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ABBREVIATIONS

Bayley-III Bayley Scales of Infant and

Toddler Development, Third

Edition

BSID-II Bayley Scales of Infant

Development, Second Edition

ELBW Extremely low birthweight

EPT Extremely preterm

M-ABC Movement Assessment Battery

for Children

VLBW Very-low-birthweight

VPT Very preterm

AIM The purpose of this systematic review was to provide an up-to-date global overview of

the separate prevalences of motor and cognitive delays and cerebral palsy (CP) in very

preterm (VPT) and very-low-birthweight (VLBW) infants.

METHOD A comprehensive search was conducted across four databases. Cohort studies

reporting the prevalence of CP and motor or cognitive outcome from 18 months corrected

age until 6 years of VPT or VLBW infants born after 2006 were included. Pooled prevalences

were calculated with random-effects models.

RESULTS Thirty studies were retained, which included a total of 10 293 infants. The pooled

prevalence of cognitive and motor delays, evaluated with developmental tests, was estimated

at 16.9% (95% confidence interval [CI] 10.4–26.3) and 20.6% (95% CI 13.9–29.4%) respectively.

Mild delays were more frequent than moderate-to-severe delays. Pooled prevalence of CP

was estimated to be 6.8% (95% CI 5.5–8.4). Decreasing gestational age and birthweight

resulted in higher prevalences. Lower pooled prevalences were found with the Third Edition

of the Bayley Scales of Infant Development than with the Second Edition.

INTERPRETATION Even though neonatal intensive care has improved over recent decades,

there is still a wide range of neurodevelopmental disabilities resulting from VPT and VLBW

births. However, pooled prevalences of CP have diminished over the years.

It is estimated that preterm birth occurs in 11.1% of all
worldwide deliveries, of which 10% are very preterm
(VPT) infants (28–31wks gestational age) and 5% extre-
mely preterm (EPT) (<28wks gestational age). This repre-
sents almost 15 million infants annually and the number
keeps rising.1,2 Such trends could be explained by
enhanced reproductive technology, which is commonly
associated with multiple gestations, increased age of the
mother, and changes in clinical practice as an increase in
Caesarean sections before term age.3 With the more preva-
lent use of antenatal steroids, surfactants, advanced ventila-
tor techniques, and a drastic reduction in postnatal steroid
use over the past two decades,4 not only have survival rates
of VPT, especially EPT, infants increased, but neonatal
morbidity has also decreased.5,6 Furthermore, the fre-
quency and severity of adverse outcomes seem to be
related to a decreased gestational age, birthweight, and
structural brain changes.7–9 At present, a considerable
number of infants born before 25 weeks gestational age do
survive. Nevertheless, fewer than half of those infants sur-
vive without neurodevelopmental impairment around

2 years corrected age (20% for infants born at 22–24wks’
gestation,10 and 34–48.5% for infants born at 22–26wks’
gestation).11–13 Proportionally, the prevalence of EPT is
low; however, on the basis of their high rate of mortality
and morbidity, this may affect the overall impairment rates
in the wider VPT population group.

A wide range of neurodevelopmental outcomes of infants
born EPT and VPT have been described in the literature;
however, just a few articles have provided unified data
through a global meta-analysis.7,14–16 Neurodevelopmental
outcomes, often defined as a combination of cognitive
delays, motor delays, cerebral palsy (CP), blindness, and/or
hearing impairment, have been the historical results of
interest as they are the most commonly reported disabili-
ties of infants born preterm. A recent meta-analysis by
Blencowe et al.14 was based on articles with a median birth
year of 2000 or later and estimated that worldwide 52%
and 24% of EPT and VPT infants respectively develop a
certain degree of neurodevelopmental impairment. Yet this
provides no detailed information on specific outcomes. In
the past decade, two meta-analyses provided data on
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separate outcomes. One was performed by Mwaniki
et al.,16 which included articles from 1966 until 2011.
They reported a median prevalence for CP and motor,
cognitive, and overall neurodevelopmental impairment in
11.6%, 18.9%, 20.7%, and 27.9% of infants born preterm
respectively (<37wks gestational age). The other meta-ana-
lysis was performed by Oskoui et al.,15 which featured arti-
cles published from 1985 until 2011; they revealed that the
pooled prevalence of CP was 14.5% and 11.2% in infants
born EPT and VPT respectively.

On the basis of continuous advances in obstetric and
neonatal care, which has affected the morbidities and neu-
rodevelopmental outcomes of those VPT or very-low-
birthweight (VLBW) infants, it is important to collect and
unify recent data. Accurate prognostic information is valu-
able for clinicians and families who are exposed to VPT
infants or those with a VLBW, as well as for benchmark-
ing hospitals. The purpose of this systematic review is to
provide an up-to-date overview of the separate prevalences
of motor and cognitive delay and CP in relation to gesta-
tional age and birthweight.

METHOD
Search strategy
This systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.17 A systematic litera-
ture search was conducted with the Embase, MEDLINE,
Web of Science, and CINAHL databases in August 2016.
The search strategy comprised free keywords combined
with Medical Subject Headings (MeSH) terms or Emtree
terms, as detailed in Appendix S1 (online supporting infor-
mation). Searches were restricted to English, French, or
Dutch publications (i.e. languages understood by the
review authors) and strictly human studies. Only consecu-
tive cohort studies (prospective and retrospective) investi-
gating and reporting the prevalence of CP and motor or
cognitive outcomes from 18 months, or if started earlier
going up to at least 20 months, until the age of 6 years of
VPT or VLBW infants were included. The participants
had to be born within the past decade (2006 or after, or at
least two-thirds of the total cohort born after 2006) and
before 32 weeks gestational age (or mean gestational age
<30.5wks), and/or have a VLBW (<1500g). Follow-ups
had to be performed in at least 50 eligible infants by pro-
fessionals. Outcomes based exclusively on questionnaires
for parents or parental interviews were excluded. We also
decided to dismiss studies with only outcomes for working
memory, language, behaviour, or executive functioning. If
different papers were based on the same cohort, only the
article representing the largest population or reporting
most data was retained. The titles and abstracts of the
studies were screened by two authors (AP and CVdB) to
identify all potentially eligible studies. Full texts of the
remaining articles were read and assessed thoroughly to
exclude articles that did not meet our inclusion criteria.
Any discrepancy in the suitability for inclusion of a study

was resolved by discussion among the authors. A flowchart,
summarizing the article selection process and the reasons
for exclusion, is presented in Figure 1.

Quality assessment
Each study was evaluated by two independent authors (AP
and CVdB) for methodological quality. As only cohort
studies were included, the Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies was
used for all studies. A total score was generated by summa-
tion of all criteria that were fulfilled and this score was
transformed into a percentage. The limit to be included in
the meta-analytic review was set at 50%. The results are
found in Appendix S2 (online supporting information).

Data extraction and processing
Study characteristics (see Appendix S3, online supporting
information) and outcome measurements of each included
article were collected using our data extraction form, which
included (1) first author, year of publication, country,
neonatal death rate, and prevalences of active neonatal
care; (2) participant characteristics (birth year, inclusion
criteria, mean and range of gestational age and birth-
weight, exclusion criteria and sample size); (3) outcomes
(number of patients at follow-up, mean age at follow-up,
outcome measurements, and cut-off values). Outcome mea-
surements were divided into developmental scales, as well
as motor and cognitive tests.

Mild delays were considered to be scores between one
and two units of standard deviation (SD) and moderate-to-
severe delays had a score of two SD below standard norms
or the comparison group. If other cut-off values were used,
the described criteria were adopted.

Statistical analyses
Prevalence calculations were consistently based on the num-
ber of infants with a certain degree of mild or moderate-to-
severe delays divided by the total number of infants assessed
during the same follow-up period with the same outcome
measures. The confidence intervals of the prevalences were
calculated by using a logit transformation (with back-trans-
formation). The overall pooled prevalences, with their 95%
confidence limits, were estimated with a random-effects
model that accounted for between-study heterogeneity.
Using a random-effects model allows a higher generaliza-
tion of the results than a fixed-effects model.18 Heterogene-
ity between studies was evaluated with a v2 test (Cochran Q
statistic) and quantified with the I2 statistic, which repre-
sents the percentage of between-study variation that ema-
nates from heterogeneity rather than from chance. A value
of 0% indicated no observed heterogeneity, whereas I2

What this paper adds
• The Bayley Scales of Infant and Toddler Development, Third Edition reported

lower pooled prevalences of motor and cognitive delays than the Second
Edition.

• The pooled prevalence of cerebral palsy in infants born extremely preterm
was reduced compared with previous meta-analyses.

Review 343



values greater than or equal to 50% suggested a substantial
level of heterogeneity, and a value greater than 75% was
interpreted as high heterogeneity.19 It is known that this test
has low power for the purposes of detecting heterogeneity
and, therefore, it is advised to use a p value of 0.10 as a cut-
off for significance.19

The potential sources of heterogeneity were investigated
by stratification of the studies according to potentially rele-
vant characteristics. Subgroup analyses were performed on
the basis of the mean gestational age, mean birthweight,
age at follow-up, follow-up ratio, sample size, outcome
measures and cut-off values, country income level, and
geographical region. The significance threshold was set at
0.05 for variability in terms of prevalences. The prevalence
of CP in relation to gestational age and birthweight was
evaluated by meta-regression using weighted-linear regres-
sion. All statistical analyses were conducted with the Com-
prehensive Meta-Analysis program (Biostat, Inc.,
Englewood, NJ, USA), version 3.3.070.

RESULTS
Study selection process
A total of 2478 publications were initially identified
(Fig. 1). After removing duplicates, 1284 citations were
excluded on the basis of the screening of titles and
abstracts, and 222 citations after detailed assessment of the
full text. In total, 44 articles met our inclusion criteria.

Cohort information was carefully verified and 14 studies
were excluded as their results were based on the same
cohort. Finally, 30 studies were retained for the work fea-
tured herein.20–49

Study characteristics and population
All included articles had a level of evidence B. The quality
of the articles varied between 58.3% and 92.3%. No arti-
cles were dismissed as a result of the quality assessment.

The characteristics of the included articles are listed in
Appendix S2. There were 20 prospective,20,21,23–26,29–
31,33,34,37,40–42,44–48 and 10 retrospective cohort stud-
ies.22,27,28,32,35,36,38,39,43,49 Altogether, 10 293 infants were
included for the follow-up, representing different continents.
Eleven studies were conducted in Europe,20,24,25,29,33,37,40,45–48

nine in North America,23,30,32,34,35,39,41–43 five in
Asia,27,28,31,44,49 two each in Africa21,36 and Oceania,22,38 and
one in South America.26

Six articles featured exclusively infants born EPT.23,24,32–
34,38 Twelve articles used VLBW as an inclusion crite-
rion.21,25–28,31,37–39,42,44,49 Eleven articles reported a study
sample with a mean gestational age of less than
28 weeks,23,24,28,30,32–35,38,41,43 and 17 articles between 28
weeks and 32 weeks.20–22,25,26,28,29,31,37,39,42,44–49 Three arti-
cles reported no mean gestational age.27,36,40 The mean
birthweight was lower than 1000g in 11 articles,23,24,28,30–
32,34,35,38,41,43 and between 1000g and 1501g in 15

Records identified through database 

searching in Embase (n=725), PubMed 

(n=690), CINAHL (n=117) and Web of 

Science (n=946)

Removed duplicates (n=934)

Records excluded based on title or abstract

(n=1284)

Records screened for eligibility

(n=1544)

Full-text articles excluded, with reasons: (n=222)

* >32wks or mean GA >30.5wks (n=13)

* born before 2006 or >2/3 before 2006 (n=127)

* follow-up < 50 infants (n=12)

* not a consecutive cohort (n=16)

* language (n=1)

* insufficient data (n=39)

* article based on the same cohort (n=14)

* follow-up to short (n=8)

Full-text articles assessed for eligibility  

(n=260)

Studies included in systematic review

(n=30)

Figure 1: Flow chart outlining literature selection process. GA, gestational age.
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studies.20–22,25,26,29,37,39,42,44–49 Four articles did not report a
mean birthweight.27,33,36,40

Neonatal mortality and active neonatal care
The reported prevalences of neonatal mortality and active
neonatal care are given in Appendix S3. Of the 30 included
articles, just 19 (63.3%) reported the number of infants
who died before discharge21–26,34–38,41,43,44,46,49 or exclu-
sively during the neonatal period, the first 28 days of
life.20,47,48 Four articles featured a subdivision between the
period of death (0–7d, 7–28d, and after 28d22,34,49 or ≤12h
and >12h–3d23). Administration of antenatal and/or
postnatal corticosteroids was described in, 21
articles20,21,23,24,26,29–33,35–37,39–41,43–45,47,49 and eight
articles20,29,33,37–39,44,46 respectively and varied between
41% and 95% versus 5% and 29%. Only two articles
noted specific limitations for active reanimation, which was
set at a minimum of 900g in the study by Ballot et al.,21

and a minimum of 26 weeks gestational age in the work of
Besnard et al.22

Outcome measurements
The length of follow-up varied between 18 months and
5 years 6 months, except for one study where the authors
started follow-up at 8 months up to 22 months.21 Only five
articles reported longer-term outcomes, in particular
between 3 years and 6 years.22,24,27,29,33 The most com-
monly used outcome measure was the Bayley Scales of
Infant Development (BSID). The Bayley Scales of Infant
Development, Second Edition (BSID-II) and Bayley Scales
of Infant and Toddler Development, Third Edition
(Bayley-III) were used in four studies26,28,33,49 and 18 stud-
ies21,23,29–35,38,39,41–43,45–48 respectively. Other developmen-
tal tests used were the Griffiths Development Scales25,29,37

and Brunet–L�ezine test.40

The Movement Assessment Battery for Children (M-
ABC),27,29 as a motor outcome measure, was used in two stud-
ies. As cognitive assessment tools, the Wechsler Preschool and
Primary Scale of Intelligence Test, Revised27 and Third Edi-
tions, were used. The Amiel-Tison and Hempel neurological
examinations were performed in six studies20,24,32,37,39,44 and
one study45 respectively. The remaining investigations fea-
tured standard neurological examinations.

Cognitive outcomes
Prevalences
Cognitive outcomes were divided into developmental scales
with a cognitive subscore and proper cognitive tests.

The cognitive subscore of the BSID was reported in 20
of the included studies. Five studies did not distinguish
between any level of delay,26,29,32,45,47 and six studies
strictly described the prevalence of moderate-to-severe
cognitive delay.23,30,33,35,43,49 Age at follow-up varied
between 8 months and 3 years, with most evaluating cog-
nitive outcomes around 2 years corrected age.

Overall, few studies29,35,37,48 described very low preva-
lences (<5%) of cognitive delay, whereas Rogers et al.41

reported the highest prevalence, with nearly 70% of those
infants demonstrating a cognitive delay.

Three studies reported the outcome of cognitive tests
(Wechsler Preschool and Primary Scale of Intelligence
Test) at a later age (27mo–5y 6mo; see Table I). Mild cog-
nitive delay (<1SD), as reported by Keunen et al.,29 was
present in 25% of those infants, while moderate-to-severe
delay (<2SD) was present in 11.9% to 16.3% of the
infants.27,33

Meta-analysis
Figure 2 illustrates the individual and pooled prevalences. The
random-effects pooled prevalence of overall cognitive delay
among VPT/VLBW infants on the basis of the developmental
scales was estimated at 16.9% (95% CI 10.4–26.3, I2=94.22,
p<0.001). The pooled prevalence of mild cognitive delay was
higher than moderate-to-severe cognitive delay and reached
an overall prevalence of 14.3% (95% CI 8.3–23.5, I2=90.49,
p<0.001) versus 8.2% (95% CI 5.5–12.0, I2=92.20, p<0.001)
respectively.

On the basis of cognitive tests at a later age, only the pooled
prevalences of moderate-to-severe delay could be calculated.
This was estimated at 14.7% (95% CI 10.9–19.5, I2=46.99,
p=0.170), on the basis of just two studies.27,33

Subgroup analysis
Table II summarizes the prevalence rate calculations and
95% CIs based on mean birthweight and gestational age for
the cognitive score of the developmental scales. The preva-
lence of overall cognitive delay increased with a decreasing
mean gestational age, although this was not found to be sta-
tistically significant (p=0.305). The estimated pooled preva-
lence of cognitive delay was higher in infants born EPT than
infants born VPT, at 29.4% (95% CI 7.5–68.0, I2=96.91,
p<0.001) and 14.3% (95% CI 8.2–23.7%, I2=93.75, p<0.001)
respectively. ELBW infants had higher prevalences of cogni-
tive delay than VLBW infants (22.4%, 95% CI 9.7–43.6,
I2=94.88 vs 14.3, 95% CI 7.3–25.4, I2=94.32, p=0.368).
Moderate-to-severe cognitive delay was also found to be
higher in EPT and ELBW infants than VPT and VLBW
infants. Other subgroup analyses are represented in
Table III. Sample sizes and follow-up ratios were not signif-
icant moderators for prevalence variability, whereas geo-
graphical region, country income, and age at follow-up were
observed to be significant.

Table IV offers a summary of the pooled prevalences by
different outcome measures and the cut-off values used.
The results indicate that studies making use of the BSID-
II are associated with reports of higher, but not statistically
significant (p=0.104), overall cognitive delay prevalence
compared with the Bayley-III, when using the same stan-
dard cut-off values.

Motor outcomes
Prevalences
Motor outcomes were divided into developmental scales
with a motor (sub)score and proper motor tests at a

Review 345



preschool age. Five studies26,29,32,45,47 did not discriminate
between any level of delay, and another four studies just
described the prevalence of moderate-to-severe motor
delay.23,30,33,35

Most of the articles reported motor outcomes at approx-
imately 2 years corrected age. The prevalence of motor
delays, based on developmental tests, varied considerably
between the included studies. Moderate-to-severe delays
were observed to be less than 5% in four of 17 stud-
ies,31,35,42,48 and reached as high as 34% in the work of

Rogers et al.,41 where higher cut-off values for the motor
scale of the Bayley-III were applied.

The prevalence of motor delays evaluated with the M-
ABC increased until 33% or 40% at the age of 5 to 5 years
6 months, investigated by Howe et al.27 and Keunen
et al.29 respectively.

Meta-analysis
Pooled prevalences and a corresponding forest plot are fea-
tured in Figure 3. An overall motor delay, based on

Table I: Pooled prevalences of motor and cognitive delay, based on motor and cognitive tests

Article Outcome measures Cut-off Age at follow-up Event rate (%) 95% CI Heterogeneity I2 (%), (p)

Motor
Howe et al.27 M-ABC <5th centile 5y 33.8 (52/154) 26.7–41.6
Keunen et al.29 M-ABC <1SD 5y 6mo 40.0 (34/85) 30.2–50.7

Total 36.0 (86/239) 30.2–42.3 0.0 (p=0.337)
Cognitive
Keunen et al.29 WPPSI-III <1SD 5y 6mo 25.0 (10/40) 14.0–40.5
Howe et al.27 WPPSI-R <2SD 5y 11.9 (19/160) 7.7–17.9
Moore et al.33 WPPSI-III <2SD 27–48mo 16.3 (94/576) 13.5–19.6

Total <2SD 14.7 (113/736) 10.9–19.5 47.0 (p=0.170)

Random-effects analysis. CI, confidence interval; M-ABC, Movement Assessment Battery for Children; WPPSI (-III, -R), Wechsler Preschool
and Primary Scale of Intelligence Test, Third Edition (Revised).

Study Subgroup Mean 
GA (wks)

GA range
(wks)

Mean 
BW (g)

BW range (g) Age FU Test Cut-off Statistics for each study

Total
Event  
rate

Lower 
limit

Upper 
limit

Rogers et al.41 Cognitive mild 26.6 <30 941 NR 2y Bayley-III 80–94 31/65 0.477 0.359 0.597
Orton et al.38 Cognitive mild 26.7 <28a 828 <1000a 22–28mo Bayley-III 70–84 12/103 0.117 0.067 0.194
Jeon et al.28 Cognitive mild 27.2 <32a 979 <1500a 18–24mo BSID-II 70–84 14/126 0.111 0.067 0.179
Patra et al.39 Cognitive mild 28.3 <30a 1049 <1501a 20mo CA Bayley-III 70–84 22/177 0.124 0.083 0.182
Kono et al.31 Cognitive mild 28.4 NR 983 <1500 18mo CA Bayley-III 70–84 8/124 0.065 0.033 0.124
Rose et al.42 Cognitive mild 28.7 <33a 1087 <1501a 18–22mo Bayley-III 70–84 10/92 0.109 0.059 0.190
Toome et al.46 Cognitive mild 28.8 28.4–29.1 1314 1252–1377 2y CA Bayley-III 70–84 22/155 0.142 0.095 0.206
Verhagen et al.48 Cognitive mild 30.0 25.4–31.9 1305 615–2250 2–3y Bayley-III 70–84 1/67 0.015 0.002 0.098
Ballot et al.21 Cognitive mild 30.8 NR 1182 700–1500 8–22mo CA Bayley-III 70–84 37/106 0.349 0.265 0.444

0.143 0.083 0.235
Boghossian et al.23 Cognitive mod-sev

Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev
Cognitive mod-sev

26.0 22–28 860.7 NR 18–22mo Bayley-III <70 356/3883 0.092 0.083 0.101
Salas et al.43 26.0 23–28 830 NR 18–22mo Bayley-III <70 23/250 0.092 0.062 0.135
Kidokoro et al.30 26.5 <30 922 NR 2y CA Bayley-III <70 22/65 0.338 0.234 0.461
Rogers et al.41 26.6 <30 941 NR 2y Bayley-III <80 14/65 0.215 0.132 0.332
Orton et al.38 26.7 <28a 828 <1000a 22–28mo Bayley-III <70 7/103 0.068 0.033 0.136
Nasef et al.35 27.0 <30 952 NR 18mo CA Bayley-III <70 3/180 0.017 0.005 0.050
Jeon et al.28 27.2 <32a 979 <1500a 18–24mo BSID-II <70 10/126 0.079 0.043 0.141
Patra et al.39 28.3 <30a 1049 <1501a 20mo CA Bayley-III <70 7/177 0.040 0.019 0.081
Kono et al.31 28.4 NR 983 <1500 18mo CA Bayley-III <70 5/124 0.040 0.017 0.093
Rose et al.42 28.7 <33a 1087 <1501a 18–22mo Bayley-III <70 2/92 0.022 0.005 0.083
Toome et al.46 28.8 28.4–29.1 1314 1252–1377 2y CA Bayley-III <70 8/155 0.052 0.026 0.100
Zhu et al.49 29.8 25–35 1255 550–1500 2y CA BSID-II <70 141/648 0.218 0.187 0.251
Verhagen et al.48 30.0 25.4–31.9 1305 615–2250 2–3y Bayley-III <70 0/67 0.007 0.000 0.107
Ballot et al.21 30.8 NR 1182 700–1500 8–22mo CA Bayley-III <70 9/106 0.085 0.045 0.155

0.082 0.055 0.120
Lefebvre et al.32 Cognitive overall 26.3 <29 906 NR 18mo CA Bayley-III <85 20/160 0.125 0.082 0.186
Rogers et al.41 Cognitive overall 26.6 <30 941 NR 2y Bayley-III <95 45/65 0.692 0.571 0.792
Orton et al.38 Cognitive overall 26.7 <28a 828 <1000a 22–28mo Bayley-III <85 19/103 0.184 0.121 0.271
Jeon et al.28 Cognitive overall 27.2 <32a 979 <1500a 18–24mo BSID-II <85 24/126 0.190 0.131 0.268
Patra et al.39 Cognitive overall 28.3 <30a 1049 <1501a 20mo CA Bayley-III <85 29/177 0.164 0.116 0.226
Keunen et al.29 Cognitive overall 28.4 <31 1128 NR 2y CA Bayley-III <85 4/112 0.036 0.013 0.091
Kono et al.31 Cognitive overall 28.4 NR 983 <1500 18mo CA Bayley-III <85 13/124 0.105 0.062 0.172
Van Kooij et al.47 Cognitive overall 28.6 <31 1130 NR 2y CA Bayley-III <85 6/67 0.090 0.041 0.185
Rose et al.42 Cognitive overall 28.7 <33a 1087 <1501a 18–22mo Bayley-III <85 12/92 0.130 0.076 0.216
Toome et al.46 Cognitive overall 28.8 28.4–29.1 1314 1252–1377 2y CA Bayley-III <85 30/155 0.194 0.139 0.263
Steggerda et al.45 Cognitive overall 28.9 25–31 1204 520–1960 2y CA Bayley-III <85 5/84 0.060 0.025 0.135
Hentges et al.26 Cognitive overall 29.0 <32 1041 <1500 18–24mo BSID-II <85 110/226 0.487 0.422 0.552
Verhagen et al.48 Cognitive overall 30.0 25.4–31.9 1305 615–2250 2–3y Bayley-III <85 1/67 0.015 0.002 0.098
Ballot et al.21 Cognitive overall 30.8 NR 1182 700–1500 8–22mo CA Bayley-III <85 46/106 0.434 0.343 0.530

0.169 0.104 0.263
0.115 0.088 0.149

Prevalence of cognitive delay

Event rate and 95% CI

0.00 0.13 0.25

Figure 2: Prevalences of cognitive delays. Forest plot depicting the random-effects proportion meta-analysis for cognitive delays, on the basis of devel-
opmental scales (cognitive subscore of the Bayley Scales of Infant Development, Second and Third Editions). Studies are ordered on mean gestation.
Black squares denote the reported prevalence of each study and the horizontal line represents the 95% confidence interval (CI). The pooled prevalence
estimate is marked with a diamond. aBirthweight range and/or gestational age range. GA, gestational age; BW, birthweight; FU, follow-up; NR, not
reported; CA, corrected age; Bayley-III, Bayley Scales of Infant and Toddler Development, Third Edition; BSID-II, Bayley Scales of Infant Development,
Second Edition.
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developmental scales, was documented at 20.6% (95% CI
13.9–29.4, I2=90.91, p<0.001) among all VPT or VLBW
infants. Mild delays (18.0%, 95% CI 11.1–27.8, I2=88.53,
p<0.001) were more common than moderate-to-severe
motor delays (8.6%, 95% CI 6.0–12.1, I2=84.77, p<0.001;
Fig. 3).

At preschool age, a pooled prevalence of 36.0% (95%
CI 30.2–42.3) was estimated for motor delay, established
with the M-ABC (Table I).

Subgroup analysis
Subgroup analyses based on the results of developmental
tests are presented in Tables II–IV. The prevalence of
motor delays among infants born EPT was considerably
higher than in infants born VPT (44.5%, 95% CI 14.2–79.5,
I2=96.70 vs 16.4%, 95% CI 11.1–23.7, I2=85.92), although
this was not statistically significant (p=0.093). Motor delays
were also significantly (p=0.021) more present in ELBW
infants than in VLBW infants (34.4%, 95% CI 18.5–54.6,
I2=94.12 vs 13.3%, 95% CI 7.6–22.2, I2=88.79).

Country income, geographical region, and age at follow-
up were identified as significant moderators of prevalence
variability (p<0.05). On the other hand, the variability in

prevalence estimates was not explained by follow-up rate
and sample size (p>0.05).

Stratification by outcome measure (see Table IV)
showed that studies using the BSID-II had significantly
(p=0.010) higher prevalence rates than studies using the
Bayley-III, when using the same cut-off values.

General developmental quotient
Some developmental scales only provide an overall general
developmental quotient, such as the Griffith’s developmen-
tal scales, which was used in three studies,25,29,37 and the
Brunet–L�ezine test used in the study of Perivier et al.40

The estimated pooled prevalence for a general develop-
mental quotient less than 1SD is 11.2% (I2=96.30,
p<0.001) and is reported in Table IV. The 95% prediction
interval ranged from 4.7% to 24.6%, reflecting the
between-study heterogeneity.

CP
Prevalences
In total, 25 of the included studies reported prevalences of
CP.20–24,26,28–39,42–47,49 Only six studies made a distinction
between mild and moderate-to-severe CP, on the basis of

Table II: Pooled prevalences of cerebral palsy and cognitive and motor delays (based on developmental tests) by mean birthweight and gestational
age

Subgroup Categories
Number of
studies

Event
rate

Pooled
prevalence
(%) 95% CI (%)

Heterogeneity
I2 (%), (p)

p value for
differencea

Overall cognitive delay
Mean gestational age <28wks (26–27wks) 3 84/328 29.4 7.5–68.0 96.91 (p<0.001) 0.305

28–32wks 11 280/1336 14.3 8.2–23.7 93.75 (p<0.001)
Mean birthweight <1000g 5 121/578 22.4 9.7–43.6 94.88 (p<0.001) 0.368

1000–1500g 9 243/1086 14.1 7.3–25.4 94.32 (p<0.001)
Moderate-to-severe cognitive delay
Mean gestational age <28wks (26–27wks) 6 425/4546 10.9 6.1–18.6 91.30 (p<0.001) 0.184

28–32wks 8 182/1495 5.8 2.7–12.0 91.10 (p<0.001)
Mean birthweight <1000g 8 440/4796 9.5 5.9–15.0 88.74 (p<0.001) 0.372

1000–1500g 6 167/1245 5.6 2.1–14.1 91.84 (p<0.001)
Overall motor delay
Mean gestational age <28wks (26–27wks) 3 120/327 44.5 14.2–79.5 96.70 (p<0.001) 0.093

28–32wks 10 236/1181 16.4 11.1–23.7 85.92 (p<0.001)
Mean birthweight <1000g 5 177/577 34.4 18.5–54.6 94.12 (p<0.001) 0.021

1000–1500g 8 179/931 13.3 7.6–22.2 88.79 (p<0.001)
Moderate-to-severe motor delay
Mean gestational age <28wks 6 394/3340 11.2 7.0–17.4 89.82 (p<0.001) 0.227a

<26wks 1 45/576 7.8 5.9–10.3 0.0
26–27wks 5 349/2764 12.0 6.5–21.1 89.15 (p<0.001)

28–32wks 6 41/692 6.3 4.3–9.3 34.87 (p=0.175)
Mean birthweight <1000g 7 368/3014 10.6 6.5–16.7 86.44 (p<0.001) 0.185

1000–1500g 4 22/442 5.5 3.3–9.1 23.53 (p=0.270)
Not reported 1 45/576 7.8 5.9–10.3 0.0

Cerebral palsy
Mean gestational age <28wks 9 603/5416 10.0 8.1–12.2 61.76 (p=0.007) <0.001a

<26wks 3 103/769 13.2 10.6–16.4 12.1 (p=0.320)
26–27wks 6 500/4647 8.6 6.4–11.6 64.8 (p=0.014)

28–32wks 15 117/2373 4.5 3.3–6.3 57.4 (p=0.003)
Not reported 1 8/60 13.3 6.8–24.5 0.0 <0.001

Mean birthweight <1000g 10 534/5090 8.4 6.6–10.7 58.5 (p=0.100)
1000–1500g 13 103/2123 4.2 2.9–6.2 62.2 (p=0.002)
Not reported 2 91/636 14.3 11.8–17.3 0.0 (p=0.821)

Random-effects analysis. ap value for the mean gestational age is based on the three categories (<26wks, 26–27wks, and 28–32wks gesta-
tional age); the category ‘not reported’ is not included for the calculations of the p value. CI, confidence interval.
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the Gross Motor Function Classification Sys-
tem.23,32,37,38,45,46 As a consequence of the small number
of articles reporting the degree of disability and the differ-
ences in classification (moderate-to-severe Gross Motor
Function Classification System >2 or ≥2), no separated

pooled prevalences were calculated. Neurological assess-
ment was completed between 18 months and 3 years.

Three investigations found a CP prevalence lower than
1%,20,29,47 while five others observed it to be more than
10%.23,24,30,33,36

Table III: Pooled prevalences of cerebral palsy and motor and cognitive delay (based on developmental tests) by subgroup analysis

Subgroup Categories
Number of
studies Event rate

Pooled
prevalence
(%) 95% CI

Heterogeneity
I2 (%), (p)

p value for
difference

Overall cognitive delay
Age at follow-up 18–24mo 11 298/1388 16.8 9.5–28.0 94.89 (p<0.001) <0.001

24–36mo 1 1/67 1.5 0.2–9.8 0.0
8–22mo 1 46/106 43.4 34.3–53.0 0.0
22–28mo 1 19/103 18.4 12.1–27.1 0.0

Follow-up rate <40% 1 24/126 19.0 13.1–26.8 0.0 0.276
40%–70% 2 48/280 17.2 13.2–22.0 <0.001 (p=0.659)
70%–100% 10 279/1134 17.0 8.8–30.5 95.16 (p<0.001)
Not reported 1 13/124 10.5 6.2–17.2 0.0

Sample size follow-up <100 5 69/375 12.3 2.6–42.4 95.44 (p<0.001) 0.581
100–500 9 295/1289 18.7 11.2–29.5 94.17 (p<0.001)

Geographical region Africa 1 46/106 43.4 34.3–53.0 0.0 <0.001
Asia 2 37/150 14.5 7.9–25.2 71.77 (p=0.060)
Europe 5 46/485 6.9 2.9–15.5 82.11 (p<0.001)
North America 4 106/494 23.7 8.4–51.5 96.01 (p<0.001)
Oceania 1 19/103 18.4 12.1–27.1 0.0
South America 1 110/226 48.7 42.2–55.2 0.0

Country income High-income economy 12 208/1332 13.8 8.5–21.5 90.42 (p<0.001) <0.001
Upper-middle-income economy 2 156/332 47.0 41.7–52.4 <0.001 (p=0.369)

Overall motor delay
Age at follow-up 18–24mo 10 296/1233 21.2 13.4–31.9 91.98 (p<0.001) <0.001

24–36mo 1 1/67 1.5 0.2–9.8 0.0
8–22mo 1 40/106 37.7 29.0–47.3 0.0
22–28mo 1 19/102 18.6 12.2–27.4 0.0

Follow-up rate <40% 1 32/126 25.4 18.6–33.7 0.0 0.664
40%–70% 2 63/279 22.4 16.9–29.0 30.00 (p=0.232)
70%–100% 9 236/979 17.7 9.1–31.5 93.52 (p<0.001)
Not reported 1 25/124 20.2 14.0–28.1 0.0

Sample size follow-up <100 5 80/375 12.1 1.8–51.0 95.99 (p<0.001) 0.423
100–500 8 276/1133 24.1 18.8–30.4 78.38 (p<0.001)

Geographical region Africa 1 40/106 37.7 29.0–47.3 0.0 <0.001
Asia 2 55/250 22.9 18.1–28.5 <0.001 (p=0.325)
Europe 4 11/330 3.0 1.0–8.5 57.67 (p<0.069)
North America 4 160/494 37.8 17.6–63.4 95.44 (p<0.001)
Oceania 1 19/102 18.6 12.2–27.4 0.0
South America 1 69/226 30.5 24.9–36.8 0.0

Country income High-income economy 11 247/1176 17.4 10.4–27.7 91.68 (p<0.001) 0.012
Upper-middle-income economy 2 109/332 33.4 26.9–40.6 40.92 (p=0.193)

Cerebral palsy
Age at follow-up 18–24mo 19 622/6749 6.7 5.2–8.5 74.56 (p<0.001) 0.224

22–28mo 2 8/273 2.4 0.2–20.3 80.13 (p=0.025)
24–48mo 3 94/721 10.6 5.7–18.6 66.47 (p=0.051)
8–22mo 1 4/106 3.8 1.4–9.6 0.0

Follow-up rate <40% 2 12/205 6.1 3.5–10.4 0.0 (p=0.328) 0.423
40%–70% 5 111/988 9.1 5.3–15.3 77.5 (p=0.001)
70%–100% 17 600/6532 6.3 4.8–8.3 76.5 (p<0.001)
Not reported 1 5/124 4.0 1.7–9.3 0.0

Sample size follow-up <100 8 40/570 7.7 4.8–12.0 51.3 (p=0.045) 0.003
100–500 14 113/2172 5.4 4.0–7.2 56.5 (p=0.005)
>500 3 575/5107 10.9 8.1–14.4 86.8 (p=0.001)

Geographical region Africa 2 12/166 7.5 2.1–23.6 78.4 (p=0.032) 0.345
Asia 4 65/953 6.9 5.5–8.7 0.0 (p=0.574)
Europe 8 121/1380 5.9 3.2–10.5 80.4 (p<0.001)
North America 8 513/4936 7.6 5.4–10.5 74.2 (p<0.001)
Oceania 2 10/188 5.5 3.0–9.9 0.0 (p<0.001)
South America 1 7/226 3.1 1.5–6.4 0.0

Country income High-income economy 20 658/6754 7.0 5.5–8.9 75.1 (p<0.001) 0.419
Upper-middle-income economy 3 59/980 4.9 2.5–9.1 67.8 (p=0.045)
Lower-middle-income economy 2 11/115 9.5 3.9–21.1 48.4 (p=0.164)

Random-effects analysis. CI, confidence interval.
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Meta-analysis
The overall prevalence of CP in the 25 retrieved studies
was 6.8% (95% CI 5.5–8.4, I2=76.1%, p<0.001; see Fig. 4).

Subgroup analysis and meta-regression
Significant differences (p<0.001) in the overall prevalence
rates were documented according to the mean gestational
age, being significant higher for infants born EPT (10.0%,
95% CI 8.1–12.2, I2=61.7, p=0.007) than for infants born
VPT (4.5%, 95% CI 3.3–6.3, I2=57.4, p=0.003), and to the
mean birthweight, being greater for ELBW infants (8.4%,
95% CI 6.6–10.7, I2=58.5, p=0.10) than for VLBW infants
(4.2%, 95% CI 2.9–6.2, I2=62.2, p=0.002). The pooled dif-
ferences in prevalence rates following the possible compar-
isons within studies were all non-significant (p<0.05) except
for sample size (p=0.003) (Table III).

The results of random-effects meta-regression analyses
that assessed the relationship between the selected covari-
ates and the observed prevalences in each single study are
presented in Figures 5 and 6. There was a statistically sig-
nificant linear trend that explained prevalence variation by
mean birthweight and mean gestational age (p<0.001) with
33% and 35% respectively, of variance accounted for.

DISCUSSION
Main findings
This systematic review and meta-analysis was performed to
supply an overview of separate prevalences of CP, as well
as motor and cognitive delays in VPT and VLBW infants
born in the past decade, and to evaluate the influence of
gestational age and VLBW on these prevalences. Most of
the included studies assessed motor and cognitive develop-
ment near the age of 2 years corrected age. At this age,
there is still a high proportion of parents motivated to
attend follow-up visits and this is also the age where neu-
rological problems can be reliably detected and most chil-
dren with CP are diagnosed.50

Herein, it was estimated that 20.6% (95% CI 13.9–29.4)
and 16.9% (95% CI 10.4–26.3) of VPT or VLBW infants
respectively, developed a certain degree of motor or cogni-
tive delay, on the basis of developmental scales at approxi-
mately 2 years corrected age. As expected, mild motor or
cognitive delays were more frequent than moderate-to-
severe delays (18.0% vs 8.6% and 14.3% vs 8.2% respec-
tively).

Contrary to the definition of motor or cognitive delay,
which varied considerably between articles, CP is a clearly
defined criterion used as a touchstone for neurodevelop-
mental outcomes after preterm births and the quality of
neonatal care. The overall estimated pooled prevalences
for CP was 6.8% (95% CI 5.5–8.4) for all included arti-
cles. Since the heterogeneity of the articles was substantial
(I2>50), the specific rates should be interpreted with care.

A secondary objective of this study was to perform
meta-regression to discern potential associations between
the prevalence of CP, as well as motor and cognitive delays

and mean birthweight and gestational age. Although over-
all prevalences of CP along with motor and cognitive
delays were higher in ELBW infants than VLBW infants,
this variability was only statically significant for CP
(p<0.001) and motor delays (p=0.012). On the other hand,
the subgroup analyses clearly indicated that the overall
prevalence of CP and motor and cognitive delays rose with
decreasing gestational age. However, this was only statisti-
cally significant for CP (p<0.001). These findings are in
line with the results of a considerable number of studies
where EPT and ELBW infants exhibited greater neurode-
velopmental impairment than their older peers.8,14,51,52

As the prevalence of CP was elevated with decreasing
gestational age7 and more infants born EPT survived to
discharge, this could be proportionally the most concern-
ing group. In this systematic review, three of the included
articles had a mean gestational age of less than 26 weeks in
their cohort,24,33,34 which also included infants born at 22
to 23 weeks’ gestation and reported prevalences varying
between 9.4% and 14.4%. In total, the overall pooled
prevalence rate of CP in EPT was 10.0% (95% CI 8.1–
12.2). Himpens et al.7 reported a weighted prevalence of
14.4% in infants born EPT, on the basis of all articles with
a birth year earlier than 2006. An update of this meta-ana-
lysis by Oskoui et al.15 included articles from 1985 until
2011 and showed that the overall rate remained constant.
As such, our meta-analysis, which only included recent
articles, could verify the decreasing trend of CP over
recent years in infants born EPT as a direct consequence
of improved neonatal care.53–56

Only five articles fulfilling our inclusion criteria reported
longer-term outcomes up to the age of 6 years. Large differ-
ences in prevalences were seen between articles reporting
motor delays based on developmental scales, such as the
BSID-II and Bayley-III tests, and motor tests such as the M-
ABC. Motor delays assessed by those developmental scales
were estimated to be 20.6% (95% CI 13.9–29.4) and rose to
between 34% and 40% of motor delays when evaluated with
the M-ABC at a preschool age.27,29 This corresponds to the
study of Spittle et al.,57 which concluded that the Bayley-III
underestimates later rates of motor performance delays eval-
uated with the M-ABC. This could be understood by the
fact that the Bayley-III assesses current levels of motor
development rather than basic milestones whereas the M-
ABC focuses on specific motor function tasks in various cat-
egories (e.g. manual dexterity, aiming and catching, balance
tasks). The previous literature has suggested that motor
milestones could be more easily attained than advanced
motor skills.58 The same underestimation with the BSID-II
was observed for later cognitive delays.59 In accordance with
this, we found that the pooled prevalences of moderate-to-
severe cognitive delay evaluated with the BSID-II and Bay-
ley-III were considerably lower than moderate-to-severe
delay determined with the Wechsler Preschool and Primary
Scale of Intelligence Test, Third Edition (8.2%, 95% CI
5.5–12.0 vs 14.7%, 95% CI 10.9–19.5).
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It seems that as VPT and VLBW infants get older, more
cognitive and motor delays become apparent as a result of
increasing functional demands in daily life and school
activities and because of the use of more specific function-
related assessment tools instead of developmental outcome
measurements. Therefore the results of developmental tests
performed before or around 2 years of age should be trea-
ted with caution as the predictive value for later motor or
cognitive delays is limited.60

To our knowledge, no similar previously unified data on
separate motor or cognitive outcome prevalences in VPT
or VLBW infants exist. Consequently, no possible evolu-
tion in time can be reported.

Study strengths and limitations
The major strength of this systematic review is that a liter-
ature search was performed in four different databases to
identify all relevant articles. Articles were included on the
basis of birthweight and gestational age, which may have
caused more heterogeneity between studies but ensured
that more pertinent publications were included. Certain
groups within the preterm population are at greater risk of
developing neurodevelopmental delays; therefore only
sequential total cohort studies of VPT and/or VLBW
infants were included, which reduced sampling bias. Addi-
tionally, because the sample size was set at a minimum of
50 infants, less representative studies were left out.

Table IV: Pooled prevalences of motor, cognitive, and general developmental delay (based on developmental tests) by outcome measures and cut-off
values

Cut-off value Cut-off value
Outcome
measures

Number
of
studies

Event
rate

Pooled
prevalence
(%) 95% CI

Heterogeneity
I2 (%), (p)

p value for dif-
ference

Cognitive delay
Mild delay Index/CS 70–84 BSID-II 1 14/126 11.1 6.7–17.9 0.0 0.817

<0.001
Bayley-III 7 112/824 12.1 7.0–20.2 86.69 (p<0.001)
BSID-II+Bayley-III 8 126/950 12.1 7.5–19.0 85.07 (p<0.001)

CS 80–94 Bayley-III 1 31/65 47.7 35.9–59.7 0.0
Total BSID-II+Bayley-III 9 157/1015 14.3 8.3–23.5 90.49 (p<0.001)

Moderate-to-
severe delay

Index/CS<70 BSID-II 2 151/774 13.9 4.9–33.7 91.42 (p=0.001) 0.185

<0.001
Bayley-III 11 442/5202 6.5 4.9–10.9 85.36 (p<0.001)
BSID-II+Bayley-III 13 593/5976 7.5 4.9–11.2 92.49 (p<0.001)

CS<80 Bayley-III 1 14/65 21.5 13.2–33.2 0.0
Total BSID-II+Bayley-III 14 607/6041 8.2 5.5–12.0 92.20 (p<0.001)

Overall delay Index/CS<85 BSID-II 2 134/352 32.3 10.9–65.2 96.44 (p<0.001) 0.104

<0.001
Bayley-III 11 185/1247 12.6 8.1–19.0 87.56 (p<0.001)
BSID-II+Bayley-III 13 319/1599 14.6 9.1–22.6 93.11 (p<0.001)

CS<95 Bayley-III 1 45/65 69.2 57.1–79.2 0.0
Total BSID-II+Bayley-III 14 364/1664 16.9 10.4–26.3 94.22 (p<0.001)

Motor delay
Mild delay Index/CS 70–84 BSID-II 1 19/126 15.1 9.8–22.4 0.0 0.633

<0.001
Bayley-III 5 107/601 17.2 11.9–24.3 74.67 (p=0.003)
BSID-II+Bayley-III 6 126/727 16.9 12.4–22.7 69.97 (p=0.005)

CS 80–94 Bayley-III 1 34/65 52.3 40.3–64.1 0.0
Scaled score 4–7 Bayley-III 1 1/67 1.5 0.2–9.8 0.0
Total BSID-II+Bayley-

III+PDMS-II
8 161/859 18.0 11.1–27.8 88.53 (p<0.001)

Moderate-to-
severe delay

Index/CS<70 BSID-II 1 13/126 10.3 6.1–17.0 0.0 0.291

<0.001
Bayley-III 9 400/3774 7.4 5.2–10.4 80.18 (p<0.001)
BSID-II+Bayley-III 10 413/3900 7.7 5.6–10.5 77.76 (p<0.001)

CS<80 Bayley-III 1 22/65 33.8 23.4–46.1 0.0
Scaled score<4 Bayley-III 1 0/67 0.7 0.0–10.7 0.0
Total BSID-II+Bayley-

III+PDMS-II
12 435/4032 8.6 6.0–12.1 84.77 (p<0.001)

Overall delay Index/CS<85 BSID-II 2 101/352 28.7 24.1–33.8 3.82 (p=0.308) 0.010

<0.001
Bayley-III 9 198/1024 17.0 11.5–24.4 84.72 (p<0.001)
BSID-II+Bayley-III 11 299/1376 19.8 14.9–25.9 82.64 (p<0.001)

CS<95 Bayley-III 1 56/65 86.2 75.5–92.6 0.0
Scaled score ≤7 Bayley-III 1 1/67 1.5 0.2–9.8 0.0
Total BSID-II+Bayley-

III+PDMS-II
13 356/1508 20.6 13.9–29.4 90.91 (p<0.001)

General development
Mild delay GQ<1SD>2SD GDS 2 58/432 7.8 0.9–42.6 94.35 (p<0.001)
Moderate-to-
severe delay

GQ<2SD GDS 2 33/432 4.3 0.5–29.3 89.53 (p=0.002)

Overall delay GQ<1SD GDS 3 100/530 11.2 2.7–36.4 95.25 (p<0.001)
BL 1 101/968 10.4 8.7–12.5 0.0

Total GDS+BL 4 201/1498 11.2 4.7–24.6 96.30 (p<0.001)

Random-effects analysis. CI, confidence interval; CS, composite score; BSID-II, Bayley Scales of Infant Development, Second Edition; Bay-
ley-III, Bayley Scales of Infant and Toddler Development, Third Edition; PDMS-II, Peabody Developmental Motor Scales, Second Edition;
GQ, general quotient; GDS, Griffith Developmental Scale; BL, Brunet–L�ezine test.
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This systematic review also had several limitations that
need to be considered when interpreting our findings. As
our review featured clinically and methodologically very
diverse studies, it is not surprising that high heterogeneity
(I2>75) was found for each individual outcome. This
heterogeneity could have arisen from many different fac-
tors such as inclusion and exclusion criteria, length of fol-
low-up, outcome measures used, etc. An example worth
mentioning in this regard is the fact that just a few studies
excluded infants with congenital malformations and genetic
disorders. Some of those disorders could be associated with
an increased risk of an adverse neurodevelopmental out-
come, skewing the results towards higher prevalences of
neurodevelopmental delay.

Several other sources of heterogeneity were explored
into more detail, although this could never explain the
entirety of the variance in the outcomes.

First, our review featured articles from all over the
world, varying between low- and high-income countries
and representative of important differences in religions,
health systems, and norms surrounding active neonatology
care. Most of the included articles originated from high-
income countries where, in general, the prevalence of pre-
term infants was lower and the survival rate was higher.1

Upper-middle-income countries reported significant

(p<0.001) higher pooled prevalences of cognitive and
motor delays than high-income countries. Stratification by
region resulted in a significant variance for motor and cog-
nitive delays (p<0.001). The reported prevalences were sys-
tematically the lowest in Europe and the highest in South
America for cognitive delay, and North America and Africa
for motor delay. No consistent results could be determined
for income level and geographical region with respect to
the prevalence of CP. Nevertheless, the number of studies
or the sample size, in particular covariate subgroups, may
be too sparse to arrive at robust conclusions.

Second, different outcome measurements and cut-off
values were used, creating a serious challenge for this
review in terms of cataloguing all outcome data into mild-
to-severe developmental delays. Even with the most widely
used assessment tool, the BSID, inequity is often observed
between the Second and Third Editions. Recent studies
have reported higher scores for the Bayley-III than the
BSID-II.13,61 Consequently, fewer infants were classified as
moderately and severely impaired. Our results were consis-
tent with these observations. It was found that pooled
prevalences for moderate-to-severe motor and cognitive
delays were higher when evaluated using the BSID-II than
the Bayley-III, while the opposite was observed within the
mild category. It is unclear whether the BSID-II

Study Subgroup Mean 
GA (wks)

GA (wks) Mean 
BW (g)

BW range (g) Age FU Test Cut-off Statistics for each study

Total
Event  
rate

Lower 
limit

Upper 
limit

Rogers et al.41 Motor mild 26.6 <30 941 NR 2y Bayley-III 80–94 34/65 0.523 0.403 0.641
Orton et al.38 Motor mild 26.7 <28a 828 <1000a 22–28mo CA Bayley-III 70–84 11/102 0.108 0.061 0.184
Jeon et al.28 Motor mild 27.2 <32a 979 <1500a 18–24mo CA BSID-II 70–84 19/126 0.151 0.098 0.224
Patra et al.39 Motor mild 28.3 <30a 1049 <1501a 20mo CA Bayley-III 70–84 33/177 0.186 0.136 0.251
Kono et al.31 Motor mild 28.4 NR 983 <1500 18mo CA Bayley-III 70–84 19/124 0.153 0.100 0.228
Rose et al.42 Motor mild 28.7 <33a 1087 <1501a 18–22mo CA Bayley-III 70–84 12/92 0.130 0.076 0.216

0.098Verhagen et al.48 Motor mild 30.0 25.4–31.9 1305 615–2250 2–3y Bayley-III SS 4–7 1/67 0.015 0.002
Ballot et al.21 Motor mild 30.8 NR 1182 700–1500 8–22mo CA Bayley-III 70–84 32/106 0.302 0.222 0.396

0.180 0.111 0.278
Moore et al.33 Motor mod-sev

Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev
Motor mod-sev

25.6 22–26 NR NR 27–48mo Bayley-III <70 45/576 0.078 0.059 0.103
Boghossian et al.23 26.0 22–28 860.7 NR 18–22mo CA Bayley-III <70 304/2352 0.129 0.116 0.143
Kidokoro et al.30 26.5 <30 922 NR 2y CA Bayley-III <70 9/65 0.138 0.074 0.245
Rogers et al.41 26.6 <30 941 NR 2y Bayley-III <80 22/65 0.338 0.234 0.461
Orton et al.38 26.7 <28a 828 <1000a 22–28mo CA Bayley-III <70 8/102 0.078 0.040 0.149
Nasef et al.35 27.0 <30 952 NR 18mo CA Bayley-III <70 6/180 0.033 0.015 0.072
Jeon et al.28 27.2 <32a 979 <1500a 18–24mo CA BSID-II <70 13/126 0.103 0.061 0.170
Patra et al.39 28.3 <30a 1049 <1501a 20mo CA Bayley-III <70 11/177 0.062 0.035 0.109
Kono et al.31 28.4 NR 983 <1500 18mo CA Bayley-III <70 6/124 0.048 0.022 0.104
Rose et al.42 28.7 <33a 1087 <1501a 18–22mo CA Bayley-III <70 3/92 0.033 0.011 0.096
Verhagen et al.48 30.0 25.4–31.9 1305 615–2250 2–3y Bayley-III SS<4 0/67 0.007 0.000 0.107
Ballot et al.21 30.8 NR 1182 700–1500 8–22mo CA Bayley-III <70 8/106 0.075 0.038 0.144

0.086 0.060 0.121
Lefebvre et al.32 Motor overall 26.3 <29 906 NR 18mo CA Bayley-III <85 45/160 0.281 0.217 0.356
Rogers et al.41 Motor overall 26.6 <30 941 NR 2y Bayley-III <95 56/65 0.862 0.755 0.926
Orton et al.38 Motor overall 26.7 <28a 828 <1000a 22–28mo CA Bayley-III <85 19/102 0.186 0.122 0.274
Jeon et al.28 Motor overall 27.2 <32a 979 <1500a 18–24mo CA BSID-II <85 32/126 0.254 0.186 0.337
Patra et al.39 Motor overall 28.3 <30a 1049 <1501a 20mo CA Bayley-III <85 44/177 0.249 0.190 0.317
Keunen et al.29 Motor overall 28.4 <31 1128 NR 2y Bayley-III <85 2/112 0.018 0.004 0.069
Kono et al.31 Motor overall 28.4 NR 983 <1500 18mo CA Bayley-III <85 25/124 0.202 0.140 0.281
Van Kooij et al.47 Motor overall 28.6 <31 1130 NR 2y CA Bayley-III <85 1/67 0.015 0.002 0.098
Rose et al.42 Motor overall 28.7 <33a 1087 <1501a 18–22mo CA Bayley-III <85 15/92 0.163 0.101 0.253
Steggerda et al.45 Motor overall 28.9 25–31 1204 520–1960 2y CA Bayley-III <85 7/84 0.083 0.040 0.165
Hentges et al.26 Motor overall 29.0 <32 1041 <1500 18–24mo CA BSID-II <85 69/226 0.305 0.249 0.368
Verhagen et al.48 Motor overall 30.0 25.4–31.9 1305 615–2250 2–3y Bayley-III SS<8 1/67 0.015 0.002 0.098
Ballot et al.21 Motor overall 30.8 NR 1182 700–1500 8–22mo CA Bayley-III <85 40/106 0.377 0.290 0.473

0.206 0.139 0.294
0.134 0.107 0.168

0.00 0.13 0.25

Event rate and 95% CI

Prevalence of motor delay

Figure 3: Prevalences of motor delays. Forest plot depicting the random-effects proportion meta-analysis for motor delays, on the basis of developmen-
tal scales (motor subscore of the BSID-II and Bayley-III). Studies are ordered on mean gestation. Black squares denote the reported prevalence of
each study and the horizontal line represents the 95% confidence interval. The pooled prevalence estimate is marked with a diamond. aBirthweight
range and/or gestational age range. GA, gestational age; BW, birthweight; FU, follow-up; CI, confidence interval; NR, not reported; Bayley-III, Bayley
Scales of Infant and Toddler Development, Third Edition; CA, corrected age; BSID-II, Bayley Scales of Infant Development, Second Edition; SS, scaled
scores.
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Study Mean GA (wks) GA range (wks) Mean BW (g) BW range (g) Age FU Statistics for each study

Total
Event 
rate

Lower 
limit

Upper 
limit

Nouaïlin et al.36 NR 24–32 NR NR 2y CA 8/60 0.133 0.068 0.245

Moore et al.33 24.6 22–26 NR NR 27–48mo 83/576 0.144 0.118 0.175

Moorehaed et al.34 24.6 22–26 718 NR 18mo CA 12/127 0.094 0.054 0.159

Delmas et al.24 25.1 23–25 750 510–970 3y 8/66 0.121 0.062 0.224

Boghossian et al.23 26.0 22–28 860 NR 18–22mo CA 444/3883 0.114 0.105 0.125

Salas et al.43 26.0 23–28 830 NR 18–22mo CA 15/250 0.060 0.036 0.097

Kidokoro et al.30 26.5 <30 922 NR 2y CA 9 /65 0.138 0.074 0.245

Orton et al.38 26.7 <28a 828 <1000a 22–28mo CA 7/109 0.064 0.031 0.129

Nasef et al.35 27.0 <30 952 NR 18mo CA 13/180 0.072 0.042 0.120

Jeon et al.28 27.2 <32a 979 <1500a 18–24mo CA 9/126 0.071 0.038 0.132

Patra et al.39 28.3 <30a 1049 <1501a 20mo CA 5/177 0.028 0.012 0.066

Keunen et al.29 28.4 <31 1128 NR 2y CA 1/112 0.009 0.001 0.061

Kono et al.31 28.4 NR 983 <1500 18mo CA 5/124 0.040 0.017 0.093

Lefebvre et al.32 28.4 <29 906 NR 18mo CA 12/160 0.075 0.043 0.127

Steggerda et al.45 28.5 25–31 1180 520–1960 2y CA 6/84 0.071 0.032 0.150

Van Kooij et al.47 28.6 <31 1130 NR 2y CA 0/67 0.007 0.000 0.107

Rose et al.42 28.7 <33 1087 <1501 18–22mo CA 3/94 0.032 0.010 0.094

Orcesi et al.37 28.8 NR 1052 <1501 2y CA 5/156 0.032 0.013 0.075

Toome et al.46 28.8 22–31 1314 1252–1377 2y CA 17/155 0.110 0.069 0.169

Besnard et al.22 29.0 24.6–31.6 1281 560–2175 3y 3/79 0.038 0.012 0.111

Hentges et al.26 29.0 <32 1041 <1500 18–24mo CA 7/226 0.031 0.015 0.064

Abily-Donval et al.20 29.6 <33 1332 NR 22–26mo 1/164 0.006 0.001 0.042

Zhu et al.49 29.8 25–35 1255 550–1500 2y CA 48/648 0.074 0.056 0.097

Ballot et al.21 30.8 NR 1182 700–1500 8–22mo CA 4/106 0.038 0.014 0.096

Sharma et al.44 31.6 <33 1208 <1501 18mo 3 /555 0.055 0.018 0.156

0.068 0.055 0.084

Prevalence of CP 

0.00 0.13 0.25

Event rate and 95% CI

Figure 4: Prevalences of cerebral palsy (CP). Forest plot depicting the random-effects proportion meta-analysis for CP. Studies are ordered on mean
gestation. Black squares denote the reported prevalence of each study and the horizontal line represents the 95% confidence interval. The pooled
prevalence estimate is marked with a diamond. aBirthweight range and/or gestational age range. GA, gestational age; BW, birthweight; FU, follow-up;
NR, not reported.
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Figure 5: Regression of mean birthweight (BW) on logit event rate of cerebral palsy (CP). Scatter-plot representation of the relationship between gesta-
tional age and the prevalence of CP. Each circle represents the results of a study.
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underestimates or the Bayley-III overestimates develop-
ment. To correct for this, it is advised to increase the cut-
off values for the Bayley-III.62 Only one study followed
this advice and applied higher cut-off values for the Bay-
ley-III, specifically composite scores of 80 and 65 instead
of the 70 and 55 values generally used respectively.41 This
could explain why this study exhibited the highest preva-
lence of all the included studies on the subscales of motor
and cognitive delays of the Bayley-III. Moreover, as
described in a recent systematic review of the cross-cultural
validity of assessment tools, the use of standardized norms
should be used and interpreted with caution across varying
cultures versus the initial samples.63 For example, one
included study was based on an Australian sample,37 and
used standardized American Bayley-III norms, although it
is suggested that this would considerably underestimate
developmental delays.64

Third, the follow-up rate and sample size varied consid-
erably between the studies. The mean follow-up rate was
77.7%, meaning that nearly one out of five infants was not
seen at follow-up. Furthermore, two of the 28 articles
reporting the number of eligible infants for follow-up had
a follow-up rate of less than 50%.22,28 However, subgroup
analyses based on the percentage of eligible infants that
had follow-up were not statistically different for CP or
motor and cognitive delays (p>0.005). Only the prevalence
of CP was significantly influenced by the sample size
(p=0.003), but no linear trend could be observed. Of all
included articles, only 12 reported information about
statistics between the infants followed up and the groups
lost to follow-up. Six articles found no significant differ-
ences in neonatal characteristics,20,28,29,32,37,47 and one
reported no difference in maternal characteristics.32 In
contrast, six articles noted significant differences between

both groups.24,25,29,38–40 Infants included in the follow-up
had significantly (p<0.05) lower mean birthweight25,29,38

and gestational age,25,38,40 and were more severely ill (days
on mechanical ventilation,25,29 sepsis,25,29,38 infection,24,40

bronchopulmonary dysplasia,25,39 chorioamnionitis,24

chronic lung disease,38 and inferior neuromotor examina-
tion at discharge).40 Two studies observed differences in
maternal characteristics.24,39 Delmas et al.24 found non-sig-
nificant differences between both groups with respect to
higher maternal education (60% in the follow-up group
and 35.3% for the lost-to-follow-up group, p=0.074); and
in the study of Patra et al.,39 mothers were slightly
younger in the lost-to-follow-up group (not significant).
One investigation noted that, in the follow-up group, sig-
nificantly more parents living in metropolitan areas were
represented (p=0.02) compared with parents living in rural
areas.38 This could validate the hypothesis that infants with
no or mild disabilities may be more likely to be lost to fol-
low-up as parents determine there is less of a benefit from
returning for it. Further, this could potentially have biased
the results towards a greater prevalence of more severe
delays.

Implications for future research
In line with a recent paper,65 this systematic review has
highlighted the strong need for uniformization of the
used assessment tools and cut-off values to be able to
compare studies more accurately. Recent large epidemio-
logical studies such as EXPRESS,66 EPICure,33 and EPI-
PAGE67 have demonstrated how this is necessary to
reach solid conclusions. Finally, more long-term follow-
up is required at preschool ages, since other difficulties
can be observed, such as visual–motor integration or
coordination problems.
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Figure 6: Regression of mean gestational age (GA) on logit event rate of cerebral palsy (CP). Scatter-plot representation of the relationship between
birthweight and the prevalence of CP. Each circle represents the results of a study.
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CONCLUSION
To our knowledge, this is the first systematic review and
meta-analysis to separately demarcate the prevalence of
both motor and of cognitive delays in VPT or VLBW
infants born over the past decade. Even though neonatal
intensive care has improved over the previous few decades,
the data from this meta-analysis suggest that, overall,
nearly one out of six and one out of five VPT or VLBW
infants had a cognitive or motor delay respectively,
assessed with developmental scales at approximately 2 years
corrected age and roughly one out of fifteen developed
CP. Decreasing birthweight and gestational age led to
higher prevalences of CP, as well as motor and cognitive
delays. It was also shown that overall prevalences of CP

diminished over the years in infants born EPT. As a result
of the notable heterogeneity between the articles and the
wide confidence intervals, the results should be interpreted
with care.
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