatal Adverse Outcome Indicator.6
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During the study period, there was
an overall shift to shorter lengths of
stay in hospital during the birth admis-
sion. This may be due to a combina-
tion of improvements in maternal and
neonatal care and policy changes. In
NSW, one of the potential driving
forces behind the increase in propor-
tion of infants discharged in the first 2
days is the Early Postnatal Discharge
program, introduced in the 1980s and,
more recently, the Midwifery Support
Program, offering mothers midwifery
support at home after early discharge.
A large body of research has exam-
ined the impacts of early postnatal
discharge with conflicting results;11-14
however, follow-up home visits may
reduce hospital readmissions.1 There
was also a decrease in the proportion
of infants with a length of stay greater
than 5 days. This may be attributable
to improvements in technology and/
or changes in clinical practice which
may have led to more effective treat-
ment in these infants, reducing their
risk of readmission.

We found that rates of admission
for jaundice and feeding difficulties
increased over the study period. It has
been shown that admissions to hospi-
tal for these conditions are associated
with early discharge from hospital 16
There has also been a gradual increase
in the rate of infants born late preterm
(34-36 weeks) and early term (37-38
weeks) in Australia in the past decade,?
and these infants have an increased
risk of admission to hospital for jaun-
dice and feeding difficulties.16

Availability of non-hospital forms
of health care can also impact hospital
admissions. Although we do not have
access to emergency department (ED)
data, there were a number of changes
to ED policy and practice in NSW over
this period that may have reduced hos-
pital admissions from the ED. These
included introducing additional sen-
ior ED nurses who had a wider scope
of practicel” and opening after-hours
general practice clinics at or near EDs 18
with a recent study showing that such
clinics were associated with a reduc-
tion in low-urgency presentations to
the ED.1?

One of the interesting findings from
our study was a significant decrease

in the observed rate of infants admit-
ted to hospital in 2004, followed by
an increase in 2005 and 2006. The
decrease in the readmission rate in
2004 could not be attributed to changes
inreporting, changes in admissions at
specific hospitals or by diagnosis type.
However a number of policies were
introduced before 2004 that may have
decreased infant admissions. The large
increase in 2005 appears to coincide
with a large increase in the number of
births in NSW after the introduction
of the national “Baby Bonus” policy
in July 2004.2 This large, unplanned
increase in births put added pressure
on maternity services20 and would
have subsequently placed an addi-
tional burden on non-hospital forms
of health care, possibly leading infants
back to hospital EDs.

The main strength of the study is the
use of alarge linked population health
database that allows trends in infant
hospitalisations to be examined at a
population level. This information is
known to be accurate and reliable with
validation studies showing high levels
of agreement with medical records.?t
However, one of the main limitations
was the lack of individual-level data
about breastfeeding status and other
health service use, such as postnatal
home visits, general practitioner vis-
its, ED presentations and hospital bed
availability. However, a recent state
health report highlights that the aver-
age number of general hospital beds
in NSW increased by about 20% over
the study period.22

We have shown that the rate of
infants readmitted to hospital each
year has been decreasing in NSW,
and changing maternal and infant
risk factors, particularly the shift to
shorter stays during the birth admis-
sion, increasing maternal age and
decreasing rates of maternal smoking,
can explain over half of this decrease.
Future research should investigate
strategies for further reducing the
burden on the health system of infant
admissions, particularly those that
may be prevented, such as strategies
targeting specific groups of infants.
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