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Abstract

Background: There is little data on the long-term neurocognitive and educational outcomes among school-aged
survivors of neonatal jaundice (NNJ) and hypoxic-ischemic encephalopathy (HIE) in Africa.
This study investigates the long-term neurocognitive and educational outcomes and the correlates of these
outcomes in school-aged survivors of NNJ or HIE in Kilifi, Kenya.

Methods: We conducted a cross-sectional study on neurocognitive and educational outcomes among school-aged
survivors (6–12 years) of NNJ (n = 134) and HIE (n = 107) and compared them to a community comparison group
(n = 134). We assessed nonverbal intelligence, planning, working memory, attention, syntax, pragmatics, word-
finding, memory, perceptual-motor, mathematical, and reading abilities. We also collected information on medical
history, caregivers’ mental health, and family environment.

Results: The survivors of NNJ had lower mean total scores in word-finding [F (1, 250) = 3.89, p = 0.050] and memory
[F (1, 248) = 6.74, p = 0.010] than the comparison group. The survivors of HIE had lower mean scores in pragmatics
[F (1, 230) = 6.61, p = 0.011] and higher scores higher scores in non-verbal reasoning [F (1, 225) =4.10, p = 0.044]
than the comparison group. Stunted growth was associated with almost all the outcomes in HIE.

Conclusion: Survivors of NNJ and HIE present with impairment in the multiple domains, which need to be taken
into consideration in the planning of educational and rehabilitative services.
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Background
Neonatal jaundice (NNJ) and hypoxic-ischemic enceph-
alopathy (HIE) are common conditions especially in Af-
rica [1, 2] and are significant causes of childhood
neurodevelopmental and neurological impairment, and
neonatal mortality [3]. Most studies have focused on the
neurodevelopmental outcomes of survivors of NNJ [4–6]
and HIE [7, 8] at earlier ages and only a few studies have

explored the long-term consequences for survivors of
these conditions at school age [9–18].
The few available studies present inconsistent findings

on the long-term neurocognitive and educational out-
comes in school-aged survivors of NNJ or HIE. Some
studies have reported low risk of physical [18]; neuro-
cognitive and neurological [12, 19, 20]; language and
speech [21, 22] and hearing impairment [22] in survivors
of NNJ. Similarly, several studies have indicated low risk
of poor school performance [16, 17], neuropsychological
[17], cognitive impairment or physical disability [9, 15,
23] in survivors of moderate HIE. In contrast, cognitive
impairment and poor academic achievement [11] and an
increased risk for neurodevelopmental disorders and
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speech and language deficits later in life have been
reported in other studies of survivors of NNJ [19, 24]
and survivors of mild and moderate [9, 13, 14], and
severe [15–17] HIE.
Although these studies provide information on the

long-term neurocognitive and educational outcomes of
school-aged survivors of NNJ or HIE, all the studies are
from high-income countries, and little is known about
the outcomes of school-aged survivors of NNJ or HIE in
low-income settings such as those in sub-Saharan Africa
where the incidence of NNJ and HIE is high. Moreover,
the long-term neurocognitive and educational outcomes
can only be understood in the context of dynamic
models of human development such as the bioecological
model that proposes an interaction of both biological
and environmental factors that influence child’s develop-
ment [25]. Yet little has been documented about the cor-
relates of neurocognitive and educational outcomes in
survivors of NNJ and HIE. This study investigates the
long-term neurocognitive and educational outcomes and
the correlates of these outcomes in school-aged survi-
vors of NNJ or HIE in Kenya.

Methods
Study design
This is a cross-sectional study of children aged six to
12 years admitted with NNJ or HIE at Kilifi County
Hospital (KCH).

Setting
The study was conducted at the Centre for Geographic
Medicine Research - Coast (CGMR-C) situated at the
Kenyan coast. All study procedures and assessments
were conducted at the CGMR-C Neuroscience unit. We
utilised the Kilifi Health Demographic Surveillance sys-
tem (KHDSS) to recruit children who were admitted
with severe NNJ and HIE. The KHDSS covers an area of
891 KM2 with an approximate population of 265,000
residents [26]. The system is updated quarterly and cap-
tures information about the location of the households,
births and deaths, and residents’ immigration and out-
migration information, etc. [26]. The residents are also
matched with the patients register at the KCH at various
hospital entry points, and the master KHDSS database is
updated weekly.

Participants
Children who took part in this study were born between
2005 to 2012 and were admitted to KCH in their neo-
natal period with a diagnosis of either NNJ or HIE. The
diagnosis of NNJ was based on clinical laboratory meas-
urement of total serum bilirubin (TSB) as well as med-
ical history and examination at admission. NNJ was
defined as a TSB level of > 85 μmols/l recorded in the

clinical notes [27]. Our inclusion of children with TSB >
85 μ/mols/l is based on two facts: First, this is the level
at which jaundice is reliably detected in the neonate. It
is the definition used by the American Academy of
Pediatrics for hyperbilirubinemia, and other authors
[27–30]. Second, there are considerable difficulties in es-
tablishing gestational age [31, 32] and time of birth of
neonates admitted to hospitals serving rural areas in
sub-Saharan Africa, where most deliveries occur at
home, and neonates are admitted after the onset of NNJ
in the community. Moreover, there is considerable de-
bate about the criteria for a safe level of bilirubin in sick
neonates [33–35].
HIE diagnosis was based on the clinical diagnosis re-

corded by a clinician. HIE diagnosis was given if a child;
had convulsions, was unable to breastfeed, had apnoea,
and or poor motor tone [36]. The participants in the
comparison group were identified through the KHDSS
and were included in the study if they did not have any
history of hospital admission.

Measurement
Child-level data

Neurocognitive measures All the participants were
assessed using a battery of tests which took approxi-
mately two and a half hours to complete. The battery
was completed by research assistants trained in neuro-
cognitive assessment. The battery comprised of the fol-
lowing tests:
Nonverbal intelligence was assessed with the Raven’s

coloured progressive matrices (RCPM) [37]. The RCPM
has been adapted and used in Kilifi and has sound in-
ternal consistency (ICC = 0.81) [38]. Executive function-
ing was assessed using the Tower of London test, which
measures a child’s planning and problem-solving ability
[39]. Working memory was assessed with the Self-order
Pointing Test [40]. Visual attention was assessed with
the People Search Test. The children are presented with
a sheet of silhouette drawings organized in rows, and the
child’s task is to draw a line through a target picture
while avoiding other pictures [38]. The test has been
adapted and used in Kilifi [38].
A child’s use of grammar and sentence structure; func-

tional language use; and size and breadth of vocabulary
were assessed with syntax, pragmatics, and word-finding
tests, respectively. The test battery was developed and
previously used in Kilifi [41]. Memory was assessed with
the Kilifi Creek Behavioral Memory Test for children
(KCBMT) [42], while perceptual-motor was assessed
with the Purdue Pegboard Test. Purdue Pegboard test
was validated for the population in Kilifi, Kenya, and has
been used in studies of neurocognition among children
with malaria [38].
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Educational outcomes Mathematical and reading skills
were assessed with the Early Grade Mathematical As-
sessment (EGMA) and Early Grade Reading Assessment
(EGRA) [43], respectively. Both EGMA and EGRA have
been adapted for use in the Kenyan population [43].

Anthropometry For each child, anthropometric mea-
surements were taken. The calculations of height-for-age
(HAZ) and weight-for-age (WAZ) were carried out using
the World Health Organization Anthro plus for personal
computers version 3.2.2 [44].

Medical history and neurological examination A
trained clinician conducted a physical examination to
determine the motor and sensory neuron responses of
the children using a detailed neurological proforma
adapted for this study, from a proforma that has been
extensively used within the study setting [4]. The neuro-
logical examination items were coded into a variable in-
dicating whether a child had neurological problems or
not. The clinician also conducted a medical history to
document other potential biomedical risk factors such as
abnormal pregnancy (defined as post-dated pregnancy,
bleeding during pregnancy, pre-eclampsia, or any other
health problems during pregnancy), place of birth (home
versus hospital), abnormal delivery (defined as postpar-
tum haemorrhage, emergency caesarean section, pro-
longed labour, obstructed labour, and maternal and fetal
distress), delayed crying at birth, breathing problems at
birth, hospital admission, presence of febrile seizures,
and presence of any other medical problem after dis-
charge from hospital.

Demographic information
Caregivers’ demographic variables that were assessed in-
clude sex, age, level of education, marital status, and reli-
gion. We also captured information about the child’s
sex, age, and number of years of schooling.

Caregiver-level data

Mental health Caregivers’ mental health in the past 2
weeks was assessed with the Patient Health Question-
naire (PHQ-9) [45]. The participant responds to ques-
tions ranging from 0 to 3, depending on how well the
statement best describes their situation. The PHQ-9 had
excellent internal consistencies in this study (Cronbach’s
alpha =0.82).

Household level data The caregivers’ perception of
their family life was assessed with the Family Environ-
ment Questionnaire (FEQ) [46]. The scale has items that
assess different components that measure the family en-
vironment. The items were summed up to obtain a total

score. The FEQ had a relatively low internal consistency
in this study (Cronbach’s alpha = 0.50).
The family socioeconomic activities were captured

using the Kilifi Asset Index [47]. The tool has items that
accounts for different assets owned by the family, includ-
ing electronic devices, livestock, house and land owner-
ship. The participant is expected to indicate how many
assets they own. A total score of assets owned was then
computed.

Study size
To investigate the neurodevelopmental outcomes, the
sample size calculation was based on results from three
previous studies [3, 14]. Based on effect sizes given in
these studies, we computed the sample sizes needed in
each group. Using G-power 3.1 software calculations, at
least 47 participants in the HIE group and 64 partici-
pants in the NNJ group are required to give a power of
95% (alpha = 0.05) to detect significant differences be-
tween these groups and comparison group. The number
of participants in the comparison group was calculated
using frequency matching, where 20 participants were
required in each age band. Therefore, 140 participants in
the comparison group were needed for the seven age
bands 6 through 12 years.

Statistical methods
Student t-test and Chi-square tests were used to com-
pare the differences in participants’ characteristics be-
tween the survivors and the comparison group for
continuous variables and categorical variables, respect-
ively. We conducted an analysis of variance (ANOVA)
or Chi-square test to compare differences among the
three groups. We used analysis of covariance
(ANCOVA) to examine group differences on the neuro-
cognitive measures adjusting for sociodemographic fac-
tors (age, sex, anthropometry, religion, education level,
marital status, family socioeconomic status, place of
birth, preterm birth, and obstetric complications). The
anthropometric variables WAZ and HAZ were standard-
ized using WHO Anthro plus [48]. An abnormal nutri-
tional status (stunted growth or underweight) was
considered if the z-scores obtained from WHO Anthro
plus were below − 2 standard deviation (SD). We con-
ducted univariate regression analysis to identify factors
classified as child factors (stunted growth), parental fac-
tors (family asset, education level, marital status, family
environment, mental health), obstetric factors (abnormal
pregnancy, place of birth, abnormal delivery, delayed
crying, feeding problems, hospital admission, febrile sei-
zures, and medical problems (other insults and infec-
tions) that are associated with the neurocognitive
outcomes. The factors that yielded an association with
the p-value level ≤ 0.25 were entered in the multivariate
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regression analysis to investigate correlates of neurocog-
nitive and education outcomes in NNJ and HIE [49]. We
did a stepwise regression analysis with four models
adjusting for age, sex and years of education.

Results
This study reports findings from 375 participants; 134
who survived NNJ, 107 who survived HIE and 134 par-
ticipants in the comparison group. Figure 1 indicates the
recruitment process of the participants included in this
study. Three participants had incomplete demographic
information, but they were retained in the analysis. Most
of the participants (57.3%) were males. There were no
differences in sociodemographic characteristics among
the three groups (p > 0.05) except for the significant dif-
ferences in age, preterm birth, and obstetric complica-
tions (Table 1).

Neurocognitive and educational outcomes in survivors of
neonatal jaundice versus the comparison group
The survivors of NNJ had significantly lower mean total
scores in word-finding [F (1, 250) = 3.89, p = 0.050] and
memory [F (1, 248) = 6.74, p = 0.010] than the compari-
son group (Table 2).

Covariates of neurocognitive and educational outcomes
in neonatal jaundice
In the multivariate analysis medium to large portions
(18–61%) of the variance in all the neurocognitive and
educational outcomes in NNJ were jointly associated
with the risk domains except for planning and problem

solving (p = 0.192). Stunted growth was associated with re-
duced syntax scores (β = − 0.20, p = 0.012). Abnormal
pregnancy was associated with reduced pragmatics scores
(β = − 0.22, p = 0.007); and febrile seizures was associated
with reduced perceptual-motor scores (Table 3).

Neurocognitive and educational outcomes in survivors of
hypoxic-ischemic encephalopathy versus the comparison
group
The survivors of HIE had significantly lower mean
scores in pragmatics scores [F (1, 230) = 6.61, p = 0.011]
than the comparison group. However, the HIE group
had significantly higher mean non-verbal reasoning
scores [F (1, 225) = 4.10, p = 0.044] than the comparison
group (Table 4).

Correlates of neurocognitive and educational outcomes in
hypoxic-ischemic encephalopathy
Medium to large portions (17–61%) of the variance in
all the neurocognitive and educational outcomes in HIE
were accounted for by the correlates in the three risk
domains. (Table 5).
Stunted growth was associated with lower scores in non-

verbal reasoning (β =− 0.16, p = 0.030); working memory
(β = − 0.20, p = 0.027); visual attention (β =− 0.20, p =
0.023); syntax (β = − 0.29, p = 0.000); word finding (β = 0.30,
p = 0.001); memory (β = 0.31, p = 0.001); EGMA (β =0.24,
p = 0.000); and EGRA (β = 0.24, p = 0.000) (Table 5).
Poor caregiver’s mental health was associated with

lower scores in word finding (β = − 0.19, p = 0.043), while
abnormal delivery was associated with lower scores in

Fig. 1 Flow Chart of Identification, Recruitment, and Assessments of Survivors of Neonatal Jaundice and Hypoxic Ischaemic Encephalopathy
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syntax (β = − 0.16, p = 0.041). Hospital admission was as-
sociated with lower scores in perceptual motor function-
ing (β = − 0.19, p = 0.024), while neurological problems
were associated with lower scores in pragmatics (β = −
0.21, p = 0.038) and word finding (β = − 0.20, p = 0.043).

Discussion
The purpose of this study was to establish the long-term
neurocognitive and educational outcomes and their cor-
relates in school-aged survivors of NNJ and HIE.

Neurocognitive and educational outcomes in neonatal
jaundice
We found significant differences in word-finding and
memory between the NNJ group and the comparison
group, whereby, the comparison group performed better.
This result suggests that NNJ potentially accentuates the
severity of neurocognitive impairment. Similar findings
are reported by Chen et al. [19], who state that survivors
of NNJ had significantly more language and speech
problems compared to the comparison groups. However,
the mechanism by which the heightened bilirubin levels
associated with NNJ affects language and speech is not
well understood and require further investigation.
Our findings indicate that most of the assessed do-

mains (non-verbal reasoning, planning and problem
solving, working memory, visual attention, syntax, prag-
matics, mathematical and reading ability) are not im-
pacted. Our study supports findings by Seidman et al.
[18], Newman et al. [20], and Chen et al. [19] who did
not find any differences in cognitive or intelligence im-
pairment between the school-aged survivors of NNJ and
the comparison group. The lack of significant differences

in outcomes could be because of the plasticity of the
brain that might have compensated for the damaged
cells during the first few years of life before the critical
period of neurocognitive maturation elapses [50, 51].
Therefore, the survivors of NNJ could have normal de-
velopment attuned to the environment in which they
grew up since the sensory experiences and language
stimulation during the first 3 years may determine mye-
lination, synaptogenesis, and neuronal connectivity.
Similar effects have been found even in children born
with serious brain damage due to very low birth weight
[52].

Correlates of neurocognitive and educational outcomes in
neonatal jaundice
Our study identified abnormal pregnancy and febrile sei-
zures as underlying factors associated with poor neuro-
cognitive and educational outcomes in NNJ. To our
knowledge, no other studies have linked these factors to
neurocognitive and educational outcomes in NNJ. Dur-
kin et al. (2000) conducted an epidemiology study to
identify factors associated with developmental outcomes
in children and reported that perinatal difficulties such
as abnormal pregnancies were associated with intellec-
tual disability among 2- to 9-year-old children in
Pakistan [53].

Neurocognitive and educational outcomes in hypoxic-
ischemic encephalopathy
In this study we found that survivors of HIE scored
poorer on pragmatics but did not differ in planning, vis-
ual attention, working memory, memory, syntax, and
mathematical and reading skills in comparison with the

Table 2 Neurocognitive Functioning and Educational Outcomes in Survivors of Neonatal Jaundice and the Comparison Group

NNJ (N = 134) Comparison Group (N = 134) Group Differences

Neurocognitive Outcome Unadjusted
Mean (SD)

Adjusted
Mean (SE)

Unadjusted
Mean (SD)

Adjusted
Mean (SE)

F df p-value Partial Eta
Squared

Nonverbal intelligence 11.77 (5.84) 11.06 (0.42) 9.45 (4.38) 10.13 (0.41) 2.29 1244 0.131 0.01

Planning 1.40 (0.99) 1.44 (0.09) 1.61 (1.00) 1.58 (0.09) 0.80 1.243 0.371 0.00

Working memory 94.53 (10.81) 93.90 (0.86) 92.10 (8.85) 92.70 (0.84) 0.92 1245 0.338 0.00

Visual attention 7.48 (4.46) 7.03 (0.30) 6.03 (2.93) 6.46 (0.30) 1.69 1231 0.195 0.01

Syntax 26.11 (8.28) 25.28 (0.56) 24.89 (6.51) 25.71 (0.56) 0.27 1251 0.607 0.00

Pragmatics 86.68 (13.19) 86.79 (0.86) 88.15 (5.16) 88.05 (0.87) 0.92 1253 0.340 0.00

Word finding 37.05 (7.43) 36.89 (0.47) 38.10 (2.45) 38.42 (0.47) 3.89 1250 0.050 0.02

Memory 69.98 (23.44) 66.78 (1.56) 69.52 (17.12) 72.71 (1.56) 6.74 1248 0.010 0.03

Perceptual-motor 9.87 (2.02) 9.61 (0.14) 9.27 (1.98) 9.53 (0.14) 0.13 1242 0.722 0.00

Educational Outcomes

Mathematical skills 36.01 (16.87) 33.43 (1.06) 32.33 (16.94) 34.89 (1.05) 1.21 1247 0.273 0.01

Reading skills 86.97 (47.84) 80.90 (2.98) 83.08 (46.32) 89.19 (2.98) 2.95 1249 0.087 0.01

Note: All outcomes were adjusted for age, sex, years of schooling, middle-upper-arm circumference (muac); nutrition status; religion; family asset; parental
education and marital status, preterm birth, abnormal pregnancy, and abnormal delivery
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unaffected group. However, the survivors of HIE per-
formed better in non-verbal reasoning compared to
the unaffected group. Several studies have reported
similar results. Thomson et al. [23] reported that sur-
vivors of HIE had slightly better intellectual function-
ing compared to the comparison group. Marlow et al.
[15] reported that survivors of moderate HIE had
cognitive abilities similar to the comparison group
[15], but found poorer memory and executive func-
tions and more profound disability in survivors of
HIE, which was not confirmed in our study. However,
it should be noted that in the Marlow et al. study
these differences were seen only in severe HIE, yet, in
our study, we were not able to categorise the severity
of HIE due to lack of Apgar scores.

Correlates of neurocognitive and educational outcomes in
hypoxic-ischemic encephalopathy
Our findings suggest that stunted growth, poor care-
giver’s mental health, and hospital admission were as-
sociated with poor neurocognitive and educational
outcomes in survivors of HIE. As per our knowledge,
there were no studies that have linked these factors
to neurocognitive and educational outcomes in HIE.
However, studies with other populations have found
that in children under 3 years, anthropometric status
had a direct association with psychomotor scores [47].
Similarly, Durkin et al. also identified malnourishment
as a risk for intellectual disability in two to nine-year-
old children [54]. A study by Mung’ala-Odera (2006)
identified hospital admissions as a risk to neurological
impairment in the general population of children aged
6 to 9 years [55].

Limitations of the study
The caregivers of the participants may have suffered re-
call bias, especially about the medical history of their
children at the neonatal stage. Additionally, we could
not perform subgroup analysis based on the severity of
HIE as there was limited data on the Apgar score of the
children with HIE. Furthermore, there is likely survivor
bias as most of the survivors with severe outcomes may
have died. Over inclusion of participants with mild or
less visible outcomes may have made it difficult to detect
differences in outcomes between survivors and the
healthy comparison group.

Conclusion
Compared to healthy-born children, school-aged survivors
of NNJ and HIE have considerably poorer outcomes in
the various domains that may hinder their functioning.
Given the strong evidence based on the negative effects of
stunted growth, poor caregiver’s mental health, hospital
admissions, abnormal pregnancy, and febrile seizures on
neurodevelopmental outcomes of at-risk children, our re-
sults suggest the need for the implementation of early
intervention measures to enhance outcomes among survi-
vors of NNJ and HIE. The development of children with
NNJ and HIE need to be monitored after discharge from
the hospitals and at subsequent years. Future studies
should use a longitudinal design to follow-up participants
and investigate the extent to which NNJ and HIE contrib-
ute to the neurocognitive and educational outcomes in
the presence of the correlates identified in this study as
this gives insights into causality and potential interven-
tions required. Also, future studies should incorporate
measurements on severity of NNJ and HIE to estimate the
impact of severity on outcomes.

Table 4 Neurocognitive and Educational Outcomes in Survivors of Hypoxic-Ischemic Encephalopathy and the Comparison Group

HIE (N = 107) Comparison Group (N = 134) Group Differences

Neurocognitive Outcome Unadjusted
Mean (SD)

Adjusted
Mean (SE)

Unadjusted
Mean (SD)

Adjusted
Mean (SE)

F df p-value Partial Eta
Squared

Nonverbal intelligence 11.60 (5.73) 11.22 (0.48) 9.45 (4.38) 9.76 (0.42) 4.10 1225 0.044 0.02

Planning 1.33 (1.00) 1.38 (0.12) 1.61 (1.00) 1.57 (0.11) 1.01 1222 0.316 0.01

Working memory 92.60 (9.13) 92.04 (0.95) 92.10 (8.85) 92.53 (0.81) 0.12 1222 0.729 0.00

Visual attention 5.79 (2.39) 5.66 (0.26) 6.03 (2.93) 6.13 (0.22) 1.44 1210 0.232 0.01

Syntax 23.86 (8.00) 23.54 (0.59) 24.89 (6.51) 25.19 (0.52) 0.12 1225 0.729 0.00

Pragmatics 86.01 (11.60) 84.99 (1.03) 88.15 (5.16) 88.98 (0.90) 6.61 1230 0.011 0.03

Word finding 36.80 (6.99) 37.02 (0.56) 38.10 (2.45) 37.93 (0.48) 1.17 1224 0.281 0.01

Memory 69.99 (28.69) 70.91 (2.36) 69.52 (17.12) 68.77 (2.06) 0.36 1225 0.551 0.00

Perceptual motor 9.09 (2.30) 8.95 (0.20) 9.27 (1.98) 9.38 (0.17) 2.08 1217 0.151 0.01

Mathematical skills 33.88 (16.64) 33.15 (1.35) 32.33 (16.94) 32.93 (1.18) 0.01 1225 0.915 0.00

Reading skills 83.56 (46.06) 82.05 (3.86) 83.08 (46.32) 84.32 (3.38) 0.15 1225 0.699 0.00

Note: All outcomes were adjusted for age, sex, years of schooling, middle-upper-arm circumference (muac); nutrition status; religion; family asset; parental
education and marital status, preterm birth, abnormal pregnancy, and abnormal delivery
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