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ABSTRACT

Objectives: Preterm and low birth weight neonates are vulnerable to developing neurodevelopmental handicaps
more frequently compared to their term counterparts. Neurodevelopmental delay is multifactorial and is likely a
consequence of an immature brain, perinatal risk factors, and environmental exposures. The study objective was
to determine the prevalence of developmental delay in high-risk preterm infants and also to determine the risk
factors for delay in development.

Material and Methods: The study was an analytical cross-sectional study conducted in the Department of Pediatrics
of a tertiary care medical college hospital from October 2021 to October 2022. Infants born as high-risk preterm
neonates who required neonatal intensive care unit (NICU) stay in the early neonatal period were included in the
study at the corrected age of 1 year after informed parental consent. Infants whose parents did not consent to the
study were excluded from the study. Details of maternal, neonatal, and perinatal risk factors were noted in a pro
forma. All infants included in the study were part of the follow-up program in the high risk newborn follow-up
clinic and were assessed for growth and development periodically. A detailed neurological examination was done.
During the follow-up of high-risk neonates, clinical assessment tools like Amiel-Tison angles were used. Details
regarding the passive tone and active tone were documented in the follow-up card and reviewed. Early intervention
was planned if tone abnormalities were identified. Developmental screening was done using the Trivandrum
developmental screening test. Only trivandrum developmental screening test (TDSC) was used in screening, and
confirmatory tests such as Bayley and developmental assessment scale for Indian infants (DASII) were not used in
the study center. Although TDSC is not a confirmatory test, in a resource-limited setting, it may help to identify
infants with delays in development early and refer them to a higher center. The prevalence of developmental delay
was expressed in proportion with a 95% confidence interval (CI). Risk factors were determined by bivariate, followed
by multivariate logistic regression analysis. P < 0.05 was considered significant.

Results: The present study included infants who were high-risk preterm NICU graduates, of whom 57.2% were
male. 22.7% of neonates had birth weight <1750 g. The prevalence (95% CI) of developmental delay was 18 %
(12.2-27.6%). There were 18% neonates with gross motor delay, 13% with delay in fine motor development,
18% with delayed language development, and 14% with delay in social and adaptive milestones. By multivariate
analysis, it was found that among the neonatal risk factors, apnea and birth weight <1.75 kg were independent risk
factors for developmental delay.

Conclusion: High-risk preterm NICU graduates are at risk of neurodevelopmental delay, and we observed an
18% prevalence of delay. Periodic follow-up and early intervention of babies with risk factors such as apnea and
birth weight <1.75 kg is necessary.
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INTRODUCTION

Preterm refers to live births before 37 completed weeks of
gestation and is categorized as extreme preterm (<28 weeks),
very preterm (28 to <32 weeks), and moderate-to-late
preterm (32-37 weeks) based on the gestational age. An
estimated 13.4 million babies were born before completing
37 weeks of gestation in the year 2020." The rates of preterm
births vary in different countries and range from 4% to 16%.
Complications related to preterm birth are a leading cause
of death among children under 5 years of age and were
responsible for approximately 90000 deaths in the year 2019.
The survival rates also vary with countries, and only half of
the babies born at or <32 weeks gestation in low-income
countries survive in contrast to high-income countries where
almost all babies in this category survive.”

India is a major contributor to global preterm birth, with
nearly one in six live births being preterm. However, the
prevalence of preterm birth is unevenly distributed within
states of India, ranging from 9% to 16%.° Studies from low
and middle-income countries have reported that preterm
births are at higher risk for neonatal mortality compared
with full-term births.” Similar observations have been made
in some Indian studies. Among those preterm babies who
survive, disabilities such as hearing deficit, visual problems,
and learning disabilities are common.>**!

Preterm and low birth weight neonates have better survival
with advances in neonatal care. However, they are vulnerable
to developing neurodevelopmental handicaps more frequently
compared to their term counterparts.” Studies have shown
that gestational age, birth weight, need for cardiopulmonary
resuscitation at birth, mechanical ventilation, neonatal
morbidities like bronchopulmonary dysplasia, necrotizing
enterocolitis, sepsis, and duration of hospital stay were the
common factors that influenced the neurodevelopmental
outcome of neonatal intensive care unit (NICU) graduates.”

Although the risk of significant neurodevelopmental delay
is high in extreme prematurity, it has been observed that
moderate to late preterm neonates who require NICU care are
also at risk.® Preterm neonates have differences in neurological
status, intellectual functioning, school performance, and
behavior when compared to term neonates. Although severe
handicaps can be picked up by 2 years of age, longer follow-up
can identify subtle changes in behavior, motor coordination,
visual motor integration, and perception.””’ The study objective
was to determine the prevalence of developmental delay in
high-risk preterm NICU graduates and to determine the risk
factors for developmental delay in them.

MATERIAL AND METHODS

This study was an analytical cross-sectional study conducted
in the department of pediatrics of a tertiary care medical

Annals of Child Health « Article in Press | 2

college hospital from October 2021 to October 2022. The
study was commenced after obtaining approval from the
Institutional ethics committee (Study ID 609/2021, meeting
held on October 07, 2021). Infants born as high-risk preterm
neonates who required NICU stay in the early neonatal
period were included in the study at a corrected age of 1 year.
The study participants were all infants who were born as
preterm neonates and who required NICU stay in the early
neonatal period. All preterm neonates with gestational age
<37 weeks and any birth weight category who survived till
1 year of age were included. The birth weight of the neonates
was recorded from the documents. The discharged neonates
were followed up in the high-risk newborn out patient (OP)
from where the infants were enrolled into the study at a
corrected age of 1 year.

Infants whose parents did not consent to the study were
excluded from the study. The sample size was calculated
from a previous study, which reported a 24% prevalence of
neurodevelopmental delay among preterm at 1-year follow-
up with an error margin of 8% to calculate a 95% confidence
interval (CI), and the sample size was calculated to be 110.11%

The infants were included in the study after obtaining
informed parental consent. Details of maternal, perinatal,
and neonatal risk factors were noted from the child’s NICU
discharge summary in a structured pro forma. All the
admitted preterm neonates undergo an ultrasonogram
cranium as a routine in the NICU both during the stay and
also before discharge. The details of the sonogram were
available in the discharge summary.

All infants included in the study were part of the follow-up
program in the high-risk newborn follow-up clinic and were
assessed for growth and development periodically. A detailed
neurological examination was done. During the follow-up
of high-risk neonates, clinical assessment tools like Amiel-
Tison angles were used. Details regarding the passive tone
and active tone were documented in the follow-up card and
reviewed.

Developmental screening was done using the Trivandrum
developmental screening test. Only TDSC was used in
screening, and confirmatory tests were not used in the
study center. Although TDSC is not a confirmatory test, in a
resource-limited setting, it may help to identify infants with
delays in development early and refer them to a higher center.

Statistical analysis

Data were analyzed using Statistical Package for the Social
Sciences version 24. The prevalence of developmental delay
was expressed as a proportion with 95% CI. Risk factors were
determined by bivariate, followed by multivariate logistic
regression analysis. In the study, P < 0.05 was considered
significant.
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RESULTS

The present study included infants who were high-risk
preterm NICU graduates, of whom 57.2% were males and
42.8% were females. 22.7% of infants had birth weight
<1750 g, while 77.3% weighed more than 1750 g at birth. All
preterm neonates who were included in the study were also
part of the retinopathy of prematurity screening program,
which is an ongoing program till the age of 1 year. As the
birth weight cut-off used in retinopathy of prematurity
(ROP) screening is 1750 g, the same cut-off was used to study
the risk of developmental delay.

The prevalence (95% CI) of developmental delay was 18%
(12.2-27.6% [Table 1]). There are, 18% of infants with gross
motor delay, 13% with delay in fine motor development, 18%
with delayed language development, and 14% with delay
in social and adaptive milestones. Among the 20 infants
with developmental delay, there were 13 infants with global
developmental delay, motor and language delay in 1 infant,
language and social delay in 2 infants, isolated language delay
in 1 infant, and isolated motor delay in 3 infants.

Among the maternal and perinatal risk factors, it was
observed that gestational diabetes was present in 25.4%,
pregnancy-induced hypertension in 28.1%, antepartum
hemorrhage in 2.7%, multiple gestation in 15.4%, and
lower segment cesarean section (LSCS) in 48% of neonates.
The prevalence of developmental delay was lower among
neonates of mothers with gestational diabetes (14.3% vs.
19.5%) [Table 2].

The prevalence of developmental delay was higher among
neonates of mothers with risk factors such as pregnancy-
induced hypertension (22.6% vs. 16.5%), antepartum
hemorrhage (33% vs. 17.8%), and multiple gestation (29.4%
vs. 16.1%). Among the neonatal risk factors, 10% had apnea,
58% had respiratory distress syndrome, 25.4% had sepsis, 1%
had an intraventricular hemorrhage, 65.4% were administered
oxygen, and 7.2% were given blood transfusion. No formal
illness severity scores were used in the study population.
However, many of the variables usually used in severity scores
were periodically assessed during the stay in the NICU.

Table 1: Basic demographic details of the study population.
Risk factor Frequency Percentage
Gender
Male 63 57.27
Female 47 42.73
Gestational age
28-32weeks 38 34.55
32-36weeks 72 65.45
Birth weight
<1.75kg 25 22.73
>1.75 kg 85 77.27

The prevalence of developmental delay was higher among
neonates with birth weight <1.75 kg (48% vs. 9.4%),
gestational age between 28 and 32 weeks (36.8% vs. 8.3%),
who had apnea (63.6% vs. 13.1%), respiratory distress
syndrome (RDS) (31% vs. 3.8%), and sepsis (39.3% vs. 11%)
[Table 3].

The bivariate analysis identified birth weight <1.75 kg,
gestational age of 28-32 weeks, neonatal morbidities such
as apnea, respiratory distress syndrome, and sepsis, and
interventions such as oxygen therapy and blood transfusion
as risk factors for developmental delay, which is shown in
Table 4. Multivariate logistic regression revealed birth weight
<1.75 kg in the neonatal period to be an independent risk
factor, which is depicted in Table 5.

DISCUSSION

The present study was conducted on infants who were
admitted to our NICU; the NICU is a 40 bedded unit
with 3195 admissions during the study period. It is a
predominantly intramural unit, with the majority of the
neonates being delivered in the hospital. During the study
period, there were 137 deaths, which amounted to a death
rate of 4.3%. The present study revealed a prevalence of
developmental delay of 18% among the high-risk preterm
NICU graduates. Assessment of these infants showed that
motor delay was more common than delay in social and
adaptive development. Language delay was the least common
morbidity encountered. Delays in language and social
milestones were considered if the infant did not develop the
age-appropriate milestones in these domains. As the study
was done at the corrected age of 12 months, the delay in
language and social milestones was considered if the infants
had not developed the early milestones in the language and
social domains.

Apnea in the neonatal period and birth weight <1.75 kg were
significant risk factors for developmental delay.

Similar studies done earlier have arrived at varying
prevalences of developmental delay among preterm NICU
graduates, ranging from 14.6% to 50.4%.1'1 Variation in
the prevalence may be due to differences in the gestational
age and morbidity pattern at the time of admission to the
NICU. In countries with high neonatal mortality, a study
done on preterm <32 weeks had identified a pooled estimate
of 24.6% (95% CI: 15.3-33.9%) for moderate-to-severe
impairment, while for mild impairment, it was 32.4% (95%
CL 15.4-49.4%).1"" Compared to earlier studies, it was
observed in the present study that there was a relatively
lower prevalence of developmental delay. This was probably
due to higher mortality among extremely low birth weight
(ELBW) and very low birth weight (VLBW) neonates in the
unit as well as developmentally supportive practices in the
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Table 2: Comparison of maternal risk factors among infants with delayed development and normal development.

Risk factor Developmental delay Development normal Unadjusted odds ratio(95% CI) P-value

Gestational diabetes
Yes 4(14.3) 24(85.7) 0.688(0.209-2.262) 0.536
No 16(19.5) 66(80.5)

Pregnancy-induced hypertension
Yes 7(22.6) 24(77.4) 1.481(0.528-4.151) 0.454
No 13(16.5) 66(83.5)

Antepartum hemorrhage
Yes 1(33) 2(66.7) 2.316(0.200-26.866) 0.490
No 19(17.8) 88(82.2)

Multiple gestations
Yes 5(29.4) 12(70.6) 2.167(0.665-7.055) 0.192
No 15(16.1) 78(83.9)

CI:Confidence interval

Table 3: Comparison of neonatal risk factors among infants with
delayed development and normal development.

Risk factor Development
Delay Normal

Gender

Male 10(15.9) 53(84.1)

Female 10(21.3) 37(78.7)
Birth weight

<1.75 kg 12(48) 13(52)

>1.75 kg 8(9.4) 77(90.6)
Gestational age

28-32weeks 14(36.8) 24(63.2)

32-37weeks 6(8.3) 66(91.7)
Oxygen therapy

Yes 19(26.4) 53(73.6)

No 1(2.6) 37(97.4)
Blood transfusion

Yes 4(50) 4(50)

No 16(15.7) 86(84.3)
Apnea

Yes 7(63.6) 4(36.4)

No 13(13.1) 86(86.9)
RDS

Yes 18(31) 40(69)

No 2(3.8) 50(96.2)
Sepsis

Yes 11(39.3) 17(60.7)

No 9(11) 73(89)
IVH

Yes 1(100) 0(0)

No 19(17.4) 90(82.6)

RDS: Respiratory distress syndrome, IVH: Intraventricular hemorrhage

unit. developmentally supportive care (DSC) was a routine
practice done on all neonates admitted to the NICU. As the
rates of developmental delay were lower in this study, it was
postulated to be due to the regular practice employed in the
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NICU. However, the role of DSC was not evaluated in the
study.

A study comparing the neurodevelopmental outcome of
late preterm and early term babies identified predominantly
gross motor delay in late preterm and fine motor delay in
term neonates.””! This was similar to our observations of
predominant gross motor delay in the preterm neonates.
Higher gestational age at birth and higher birth weight were
associated with a lower risk of developmental delay.™

Neurodevelopmental delay is multifactorial and is likely a
consequence of an immature brain, perinatal risk factors,
and environmental exposures. In the present study, it
was observed that apnea was a significant independent
risk factor for developmental delay. Previous studies have
observed that the number of days apnea had occurred
correlated positively with neurodevelopmental impairment
and increasing apnea days was found to be associated
with poor neurodevelopmental outcome.™ Delayed
resolution of apnea and higher daily apnea were associated
with poorer neurodevelopmental outcomes evaluated
at 13 months."¥ Apnea and the associated desaturation
and hypoxia are said to be the factors influencing the
neurological outcome of preterm babies. However, the extent
to which apnea is causative of this neurodevelopmental delay
or is just associated with a background of other sequelae of
prematurity remains unclear.!”

Delay, preterm/low birth weight babies were more likely
to have developmental delay compared to their term
counterparts. Intellectual disability and neurodevelopmental
deficits are more common in this population. Low birth
weight babies have delays in gross motor, cognitive, and
communication skills. Very low birth weight neonates are at
high risk of developmental difficulties and poor cognitive and
motor outcomes. It has been observed that even apparently
normal, very low birth weight children had a greater risk of
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Table 4: Bivariate analysis of risk factors and developmental delay.

Risk factor Developmental delay(n=20) n(%) Development normal(n=90) 1n(%) P-value
Gestational diabetes 4(20) 24(27) 0.536
Pregnancy-induced hypertension 7(35) 24(27) 0.454
Antepartum hemorrhage 1(5) 2(2) 0.490
Multiple gestations 5(25) 12(13) 0.192
Male newborn 10(50) 53(59) 0.467
Gestational age 28-32weeks 14(70) 24(27) <0.001*
Birth weight<1.75 kg 12(60) 13(14) <0.001*
Apnea 7(35) 4(4) <0.001*
Respiratory distress syndrome 18(90) 40(44) <0.001*
Sepsis 11(55) 17(19) 0.001*
Intraventricular hemorrhage 1(5) 0(0) 0.111
Oxygen therapy 19(95) 53(59) 0.002*
Blood transfusion 4(20) 4(4) 0.015*
*Means statistically significant P-value

Table 5: Logistic regression of risk factors.

Risk factor Unadjusted OR P-value Adjusted OR P-value
Gestational age 28-32weeks 6.417(2.213-18.602) 0.000* 3.036(0.317-29.064) 0.335
Birth weight <1.75 kg 8.885(3.046-25.912) 0.000* 0.057(0.005-0.693) 0.025*
Apnea 11.577(2.972-45.101) 0.000* 0.146(0.016-1.330) 0.048*
RDS 11.250(2.463-51.380) 0.000* 0.260(0.013-5.151) 0.377
Sepsis 5.248(1.879-14.656) 0.001* 1.125(0.190-6.675) 0.897
Oxygen therapy 13.264(1.700-103.473) 0.002* 1.144(0.037-35.249) 0.939
Blood transfusion 5.375(1.217-23.733) 0.015* 0.340(0.032-3.606) 0.371

*Means statistically significant P-value. RDS: Respiratory distress syndrome, OR: Odds ratio

delay in development when compared to those with normal
birth weight. The greatest risk of delay in development was
among preterm, very low birth weight babies who were
appropriate for gestational age.

Limitations

A smaller sample size has resulted in a wider CI. This study,
being a cross-sectional study, did not have periodic follow-
up. A cohort study with a larger sample size can identify
further risk factors. The data regarding growth restriction in
the study population was not collected, and its association
with developmental delay was not analyzed. Due to resource
limitations, the study did not include developmental
assessment in infants, and evaluation was limited to screening
for delay.

CONCLUSION

18% of high-risk preterm NICU graduates had
neurodevelopmental delay at 1 year of age, and apnea
and birth weight <1.75 kg were significant independent
risk factors for developmental delay in this population.

Developmentally supportive newborn care should be
given to all high-risk newborns during NICU stay, and
all high-risk NICU graduates should receive periodic
follow-up and early intervention to achieve optimal
development.
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