Long-term cognitive outcome of very low birth-weight
Saudi preterm infants at the corrected age of 24-36 months
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Objectives: To assess infants’ cognitive function
at the corrected age of 24-36 months, and to
identify factors associated with adverse outcome
and examine the correlation between Bayley Infants
Neurodevelopmental Screener (BINS) score and

Gesell Schedule of Child Development (GSCD).

Methods: This retrospective study was performed on
Saudi very low birth-weight (VLBW) infants born
in King Khalid University Hospital, Riyadh, Saudi
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Arabia between 1997 and 2014 by the use of BINS as
screening test and GSCD as definitive test.

Results: Of 561 enrolled infants, 367 (65.4%)
continued to follow-up. Three-hundred and fifteen
infants (85.6%) had a normal cognitive function.
In addition to lower birth weight (beta = -0.003)
(p<0.001), male gender (OR =3.9) (p=0.001)and
cerebral palsy (OR =33.9) (p<0.001) were the strongest
factors associated with poor cognitive outcome.
Approximately 75.4% of infants with normal BINS
score had normal cognitive function and 7.6% of
total infants had sever cognitive impairment.

Conclusion: The majority of VLBW infants in
our center have normal cognitive function at the
corrected age of 24-36 months. Male gender, lower
birth weight, and cerebral palsy are major predictors of
poor outcome. The BINS scores were correlated with
GSCD as a valid predictor for future developmental
outcome.
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he survival rate of very low birth weight (VLBW)

infants has dramatically improved over recent
decades due to progressive advances in perinatal
care. The long-term developmental performance of
surviving VLBW infants, as well as their physical
growth, has been significantly improved by the use
of standardized long-term follow-up tools, which are
mainly implemented by specialized early intervention
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programs. These programs aim to provide proper
medical, psycho-social, and developmental monitoring,
and support for these infants and their families.'

Premature delivery carries a great risk on newborn
infants. Besides the increased mortality rate and
increased incidence of morbidities, prematurity is a
major risk factor for future neuro developmental delay.
Rates of cognitive dysfunction, cerebral palsy, deafness,
and blindness are higher in preterm infants. Cognitive
impairment had been reported in about 40% of VLBW
infants at school age. In comparison with term infants,
VLBW infants are more likely to have lower scores in
executive functions and suboptimal attentive skills.
Language development is also adversely affected in
VLBW infants because of the increased risk of impaired
receptive and expressive functions which are the major
components of language development as well as fine
motor and adaptive functions which might be affected
as well.>* Male gender, lower birth-weight, black race,
lower education level of parents, and lower gestational
age have been shown to be predictive of global cognitive
dysfunction among young children. In this study, we
investigated the cognitive function outcome at the
corrected age of 24-36 months of VLBW Saudi infants,
as well as long-term outcomes, such as CP, deafness, and
blindness. We also attempted to identify those factors
having the greatest impact on the adverse outcome of
these patients, and finally, examine predictive value of
Bayley Infants Neurodevelopmental Screener (BINS)
compared to Gesell Schedule of Child Development
(GSCD).

Methods. This retrospective study was performed on
all VLBW infants delivered at King Khalid University
Hospital (KKUH) in Riyadh, Saudi Arabia, from 1997
t0 2014, with a birth weight of 1000-1500 grams. Study
was approved by institute review board committee.

Pubmed and google search were used to find prior
related researches.

Patients’ data were prospectively collected through
the neonatal follow-up program (NFP) of KKUH,
which enrolls all at high-risk infants born at KKUH
and graduated from the neonatal intensive care unit.
Baseline demographic data include: gender, gestational
age, birth weight; presence of interventricular

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

hemorrhage (IVH), periventricular leukomalacia (PVL),
retinopathy of prematurity (ROP), bronchopulmonary
dysplasia (BPD), necrotizing enterocolitis (NEC),
sepsis, blindness, deafness, cerebral palsy (CP);, and
cognitive score at corrected age of 24 to 36 months
by the use of the GSCD. Blindness and deafness were
diagnosed by clinical evaluation and brainstem evoked
potentials. Throughout follow-up with our NFD
all infants underwent periodic neurodevelopmental
evaluation screening by the use of the BINS, which is
a brief neurodevelopmental screening test that takes
around 10 minutes to perform. It is derived from items
in Bayley Scales of Infant Development second edition
(BSID II), the score is interpreted as: low risk for future
neurodevelopmental delay (normal), moderate risk for
future neurodevelopmental delay, and high risk for
future neurodevelopmental delay.” We reported the
last collected BINS score, which was performed at the
corrected age of 21-24 months. Outborn infants and
newborns with congenital syndromes or neurological
defects were excluded from the initial recruitment
process. All initially illegible infants were included in the
analysis for demographic data, comorbidities, deafness,
blindness, and CP. For the final analysis, we also
excluded those infants who were not evaluated by the
GSCDat the corrected age of 24 to 36 months. Scores
of 285 were considered indicative of normal cognitive
function, scores of 71 to 84 were considered indicative
of mild to moderate developmental delay, and scores of
<70 were considered indicative of severe developmental
delay or cognitive dysfunction. We divided patients into
2 groups: normal outcome (score 285), and abnormal
outcome (score <85).

Statistical analysis. Preliminary analyses, including
cross-tabulations with Pearson’s chi-square, were
computed to assess the simple (bivariate) variate
relationships between a given comorbidity and poor
cognitive functioning. Independent sample t-tests were
used to test for significant differences in continuous
demographic variables and cognitive abilities (classified
as normal versus abnormal). To assess the complex
interaction, primary analyses included a logistic
regression that is predicting abnormal cognitive
functioning, defined as a cognitive score of <85, with
significant predictors. To create the most parsimonious
prediction model, multiple iterations were conducted,
and only significant predictors were retained in the final
model. Lastly, to assess the relationship between BINS
scores and cognitive functioning, cross tabulations with
Pearson’s chi-square test were conducted. All analyses
were conducted in IBM SPSS 25 (IBM, Armonk, NY,
USA), and significance was determined at the 0.05 level.
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Results. The full sample of infants recruited for
this study consisted of 561 infants; however, of these,
only 367 (65.4%) completed sufficient follow-up
assessment to include primary outcomes. Of the 194
(34.6%) that were lost during follow-up, the average
age of the last assessment was 14.57 + 5.93 months.
Comparison of baseline available data between those
who completed the study and those who dropped out
revealed no significant differences between these groups
(all p>0.05). A summary of the demographics of the
final sample is given in Tables 1 & 2. Three-hundred
and fifteen infants (85.6%) had a normal cognitive
function at the corrected age of 24-36 months, and 52

Table 1 - Categorical demographic variables.

Variables n (%)
Gender
Female 169 (46.0)
Male 198 (54.0)

Interventricular hemorrhage (all grades) 36 (9.8)
Periventricular leukomalacia 5 (1.4)
Retinopathy of prematurity 125 (34.1)
Bronchopulmonary dysplasia 129 (35.1)
Necrotizing enterocolitis 58 (15.8)
Sepsis 146 (39.8)
Blindness 3 (0.8)
Deafness 4 (1.1)
Cerebral Palsy 32 (8.7)
Cognitive score

<70 28 (7.6)

71-84 24 (6.5)

>85 315 (85.8)

Table 2 - Descriptive of categorical demographics.
Variables Number of patients Mean SD
evaluated

Gestational age 367 28.48 3.095
Birth weight 367 1036.36 286.906
BINS* 365 0.51 0.758
Cognitive score 367 94.23 14.16

BINS - bayley infants neurodevelopmental screener

infants (14.2%) had an abnormal cognitive function
(6.5% mild-moderate delay, and 7.6% severe cognitive
dysfunction). We found that male infants and infants
with following comorbidities had a higher proportion
of cognitive impairment: IVH, PVL, BPD, sepsis,
being blind, being deaf, and CP. Those with normative
cognitive ability also had higher gestational age and
birth weight.

A summary of the final logistic regression is given in
Table 3. The overall regression model was significant, x?
(3) = 98.38, p<0.001, Nagelkerke R? = 0.422. When
controlling for all of the significant variables indicated
above, only gender, CP, and birth weight were significant
predictors of abnormal cognitive functioning. Being
male was associated with an almost 4-fold (OR = 3.934)
increase in likelihood to having abnormal cognitive
functioning. Higher birth weight was associated with
lower odds of abnormal cognitive functioning (OR
=0.997). Infants who had CP were more than 30-times
more likely to have an abnormal cognitive functioning
(OR =33.954).

Lastly, the association between BINS score and
cognitive functioning was assessed (Table 4). As shown,
a greater proportion of infants with a low BINS score
had normative cognitive functioning (75.4%) compared
to those with abnormal cognitive abilities (1.9%);
conversely, infants with high BINS scores had a larger
proportion of abnormal cognitive functioning (82.7%)
compared to normative infants (5.1%), x?(2) = 203.51,
<0.001, Cramer’s V = 0.747.

Table 4 - Associations between Bayley infants
neurodevelopmental screener (BINS) scores and
cognitive ability.

BINS Abnormal cognitive score
n (%)
Normative Abnormal
Low 236 (75.4) 1 (1.9)
Moderate 61(19.5) 8 (15.4)
High 16 (5.1) 43 (82.7)

Table 3 - Summary of logistic regression predicting abnormal cognitive functioning.

Variables Unstandardized

B S.E. OR P value 95% C.I. for OR
Birth weight -0.003 0.001 0.997 <0.001 0.995 0.998
Male 1.370 0.424 3.934 0.001 1.712 9.036
Cerebral palsy 3.525 0.507 33.954 <0.001 12.578 91.659
Constant -0.089 0.702 0.915 0.899

B - Beta, SE - standard error, OR - odds ratio, CI - confidence interval
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Discussion. The presentstudy provides information
on the neurodevelopmental outcome in a cohort of
Saudi VLBW preterm infants born in a tertiary center
with the use of a standard developmental test (GSCD).
Although the GSCDis an old tool for developmental
testing, it nevertheless provides valuable information
needed to assess the cognitive function of children
born prematurely with VLBW. As seen in this study,
all 561 infants who were initially recruited had full
demographic data with all morbidities, which is a good
source to document incidences of common morbidities
known to be peculiar to VLBW infants. The incidences
of CP, deafness, and blindness were comparable to
international reports, 315 (85.8%) infants had normal
cognitive function, and 28 (7.6%) infants had severe
cognitive impairment (score <70) at the corrected age
of 24-36 months, which is in line with international
reports® (Table 1). We reported higher rates of sepsis,
NEC, and BPD, but within internationally reported
rates for IVH (all grades), PVL, and ROP (all stages).”
All of the 194 infants (34.6%) who were not evaluated
by the GSCDat the corrected age of 24-36 months
and, thus, were excluded from the final outcome of
the study, were initially evaluated by the BINS at an
average age of 14.7 months. This means that all of these
excluded infants were initially screened by BINS and
had 2-3 evaluations, but did not continue to cognitive
evaluation. Review of files and contact with parents
of infants who did not continue follow-up revealed
the following reasons for droping from the program:
parents decision not to continue because their children
scored as normal in the BINS evaluation, some families
coming from remote areas had difficulty travelling, and
some infants died after discharge from the hospital.
As published in the literature, we found that bigger
infants were less likely to have cognitive impairment,
being male was associated with an almost 4-fold greater
risk of developing cognitive dysfunction compared
to being female. Cerebral palsy had the strongest
association with cognitive impairment; infants with
CP were almost 34-times more likely be cognitively
impaired than infants without CP. In Table 4, in the
normal BINS group, 236 infants had normal cognitive
function, and only one infant (1 of 237) had an
abnormal cognitive function; thus, the probability of
having impaired cognitive function with normal BINS
score is as low as 0.4%. Infants with an abnormal BINS
result (moderate or high-risk at a corrected age of 21-24
months) are more likely to have cognitive impairment
at 24-36 months. Of those infants who had a moderate

risk for future neurodevelopmental delay by BINS
(61 infants), 8 had cognitive impairment; thus, the
probability of being developmentally impaired with
moderate BINS score is 13.1% whereas the probability
of being developmentally impaired with a high-risk
BINS score was 73% (43 of 59 infants). Bayley Infants
Neurodevelopmental Screener was found to be a good
predictor of future neurodevelopmental status in early
childhood, which makes it a suitable early intervention
tool. Our results were consistent with studies carried
out to test the validity of BINS compared to different
standard definitive cognitive tests,*' however, our study
is one of only a few that have tested BINS compared to
GSCD.

Study limitations. Limited by being retrospective,
and having only around 66% of total infants
continuing follow-up until the corrected age of 24-36
months. This study indicates that long term outcome
evaluation is mandatory for VLBW infants which
should be performed by the use of standard tools for
developmental evaluation which is suboptimal in most
of Saudi tertiary centers despite of increasing numbers
of surviving tiny premature infants.

In conclusion, we found that the majority of VLBW
infants (85.6%) had a normal cognitive function at the
corrected age of 24-36 months. Cerebral palsy had the
strongest association with cognitive impairment. Being
male, lower gestational age, and lower birth weight carry
a higher risk for future cognitive impairment than other
factors. There was the high predictive value of BINS for
the future developmental outcome, suggesting that BINS
can be used as a valid neurodevelopmental screening
tool. We recommend that all high-risk newborn infants
should be evaluated by standard developmental tools
through the proper early intervention program to
detect any deviation from normal development and,
hence, start early intervention. We strongly encourage
the implementation of NFP, which is the standard
program to monitor and evaluate newborns at risk of
future neurodevelopmental delay in Saudi Arabia.®
More studies need to be carried out in deferent tertiary
centers in Saudi Arabia in order to have a wider national

knowledge about the long-term outcome of Saudi
VLBW infants.
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