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Objectives. To assess and evaluate the risk factors affecting the neuromotor development of preterm babies at corrected age 18 to 24
months. Methods. Preterm babies ≤ 34 weeks of gestational age (GA) who were born in our hospital between 2011 and 2014 were
prospectively included in the study. Prenatal, perinatal, and postnatal features of the babies were recorded. Bayley Scales of Infants
and Toddler Development, Third Edition (Bayley-III), was applied at corrected age 18 to 24 months. Results. All data of 96 babies
were obtained during the study, mean birth weight was 1542 ± 518 g, and mean corrected age was 20:9 ± 4:7months. Cerebral palsy
was found in 11 babies (11.5%). According to Bayley III scores, 13.5% cognitive delay, 19.8% language delay, and 33.3%motor delay
rations were detected. A positive correlation was found between GA and motor composite scores (p = 0:011). The mean motor
composite score was lower in babies with the Apgar score less than 7 at 1st and 5th minutes (p = 0:007 and p = 0:003) and
applied resuscitation in the delivery room (p = 0:033). The mean language composite score was found to be higher in babies
with antenatal steroid administration (p = 0:003). A negative correlation was found between the motor composite score and the
oxygen treatment time and mechanical ventilation support time (p = 0:001 and p = 0:007). Conclusion. In preterm babies less
than 34 weeks, the birth weight, GA, Apgar score, oxygen treatment time, mechanical ventilation support time, and
resuscitation in a delivery room were determined to affect the Bayley III motor score. Language development was found better
in babies with antenatal steroid administration.

1. Introduction

In developing countries, very low birth weight (BW) babies
less than 32 weeks of gestational age (GA) have a high risk
for neurodevelopmental retardation. This risk is also signifi-
cantly present in babies 32 to 37 weeks of GA [1, 2]. In recent
years, the survival rate of preterm babies has increased with
surfactant treatment, antenatal steroid administration, and
noninvasive mechanical ventilation supports applied in
neonatal care [3]. Today, it is accepted that the criteria of
success of newborn intensive care units (NICU) are neurode-
velopmental outcomes of babies [4]. Despite the increase in
survival rates in developing countries, a similar rate of

decrease in the long-term neurodevelopmental retardation
rate was not accompanied. The American Academy of
Pediatrics published a guide for the monitoring of preterm
babies in 2004 [5]. The necessity of neuromotor evaluation
of babies with BW below 1500 grams is particularly empha-
sized. Cerebral plasticity is high in the early period of life.
Therefore, it is known that the early detection of neurodeve-
lopmental retardation will increase the positive effect of the
interventions [6, 7]. Bayley Scales of Infants and Toddler
Development, Third Edition (Bayley-III), which is especially
used in the neurodevelopmental of preterm babies has been
reviewed. It is composed of cognitive, language, and motor
parameters [6]. Bayley III is thought to have a higher capacity
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to detect developmental delays, especially in preterm infants
[7]. In a study from our country, the Bayley II version was
reported to have 91% sensitivity and 49% specificity in
detecting developmental delay in preterm babies [8].
Although there is no consensus about the cut-off value of
the Bayley III test, the limit value is generally accepted to be
below 80 to 85 [7, 9].

In this study, with the Bayley III test, we aimed to evalu-
ate the midterm (corrected age of 18 to 24 months) neuro-
motor development of preterm babies ≤ 34 weeks of GA
who were born in our hospital between 2011 and 2014 and
treated in our NICU. In addition, it was aimed at determin-
ing the risk factors causing a neurodevelopmental delay in
babies with a low Bayley III score.

2. Methods

All preterm babies ≤ 34 weeks of GA who were born in our
hospital between 2011 and 2014 and treated in our NICU
were included in the study. Babies born in other centers
and referred to our hospital and babies with a congenital
major anomaly or congenital metabolic disease were
excluded from the study. The study was conducted at Sisli
Hamidiye Etfal Children’s Hospital in Istanbul which was
accepted as reference hospital and NICU that included level
II 10 beds and level III 18 beds, with a total of 28 beds. Our
hospital has a preterm infant neurodevelopmental follow-
up center since 2010.

2.1. Study Plan. In the first stage, babies’ properties were
scanned from the electronic database. Prenatal features (GA
and antenatal steroid administration), natal features (gender,
BW, height, head circumference, Apgar score at 1st and 5th
minutes, whether resuscitation is performed in the delivery
room, and mode of delivery), and postnatal features (length
of stay in the hospital, oxygen support time, mechanical
ventilation support time and continuous positive airway
pressure (CPAP) application time, surfactant, caffeine,
antibiotic treatment, postnatal steroid treatment, respiratory
distress syndrome (RDS), bronchopulmonary dysplasia
(BPD), sepsis, necrotizing enterocolitis (NEC), and intraven-
tricular haemorrhages (IVH)) of the patients were recorded.

During the neonatal period, cranial ultrasonography was
performed routinely at the following time points: on the first
day, on the third day, during follow-up at weeks 1, 2, and 4,
and when the newborn was in need. Intraventricular
haemorrhages (IVH) were classified into four grades of
severity according to Papile. Sepsis was defined as a positive
blood culture with positive laboratory finding (elevated C-
reactive protein or procalcitonin level) and a need for antibi-
otic treatment for at least 10 days. Mild/moderate BPD was
defined as oxygen treatment (>21%) for at least 28 days and
oxygen dependency < 30% at 36 weeks of postmenstrual age.
Severe BPD was defined as persisting oxygen requirement
(≥30%) and/or positive pressure ventilation or nasal continu-
ous positive airway pressure at 36 weeks of postmenstrual age.

In the second stage, babies at corrected age 18 to 24
months with guardians who agreed to let them participate
in the study were called for control. Bayley III was applied

to babies by a child development specialist who has a certifi-
cate and who does not know the medical history of infants.
Bayley III results were recorded on the standard evaluation
form [10]. A Bayley composite score of less than 85 was
considered as a neurodevelopmental delay. Relationships
between composite scores and the characteristics of babies
were investigated. All babies underwent neurological exami-
nation by pediatricians, and babies with pathological findings
were evaluated by a pediatric neurologist. Cerebral palsy was
diagnosed according to the European guidelines [11].

3. Statistical Analysis

The suitability of the study parameters to normal distribution
was evaluated with the Shapiro-Wilks test. Mean, standard
deviation, and ratio values were used in descriptive statistics
of the data. The one-way ANOVA test was used for the
analysis of quantitative independent data. Tukey’s HSD test
was used to determine the group that caused differences
between the groups. The Student t test was used for comparing
parameters that showed normal distribution between the two
groups, and theMann-WhitneyU test was used for comparing
parameters that did not show normal distribution between the
two groups. The chi-square test, Fisher’s exact chi-square test,
and continuity (Yates) correction were used to compare quali-
tative data. Pearson correlation analysis was used to examine
the relationships between parameters that show normal distri-
bution. p values of 0.05 were considered statistically significant.
The SPSS 22.0 program was used in the analyses.

4. Ethics

This study was approved by the Sisli Children’s Hospital
human research ethics committee, and written informed con-
sent was obtained from all participants’ parents or guardians
(number: 2016-158).

5. Results

During the study, there were 317 babies born in our hospital
with a gestational age of ≤34 weeks. Preterm infants who died
(n = 71), preterm infants with a major anomaly or metabolic
disease (n = 36), and preterm infants with incomplete data
(n = 60) were excluded. The study was completed with 96
babies who met the inclusion criteria after preterm infants
whose family cannot be reached (n = 30) and preterm
infants’ family refusing to participate in the study (n = 24).
Prenatal, natal, and postnatal features of the babies and
demographic features during hospitalization in the neonatal
period are shown in Table 1. When the babies were included
in the study, the mean calendar age was 22:1 ± 3:7 months
and the mean corrected age was 20:9 ± 4:7 months. With
the neurological examination, 11 babies (11.5%) were
diagnosed with cerebral palsy.

The distribution of babies with mean Bayley III compos-
ite scores, composite score less than 85, and composite score
less than 70 is shown in Table 1. The comparison of the
demographic characteristics of the babies with the Bayley
III composite score results is shown in Table 2. A significant
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positive correlation was found between Bayley III motor
composite scores and GA and BW. A significantly negative
correlation was found between Bayley III motor composite
score and mechanical ventilation support time and oxygen

requirement time (respectively, p: 0.007 and p: 0.001)
(Table 3).

The comparison of the perinatal characteristics of the
babies with the Bayley III composite score results is shown

Table 1: The prenatal, natal, and postnatal features of the cases and demographic characteristics during hospitalization in the neonatal
period.

Mean ± standard deviation
Birth weight, g (lower-upper limits) 1542 ± 518 (625-2950)

Gestational age, weeks (lower-upper limits) 30:5 ± 2:5 (24-34)

Antenatal steroid administration, n (%) 51 (53.1)

1st minute Apgar score < 7, n (%) 54 (56.3)

5th minute Apgar score < 7, n (%) 12 (12.5)

Mode of delivery, cesarean, n (%) 86 (89.4)

Gender, female, n (%) 50 (52.1)

Diseases at hospitalization

Respiratory distress syndrome, n (%) 27 (28.1)

Bronchopulmonary dysplasia, n (%) 20 (20.8)

Mild 17 (17.7)

Moderate 3 (3.1)

Sepsis, n (%) 20 (20.8)

Necrotizing enterocolitis, n (%) 25 (26)

Stage 1 20 (20.8)

Stage 2 5 (5.2)

Intraventricular haemorrhages, n (%) 24 (25)

Stage 1 16 (16.6)

Stage 2 4 (4.2)

Stage 3 4 (4.2)

Treatments at hospitalization, n (%)

Oxygen support 88 (91.7)

Mechanical ventilation support 42 (43.8)

CPAP 68 (70.8)

Surfactant 27 (28.1)

Caffeine 45 (46.9)

Antibiotic 88 (91.7)

Postnatal steroid 20 (20.8)

Hospitalization features (lower-upper limits)

Length of stay in hospital, day 40 ± 28:9 5-166

Oxygen requirement time, day 20:1 ± 27:3 1-166

Mechanical ventilation time, day 10:5 ± 17:4 1-83

CPAP implementation time, day 5:6 ± 6:3 1-33

Duration of antibiotic therapy, day 14:3 ± 11:8 3-74

Bayley III composite scores (lower-upper limits)

Cognitive scores 93 ± 11:5 55-120

Language scores 93:4 ± 12 59-118

Motor scores 88:5 ± 12:2 46-118

Composite score < 85 accepted as delay Composite score < 70 accepted as delay

Abnormal cognitive results, n (%) 13 (13.5) 2 (2.1)

Abnormal language results, n (%) 19 (19.8) 2 (2.1)

Abnormal motor results, n (%) 32 (33.3) 3 (3.1)

CPAP: continuous positive airway pressure.

3BioMed Research International



in Table 2. The mean Bayley III motor composite scores were
significantly lower in babies 25-26 weeks of GA compared to
other GA (p1 = 0:030, p2 = 0:048). The mean Bayley III
motor composite score was significantly lower in babies with
Apgar score of less than 7 at 1st and 5th minutes and babies
with applied resuscitation in the delivery room (p: 0.007, p:
0.003, and p: 0.033, respectively). The mean Bayley III
language composite score was found to be significantly
higher in babies with antenatal steroid administration than
babies without antenatal steroid administration (p = 0:003).

Laser treatment was applied to 7 babies with ≥stage 3
ROP. It was found that these babies had no effect on cogni-
tive, language, and motor Bayley III composite score results
(p: 0.830, p: 0.896, and p: 0.192, respectively). The otoacoustic
emission test and clinical Brainstem Evoked Response
Audiometry (BERA) test were applied to all infants in the
study. Only one baby had a hearing problem in the left ear,
but hearing aid support was not required. This situation could
not be evaluated statistically. There was no significant relation-
ship between Bayley III composite score results (cognitive, lan-
guage, and motor) and the diagnosis of the cases (RDS, BPD,
sepsis, NEC, and IVH) (p > 0:05). There was no significant
relationship between the Bayley III composite score results
and the use of surfactant, caffeine, and postnatal steroid treat-

ments during hospitalization (p > 0:05). There was no
relationship between Bayley III composite score results and
the mode of delivery, gender, and educational status of parents
(p > 0:05).

6. Discussion

In our study, it was determined that the composite score in
96 preterm babies ≤ 34 GA that we applied Bayley III delayed
in cognitive and language development, especially in motor
development. The GA, BW, Apgar score of less than 7 at
1st and 5th minutes, applied resuscitation in the delivery
room, oxygen requirement time, and mechanical ventilation
support time were found to affect motor development. It was
found that language development was better in babies with
antenatal steroid administration.

Today, the Bayley test is the most used test to evaluate the
development of preterm babies [12]. In the literature, the Bay-
ley II test is frequently used [13]. However, in the evaluation of
cognitive development with the Bayley II test, cocalculating
the cognitive and language areas restricted its effectiveness.
Therefore, the Bayley III test was developed in 2006. In Bayley
III, the mental development index was divided into cognitive
and language areas and the psychomotor development index
was divided into gross and fine motor areas [14]. There are
few studies in the literature in which the neurodevelopmental
evaluation of premature babies was performed with Bayley III.
In the studies in which neurodevelopmental evaluations of
preterm babies at corrected age 18 to 24 months were per-
formed with the Bayley III test (composite score less than
85), cognitive delay in 6.9-13%, language delay in 21-29.3%,
and motor delay in 6.9-16% were reported [15].

In our study, the delay was detected according to Bayley
III in 13% of cases in the cognitive development, 19% of cases
in the language development, and 32% of cases in the motor
development. Motor delay was higher than language and
cognitive retardation. The abnormal motor development in
most of the cases can be explained by the fact that the babies
in our study had a higher GA. Bode et al. [16] evaluated 2-
year-old preterm babies with Bayley III, reporting their mean
cognitive score as 92 and mean motor score as 97. In another
study, 2.5-year-old preterm babies were evaluated, and the
mean language scores were 98, the mean cognitive scores
were 94, and the mean motor scores were 94 [17]. Lastly,
Morgan-Feir et al. [18] reported that motor development
delay was 22% by evaluating the motor scale of 1376 babies
at corrected age 18 mounts in extremely preterm infants,
and Bayley III motor composite score had more clinical
benefits than subscale scores. In our study, the mean neuro-
developmental scores of the babies were consistent with the
literature in cognitive development and language develop-
ment, while the motor development was lower than in the
literature. Our study supported the knowledge that especially
motor delay was more prevalent in preterm infants.

Infections have been shown to negatively affect neurode-
velopmental prognosis in very low BW preterm babies. It is
known that the risk of developing cerebral movement
disorder increases 4 times in babies born from mothers with
chorioamnionitis and preterm babies who have had neonatal

Table 2: The comparison of the demographic characteristics of the
babies with the Bayley III composite score.

Characteristic factors
Bayley III composite scores
(mean ± standard deviation)

Gestational age, weeks Cognitive Language Motor

25-26 weeks (n: 11) 86:8 ± 10:3 88:9 ± 10:6 78:7 ± 15:5
27-28 weeks (n: 5) 99 ± 16:4 89:2 ± 18:6 89:6 ± 11:1
29-30 weeks (n: 19) 93:7 ± 14 96:8 ± 15:1 86:5 ± 13:6
31-32 weeks (n: 42) 93:2 ± 10:6 92:6 ± 11:3 90:6 ± 10:5
33-34 weeks (n: 19) 93:7 ± 9:6 95:3 ± 8:3 91:2 ± 10:5
p 0.322 0.359 0.040

Antenatal steroid administration

Yes 91:4 ± 12:3 89:5 ± 11:6 86:3 ± 12:1
No 94:3 ± 10:7 96:7 ± 11:5 90:5 ± 12:1
p 0.220 0.003 0.098

1st minute Apgar score

<7 92:6 ± 12:9 92:1 ± 13:9 85:7 ± 13:8
≥7 93:5 ± 9:5 94:9 ± 8:9 92:1 ± 8:8
p 0.712 0.235 0.007

5th minute Apgar score

<7 89:6 ± 14:7 88:6 ± 10:8 78:8 ± 14:6
≥7 93:4 ± 11 94 ± 12:1 89:9 ± 11:3
p 0.278 0.142 0.003

Resuscitation in delivery room

No 92:5 ± 10:1 94:1 ± 101 91:2 ± 10:3
Yes 93:4 ± 12:8 92:6 ± 13:7 85:9 ± 13:5
p 0.685 0.555 0.033
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sepsis [19]. When preterm babies at corrected age 18 to 24
months were evaluated with Bayley III, no significant differ-
ence was found between neuromotor delay and clinical sepsis
frequency [15]. In contrast, 541 babies less than 28 weeks of
GA and proven sepsis with blood culture were evaluated with
Bayley II, and the risk of cerebral palsy was reported to be
increased in these babies [20]. In our study, there was no
significant relationship between Bayley III composite score
results and sepsis.

Severe neurodevelopmental sequelae develop in preterm
babies with stage 3 and stage 4 IVH, and therefore, these
babies are often excluded from neurodevelopmental prognosis
studies [21]. Preterm babies at corrected age 20 months with
stage 1 or 2 IVH have been shown to have a lower Bayley cog-
nitive development index and higher frequency of major neu-
rological disorders than term babies [22]. In another study, it
has been reported that in preterm babies < 37 GA with stage
1 and 2 IVH, it does not have a negative effect on Bayley III
scores performed at corrected age 2 years old [1]. In our study,
the effect of IVH in preterm babies on Bayley III composite
scores was not detected. It is thought that this situation may
be caused by two reasons. Firstly, in our study, the number
of babies with ≥stage 3 IVH was low, and secondly, our results
were not compared with full-term babies.

The antenatal steroid administration in preterm babies
reduces the frequency of RDS, mortality, NEC, and IVH
[23]. However, some studies have reported that the antenatal
steroid administration causes cystic developments in white
matter [24]. Erdem et al. [25] reported that 62 babies with
BW< 2000 grams and GA < 34 were evaluated with the
Bayley test. They found that the rate of antenatal steroid
administration was lower in the group with cerebral palsy
[25]. In our study, it has been shown that language develop-
ment was positively affected in preterm babies with antenatal
steroid administration.

There is no clear consensus on the effects of postnatal ste-
roid use on neuromotor development. In a study involving
many patients, in premature babies who received postnatal
systemic corticosteroid therapy in every 1mg/kg dose of
steroid exposure, a reduction of 2.0 points in the mental
development index was observed [26]. It was shown that
there was no difference in terms of cerebral palsy and behav-
ioural disorders in the 7-year-old evaluation of preterm
babies with BPD who received postnatal steroids [27]. In
our study, the effect of BPD and postnatal steroid administra-
tion on Bayley III composite scores was not detected.

It is demonstrated that Bayley III cognitive, language, and
motor scale results are lower in preterm babies than term

babies [28]. As the GA and BW decrease, the neurodevelop-
mental delay rate also increases [1]. In accordance with the
literature, in our study, we found that Bayley III composite
scores decreased significantly as GA and BW decreased; we
also found that motor functions were more affected especially
in 25-26 weeks of GA.

In babies with BW less than 1250 grams, caffeine treat-
ment has been shown to reduce the mechanical ventilation
support time and the frequency of development of BPD
[29]. Schmidt et al. [30] evaluated the 2006 babies between
BW 500 and 1250 grams, at corrected age 18 to 21 months
and 5 years old. They reported that there was no difference
in terms of neurodevelopmental retardation despite the
increase in survival rates in babies using caffeine [30]. In
our study, there was no positive effect of using caffeine
treatment on Bayley III composite scores.

The mechanical ventilation support time has been
shown to have a negative effect on Bayley III results in
preterm babies [1]. In our study, we found that the
mechanical ventilation support time, oxygen requirement
time, Apgar score of less than 7 at 1st and 5th minutes,
and applied resuscitation in the delivery room had a
negative effect on motor scores.

Our study has some strengths. These are the prospective
planning of the study, it includes only the babies born in our
hospital, and the specialist who performed the Bayley III test
performed the tests without knowing the previous diseases of
the babies. There are some limitations in our study. These are
the study conducted in a single center, the results of the study
were not compared with term babies, and the number of
patients who came out of follow-up was high.

In developing countries, it is necessary to evaluate the
neurodevelopment of preterm babies in the early period
and to start the rehabilitation process of risky babies earlier.
The frequency of cerebral palsy in preterm babies ≤ 34 weeks
of GA at corrected age 18 to 24 months is 11.5%. The GA,
BW, mechanical ventilation support time, oxygen require-
ment time, Apgar score of less than 7 at 1st and 5th minutes,
and applied resuscitation in the delivery room affect Bayley
III composite scores. Antenatal steroid administration
positively affects the language development.

Data Availability

The database of the study of SPSS file used to support the
finding of this study are available from the corresponding
author upon request.

Table 3: Relationship between Bayley III composite score and risk factors.

Case characteristics Bayley III composite scores
Cognitive Language Motor

r p r p r p

Birth weight, g 0.088 0.395 0.059 0.569 0.230 0.024

Gestational age, weeks 0.088 0.396 0.106 0.304 0.260 0.011

Oxygen requirement time, day -0.188 0.079 -0.203 0.057 -0.338 0.001

Mechanical ventilation time, day -0.255 0.103 -0.241 0.124 -0.412 0.007
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