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Abstract 

 

Objective: 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 despite the high incidence of these conditions 

in the region. This study investigates the long-term neurocognitive and educational 

outcomes and the correlates of these outcomes in school-aged survivors of NNJ and 

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 conducted 

assessments on 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, 244) = 

7.12, p = 0.008], memory [F (1, 242) = 5.00, p = 0.026], and reading skills [F (1, 243) = 

6.50 p = 0.011] than the comparison group. The survivors of HIE had lower mean scores 

in syntax [F (1, 215) = 4.32, p = 0.039], pragmatics [F (1, 220) = 4.42, p = 0.037]; word-

finding [F (1, 214) = 6.79, p = 0.010], and perceptual motor [F (1, 207) =3.98, p = 0.047] 

than the comparison group. Stunted growth was associated with almost all the 

outcomes in HIE.  

Conclusion: Survivors of NNJ and HIE present with impairments in the multiple 

cognitive domains, which need to be taken into consideration in the planning of 

educational and rehabilitative services.   

Keywords: Disability, Neurocognitive impairment, Children, Neonatal jaundice, Hypoxic-

ischemic encephalopathy.  
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1.2 Introduction 

Neonatal jaundice (NNJ) and hypoxic-ischemic encephalopathy (HIE) are common 

conditions especially in Africa (English et al., 2003; Slusher et al., 2017) and are 

significant causes of childhood neurodevelopmental and neurological impairment, and 

neonatal mortality (Mwaniki et al., 2012). Most studies have focused on the 

neurodevelopmental outcomes of survivors of NNJ (Gordon, English, Dzombo, et al., 

2005; Olusanya et al., 2009; Wolf et al., 1999)  and HIE (Finer, Robertson, Richards, 

Pinnell, & Peters, 1981; Robertson & Finer, 1993) at earlier ages and only a few studies 

have explored the long-term consequences for survivors of these conditions at school 

age (Barnett et al., 2002; de Vries & Jongmans, 2010; Hokkanen et al., 2014; Kuzniewicz 

& Newman, 2009; Mañ et al., 2003; Mañeru et al., 2001; Marlow et al., 2005; Robertson 

et al., 1989; Robertson & Finer, 1988; Seidman et al., 1991). 

The few available studies present inconsistent findings on the long-term 

neurocognitive and educational outcomes in school-aged survivors of NNJ or HIE. 

Some studies have reported low risk of physical (Seidman et al., 1991); neurocognitive 

and neurological (Chen et al., 2014; Kuzniewicz & Newman, 2009; Newman & Klebanoff, 

1993); language and speech (Amin et al., 2009; Öğün et al., 2003) and hearing 

impairments (Öğün et al., 2003) in survivors of NNJ.  Similarly, several studies have 

indicated low risk of poor school performance (Robertson et al., 1989; Robertson & 

Finer, 1988), neuropsychological (Robertson & Finer, 1988), cognitive impairments or 

physical disability (Barnett et al., 2002; Marlow et al., 2005; Thomson et al., 1977) in 

survivors of moderate HIE. In contrast, cognitive impairments and poor academic 

achievement (Hokkanen et al., 2014) and an increased risk for neurodevelopmental 

disorders and speech and language deficits later in life have been reported in other 

studies of survivors of NNJ (Chen et al., 2014; Maimburg et al., 2010) and survivors of 

mild and moderate (Barnett et al., 2002; Mañ et al., 2003; Mañeru et al., 2001), and 

severe (Marlow et al., 2005; Robertson et al., 1989; Robertson & Finer, 1988) HIE. 

Although these studies provide information on the long-term neurocognitive and 

educational outcomes of school-aged survivors of NNJ and HIE, all the studies are from 

high-income countries, and little is known about the outcomes of school-aged survivors 
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of NNJ and 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 development 

(Bronfenbrenner, 2005). Yet little has been documented about the correlates 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 survivors of NNJ and HIE in Kenya.   

 

1.3 Methods 

1.1.1 Study Design 

This is a cross-sectional study of children aged six to twelve years admitted 

with NNJ or HIE at Kilifi County Hospital (KCH). 

1.1.2 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 utilized the Kilifi Health 

Demographic Surveillance system (KHDSS) to recruit children who were admitted with 

severe NNJ and HIE. The KHDSS is a surveillance system that covers an area of 891 KM2, 

with an approximate population of 265,000 residents (Scott et al., 2012). The system is 

updated quarterly and captures information about the location of the households, 

births and deaths, and residents’ immigration and outmigration information, etc. (Scott 

et al., 2012). 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. 

1.1.3 Participants 

Children who took part in this study were born between 2005 and 2012 and 

were admitted to KCH in their neonatal period with a diagnosis of either NNJ or HIE. 

The diagnosis of NNJ was based on clinical laboratory measurement of total serum 
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bilirubin (TSB) as well as medical history and examination at admission. NNJ was 

defined as a TSB level of >85 µmols/l recorded in the clinical notes (Avery, 2005). HIE 

diagnosis was based on the clinical diagnosis recorded by a clinician. HIE diagnosis was 

given if a child; had convulsions, was unable to breastfeed, had apnea, and or poor 

motor tone (WHO, 2005). 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. 

6.2.4 Measurement 

6.2.4.1 Child Level Data 

Neurocognitive measures. All the participants were assessed using a battery of tests 

which took approximately two and a half hours to complete. The battery was completed 

by research assistants trained in neurocognitive assessment. The battery comprised of 

the following tests: 

Nonverbal intelligence was assessed with the Raven’s colored progressive matrices 

(RCPM)(Raven, 1983). The RCPM has been adapted and used in Kilifi and has sound 

internal consistency (ICC = 0.81) (Kitsao-Wekulo et al., 2013).  

Executive functioning was assessed using the Tower of London test, which 

measures a child’s planning and problem-solving ability (Shallice, 1982). Working 

memory was assessed with the Self-order Pointing Test(Holding et al., 2004).  

Visual attention was assessed with the People Search Test was used to assess visual 

attention in children. 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 (Kitsao-Wekulo et al., 2013). The test has been adapted and 

used in Kilifi (Kitsao-Wekulo et al., 2013). 

A child’s use of grammar and sentence structure; functional 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 (Carter, 

Murira, Ross, Mung'ala-Odera, & Newton, 2003). 
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Memory was assessed with the Kilifi Creek Behavioral Memory Test for children (KCBMT) 

(Kihara et al., 2009), while perceptual-motor was assessed with the Purdue Pegboard 

Test. The Purdue Pegboard test was validated for the population in Kilifi, Kenya, and has 

been used in studies of neurocognition among children with malaria (Kitsao-Wekulo et 

al., 2013). 
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Educational outcomes. Mathematical and reading skills were assessed with the Early 

Grade Mathematical Assessment (EGMA) and Early Grade Reading Assessment (EGRA) 

(Piper, Zuilkowski, & Mugenda, 2014), respectively. Both EGMA and EGRA have been 

adapted for use in the Kenyan population (Piper et al., 2014). 

Anthropometry. For each child, anthropometric measurements 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 (WHO, 

2007). 

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 (Gordon, English, Dzombo, et al., 

2005). The neurological examination items were coded into a variable indicating 

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 postpartum haemorrhage, emergency 

caesarean section, prolonged 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 discharge 

from hospital. 

Demographic information. Caregivers’ demographic variables that were assessed 

include sex, age, level of education, marital status, and religion. We also captured 

information about the child’s sex, age, and number of years of schooling. 

6.2.4.2 Caregiver-Level Data 

The parental mental health in the past two weeks was assessed with the Patient Health 

Questionnaire (PHQ-9) (Spitzer, Kroenke, Williams, & Group, 1999) was administered to 

assess. The participant responds to questions ranging from 0 to 3, depending on how 
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well the statement best describes their situation. The PHQ-9 had excellent internal 

consistencies in this study (Cronbach's alpha =0.82). 

6.2.4.3 Household Level Data 

The individual’s perception of their family life was measured with the Family 

Environment Questionnaire (FEQ) (Vostanis & Nicholls, 1995). The scale has items that 

measure different components that measure the family environment. 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 socio-economic activities were captured 

using the Kilifi Asset Index (Abubakar, Van de Vijver, et al., 2008). The tool has items that 

account for different assets owned by the family, including electronic devices, livestock, 

house and land ownership. The participant is expected to indicate how many assets 

they own. A total score of assets owned was then computed. 

 

1.4 Study Size 

To investigate the neurodevelopmental outcomes, the sample size calculation was 

based on results from three previous studies (Mañeru et al., 2001; Mwaniki et al., 2012). 

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 participants in the NNJ group are required to give a power of 95% (alpha 

= 0.05) to detect significant differences between 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. 

 

1.5 Statistical Methods 

Student t-test and Chi-square tests were used to compare the differences in 

participants’ characteristics between the survivors and the comparison group for 

continuous variables and categorical variables, respectively. We conducted an analysis 

of variance (ANOVA) or Chi-square test to compare differences among the three 
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groups. We used Analysis of covariance (ANCOVA) to examine group differences on the 

neurocognitive measures adjusting for socio-demographic factors (age, sex, 

anthropometry, religion, education level, marital status, family socioeconomic status, 

and place of birth). The anthropometric variables WAZ and HAZ were standardized 

using WHO Anthro plus (WHO, 2015). An abnormal nutritional status (stunted growth 

or underweight) was considered if the z-scores obtained from WHO Anthro plus were 

below -2 standard deviation (SD). We conducted univariate regression analysis to 

identify factors classified as child factors (stunted growth), parental factors (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, and febrile seizures, and medical problems (other insults 

and problems) 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 

regression analysis to investigate the correlates of neurocognitive and education 

outcomes in NNJ and HIE (Kariuki et al., 2012). We did a stepwise regression analysis 

with four models adjusting for age, sex, and years of education.  

 

1.6 Results 

This study reports findings from 375 participants; 134 who survived NNJ, 107 who 

survived HIE and 134 participants in the comparison group. Figure 6.1 indicates the 

recruitment process of the participants included in this study. Three participants had 

incomplete demographic information; however, they were retained in the analysis. Most 

of the participants (57.3%) were males. There were no differences in socio-demographic 

characteristics among the three groups (p> 0.05) except the significant differences in 

age (Table 6.1). 

6.7.1 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, 244) = 7.12, p = 0.008], memory [F (1, 242) =5.00, p = 0.026], and reading skills [F 

(1, 243) = 6.50 p = 0.011] than the comparison group (Table 6.2). 
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6.7.2 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, 244) = 7.12, p = 0.008], memory [F (1, 242) =5.00, p = 0.026], and reading skills [F 

(1, 243) = 6.50 p = 0.011] than the comparison group (Table 6.2). 

6.7.3 Covariates of Neurocognitive and Educational Outcomes in Neonatal 

Jaundice 

The results of the univariate linear regression are given in the supplementary 

material (Table S1). 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 reduced syntax scores ( =-0.20, p = 0.012). 

Abnormal pregnancy was associated with reduced pragmatics scores ( = -0.22, p = 

0.007); and febrile seizures was associated with reduced perceptual-motor scores (Table 

6.3).
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Figure 6.1 Flow Chart of Identification, Recruitment, and Assessments of Survivors of Neonatal Jaundice and Hypoxic Ischemic 

Encephalopathy. 
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Table 6.1 

Characteristics of Participants. 

 

 

 

N= 375 

NNJ 

n (%) = 134 

(35.7) 

HIE 

n (%) = 107 

(28.5) 

Comparison 

group 

n (%) = 

134 (35.7) 

NNJ versus 

Comparison 

group 

p 

HIE versus 

Comparison 

group 

p 

Overall 

Comparison 

Statistics 

p 

Sociodemographic characteristics      

Age (years; median [IQR]) 9 [7-11] 10 [8-12] 9 [7-11] 9 [7-11] 0.011* 0.352* 0.038*** 

Sex     n (%)        

Female 157 (41.9) 48 (35.8) 44 (41.1) 65 (48.5) 0.051** 

 

0.252** 

 

0.143** 

 Male 215 (57.3) 83 (61.9) 63 (58.9) 69 (51.5) 

Years of schooling 2.01(1.7) 2.3(1.8) 2.0(1.7) 1.8(1.4) 0.008* 0.033* 0.052*** 

Anthropometric data [Mean (SD)]      

Mid upper arm circumference (cm) 19.14 (7.83) 19.1 (7.8) 19.6 (8.6) 18.8 (7.3) 0.690* 0.424* 0.723*** 

WAZ -0.99 (2.08) -0.76 (2.83) 1-0.10 (2.2) -1.2 (1.07) 0.240* 0.383* 0.448*** 

HAZ -1.19 (1.25) -1.13 (1.42) -1.3 (1.23) -1.16 (1.10) 0.878* 0.306* 0.498*** 

Nutritional status n (%)     0.880** 

 

0.727** 

 

0.941** 

 Normal 288 (76.8) 103 (76.9) 81 (75.7) 104 (77.6) 

Stunted 87 (23.2) 31 (23.1) 26 (24.3) 30 (22.4) 

Parent religion n (%)        

Christianity 260 (69.3) 97 (72.4) 80 (74.8) 83 (61.9) 0.338** 

 

0.118** 

 

0.199** 

 Islam 34 (9.1) 15 (11.2) 5 (4.7) 14 (10.4) 

Traditional 72 (19.2) 22 (16.4) 20 (18.7) 30 (22.4)   

Parent education level n (%)        

None 131 (34.9) 51 (38.1) 36 (33.6) 44 (32.8) 0.630** 0.933** 0.930** 
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Primary  197 (52.5) 67 (50.0) 58 (54.2) 72 (53.7)    
Secondary  25 (6.7) 10 (7.5) 7 (6.5) 8 (6.0) 

College/University 13 (3.5) 6 (4.5) 4 (3.7) 3 (2.2) 

Parent occupation n (%)        

Farmer 147 (39.2) 45 (33.6) 48 (44.9) 54 (40.3) 0.450** 

 

0.486** 

 

 0.332** 

 Trader/Business 129 (34.4) 52 (38.8) 29 (27.1) 48 (35.8) 

Casual laborer 55 (14.7) 24 (17.9) 16 (15.0) 15 (11.2) 

Fisher man 1 (0.3) 6 (4.5) 1 (0.9) 0 

Professional 20 (5.3) 7 (5.2) 8 (7.5) 6 (4.5) 

Other 14 (3.7) 0 3 (2.8) 4 (3.0) 

Marital status n (%)        

Not married 60 (16.0) 17 (12.7) 18 (16.8) 25 (18.7) 0.179** 

 

0.712** 

 

0.396** 

 Married 315 (84.0) 117 (87.3) 89 (83.2) 109 (81.3) 

Family Asset        

Mean (SD) 

median [IQR]) 

 

1.0 (1.4) 

1 (2-2) 

 

1.7 (1.4) 

1 (1-2) 

 

1.8 (1.5) 

1 (1-2) 

 

1.7 (1.4) 

1 (1-2) 

0.933* 0.662* 

 

0.895*** 

Note. WAZ- weight-for-age; HAZ- height-for-age; IQR-Interquartile Range; n-number of participants; * Student t-test; ** Chi-square test; *** 

Analysis of Variance 
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 Table 6.2 

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 11.62 (5.76) 10.97 (0.40) 9.45 (4.60) 10.11 (0.40) 

 

2.23 1,248 0.131 0.01 

Planning 1.42 (0.96) 1.44 (0.09) 1.61 (1.00) 1.58 (0.09) 1.25 1.247 0.264 0.01 

Working memory 94.66 (10.61) 93.85 (0.82) 92.10 (8.84) 92.91 (0.82) 0.63 1,249 0.428 0.00 

Visual attention 7.37 (4.46) 6.91 (0.29) 6.03 (2.93) 6.51 (0.29) 0.94 1,235 0.335 0.00 

Syntax 25.91 (8.25) 25.19 (0.54) 24.89 (6.51) 25.63 (0.55) 0.31 1,255 0.578 0.00 

Pragmatics 86.76 (12.95) 86.63 (0.86) 88.15 (5.16) 88.29 (0.87) 1.78 1,257 0.184 0.00 

Word finding 36.98 (7.33) 36.67 (0.45) 38.11 (2.45) 38.42 (0.46) 7.12 1,254 0.008 0.03 

Memory 69.80 (23.10) 67.31 (1.48) 69.52 (17.12) 72.10 (1.51) 5.00 1,252 0.026 0.02 

Perceptual-motor 9.79 (2.02) 9.53 (0.13) 9.28 (1.98) 9.54 (0.13) 0.00 1,246 0.968 0.04 

Educational Outcomes         

Mathematical skills 35.88 (17.07) 33.01 (1.03) 32.33 (16.94) 34.78 (1.03) 1.45 1,251 0.230 0.01 

Reading skills 85.12 (47.12) 79.01 (2.83) 83.08 (46.32) 79.01 (2.83) 6.50 1,253 0.011 0.03 

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. 
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Table 6.3 

Correlates of Neurocognitive and Educational Outcomes in Survivors of Neonatal Jaundice 

 Nonverbal 

intelligence 

Planning  Working 

memory 

Visual 

attention 

Syntax Pragmatic

s 

Word 

finding 

Memory Perceptual 

motor 

Maths 

skills 

Reading 

skills 

Risk factors  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI) 

Step 1 

Child factors 

 

           

Child’s age in 

years 

-0.05(-0.77-

0.47) 

- 0.23(-0.11 

-2.46) 

0.29*(0.13 

-1.09) 

0.18(-0.14-

1.59) 

- -0.10 (-

1.25-0.53) 

0.20*(0.03-

4.51) 

0.37**(0.17

-0.56) 

0.24**(0.5

3-3.45) 

-0.01(-

4.58-3.91) 

Child’s female 

sex 

- - - - 0.09(-0.83-

4.02) 

0.08(-

2.21-6.75) 

0.13(-0.49-

4.64) 

- - 0.07(-2.00-

6.59) 

0.13*(0.07

-25.80) 

Stunted 

growth 

- - - - -0.20* (-

6,95- -

0.90) 

-0.13 (-

9.16- 1.13) 

-0.10 (-

4.96- 1.30) 

- - - - 

Years of 

education 

0.58**(1.20 -

2.62) 

- 0.10(-0.89 

-2.13) 

0.27*(-

0.11 -1.23) 

0.35**(0.71 

-2.67) 

0.18*(0.14 

-2.56) 

0.36**(0.59 

- 2.64) 

0.39**(2.54 

– 7.78) 

0.32**(-

0.16 -0.60) 

0.50**(3.1

0-6.45) 

0.71**(14.

21-24.12) 

Step 2 

Parental 

factors 

           

Family asset - - - 0.14 (-0.18 

-0.99) 

- - - - - - 0.07 (-

2.04-7.53) 

Education 

level 

- - - - - - - - - - - 



Long-term Neurocognitive and Educational Outcomes of Neonatal Insults 

117 

 

Page | 117 

 

Marital status 0.14 (-0.09-

5.15) 

0.11 (-

0.21-0.84) 

 0.11 (-

0.60-3.50) 

- - -  - - - 

Family 

environment 

0.05 (-0.21-

0.44) 

- - - 0.06 (-

0.24-0.62) 

- - - - - - 

Mental health - - - - - - - 0.12 (-0.08-

1.08) 

- - - 

Step 3 

Obstetric 

factors 

           

Abnormal 

pregnancy 

- 0.14 (-

0.11-0.69) 

- - - -0.22** (-

11.31- -

1.86) 

- - - - - 

Place of birth 0.05 (-1.21-

2.45) 

-0.05 (-

0.45-0.27) 

- 0.05 (-

1.05-1.97) 

-0.05 (-

1.65-3.47) 

- - - 0.05 (-

0.39-8.00) 

-0.03 (-

3.24-5.60) 

0.06 (-

7.39-

19.76) 

Abnormal 

delivery 

- - -0.10 (-

7.24-1.97) 

-0.11 (-

1.05-1.97) 

-0.03 (-

3.52-2.39) 

- -0.10 (-

4.86-1.17) 

- -0.05 (-

0.94-0.49) 

- -0.13 (-

30.84-

0.86) 

Delayed 

crying  

- -0.11 (-

0.98-0.24) 

0.08 (-

0.08-0.89) 

- - - 0.01 (-

4.54-4.10) 

- -0.02 (-

1.15-0.92) 

- - 

Feeding 

problems 

- - - -0.07 (-

0.90 -2.26) 

- - - - 0.06 (-

0.38-0.93) 

- -0.03 (-

17.55-

10.76) 

Hospital 

admission 

 - - - - - - - - - - 

Febrile 

seizures 

- - - - - -0.08 (-

10.64- 

3.88) 

- - -0.22** (-

2.28- -

0.48) 

- - 

Medical 

problems 

 0.12 (-

0.19-1.00) 

-0.14 (-

11.64-

1.16) 

- 0.07 (-

2.10-6.09)- 

- - - - - - 

Neurological - - -0.14 (- - -0.26 (- -0.28** (- -0.36** (- -0.25 (- -0.04 (- -0.16 (- -0.19** (-



Chapter 6 

118 

 

problems 7.81-1.02) 7.93- -

2.29) 

13.81- -

3.68) 

9.48- -

3.59) 

21.34- -

6.34) 

0.85-0.48) 11.18 - -

1.21) 

35.31- -

6.60) 

Hyper-

bilirubinemia 

- - - - - - - - - - 0.04 (-

8.67-

15.94) 

R2 (p) 0.33 (0.000) 0.06 

(0.192) 

0.18 

(0.002) 

0.37 

(0.000) 

0.46 

(0.000) 

0.21 

(0.000) 

0.32 

(0.000) 

0.42 (0.000) 0.53 

(0.000) 

0.57 

(0.000) 

0.61 

(0.000) 

Note:  * p <0.05; ** p <0.001; Dash line (-)- the variable was not carried forward to the multivariate analysis. 
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6.7.4 Neurocognitive and Educational Outcomes in Survivors of Hypoxic-

Ischemic Encephalopathy versus the Comparison Group 

The survivors of HIE had significantly lower mean scores in syntax [F (1, 215) = 

4.32, p = 0.039], pragmatics [F (1, 220) =4.42, p = 0.037]; word-finding [F (1, 214) = 6.79, 

p = 0.010], and perceptual-motor [F (1, 207) =3.98, p = 0.047] than the comparison 

group. However, the HIE group had significantly higher mean non-verbal reasoning 

scores [F (1, 216) =7.25, p = 0.008] than the comparison group (Table 6.4).  

6.7.5 Correlates of Neurocognitive and Educational Outcomes in Hypoxic-

Ischemic Encephalopathy 

The results of the univariate linear regression analysis are shown in the 

supplementary material (Table S2). 

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 6.5). Stunted growth was associated with lower scores in nonverbal 

reasoning ( = - 0.16, p = 0.030); working memory ( = -0.20, p = 0.027); visual 

attention ( = -0.20, p = 0.023); syntax ( = -0.29, p = 0.000); word finding ( = 0.30, p = 

0.001); memory ( = 0.31, p = 0.001); EGMA ( =0.24, p = 0.000); and EGRA ( = 0.24, p 

= 0.000) (Table 6.5). 

Poor caregiver’s mental health was associated with lower scores in word finding ( = -

0.19, p = 0.043), while abnormal delivery was associated with lower scores in syntax ( 

=-0.16, p = 0.041). Hospital admission was associated with lower scores in perceptual 

motor functioning ( = -0.19, p = 0.024), while neurological problems were associated 

with  

lower scores in pragmatics ( =-0.21, p = 0.038) and word finding ( = -0.20, p = 0.043).
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Table 6.4 

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 (5.71) 11.22 (0.40) 9.45 (4.38) 9.77 (0.36) 7.25 1,225 0.008 0.03 

Planning 1.35 (1.00) 1.36 (0.10) 1.61 (1.00) 1.59 (0.09) 2.91 1,223 0.090 0.01 

Working memory 92.33 (9.09) 92.38 (0.79) 92.10 (8.85) 92.30(0.70) 0.03 1,222 0.960 0.00 

Visual attention 5.77 (2.39) 5.62 (0.22) 6.03 (2.93) 6.15 (0.20) 3.12 1,210 0.079 0.02 

Syntax 23.92(7.19) 23.54 (0.59) 24.89 (6.51) 25.19 (0.52) 4.32 1,225 0.039 0.02 

Pragmatics 85.99(11.55) 85.85 (0.84) 88.15(5.16) 88.26 (0.76) 4.42 1,230 0.037 0.02 

Word finding 36.80 (6.95) 36.63 (0.46) 38.10 (2.45) 38.24 (0.41) 6.79 1,224 0.010 0.03 

Memory 69.83 (28.59) 68.59 (1.95) 69.52 (17.12) 70.54 (1.76) 0.54 1,225 0.464 0.00 

Perceptual motor 9.06(2.30) 8.93 (0.17) 9.27 (1.73) 9.37 (0.15) 3.98 1,217 0.047 0.02 

Mathematical skills 33.82 (16.57) 32.53 (1.11) 32.33 (16.94) 33.40 (1.00) 0.36 1,225 0.563 0.00 

Reading skills 83.16 (46.00) 79.45 (3.17) 83.08 (46.32) 86.22 (2.87) 2.47 1,225 0.117 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. 
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Table 6.5 

Correlates of Neurocognitive and Educational Outcomes in Survivors of Hypoxic-Ischemic Encephalopathy 
 Nonverbal 

intelligence 
Planning 
and problem 

Working 
memory 

Visual 
attention 

Syntax Pragmatic
s 

Word 
finding 

Memory Perceptual 
motor 

Mathemati
cal skills 

Reading skills 

Risk factors  (95% CI)  (95% CI)  (95% CI)  (95% 
CI) 

 (95% 
CI) 

 (95% 
CI) 

 (95% CI)  (95% CI)  (95% CI)  (95% CI)  (95% CI) 

Step 1 
Child factors 

           

Child’s age in 
years 

0.14(-0.34- 
0.91) 

0.17(-0.01-
0.18) 

0.38**(0.61-
2.70) 

0.28*(0.07 
-0.58) 

0.25*(-
0.13-1.74) 

- 0.18 (-0.21-
1.40) 

0.13(-1.72-
5.53) 

0.37**(0.16-
0.65) 

0.39**(1.73 
-4.54) 

0.35**(4.03- 
11.61) 

Child’s female 
sex 

- - - - - - - - - - - 

Stunted growth -0.16* (-4.04- 
-0.21) 

- -0.20* (-8.02- 
-0.49) 

-0.20* (-
2.01 - -
0.16) 

-0.29** (-
8.17- -
2.43) 

-0.15 (-
9.19-1.18) 

-0.30** (-
7.63- -1.88) 

-0.31** (-
33.70- -8.39) 

-0.08 (-1.31- 
0.49) 

-0.24** (-
14.52- -
4.22) 

-0.24** (-39.83- 
-11.86) 

Years of 
education 

0.56** (1.19-
2.45) 

- -0.08 (-0.87-
1.67) 

0.35** (-
0.18-0.79) 

0.35** 
(0.66- 
2.57) 

0.17 (0.20- 
2.46) 

0.18 (-0.25- 
1.68) 

0.28* (0.54- 
9.11) 

0.25*(0.04- 
0.63) 

0.39**(2.00 
-5.41) 

0.42**(6.37-
15.71) 

Step 2 
Parental factors 

           

Education level - 0.17 (-0.05-
0.78) 

- - - - -0.08 (-
3.76-1.55) 

- - - - 

Marital status - - - - -0.12 (-
5.82-0.92) 

- -0.09 (-
5.08-1.81) 

- - - - 

Family 
environment 

-0.03 (-0.25-
0.38) 

- -0.06 (-0.84-
0.40) 

- - - - - - -0.02 (-
0.99-0.71 
2.16) 

-0.01 (-2.49- 
2.09) 

Mental health - - - - - -0.12 (-
0.82- 0.21) 

-0.19* (-
0.60- -0.01) 

- 0.02 (-0.08-
0.10) 

- - 
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Step 3 
Obstetric factors 

           

Abnormal 
pregnancy 

- - - - - - - - 0.06 (-0.57-
1.10) 

- 0.00 (-12.70-
12.65) 

Place of birth - - - - - - - 0.06 (-10.61-
20.34) 

- - - 

Abnormal 
delivery 

- - - - -0.16* (-
5.47- -
0.12) 

- - -0.05 (-16.22-
0.942) 

- - - 

Delayed crying  - - 0.07 (-2.31 -
5.17) 

- - - 0.06 (-2.07-
3.86) 

0.19 (-0.34-
25.69) 

- - - 

Breast Feeding 
problems 

- - - -0.13 (-
1.46 -
0.19) 

- - - - - - - 

Febrile seizures - - - - -0.16 (-
6.20- -
0.18) 

-0.13 (-
9.15- 1.94) 

- -0.17 (-26.31-
1.47) 

- - - 

Hospital 
admission 

-0.09 (-5.01-
1.12) 

- - - - - -0.01 (-4.99-
4.42) 

- -0.19* (-3.08- 
-0.22) 

- -0.05 (-30.23-
14.31) 

Medical 
problems 

- - - - - - - - - - - 

Neurological 
problems 

-0.03 (-2.28-
1.44) 

- -0.14 (-6.56-
0.96) 

- -0.14 (-
5.33-0.44) 

-0.21* (-
10.48- -
0.30) 

-0.20* (-5.98- -
0.10) 

-0.00 (-13.30-
12.93) 

-0.01 (-0.84-
0.90) 

-0.01 (-
5.43-4.55) 

-0.09 (-1.38-
0.17) 

R2 (P) 0.50 (0.000) 0.25 (0.036) 0.30 (0.000) 0.39 
(0.000) 

0.48 
(0.000) 

0.17 
(0.005) 

0.34 (0.000) 0.34 (0.000) 0.40 (0.00) 0.58 
(0.000) 

0.61 (0.000) 

Note:  * p<0.05; ** p<0.001; Dash line (-)- the variable was not carried forward to the multivariate analysis.
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1.7 Discussion 

The purpose of this study was to establish the long-term neurocognitive and 

educational outcomes and their correlates in school-aged survivors of NNJ and HIE.  

6.8.1 Neurocognitive and Educational Outcomes in Neonatal Jaundice 

We found significant differences in word-finding, memory, and reading skills 

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. (2014), 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 domains (non-verbal reasoning, 

planning and problem solving, working memory, visual attention, syntax, pragmatics, 

and mathematical ability) are not affected. Our study supports findings by Seidman et 

al. (1991), Newman and Klebanoff (1993), and Chen et al. (2014) who did not find any 

differences in cognitive or intelligence impairment 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 (Kolb, Harker, & Gibb, 2017; Mundkur, 2005). Therefore, the 

survivors of NNJ could have normal development attuned to the environment in which 

they grew up since the sensory experiences and language stimulation during the first 

three years may determine myelination, synaptogenesis, and neuronal connectivity. 

Similar effects have been found even in children born with serious brain damage due to 

very low birth weight (Weisglas‐Kuperus, Koot, Baerts, Fetter, & Sauer, 1993). 
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6.8.2 Correlates of Neurocognitive and Educational Outcomes in Neonatal 

Jaundice 

Our study identified abnormal pregnancy and febrile seizures as underlying 

factors associated with poor neurocognitive and educational outcomes in NNJ. To our 

knowledge, no other studies have linked these factors to neurocognitive and 

educational outcomes in NNJ. Durkin 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 intellectual 

disability among 2- to 9-year-old children in Pakistan(Durkin et al., 2000).  

6.8.3 Neurocognitive and Educational Outcomes in Hypoxic-Ischemic 

Encephalopathy 

In this study we found that survivors of HIE scored poorer on the language 

tests (syntax, pragmatics and word-finding) and perceptual-motor, but did not differ in 

visual attention, working memory, memory, and mathematical and reading skills in 

comparison with the comparison group. However, the survivors of HIE performed better 

in non-verbal reasoning compared to the comparison group. Several studies have 

reported similar results. Thomson et al. (Thomson et al., 1977) reported that survivors of 

HIE had slightly better intellectual functioning compared to the comparison group. 

Marlow et al. (15) reported that survivors of moderate HIE had cognitive abilities similar 

to the comparison group (Marlow et al., 2005), but found poorer memory and executive 

functions 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 categorize the 

severity of HIE due to lack of APGAR scores.  

6.8.4 Correlates of Neurocognitive and Educational Outcomes in Hypoxic-

Ischemic Encephalopathy 

Our findings suggest that stunted growth, poor caregiver’s mental health, and hospital 

admission were associated 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 
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populations have found that anthropometric status had a direct association with 

psychomotor scores (Abubakar, Van de Vijver, et al., 2008; Kitsao-Wekulo, Holding, 

Taylor, Kvalsvig, & Connolly, 2013). Similarly, Durkin et al. also identified 

malnourishment as a risk for intellectual disability in two to nine-year-old children 

(Durkin, Hasan, & Hasan, 1998).  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 (Mung'ala-Odera et al., 2006). 

6.8.5 Limitations of the Study 

The caregivers of the participants may have suffered recall 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.  

 

1.8 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 results suggest the need for 

the implementation of early intervention measures to enhance outcomes in children. 

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 

contribute to the neurocognitive and educational outcomes in the presence of the 

correlates identified in this study as this gives insights into causality and potential 

interventions required. Also, future studies should incorporate measurements on 

severity of NNJ and HIE to estimate the impact of severity on outcomes. 
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1.9 Supplementary Material 

6.10.1 Table S1 

Results of Univariate Linear Regression Analysis of Covariates Associated with Neurocognitive and Educational Outcomes in Neonatal Jaundice 

 Nonverbal 
intelligence 

Planning Working 
memory 

Visual 
attention 

Syntax Pragmatics Word finding Memory Perceptual 
motor 

Mathematica
l skills 

Reading 
skills 

Covariate  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value) 

Child’s age in years 0.39 

(0.000)* 

(0.464) 

0.04 (0.697) 0.32 

(0.000)* 

0.52 

(0.000)* 

0.46 

(0.000)* 

0.05 (0.549) 0.21 

(0.014)* 

0.52 

(0.000)* 

-0.63 

(0.000)* 

0.64 

(0.000)* 

0.55 (0.000)* 

Child’s female sex -0.05 

(0.582) 

-0.04 

(0.682) 

-0.03 

(0.750) 

-0.01 

(0.900) 

0.20 (0.020) 0.16 

(0.062)* 

0.21 

(0.014)* 

0.02 (0.792) -0.06 

(0.483) 

0.16 

(0.081)* 

0.19 (0.027)* 

Stunted growth -0.01 

(0.921) 

-0.01 

(0.960) 

-0.11 

(0.238) 

-0.07 

(0.454) 

-0.24 

(0.006)* 

-0.21 

(0.016)* 

-0.22 

(0.013) 

-0.05 

(0.548) 

0.05 (0.589) -0.08 (0.358) -0.43 (0.668) 

SES 0.06 (0.484) 0.06 (0.507) -0.09 

(0.333) 

0.13 

(0.157)* 

-0.06 

(0.510) 

-0.07 

(0.423) 

-0.04 

(0.626) 

-0.03 

(0.696) 

0.01 (0.920) 0.10 (0.262) 0.13 (0.144)* 

Years of Schooling 0.55 

(0.000)* 

-0.02 

(0.823) 

0.30 

(0.001)* 

0.53 

(0.000)* 

0.55 

(0.000)* 

0.21 

(0.014)* 

0.37 

(0.000)* 

0.56 

(0.000)* 

0.64 

(0.000)* 

0.71 

(0.000)* 

0.77 (0.000)* 

Parental education 

level 

-0.03 

(0.732) 

-0.05 

(0.565) 

0.00 (0.999) 0.07 (0.438) 0.10 (0.260) -0.08 

(0.363) 

-0.01 

(0.950) 

0.05 (0.556) 0.03 (0.775) -0.02 (0.820) 0.03 (0.764) 

Marital status -0.13 

(0.131)* 

0.10 

(0.243)* 

-0.12 

(0.187)* 

0.11 

(0.227)* 

0.05 (0.586) 0.02 (0.820) -0.01 

(0.899) 

0.00 (0.987) -0.06 

(0.507) 

-0.03 (0.700) -0.05 (0.538) 

Family environment -0.12 

(0.184)* 

-0.05 

(0.592) 

-0.01 

(0.946) 

0.09 (0.309) 0.11 

(0.213)* 

0.02 (0.827) -0.01 (950) 0.06 (0.482) 0.09 (0.308) 0.00 (0.972) 0.03 (0.702) 
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Parental mental 

health 

0.05 (0.635) 0.06 (0.498) -0.07 

(0.448) 

-0.08 

(0.397) 

0.05 (0.574) -0.01 

(0.891) 

-0.00 

(0.971) 

0.16 

(0.062)* 

-0.04 

(0.687) 

0.09 (0.295) 0.04 (0.652) 

Abnormal 

pregnancy 

-0.05 

(0.576) 

0.15 

(0.103)* 

0.03 (0.769) -0.08 

(0.374) 

0.03 (0.743) -0.19 

(0.032)* 

-0.14 

(0.109)* 

0.09 (0.312) 0.16 (0.083) 0.07 (0.417) 0.02 (0.817) 

Place of birth -0.13 

(0.136)* 

-0.06 

(0.537) 

-0.03 

(0.783) 

0.17 (0.065) 0.11 (0.206) -0.04 

(0.618) 

-0.06 

(0.471) 

0.03 (0.734) 0.22 

(0.012)* 

0.16 

(0.067)* 

0.15 (0.081)* 

Abnormal delivery -0.08 

(0.378) 

-0.02 

(0.854) 

-0.13 

(0.159)* 

-0.23 

(0.012) 

-0.11 

(0.199) 

-0.09 

(0.326) 

-0.11 

(0.229)* 

-0.03 

(0.756) 

-0.19 

(0.038)* 

-0.17 (0.059) -0.22 (0.014) 

* 

Delayed Crying  0.01 (0.913) -0.13 

(0.172)* 

0.12 

(0.184)* 

0.05 (0.629) 0.01 (0.884) 0.09 (0.296) 0.14 

(0.109)* 

-0.10 

(0.260) 

0.11 

(0.235)* 

0.03 (0.760) 0.05 (0.619) 

Breast feeding 

problems 

-0.03 

(0.773) 

0.10 (0.281) 0.09 (0.339) -0.17 

(0.061) 

0.04 (0.694) -0.02 

(0.788) 

0.05 (0.609) -0.05 

(0.583) 

0.14 

(0.129)* 

0.13 

(0.140)* 

0.12 (0.180)* 

Febrile seizures -0.08 

(0.373) 

0.06 (0.506) -0.05 

(0.570) 

-0.06 

(0.545) 

-0.08 

(0.375) 

-0.11 

(0.244) 

-0.02 

(0.794) 

-0.03 

(0.770) 

0.23 

(0.014)* 

0.05 (0.602) -0.03 (0.753) 

Hospital admission 0.07 (0.409) 0.04 (0.692) -0.07 

(0.407) 

-0.07 

(0.453) 

0.05 (0.547) -0.07 

(0.426) 

-0.04 

(0.677) 

-0.00 

(0.984) 

-0.01 

(0.891) 

0.04 (0.628) 0.04 (0.643) 

Medical problems 0.05 (0.604) 0.12 

(0.198)* 

-0.12 

(0.177)* 

0.10 (0.296) -0.13 

(0.130)* 

0.10 (0.272) 0.05 (0.540) -0.02 

(0.809) 

-0.03 

(0.749) 

-0.05 (0.572) -0.03 (0.729) 

Neurological 

problems 

-0.10 

(0.874) 

-0.17 (0.06) -0.18 

(0.041)* 

0.04 (0.629) -0.36 

(0.000)* 

-0.32 (0.00)* -0.42 

(0.000)* 

-0.33 

(0.000)* 

-0.11 

(0.204)* 

-0.25 

(0.004)* 

-0.26 

(0.002)* 

Hyperbilirubinemia -0.02 

(0.848) 

-0.05 

(0.659) 

0.10 (0.388) 0.04 (0.720) 0.06 (0.607) 0.03 (0.775) -0.02 

(0.870) 

0.11 (0.361) 0.10 (0.424) 0.04 (0.761) 0.14 (0.242)* 

Note:  * p<0.25. 
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Table S2 

Results of Univariate Linear Regression Analysis of Covariates Associated with Neurocognitive and Educational Outcomes in Hypoxic-Ischemic 

Encephalopathy 

 Nonverbal 

intelligence 

Problem-

solving 

Working 

memory 

Visual 

attention 

Syntax Pragmatics Word 

finding 

Memory Perceptual 

motor 

Mathematica

l skills 

Reading 

skills 

Covariate  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value)  (p-value) 

Child’s age in 

years 

0.50 (-

0.000)* 

0.19 (0.054) 0.46 

(0.000)* 

0.50 (0.000)* 0.44 (0.000)* 0.09 

(0.374) 

0.27 (0.007)* 0.29 

(0.003)* 

-0.55 

(0.000)* 

0.64 (0.000)* 0.63 

(0.000)* 

Child’s female 

sex 

-0.18 (0.073) 0.01 (0.895) -0.05 

(0.618) 

-0.11 (0.282) -0.00 (0.984) 0.10 

(0.311) 

0.08 (0.407) 0.00 (0.989) -0.05 

(0.629) 

-0.04 (0.667) -0.05 

(0.614) 

Stunted -0.21 

(0.036)* 

-0.11 

(0.286) 

-0.20 

(0.042)* 

-0.20 

(0.050)* 

-0.33 (0.001)* -0.19 

(0.047) 

-0.34 

(0.000)* 

-0.34 

(0.000)* 

-0.08 

(0.413) 

-0.25 (0.009)* -0.26 

(0.006)* 

SES -0.03 (0.771) -0.05 

(0.639) 

-0.00 

(0.989) 

0.01 (0.958) -0.02 (0.882) -0.03 

(0.805) 

-0.04 (0.718) -0.09 

(0.347) 

-0.07 

(0.517) 

0.01 (0.960) -0.01 

(0.946) 

Years of 

Schooling 

0.68 (0.000)* 0.11 (0.283) -0.38 

(0.000)* 

0.56 (0.000)* 0.57 (0.000)* 0.23 

(0.018)* 

0.34 (0.000)* 0.39 

(0.000)* 

0.53 

(0.000)* 

0.67 (0.000)* 0.70 

(0.000)* 

Parental 

education level 

-0.05 (0.618) 0.19 

(0.060)* 

0.02 (0.841) -0.04 (0.700) -0.08 (0.426) -0.07 

(0.484) 

-0.13 

(0.177)* 

-0.03 

(0.738) 

-0.01 

(0.912) 

-0.06 (0.555) 0.05 

(0.634) 

Marital status -0.02 (0.864) 0.06 (0.522) 0.03 (0.746) 0.04 (0.691) -0.15 (0.119) -0.05 

(0.622) 

-0.14 (0.157) -0.07 

(0.462) 

-0.03 

(0.800) 

-0.03 (0.775) -0.10 

(0.315) 

Family 

environment 

-0.09 (0.357) 0.00 (0.979) -0.15 

(0.151) 

-0.11 (0.289) -0.02 (0.860) 0.00 

(0.983) 

-0.04 (0.672) -0.03 

(0.774) 

0.08 (0.465) -0.16 (0.118) -0.14 

(0.147) 

Parental mental 

health 

-0.03 (0.737) -0.06 

(0.563) 

-0.11 

(0.291) 

-0.09 (0.394) -0.03 (0.751) -0.12 

(0.215) 

-0.18 (0.068) -0.04 

(0.714) 

0.13 (0.206) -0.02 (0.853) -0.02 

(0.851) 

Abnormal 

pregnancy 

-0.07 (0.492) -0.08 

(0.414) 

0.01 (0.911) -0.04 (0.707) 0.10 (0.313) -0.01 

(0.938) 

-0.04 (0.706) 0.10 (0.307) 0.18 (0.079) 0.10 (0.325) 0.16 

(0.109) 
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Place of birth -0.02 (0.859) 0.04 (0.708) -0.08 

(0.445) 

-0.0 (0.976) -0.10 (0.307) -0.02 

(0.829) 

0.07 (0.495) 0.12 (0.237) -0.07 

(0.514) 

-0.07 (0.493) -0.01 

(0.899) 

Abnormal 

delivery 

-0.05 (0.629) -0.10 

(0.321) 

-0.09 

(0.390) 

-0.03 (0.752) -0.14 (0.167) -0.08 

(0.409) 

-0.11 (0.280) -0.13 

(0.185) 

0.04 (0.711) -0.02 (0.840) -0.04 

(0.729) 

Crying problems 0.01 (0.917) 0.07 (0.471) 0.13 (0.212) 0.06 (0.597) 0.12 (0.231) 0.05 

(0.658) 

0.14 (0.164) 0.21 (0.040) -0.01 

(0.893) 

0.04 (0.732) 0.05 

(0.635) 

Feeding 

problems 

-0.06 (0.582) 0.08 (0.430) -0.04 

(0.669) 

-0.12 (0.238) -0.08 (0.424) -0.04 

(0.671) 

0.01 (0.896) -0.08 

(0.405) 

-0.12 

(0.263) 

-0.03 (0.744) -0.08 

(0.427) 

Fits -0.14 (0.189) -0.10 

(0.401) 

-0.07 

(0.513) 

-0.09 (0.430) -0.19 (0.075) -0.19 

(0.061) 

-0.10 (0.338) -0.15 

(0.161) 

-0.09 

(0.385) 

-0.07 (0.488) -0.12 

(0.259) 

Hospital 

admission 

-0.15 (0.129) 0.06 (0.545) -0.03 

(0.796) 

-0.19 (0.065) -0.13 (0.212) -0.06 

(0.516) 

-0.12 (0.254) -0.09 

(0.383) 

-0.22 

(0.028) 

-0.14 (0.171) -0.12 

(0.247) 

Medical 

problems 

0.03 (0.777) 0.05 (0.607) 0.01 (0.896) -0.01 (0.893) -0.01 (0.887) -0.05 

(0.601) 

-0.10 (0.329) 0.01 (0.898) 0.02 (865) -0.03 (0.767) -0.05 

(0.585) 

Neurological 

problems 

-0.23 (0.016) -0.04 

(0.699) 

-0.27 

(0.007) 

-0.18 (0.087) -0.33 (0.001) -0.29 

(0.003) 

-0.34 (0.000) -0.19 

(0.055) 

-0.17 

(0.096) 

-0.21 (0.030) -0.30 

(0.002) 

Note:  * p<0.25. 
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