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BACKGROUND: There are increasing numbers of surviving children who were born extremely
preterm (EP; gestational age <28 weeks) or extremely low birth weight (ELBW; birth
weight <1000 g). Our objective in this study was to compare the rates of motor impairment
at 8 years of age between 3 cohorts of EP and/or ELBW and term-born children to establish
if motor impairment rates are changing over time.

abstract

METHODS: All children born EP and/or ELBW in the calendar years of 1991–1992, 1997,
and 2005 in Victoria, Australia, were recruited at birth. Randomly selected normal birth
weight (>2499 g) and term-born controls were matched for expected date of birth, sex,
and sociodemographic status. At 8 years’ corrected age, motor impairment was defined
as cerebral palsy (CP) or a score less than the fifth centile on the Movement Assessment
Battery for Children for the 1991–1992 and 1997 cohorts and less than or equal to the fifth
centile on the Movement Assessment Battery for Children–Second Edition for the 2005
cohort.

RESULTS: Motor impairment was more likely in children born EP and/or ELBW compared with

children born at term for all epochs. There was a significant increase in motor impairment
in EP and/or ELBW children over the 3 eras, from 23% in 1991–1992 and 26% in 1997
to 37% in 2005 (χ2trend = 10.2; P = .001). This was due to an increase in non-CP motor
impairment (13% in 1991 to 1992; 15% in 1997; 26% in 2005; χ2trend = 12.5; P < .001), not
CP (11% in 1991 to 1992; 11% in 1997; 12% in 2005).

CONCLUSIONS: The rate of motor impairment in EP and/or ELBW children assessed at 8 years of

age increased between eras, an increase caused by non-CP motor impairment.
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WHAT’S KNOWN ON THIS SUBJECT: Preterm children
have worse motor outcomes at school compared
with peers born at term. However, it is unknown if
there have been changes in motor outcomes with
advances in neonatal care.
WHAT THIS STUDY ADDS: There are increased rates
of motor impairment at 8 years’ corrected age
in extremely preterm and/or extremely low birth
weight children over 3 eras, with rates of motor
impairment increasing from 23% in 1991–1992 and
36% in 1997 to 37% in 2005.
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Over the past 3 decades, there have
been significant increases in survival
rates of infants born extremely
preterm (EP; <28 weeks’ gestation)
and/or extremely low birth weight
(ELBW; <1000 g birth weight)
because of improvements in neonatal
intensive care1,2 alongside a greater
willingness to provide intensive care
to more EP and/or ELBW infants.2,3
Advances in obstetric and neonatal
care have included the introduction
of antenatal corticosteroids and
assisted ventilation in the 1970s
and 1980s and the introduction
of surfactant in 1991. Recent
advances in perinatal care over the
last few decades include caffeine
for the treatment of apnea of
prematurity,4 increased use of
noninvasive respiratory support,5
and targeted use of postnatal
corticosteroids.6 Although some of
these interventions show promise for
improved neurodevelopment in early
childhood, the effects of changes
in neonatal practices on long-term
motor outcomes at a population
level is unknown.7,8 Because
more EP and/or ELBW infants are
surviving, it is vital to understand
the impact of these interventions on
neurodevelopmental morbidity in
later childhood.

Our population-based studies of EP
and/or ELBW children from Victoria,
Australia, have recently revealed that
rates of major neurodevelopmental
disability in 8-year-old children born
over 3 time epochs, from 1991 to
1992, 1997, and 2005, have remained
unchanged, despite advances in
care.9 Of more concern, academic
performance for children born EP
and/or ELBW was poorer in the
most recent cohort born in 2005,
compared with the earlier 2 epochs.9

Children who are born preterm are
at an increased risk of a range of
neurodevelopmental impairments,
with motor impairments such as
cerebral palsy (CP) and non-CP motor
impairments such as developmental
coordination disorder (DCD) being
2

more prevalent in EP and/or ELBW
survivors than term-born peers.10,11

CP registers have improved our
understanding of changes in rates
of CP over time, with authors of a
recent study in Australia reporting
that CP rates in children born at
<28 weeks peaked in the 1990s and
early 2000s, but are now declining.12
Comparatively, changes in rates
of non-CP motor impairments in
children born EP and/or ELBW over
time are not well documented. Motor
impairments, whether mild or severe,
are associated with poorer academic
outcomes, including reading, spelling,
and arithmetic, and less participation
in social leisure activities, hobbies,
and sports compared with children
without motor impairment.13,14
It is therefore important to
understand how the rates of motor
impairment in children born EP
and/or ELBW are changing over
time. Our aims in this study were
(1) to examine how rates of motor
impairment assessed at age 8 in
EP and/or ELBW children born in
Victoria, Australia, have changed
over the 3 eras of 1991–1992, 1997,
and 2005 compared with controls,
and (2) to determine the perinatal
predictors associated with motor
impairment in EP and/or ELBW
children.

METHODS
Three cohorts of children were
recruited as part of the Victorian
Infant Collaborative Study, a series
of longitudinal, population-based
studies of children born EP and/or
ELBW in Victoria, Australia. All EP
and/or ELBW children born in the
3 discrete cohorts of 1991–1992
(24 months), 1997, and 2005 (12
months, respectively) were included
in the study. The infants were treated
in a NICU at 1 of the 4 tertiary
neonatal units in the state (The Royal
Women’s Hospital, Monash Medical
Centre, Mercy Hospital for Women,
or The Royal Children’s Hospital). A

control group of normal birth weight
(>2499 g), term-born children were
recruited from 1 of the 3 tertiary
maternity hospitals and matched
with an EP and/or ELBW survivor
for expected date of delivery, sex,
health insurance status (private
insurance or not), and the mother’s
country of birth (English-speaking
or non–English-speaking). General
neurodevelopmental outcomes at 215
and 89 years of age for the cohorts
have been reported.

Ethics

Ethical approval was given by the
human research ethics committees
of the 4 hospitals. Parents of
participants gave written, informed
consent for their child to participate
in the 8-year follow-up assessment
for the 2005 cohort; follow-up was
considered routine clinical care for
EP and/or ELBW children in the
earlier cohorts.9

Perinatal Characteristics

Extensive perinatal data on the
pregnancy and neonatal course
were recorded by research nurses
from medical records, and data
at 2 years of age were obtained
during follow-up assessments, as
previously described.9 A diagnosis
of a patent ductus arteriosus (PDA)
was recorded, as was necrotizing
enterocolitis (NEC), defined as
stage 2 or worse on Bell’s criteria.16
Estimated due date was based on
obstetric ultrasound at 20 weeks’
gestation when available (>90%
cases) or by menstrual history when
ultrasound was unavailable. Birth
weight z scores were computed by
using the British growth reference
curves.17

Outcome Measures

Children were invited to attend
a comprehensive developmental
assessment at 8 years’ corrected
age at 1 of the 3 tertiary maternity
hospitals. All children had a
neurologic and motor assessment
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conducted by a pediatrician who
was unaware of the child’s medical
history, including gestation or weight
at birth. The assessment included
the Movement Assessment Battery
for Children (MABC)18 for the
1991–1992 and 1997 cohorts, or the
Movement Assessment Battery for
Children–Second Edition (MABC-2)19
for the 2005 cohort. The type and
distribution of CP was classified by
the pediatrician after a neurologic
examination, which included an
assessment of muscle tone, reflexes,
and motor function. The Gross
Motor Function Classification Scale
(GMFCS)20 was used to classify the
severity of motor dysfunction for
children with CP for the 1997 and
2005 cohorts, whereas a functional
scale was used for the 1991–1992
cohort. To compare data across the
3 cohorts, CP was classified as mild
(GMFCS I and/or able to ambulate
independently), moderate (GMFCS
II–III and/or requires assistance to
ambulate) and severe (GMFCS IV–V
and/or unable to ambulate).

The MABC and the MABC-2 are
both reliable and valid means of
identifying impairments in motor
function in children both with and
without motor impairment.21,22

They include assessments of manual
dexterity, balance, and aiming and
catching, each of which is scored on
a 6-point scale. Normative scores
are based on data from the United
Kingdom. The original MABC has a
cutoff of less than the fifth centile
for motor impairment, whereas the
second edition has a cutoff of less
than or equal to the fifth centile for
motor impairment. Children with
severe motor impairments who were
unable to perform the MABC and/
or MABC-2 were given a centile of 1.
Motor impairment was defined as a
diagnosis of CP and/or an MABC and/
or MABC-2 score of less than the fifth
centile for the 1991–1992 and 1997
cohorts and less than or equal to the
fifth centile for the 2005 cohort. Any
child with a MABC and/or MABC-2

TABLE 1 Demographics and Perinatal Characteristics of EP, ELBW, and Term-Born Children Across
3 Cohorts
Variable
EP and/or ELBW cohort
Live births free from lethal abnormalities, n
Survivors to 8 y, n (%)
Perinatal characteristics
  Outborn, n (%)
  Antenatal corticosteroids, n (%)
  Preeclampsia, n (%)
  Cesarean delivery, n (%)
  Multiple births, n (%)
  Mean gestational age (SD), wkc
  Mean birth wt (SD), gc
  Mean birth wt SD scorec (SD)
  Male, n (%)
  PDA, n (%)
  NEC, n (%)
  IVH (grade 3 or 4), n (%)
  Cystic PVL, n (%)
  Postnatal corticosteroids, n (%)
  Bronchopulmonary dysplasia,d n (%)
  Surgery in newborn period, n (%)
Control cohort
Recruited at birth, n
Survivors to 8 y, n (%)
Perinatal characteristics
  Multiple births, n (%)
  Mean gestational age (SD), wkc
  Mean birth wt (SD), gc
  Mean birth wt SD scorec (SD)
  Male, n (%)

1991–1992

1997

2005

552
298 (54)

297
201 (68)

343
219 (64)

23 (8)
217 (73)
56 (19)
114 (38)
91 (31)
26.7 (1.9)
888 (161)
−0.73 (1.20)
138 (46)
156 (52)
26 (9)
18 (6)
18 (6)
98 (33)
121 (41)
77 (26)

10 (5)
176a (88)
39b (19)
127 (63)
44 (22)
26.6 (2.0)
836 (165)
−0.95 (1.08)
105 (52)
100 (50)
11 (5)
7 (3)
6 (3)
73 (36)
77b (38)
65 (32)

25 (11)
193b (89)
35b (16)
141 (64)
50 (23)
26.5 (1.9)
868 (179)
−0.73 (1.12)
102 (47)
146 (67)
18 (8)
17 (8)
8 (4)
42b (19)
105 (48)
54 (25)

265
262 (99)

199
199 (100)

219
218 (99.5)

8 (3)
39.2 (1.4)
3381 (441)
−0.03 (0.89)
126 (48)

1 (0.5)
39.2 (1.2)
3489 (472)
0.17 (0.96)
105 (53)

2 (0.9)
39.5 (1.3)
3575 (482)
0.25 (0.90)
102 (47)

All data are represented as numbers and percentages except for variables with the footnote c, which represent means
and SDs.
a n = 2 missing data.
b n = 1 missing data.
c Data represent means and SDs.
d In oxygen at 36 wk.

score in the motor impairment range
without CP was classified as having a
non-CP motor impairment.

Statistical Analysis

Data were analyzed by using Stata/
IC, version 14.2 (StataCorp, College
Station, TX) and SPSS for Windows,
version 24 (IBM SPSS Statistics, IBM
Corporation, Armonk, NY). χ2 for
trend was used to analyze systematic
changes in rates of categorical
outcomes over time, such as CP,
non-CP motor impairment, and
poor motor function. Predictors for
dichotomous outcomes in EP and/or
ELBW infants, including CP, non-CP
motor impairment, and poor motor
function, were analyzed by using
multivariable logistic regression.
In each case, logistic regression

was fitted by using generalized
estimating equations with robust
(sandwich) estimation of SEs to allow
for multiple births within a family.
Results are presented as odds ratios
(ORs) and 95% confidence intervals
(CIs).

RESULTS
The demographic and perinatal
characteristics of the groups are
listed in Table 1. Survival rates
improved from 54% in 1991–1992 to
68% in 1997 and stabilized in 2005
at 64%. Perinatal characteristics for
the 3 epochs remained similar over
time, except for rates of antenatal
corticosteroid use and PDA, which
rose over time, and postnatal
corticosteroids, which fell over time.
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All cohorts had high follow-up rates,
with 92% in the 1991–1992 cohort,
94% in the 1997 cohort, and 87%
in the 2005 cohort for children born
EP and/or ELBW, and 86%, 87%,
and 87%, respectively, for children
in the control cohort (Table 2).
Children born EP and/or ELBW in
2005 were significantly more likely
to have motor impairment compared
with their full-term peers, with 37%
(71 out of 191) of EP and/or ELBW
children having motor impairment,
compared with 7% (13 out of 189)
of children born at term (OR: 8.00;
95% CI: 4.33–15.2; P < .001). There
was a significant increase in motor
impairment over time for children
born EP and/or ELBW, increasing
from 23% in 1991–1992 and 26% in
1997 to 37% in 2005 (Table 2). Rates
of CP in children born EP and/or
ELBW remained relatively constant
over time at 11% in 1991–1992, 11%
in 1997, and 12% in 2005, whereas
non-CP motor impairment increased
over time from 13%, 15%, and 26%,
respectively. The severity of CP in
children born EP and/or ELBW was
similar across eras (1991–1992: 52%
mild, 21% moderate, 28% severe;
1997: 48% mild, 29% moderate, 19%
severe; and 2005: 41% mild, 41%
moderate, 18% severe). The rate of
survival free of motor impairment
was 38% for the 1991–1992 cohort,
which rose to 47% for the 1997
cohort, but then fell to 35% for the
2005 cohort.

Children in the control group also
showed a significant increase in
motor impairment, although less
pronounced than the EP and/or
ELBW group, increasing from 2%
in 1991–1992 to 8% in 1997 and
then remaining stable at 7% in 2005,
which is attributed largely to an
increase in non-CP motor impairment
(Table 2).
When examining predictors of
motor impairment on univariable
analyses (Table 3), children born
EP and/or ELBW in 2005 were
more likely to have poor motor
4

TABLE 2 Trends in MABC Scores, CP, and Motor Impairment in EP and/or ELBW Children and Term
Controls Assessed at 8 Years
Children born EP and/or ELBW
Survived to 8 y
Assessed at 8 y, n (% survivors)
MABC data,a n (% assessed)
Motor impairment,b n (% assessed)
CP diagnosis, n (% assessed)
Non-CP motor impairment, n (% assessed)
Children born at term
Survived to 8 y
Assessed at 8 y, n (% survivors)
MABC data,a n (% assessed)
Motor impairment,b n (% assessed)
CP diagnosis, n (% assessed)
Non-CP motor impairment, n (% assessed)

1991–1992

1997

2005

P

298
275 (92)
263 (96)
64 (23)
29 (11)
35 (13)

201
189 (94)
169 (89)
50 (26)
21c (11)
29 (15)

219
191 (87)
176 (92)
71 (37)
22 (12)
49 (26)

—
—
—
.001
.74
<.001

262
226 (86)
209 (92)
5 (2)
1 (0.4)
4 (2)

199
172 (86)
159 (92)
13 (8)
0 (0)
13 (8)

218
189 (87)
187 (99)
13 (7)
2 (1)
11 (6)

—
—
—
.029
.42
.043

—, not applicable.
a Includes children with CP who could not complete the MABC and who were assigned a centile score of 1.
b Defined as a CP diagnosis and/or MABC score in the motor impairment range.
c There were 4 children with missing data.

TABLE 3 Associations With Any Motor Impairment at 8 Years of Age in EP and/or ELBW Children
Predictor
Compared with 1991–1992
cohort
Compared with 1997 cohort
Antenatal corticosteroids
Outborna
Male sex
Gestational age per wk
increase
Birth wt SD per 1 SD
increase
PDA
NEC
IVH grade 3 or 4
Cystic PVL
Postnatal corticosteroids
In oxygen at 36 wk
Surgery

OR (95% CI)

P

Univariable

Multivariable

Univariable

Multivariable

1.94 (1.28–2.95)

2.54 (1.55–6.45)

.002

<.001

1.62 (1.03–2.53)
0.78 (0.51–1.19)
2.30 (1.30–4.05)
1.65 (1.17–2.32)
0.89 (0.81–0.99)

1.96 (1.17–3.27)
0.76 (0.43–1.35)
1.81 (0.87–3.76)
1.35 (0.92–1.97)
0.93 (0.80–1.07)

.036
.25
.004
.004
.032

.01
.35
.12
.12
.29

0.92 (0.79–1.06)

0.69 (0.55–0.86)

.23

.001

1.93 (1.35–2.77)
1.09 (0.57–2.08)
4.37 (2.26–8.46)
6.69 (3.06–14.9)
2.75 (1.92–3.94)
2.47 (1.76–3.48)
2.96 (2.06–4.26)

1.39 (0.90–2.14)
0.58 (0.24–1.39)
2.53 (1.25–5.09)
6.00 (2.60–13.8)
1.87 (1.16–3.03)
1.48 (0.97–2.24)
2.11 (1.36–3.28)

<.001
.80
<.001
<.001
<.001
<.001
<.001

.14
.22
.01
<.001
.011
.07
.001

Any motor impairment is defined as a CP diagnosis or motor impairment on the MABC.
a Not born in a perinatal center with a NICU.

function compared with those born
in both the 1991–1992 and 1997
groups. Other predictors of poor
motor impairment on a univariable
analysis included being outborn,
male sex, lower gestational
age, having a PDA, grades 3 or
4 intraventricular hemorrhage
(IVH), cystic periventricular
leukomalacia (PVL), postnatal
corticosteroids, bronchopulmonary
dysplasia (receiving oxygen at
36 weeks’ postmenstrual age),
and surgery during the primary

hospitalization. Differences in
perinatal characteristics did not
explain the worse motor function
in 2005 compared with both
earlier eras; adjustment for risk
factors increased the ORs for both
comparisons (Table 3). Other
variables associated with increased
rates of motor impairment on a
multivariable analysis included
poorer fetal growth, postnatal
corticosteroids, grades 3 or
4 IVH, cystic PVL, and neonatal
surgery.
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DISCUSSION
Despite advances in neonatal care,
children born EP and/or ELBW in
2005 were significantly more likely
to have motor impairment at 8 years
of age compared with children born
at term. These motor impairments
included higher rates of CP (EP and/
or ELBW: 12%, versus term: 1%) and
non-CP motor impairments (EP and/
or ELBW: 26%, versus term: 6%). Of
concern, and a unique finding of this
current study, is that these motor
impairments for children born EP
and/or ELBW are increasing over
time in the most recent cohort born
in 2005 compared with both earlier
cohorts, which is not explained by
confounding perinatal variables. The
increase in motor impairments in the
EP and/or ELBW children is due to
the increasing rates of non-CP motor
impairment, rather than rates of CP,
which have remained constant.

We have previously reported that
motor skills were significantly
worse in children born EP and/or
ELBW in the 1991–1992 and 1997
cohorts compared with children
born at term.23 Thus, the higher
rates of motor impairment in EP
and/or ELBW children compared
with controls for the 2005 were
expected. Our findings are consistent
with the wider literature; authors of
recent systematic reviews in which
DCD and CP were considered have
reported that poor motor outcomes
were more prevalent in children
born at <1500 g birth weight or <32
weeks’ gestation compared with
children born at term.11,24
 However,
with advances in neonatal care, we
anticipated the magnitude of the
difference between EP and/or ELBW
and control groups would decrease
rather than increase. Despite preterm
birth being a significant risk factor
for motor developmental deficits,
there is a paucity of literature in
which non-CP motor impairment
trends in children born EP and/
or ELBW were considered, and of
these, most children were assessed

during infancy and not into school
age.25–27
 Non-CP motor impairment,
such as DCD, merits further attention
in this population. Not only do poor
motor skills negatively affect a child’s
ability to participate in activities of
daily living, but motor impairment
is associated with poor academic
performance, cognitive deficits,
and emotional and behavioral
problems.28,29

A single-center Canadian study
revealed a significant increase in the
proportion of children performing
2 SDs below the mean on motor
assessment tools at 18 months of age
in children who were born weighing
<800 g between 1983 and 2003.25
In contrast, the multicenter National
Institute of Child Health and Human
Development Neonatal Research
Network reported a decrease in
children performing 2 SDs below the
mean on motor assessment tools at
18 months of age during 3 epochs
(1993–1994, 1995–1996, and 1997–
1998) for ELBW infants born at <32
weeks’ gestation age.26 However,
when examining the outcomes of
infants born at <25 weeks’ gestation
age separately, the number of
children performing 2 SDs below the
mean on motor assessment tools at
18 months of age was similar.27

There were consistent perinatal
predictors of motor impairment
across the 3 epochs on a
multivariable analysis, including
poorer fetal growth, brain injury (PVL
and grades 3 or 4 IVH), surgery, and
male sex. However, these perinatal
variables did not explain the
difference in outcomes between the
2005 and earlier cohorts, suggesting
there are additional variables on
the causal pathway to non-CP motor
impairment for children born EP
and/or ELBW. Authors of recent
literature have emphasized that
motor performance skills are learnt;
they do not develop automatically
over time.30 Moreover, the process
of learning motor performance skills
is affected by multiple biological,

social, and cultural variables.31 For
example, motor performance skills
and physical activity levels have
been shown to have a reciprocal
relationship in school-aged children.
Over the past decade, there have
been increased rates of screen time
and decreased physical activity
in children.32 It is possible that
children born EP and/or ELBW are
more susceptible to poorer motor
function compared with term-born
peers as a result of the way they
spend their time. The poor motor
function observed in our Victorian
cohorts is likely to be multifactorial,
and further research is needed
to fully understand these causal
relationships.30

A limitation of this study is the
change of outcome measures over
time from the MABC first edition in
1991–1992 and 1997 to the second
edition in 2005. We changed to the
newer edition of the MABC-2 when it
was made available in 2007 to reflect
current practice and normative data
at that time. The criteria for motor
impairment are different between the
2 tests, and although we could have
chosen to use the same criterion for
all 3 cohorts (eg, less than or equal
to the fifth centile), we felt this was
inappropriate because the normative
data were different between tests,
and it is not how the tests are used
clinically. In addition, it has been
noted by Brown and Lalor22 that it
is wrong to assume that the MABC-2
is the same outcome measure as the
first edition, given changes in the age
bracket, test structure, and normative
data. Despite this, both the MABC
and MABC-2 have been found to be
reliable and valid outcome measures
for assessing motor performance in
children, including non-CP motor
impairment.21,22
 It is important to
note that the rate of non-CP motor
impairments measured with the
different versions of the MABC in
the control groups did not change
between the 1997 and 2005 cohorts,
who were assessed on the different
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measures. There was, however,
an increase in motor impairment
between the first 2 control cohorts
(1991–1992 and 1997) when
the same edition of the MABC was
used.

There are several strengths of this
study, including the recruitment of
3 cohorts born over a 14-year time
period from the same geographical
location, high follow-up rates,
and a contemporaneous matched
control group recruited at birth.
An additional strength of the study
was the range of perinatal variables
that were collected prospectively,
allowing the effects of changes in
neonatal care on motor outcomes to
be assessed. With further advances
in neonatal care, such as the
increased use of high-flow oxygen for
respiratory support since the time
of birth of the cohorts in this study,
it is important to monitor future
motor outcomes for children born
today. In addition, factors influencing
motor performance, such as screen
time, physical activity, and sedentary
behavior beyond the perinatal
period, in both EP and/or ELBW
children and term controls, warrant
further study.

CONCLUSIONS

Rates of motor impairment, including
CP and non-CP motor impairment,
continue to be more prevalent in EP
and/or ELBW children compared
with term controls at 8 years of age.
Despite advances in neonatal care

from the early 1990s to 2005, the
rates of non-CP motor impairment in
EP and/or ELBW children increased
over time. Other perinatal variables
are associated with an increased
risk of motor impairment in EP
and/or ELBW children, but do not
explain the increase in rates of motor
impairment over time. Further
research is needed to understand
the variables that influence motor
outcomes of children born EP and/
or ELBW, and whether there are
differential effects of environmental
and social factors between EP and/
or ELBW and term-born children in
relation to motor performance.
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