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1.2 The Burden of Neonatal Insults 

The Millennium Developmental Goals targeted a reduction of global childhood 

mortality by two-thirds between 1990 and 2015 (Sachs & McArthur, 2005). Although 

the target was not fully achieved, there was a significant reduction in childhood 

mortality from 12.7 million in 1990 to 5.7 million in 2010 (Rajaratnam et al., 2010). 

However, there are still concerns regarding the health outcomes of survivors of 

childhood illness as minimal improvements in health outcomes on survivors have been 

experienced since 1990 (Olusanya et al., 2018). In sub-Saharan Africa (SSA), the number 

of children affected by developmental disabilities due to childhood illness has increased 

by over 70% from 1990 to 2016 (Olusanya et al., 2018). In low-and middle-income 

countries (LMICs), it is estimated that in every 5 children, 3 of them are likely to have 

suboptimal development due to childhood illness (Olusanya et al., 2018). 

Neonatal insults (NNI) are a common cause of childhood mortality and 

morbidity globally. The most common NNI globally are bacterial meningitis, congenital 

cytomegalovirus infection (CMV), congenital rubella, intrauterine growth restriction 

(IUGR), preterm birth, neonatal jaundice (NNJ) and hypoxic-ischemic encephalopathy 

(HIE) (Mwaniki, Atieno, Lawn, & Newton, 2012). Bacterial meningitis involves the 

inflammation of the meninges, and this condition is common, especially in low-resource 

settings (Addo, Hussen, & Chelkeba, 2018). Bacterial meningitis is associated with poor 

neurological outcomes [limitations in the central nervous system]and neurobehavioral 

impairment [behavioural effects resulting from limitations in the brain] (Anderson, 

Anderson, Grimwood, & Nolan, 2004). Congenital cytomegalovirus infection is the 

leading non-genetic cause of hearing loss globally (Marsico & Kimberlin, 2017).  

Congenital rubella manifests as destruction and scarring of tissues and has 

severe effects on ocular functions, cardiac system, and hearing functions (Duszak, 2009). 

Intrauterine growth restriction is associated with neurodevelopmental impairment [i.e., 

deficits associated with limitations in the brain and nervous system] (Walker & Marlow, 

2008). Preterm birth is also associated with neurodevelopmental impairment (Beck et 

al., 2010; Jarjour, 2015). Neonatal jaundice and HIE are significant causes of childhood 
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neurodevelopmental impairment and neonatal mortality (Conway, Walsh, Boylan, & 

Murray, 2018; Wusthoff & Loe, 2015).  

In this thesis I focus on two common neonatal insults: NNJ and HIE principally because 

they are relatively common in SSA and are risk factors for neurocognitive impairment 

(Mwaniki et al., 2012; Namusoke, Nannyonga, Ssebunya, Nakibuuka, & Mworozi, 2018; 

Olusanya, Akande, Emokpae, & Olowe, 2009; Simiyu, Mchaile, Katsongeri, Philemon, & 

Msuya, 2017). Additionally, little has so far been studied on the long-term implications 

of these conditions in SSA. The present thesis aims to understand the developmental, 

educational, mental health, and quality of life outcomes of survivors of NNI, specifically 

NNJ and HIE as well as the treatment outcomes of NNJ. In this chapter, I present an 

overview of the burden of NNJ and HIE; the associated factors for sub-optimal 

development among children affected by these conditions, and treatment modalities of 

these two conditions considering both a global and SSA perspectives. 

 

1.3 The Epidemiology of Neonatal Jaundice 

Neonatal jaundice is characterized by the yellow color of the skin and the white 

part of the eyeball (sclera) and appears in neonates during the first week of life. 

Neonatal jaundice occurs when the immature liver is not able to adequately clear 

bilirubin (i.e. the yellow substance that forms during the breakdown of red blood cells) 

from the plasma, leading to an accumulation of bilirubin in the neonate’s body (Avery, 

2005). Bilirubin is formed by the breakdown of haem from red cells and is conjugated in 

the liver to aid excretion. When unconjugated bilirubin is not excreted from the body, it 

crosses the blood-brain barrier and affects the neonate’s brain areas such as the 

hippocampus, the Globus pallidus, and the subthalamic nucleus (Hansen, 2001). 

Bilirubin neurotoxicity occurs when the bilirubin binds to mitochondria and cell 

membranes, and this can lead to oxidative dephosphorylation, calcium release and 

stunted dendrite and axonal growth, which result in the death of brain cells (Hansen, 

2001). Depending on the brain region affected, bilirubin toxicity may lead to both short-

term and long-term sequelae.  
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Globally, it is estimated that approximately 1.1 million newborns develop NNJ with 

total serum bilirubin (TSB) > 342 µmol/l with most neonates affected being from LMICs 

such as countries in SSA (Bhutani et al., 2013; Olusanya, Osibanjo, Mabogunje, Slusher, 

& Olowe, 2016). Studies conducted in high-income countries report inconsistencies in 

the long-term neurocognitive and mental health outcomes of survivors of NNJ. While 

some studies reported elevated neurocognitive problems, mental health problems, and 

poor overall functioning of school-aged survivors of NNJ (Amin, Prinzing, & Myers, 

2009; Chen et al., 2014; Hokkanen, Launes, & Michelsson, 2014; Jangaard, Fell, Dodds, & 

Allen, 2008; Kuzniewicz & Newman, 2009; Newman & Klebanoff, 1993; Öğün, 

Şerbetçioğlu, Duman, Özkan, & Kırkım, 2003; Seidman et al., 1991) other studies did not 

find differences in mental health outcomes in school-aged survivors of NNJ compared 

to unaffected children (Chen et al., 2014; Ebbesen, Ehrenstein, Traeger, & Nielsen, 2010; 

Maimburg, Bech, Vaeth, Møller-Madsen, & Olsen, 2010; Vandborg et al., 2015). 

However, there is little data from SSA, where the causes (e.g. neonatal sepsis) and co-

morbidities of NNJ may be different.  

 

1.4 The Epidemiology of Hypoxic-ischemic Encephalopathy 

Hypoxic-ischemic encephalopathy is characterized clinically by low muscle tone 

and lack of movement, increased acidity in the body, seizures, and apnea in the first 48 

hours following delivery (Avery, 2005). Hypoxic-ischemic encephalopathy occurs when 

there is inadequate blood flow, which carries glucose and oxygen to the brain before, 

during, or immediately after birth due to uterine rupture, cord prolapse, placenta previa, 

breech presentation, abruption of the placenta, shoulder dystonia, or maternal 

hypotension (Allen & Brandon, 2011). The brain is dependent upon the continuous 

supply of oxygen and glucose for metabolism as it does not have any energy stores. 

Soon after the insults in the neonate, primary neuronal death may occur, which is 

caused by reduced cerebral blood flow in the neonate’s brain. When the cerebral blood 

flow is reduced, there is inadequate transport of oxygen and glucose to the brain, which 

leads to failure of the sodium and potassium pumps and an increase in intracellular 

calcium levels (Allen & Brandon, 2011). The high calcium levels will cause cells to swell 
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and rupture, leading to cell death in the neonate’s brain, consequently resulting in 

short- and long-term developmental impairment.  

Secondary neuronal death may occur between 6 to 48 hours after the first 

insult and may be caused by oxidative stress, inflammation, and excitotoxicity and 

eventual brain cell death (Allen & Brandon, 2011). As a consequence of this process, the 

affected brain areas such as basal ganglia and thalamus, cerebral cortex, periventricular 

and subcortical white matter regions, brain stem, and the hippocampus will not function 

properly, and subsequent developmental impairment will be observed (Vannucci, 2000). 

The developmental outcomes in survivors of HIE depend on the severity and treatment 

of HIE. Hypoxic-ischemic encephalopathy can be categorized as mild, moderate, or 

severe using clinical evaluations such as the Sarnat staging (Sarnat & Sarnat, 1976) or 

Thompson score (Thompson et al., 1997) or a combination of clinical assessment and 

neuroimaging (Sanchez Fernandez, Morales-Quezada, Law, & Kim, 2017).  

The inconsistencies in the outcome studies in NNJ are also similar to those 

reported in studies on HIE. Whereas elevated neurocognitive problems, mental health 

problems, and poor overall functioning are reported in school-aged survivors of HIE 

(Badawi et al., 2006; Barnett et al., 2002; Marlow, Rose, Rands, & Draper, 2005; Moster, 

Lie, & Markestad, 2002; Robertson, Finer, & Grace, 1989; Robertson & Finer, 1988; 

Thomson, Searle, & Russell, 1977), other studies did not find differences in outcomes in 

school-aged survivors of mild and moderate (Barnett et al., 2002; Mañ et al., 2003; 

Mañeru, Junqué, Botet, Tallada, & Guardia, 2001), and severe HIE (Marlow et al., 2005;  

Robertson et al., 1989; Robertson & Finer, 1988) compared to unaffected children.  

The inconsistencies in the results in NNJ and HIE could be due to differences in 

definitions of the conditions or to differences in treatment and care of the survivors. The 

inconsistencies in the results could also be due to study bias and sample differences in 

follow-up studies which are likely to have samples and outcomes that tend to differ 

because of variations in the catchment area, referral practices, case definitions, 

recruitment strategies, and follow-up period. Next to the NNIs themselves, their severity 

and treatment given to the neonates, the environmental conditions in which the 

affected child grows up in is likely to affect the developmental outcomes of these 
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children. A nurturant and healthy environment may protect the child against the poor 

developmental outcomes that are associated with the neonatal condition they survived. 

In contrast, an unhealthy environment may predispose the child to an increased 

probability of having worse developmental outcomes. 

 

1.5 Developmental Outcomes of Neonatal Jaundice and Hypoxic-ischemic 

Encephalopathy in the African Context 

Neonatal jaundice and HIE are common problems in Africa. SSA has the highest 

burden of severe NNJ with incidence rates of 66.8 per 1000 live births (Slusher et al., 

2017), while the prevalence of HIE is 2.3 to 30.6 per 1000 live births (Coetzee, 2018; 

Horn et al., 2013; Namusoke et al., 2018; Rule et al., 2017; Simiyu et al., 2017). Due to 

poor documentation and lack of standardized protocols in Africa, the diagnosis and 

classification of NNJ and HIE are varied (Greco et al., 2016; Horn et al., 2013). Studies in 

Africa indicate that both NNJ and HIE are leading causes of mortality and morbidity, 

with a case fatality of NNJ ranging from 5.5% to 34%  (Adeolu et al., 2010; Emokpae, 

Mabogunje, Imam, & Olusanya, 2016; Eneh & Oruamabo, 2008; Iskander et al., 2014; 

Mwaniki et al., 2010) and for HIE 7.1% to 40% (Bruckmann & Velaphi, 2015; Simiyu et al., 

2017; Tann et al., 2018). 

Neonatal jaundice and HIE have been associated with adverse childhood 

neurodevelopmental outcomes in SSA as comorbid conditions such as sepsis, and IUGR 

may make the outcome worse. Studies of NNJ in Africa have consistently reported poor 

childhood outcomes (Gordon, English, Dzombo, Karisa, & Newton, 2005; Ogunlesi, 

Dedeke, Adekanmbi, Fetuga, & Ogunfowora, 2007; Olusanya et al., 2009; Owa & 

Dawodu, 1990; Wolf, Wolf, Beunen, & Casaer, 1999; Wolf, Beunen, Casaer, & Wolf, 

1997). For instance, Olusanya and colleagues (2009) conducted a community-based 

population study in Nigeria involving 5,262 young infants (0 to 3-month-olds). The 

authors found that 9% of neonates who were treated with phototherapy and 17% of 

neonates who were treated with exchange transfusion developed sensorineural hearing 

loss (Olusanya et al., 2009). In Zimbabwe, half of the survivors of severe NNJ developed 

irreversible neurological symptoms at four months after treatment (Wolf et al., 1997). 
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Gordon et al. (2005) also reported that at 18-32 months after treatment, Kenyan 

children with severe NNJ were at a higher risk of neurodevelopmental and motor 

impairment compared to their healthy peers from the community (Gordon, English, 

Tumaini Dzombo, Karisa, & Newton, 2005).  

Studies that investigated the outcomes of HIE in Africa are limited and 

inconclusive. Studies of short-term outcomes have reported that survivors of HIE have 

neurological problems and developmental delays (Mwakyusa, Manji, & Massawe, 2008; 

Namusoke et al., 2018; Simiyu et al., 2017). For instance, Mwakyusa and colleagues 

(2009) assessed 82 survivors of HIE at 6 months after birth and reported that 13 (16%) 

of the survivors had developmental delay. Padayachee and colleagues (2013) followed 

113 children at 5.9 years who were admitted during the first 24 hours of birth at a 

tertiary hospital in Johannesburg, South Africa and had a diagnosis of HIE. The authors 

report that 80% of the survivors had normal neurodevelopmental outcomes 

(Padayachee & Ballot, 2013).  

Despite the high burden of NNJ and HIE during infancy, little is known about the 

morbidity of children who survive neonatal conditions like NNJ and HIE, especially when 

they have reached school age in SSA. Indeed, long-term follow-up studies of affected 

children are limited. However, such long-term follow-up studies are essential in 

evaluating and improving neonatal care and management of NNJ and HIE (Harrold & 

Schmidt, 2002)to reduce the negative impact of these conditions and improve quality of 

survival for these children. Moreover, the long-term studies are also useful in planning 

educational needs for children who survived neonatal insults.  

 

1.6 Standard Management of Neonatal Jaundice 

Globally, the standard treatment of NNJ when the TSB > 250µmol/l (Avery, 2005) is 

phototherapy. The treatment for severe hyperbilirubinemia -defined as having a TSB 

>425µmol/l for term babies or 260µmol/l for preterm babies on day 2 (WHO), 2013)- is 

exchange transfusion. These two treatments reduce TSB in the body and to prevent 

brain toxicity (Kumar, Chawla, & Deorari, 2011).  
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Phototherapy involves exposure to artificial light that enhances the conversion 

of bilirubin into less toxic water-soluble photo-isomers (Dobbs & Cremer, 1975) and is 

effective in the management of NNJ (Kumar, Chawla, & Deorari, 2011; Malwade & 

Jardine, 2014; Okwundu, Okoromah, & Shah, 2013; Sachdeva, Murki, Oleti, & Kandraju, 

2015; Satrom, Slusher, & Satrom, 2014). The phototherapy device uses high power 

light-emitting diodes which emit blue light over the baby’s skin. The effectiveness of 

phototherapy in babies depends on the wavelength, irradiance (430 to 490 nm band 

during intensity phototherapy), distance of the phototherapy, the surface area of the 

exposed body, and duration of exposure to phototherapy (Stokowski, 2006). The 

decision to start phototherapy in babies is based on the baby’s gestational weight, age 

since birth, TSB levels, and the presence of the risk factors (G6PD deficiency, hemolytic 

disease, temperature instability, asphyxia, acidosis, and significant lethargy) (AAP, 2004). 

During phototherapy, the phototherapy device is placed over the baby approximately 

30 centimeters away from the baby, with their eyes protected, and the irradiance levels 

are set while ensuring that the baby’s chest and abdomen are exposed to the light 

(WHO, 2011). 

There is a need to increase maintenance fluid by 25% and additional 

intravenous fluid 1-1.5 times the maintenance fluid during intensive phototherapy (AAP, 

1994).  The maintenance fluid, mainly dextrose saline, is needed to compensate for fluid 

loss during the excretion of the water-soluble photo-products from bilirubin 

conversion. Moreover, albumin infusion (i.e. the administration of plasma protein to 

increase the level of plasma in the blood) during phototherapy is reported to increase 

the decline in unconjugated bilirubin (Caldera et al., 1993) since bilirubin binds to 

albumin. Hosono et al. (2000) found that 25% albumin infusion was more effective in 

reducing serum levels of unbound bilirubin during the first 6 and 24 hours of treatment 

compared to phototherapy alone (Hosono et al., 2001), but did not significantly lower 

TSB levels at the end of treatment. In babies with signs of acute bilirubin 

encephalopathy (hypertonia, fever, retrocollis, high-pitched cry, or arching), exchange 

transfusion is recommended (AAP, 2004). 
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Exchange transfusion involves slowly withdrawing the baby’s blood which has nigh 

concentrations of bilirubin and replacing it with fresh donor blood (lower bilirubin 

concentration). However, exchange transfusion is a tedious and expensive procedure 

that has been linked with high morbidity and mortality (Tan, 1996). Although 

phototherapy services are available in some hospitals in SSA, there are insufficient 

phototherapy devices to treat the high number of neonates with NNJ. Therefore, it is 

likely that the treatment offered may not conform to the treatment standards in terms 

of quality, duration, timing, and patients reached (Cline et al., 2013; Owa, Adebami, 

Fadero, & Slusher, 2011; Satrom et al., 2014). Moreover, exchange transfusion is rarely 

undertaken due to the lack of adequate personnel and blood banks. 

 

1.7 Standard Management of Hypoxic-Ischemic Encephalopathy 

The main treatment in moderate HIE is therapeutic hypothermia which involves 

lowering the temperatures of brain structures such as the basal ganglia to between 32 

to 34 degrees Celsius. The goal of the treatment is to reduce the metabolism, thereby 

decreasing the need for oxygen and glucose to the brain to prevent secondary brain 

injury (Douglas-Escobar & Weiss, 2015). In babies, hypothermia can be done on the 

whole body or the head using a head cooling method. It is conducted within the first six 

hours of life and continued for 48-72 hours (Davidson, Wassink, van den Heuij, Bennet, 

& Gunn, 2015). This therapy modifies brain cells programmed for cell death, leading to 

their survival. It provides neuroprotection by reducing the cerebral metabolic rate, 

thereby, reducing the release of excitatory amino acid resulting in low ischemia-

impaired uptake of glutamate; lowering the toxic nitric oxide (Jacobs et al., 2013). 

During hypothermia, the cooling machine is set to 4 degrees Celsius until the 

temperature reaches 34.5 (± 0.5) degrees Celsius for whole-body cooling or 33.5 (±0.5) 

degrees Celsius for head cooling. The body temperature is then kept at 32 to 34 

degrees Celsius, with the application of cooling blankets. After 24 hours of treatment, 

the temperatures are heightened to 37 degrees Celsius at a rate of 0.25 degrees Celsius.  

Evidence gathered so far indicates that hypothermia increases survival in babies 

with HIE reduces morbidity and improves neurodevelopmental outcomes in these 
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children by preventing neurosensory impairment (Aker et al., 2019; Lee, Chakranon, & 

Lee, 2019; Tagin, Woolcott, Vincer, Whyte, & Stinson, 2012). Despite hypothermia being 

the standard treatment of HIE, this technology is lacking in most SSA countries due to 

inadequate resources and poor medical care facilities. For instance, in a systematic 

review and meta-analysis of all randomized trials of cooling methods in LMICs, none of 

the seven trials identified reported the use of standard hypothermia. All the studies 

used low-technology cooling methods, including frozen gel packs, water bottles, ice 

fans, and phase changing material (Pauliah, Shankaran, Wade, Cady, & Thayyil, 2013).  

Other neurochemical/neuromodulatory agents such as erythropoietin, melatonin, and 

anticonvulsants have also been suggested to be neuroprotective after HIE (Douglas-

Escobar & Weiss, 2015; Jacobs et al., 2013), but the evidence for their effectiveness is 

less robust. 

 

1.8 Potential Pathways to Poor Developmental Outcomes in Neonatal Insults: 

A Conceptual Framework 

A feasible model to address pathways to developmental outcomes of NNI is the 

bioecological model of human development (Bronfenbrenner, 2005). The bioecological 

model offers a holistic approach to analyze the multilevel and interactive influences of 

child-related and environmental factors on the child’s development. The tenets of the 

model are that the influences on the development of a child include biological or the 

personal attributes of the child (e.g. age, temperament, sex, infections) and the 

ecological context that the child operates interactively over time (Bronfenbrenner, 

2005).  

The ecological context involves four main distinct levels, including the 

microsystem, the mesosystem, the exosystem, and the macrosystem,as indicated in 

Figure 1.1(Familyhood, 2018). According to Bronfenbrenner, the author of this model, 

the microsystem has the most influence on the child. The relationship between the child 

and the microsystem is bidirectional as from very early on the child can influence the 

behavior of the family and vice versa. 



General Introduction 

 

17 

 

 

 
 

Figure 1.1 The Bioecological Model of Human Development 

ReprintedfromPlannedFamilyhood is Building a Future that has No End, by Familyhood. 

(2018). Retrieved from https://plannedfamilyhood.com/2018/05/17/plannedfamilyhood-is-

building-a-future-that-has-no-end/. 

 

The ecological model can be used to conceptualize the factors that account for 

the individual differences in children’s developmental outcomes (Ashiabi & O’Neal, 

2015). An understanding of the factors that account for these individual differences is 

essential in identifying the point of intervention. Guided by the bioecological model, the 

thesis suggests that the child’s characteristics (e.g., infections, obstetric factors, health 

status), his/her psychosocial environments (e.g., family environment, family assets, years 

of schooling), and the characteristics of his/her caregivers (e.g., caregiver mental health, 

and level of education) shape a child's developmental outcomes as indicated in Figure 

1.2. The quality of such factors could be plausibly complicated by presence of NNI and 

thus may increase predisposition to poorer outcomes among the children with NNI 

compared to their unaffected peers in similar environments. 
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Figure 1.2 Theoretical Model Based on the Bioecological Model 

 

The direct impact or interaction of both the biological and environmental 

factors outlined in the bioecological model can influence both the short-term and long-

term outcomes of survivors of NNI. Environmental factors such as low socioeconomic 

status, maternal stress, poor parent-child relationships, peer relationships, malnutrition, 

and psychoactive drugs can affect early brain development by epigenetics (Kolb, Harker, 

& Gibb, 2017). Although NNJ or HIE can directly or indirectly influence the course of 

development of a child, mainly by affecting the brain and its development (van Handel, 

Swaab, de Vries, & Jongmans, 2009), other psychosocial and interpersonal factors can 

interact with biological factors to cause individual differences in cognitive functioning 

(Kolb, Harker, & Gibb, 2017). For instance, in rat models, offspring born to mothers who 

experienced stress during pregnancy are more likely to have impaired dendrite 

complexity in the medial prefrontal cortex which can lead to behavioral problems (Kolb, 

Harker, Mychasiuk, de Melo, & Gibb, 2017). The interaction of the psychosocial and 

interpersonal factors may imply that although development may be hampered early in 

life (e.g. at 12 months), there can still be some improvement as a child grows up due to 

experience-dependent neuroplasticity.  
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Experience-depended neuroplasticity occurs when connections of the 

ensembled neurons are modified by an enriching external environment (Kolb, Harker, & 

Gibb, 2017). For example, a child who survived HIE and had poor language functions at 

12 months may develop normal language functioning if their caregiver exposes them to 

an environment that encourages and enhances well-organized brain system and good 

language skills before the critical years for language development elapse [first six years 

of life] (Mundkur, 2005). Thus, a seemingly poor outcome at early in development may 

be followed by a cascade of social and biological events that will impact later function, 

for better or worse.  

 

1.9 Factors Underlying Developmental Outcomes in Survivors of Neonatal 

Jaundice and Hypoxic-Ischemic Encephalopathy 

As noted in the earlier sections, according to the bioecological model of human 

development, child development is influenced by both biological and environmental 

characteristics (Bronfenbrenner, 2005). Studying outcomes of NNJ and HIE only from 

the perspective of biomedical influences during the neonatal period is a limitation.  

We are not aware of studies addressing the underlying factors for developmental 

outcomes in NNJ and HIE from the bioecological perspective. However, some studies 

evaluating preterm birth have identified low socioeconomic status, and prematurity, as 

risk factors for impaired working memory (Potharst et al., 2013), whereas maternal 

education was associated with reduced inhibition (Aarnoudse-Moens, Smidts, 

Oosterlaan, Duivenvoorden, & Weisglas-Kuperus, 2009). In population-based studies, 

childhood seizures were associated with adverse attention outcomes and behavioral 

and emotional problems (EBPs) (Chang, Guo, Huang, Wang, & Tsai, 2000; Kariuki, 

Newton, Prince, & Das-Munshi, 2016). Maternal mental health has been extensively 

discussed as a significant factor related to children’s mental health (Cicchetti, Rogosch, 

& Toth, 1998; Dietz, Jennings, Kelley, & Marshal, 2009; Garai et al., 2009). The 

association between poor maternal mental health and poor child outcomes is based on 

the idea that maternal depression may affect maternal sensitivity and secure 

attachment in children, which predict EBPs during childhood and adolescence (Garai et 
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al., 2009). However, similar factors have not been investigated in studies aiming at long-

term outcomes of NNJ and HIE. Therefore, our understanding of the neurocognitive, 

educational, mental health, and quality of life outcomes of survivors of NNJ and HIE in 

the context of personal child factors and ecological influences is still limited.  

1.10 Justification for the Study 

Despite the high prevalence of NNJ and HIE in SSA, there is little data on long-term 

neurocognitive and mental health outcomes of school-aged survivors of NNJ and HIE in 

these countries. In most rural areas of countries in SSA such as Kilifi, Kenya, the majority 

of the population is impoverished and with limited access to medical facilities, advanced 

medical services, effective treatment and educational resources. Moreover, neonates 

with NNJ or HIE may develop other co-morbidities, e.g. IUGR or may have multiple 

infections. Therefore, the risk factors for NNJ and HIE in SSA may be different from 

those in high-income countries. Considering the high incidence of these conditions in 

this part of the world, it is essential to collect additional information on long-term 

neurocognitive functioning, as well as gain an in-depth understanding of the impact of 

neonatal insult on critical functional domains including neurocognition, educational 

achievement, mental health, and quality of life of the affected children. Knowledge on 

the impact of NNI on the developmental outcome of survivors is useful to both 

policymakers and practitioners as it provides information on whether school-age 

children who survived NNI show limitations in these developmental outcomes. The 

information may also help in identifying children who may require extra support (e.g. 

specific parental support, special education) to optimize their long-term outcomes.  

The use of the bioecological model will further contribute to an understanding of 

the developmental outcomes in complex childhood neonatal conditions such as NNJ 

and HIE. Additionally, information on the modifiable factors will highlight strategic areas 

and points for interventions and target those aspects to enhance the quality of life of 

children at high risk of poor outcomes. Therefore, this thesis aims to generate a 

theoretically and empirically informed understanding on the long-term neurocognitive, 

educational and mental health outcomes, and quality of life of survivors of NNJ and HIE 

and the correlates associated with these outcomes. This thesis is timely as a prevailing 
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knowledge gap on performance of school-aged survivors of NNJ and HIE, especially in 

the aspects of neurocognitive development, educational outcomes, mental health, and 

general quality of life which currently exists in Kilifi County at the Kenyan coast.  

 

1.11 Current Study 

To address these research gaps in SSA in the preceding sections, six main research 

questions were posed to explore the long-term neurodevelopmental outcomes of 

children who survived neonatal insults and the correlates of these outcomes specifically 

among survivors of NNJ and HIE:  

1) To what extent has existing global research investigated the long-term 

outcomes in school-aged survivors of neonatal insults and what has been 

found? 

2) What are the outcomes of medical treatment of children with NNJ in a rural 

SSA setting?  

3) What are developmental outcomes among survivors of severe NNJ following 

12 months after birth in a rural Kenyan setting?  

4) What are the neurobehavioral patterns of school-aged survivors NNJ and HIE 

in rural Kenya?  

5) What is the long-term impact of NNJ and HIE on the neurocognitive and 

educational outcomes in school-age survivors and their associated child- and 

environment-related factors? 

6) What is the long-term impact of NNJ and HIE on the mental health and quality 

of life outcomes in school-age survivors, and their associated child- and 

environment-related factors? 

 

1.12 Study Design 

The research questions mentioned above were addressed using data from three 

samples, as described below – see Table 1.1. 
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1.11.1 Research on Long-term Outcomes of Neonatal Insults (Chapter 2) 

To address the first research question, I conducted a systematic review and 

meta-analysis on the long-term outcomes of NNI. This study aimed at understanding 

the extent and findings of research on the long-term outcomes in school-aged 

survivors of NNI reported globally. The systematic review comprised of 52 studies with 

94,978 participants who survived 8 types of neonatal insults including bacterial 

meningitis, birth asphyxia, congenital cytomegalovirus infection, congenital rubella, 

IUGR, preterm birth, NNJ, and HIE.  

1.11.2 Results of Treatment of Neonatal Jaundice in Neonates Admitted to Kilifi 

County Hospital (Chapters 3 and 4) 

To address the second and third research questions, I used existing data from a 

randomized controlled trial which was conducted to evaluate the efficacy of 

phototherapy and 20% albumin infusion versus standard care (phototherapy and saline) 

in the reduction of bilirubin, exchange transfusion, inpatient mortality, neurological 

outcomes at discharge, and developmental outcomes in survivors of NNJ at 12-months 

follow-up.  To evaluate the efficacy of treatment, data from 128 participants (46.1% 

randomized to phototherapy plus 20% albumin and 53.9% randomized to phototherapy 

or saline and phototherapy) were analyzed (Chapter 3). 

To assess the developmental outcomes at 12-months follow-up; psychomotor, socio-

emotional, and language functioning of 57 survivors of severe NNJ were compared to 

112 peers from the community (Chapter 4). 

1.11.3 Long-term Neurocognitive and Mental Health Outcomes of Survivors of 

Neonatal Jaundice and Hypoxic-ischemic Encephalopathy Referred to 

Kilifi County Hospital (Chapters 5-7) 

 To address the fourth to sixth research questions, I performed a retrospective 

study divided into two phases, as described below: 

In the first phase, participants aged 6-12 years with a diagnosis of NNJ or HIE admitted 

to the Kilifi County Hospital (KCH) were screened to determine the severity of their 

disability. In this first phase, 308 survivors were identified, and 107 participants aged 6-

12 years were included in this study. Given that only two out of the 107 participants 
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were severely disabled, data collection was stopped as the prevalence of severe 

disability in the sample was very low, i.e. 1.9% (0.46 -7.32) (Chapter 5).  

In the second phase, I conducted a cross-sectional study where a 

comprehensive set of measures were used to assess different domains of 

neurocognitive functioning and educational outcomes and correlates of these 

outcomes (Chapter 6), and mental health and quality of life functioning and correlates 

of these outcomes in survivors of NNJ or HIE without severe disability (Chapter 7). The 

second phase included 375 participants; 134 who survived NNJ, 107 who survived HIE, 

and 134 participants from the comparison group. 

In the last chapter of the thesis, I present the general discussion (Chapter 8) 

where I summarize the findings from the thesis and discuss the implications of findings 

for future research, policy and practice. From these results, I provide insights into the 

short-term and long-term neurodevelopmental outcomes of children who survived 

neonatal insults and the correlates of these outcomes in survivors of NNJ and HIE, 

which adds to the growing body of evidence and research on newborn and child health. 

Furthermore, I show that the findings on the factors associated with the developmental 

outcomes will provide an adequate understanding of points of intervention to 

improving the outcomes and quality of life of survivors of NNJ and HIE, especially in 

areas with limited resources. 

 

1.13 Study Setting 

1.12.1 Geographical Context 

The present study was conducted at the Centre for Geographic Medicine 

Research - Coast (CGMR-C) situated in Kilifi County, Kenya. Kenya is located in East 

Africa with a coastline on the Indian Ocean. The country has a population of 47,564, 300 

with a population density of 82 people per squared Kilometre (KM2) and is divided into 

47 counties (KNBS, 2019). Kilifi County covers 12,539.7 KM2 and has an estimated 

population of 1,453,787 in 2019, with 47% of the population below the age of 15 years 

(KNBS, 2019). The county has 298,472 households with an average of 5 people per 

household (KNBS, 2019).  
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All study procedures and assessments were conducted at the CGMR-C Neuro-

assessment unit, situated next to the Kilifi County Hospital (KCH), in Kilifi. The Kilifi 

Health and Demographic Surveillance system (KHDSS) was utilized to recruit a well-

defined cohort who were admitted with severe NNJ or 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, the type of their houses, household demographic 

data, 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. 

Figure 3 shows the area covered by the KHDSS, the KCH, and other health facilities 

around the Kilifi town (Nyundo et al., 2017). 
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Table 1.1 

Description of Sample and Study Characteristics for Each Chapter 

Chapter Objective Sample  Study Design Measurements Developmental outcome 

2 

 

To establish the long-term 

neurocognitive and mental 

health outcomes of NNI 

survivors who are six years 

or older.  

 

- 52 studies with 94,978 

participants who survived 

NNI  

- Median age at follow-

up was 8 [interquartile 

range (IQR) 6.0 to 10.0] 

years. 

Systematic 

review 

- - Neurodevelopmental 

impairment  

-Hearing impairment 

-Vision impairment; 

-Neurological impairment  

-Epilepsy 

-Mental/behavioral problems 

3 To evaluate the efficacy of 

phototherapy and 20% 

albumin infusion versus 

phototherapy and saline in 

neonates with severe NNJ 

in improving 

developmental outcome. 

-118 randomly assigned 

to phototherapy and 20% 

albumin (n= 59) and 

phototherapy and saline 

(n= 69). 

-The median age at 

admission was 5 (IQR 3-

6) days 

Randomized 

control trial 

- -Neurological sequelae 

-Developmental impairment 

4 - To investigate the 

developmental outcomes 

and perinatal risk factors 

associated with poor 

developmental outcomes in 

children who survived NNJ. 

-To determine if sepsis 

associated with NNJ leads 

to additional impairments 

-169 participants aged 12 

months (57 cases and 

112 controls) 

Retrospective 

study 

-Developmental 

Milestones Checklist 

-Kilifi Development 

Inventory. 

 

-Psychomotor 

-Language 

-Socio-emotional functions 



Chapter 1 

 

26 

 

5 -To examine patterns of 

functioning in school-aged 

children who survived NNJ 

and HIE in Kilifi, Kenya. 

-107 survivors of NNJ/HIE 

(64 with NNJ, 43 with 

HIE) 

- 6-12 years 

Cross-

sectional 

study 

-The Gross Motor 

Function Classification 

System 

-Adapted 

Communication Profile 

-Raven’s Coloured 

Progressive Matrices 

-Epilepsy Screening 

Tool 

-Gross motor function 

-Communication function 

-Intellectual functioning 

-Epilepsy 

6 -To investigate the long-

term neurocognitive and 

educational outcomes and 

the correlates of these 

outcomes in school-aged 

survivors of NNJ and HIE in 

Kilifi, Kenya.   

375 children (134 with 

NNJ, 107 with HIE, and 

134 comparison group) 

-6-12 years 

Cross-

sectional 

study 

-Raven’s Coloured 

Progressive Matrices 

-Tower of London test 

-Self-ordered Pointing 

test 

- People Search Test 

-Syntax 

-Pragmatics 

-Word-finding test 

-Kilifi Creek Behavioral 

Memory Test 

-Early Grade Reading 

Assessment 

-Early Grade 

Mathematical 

Assessment  

-Verbal-intelligence 

-Executive function -Attention 

-Language 

Memory 

-Perceptual-motor 

-Mathematical skills 

- Reading skills 
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7 -To examine the mental 

health and quality of life 

outcomes of school-aged 

survivors of NNJ or HIE and 

a comparison group and 

the correlates of these 

outcomes 

375 children (134 with 

NNJ, 107 with HIE, and 

134 comparison group) 

-6-12 years 

Cross-

sectional 

study 

-The Child Behaviour 

Checklist 

 -Pediatric Quality of 

Life Inventory 

-Emotional and behavioral 

outcomes 

-Quality of life 
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Figure 1.3 A map indicating the KHDSS area and some of the Health Facilities within the 

KHDSS Area 

Reprinted from linking health facility data from young adults aged 18-24 years to 

longitudinal demographic data: Experience from The Kilifi Health and Demographic 

Surveillance System by Nyundo et al., 2017, Wellcome Open 2020, 2 (51). 

 

1.12.2 Social and Economic Situation 

Kilifi county’s inhabitants are mainly from Mijikenda origin. The Mijikenda 

comprises of nine ethnic groups (Chonyi, Ribe, Giriama, Digo, Duruma, Jibana, Kambe, 

Kauma, and Rabai), with Giriama being the dominant ethnic group in the area. Kilifi is 

one of the poorest counties in Kenya, with 44% to 54% of the population has an 

average income of 3,252 Kenya shillings (about 27 Euro) per month (KNBS, 2018). The 

main economic activity is subsistence farming. Kilifi County has a high fertility rate, a 

median of 5 children per woman, which is attributed to early marriages, low levels of 

education, and low uptake of contraceptives (NCPD, 2017). Limited maternal health 

services and unskilled birth deliveries at home are the main contributors to infant and 

maternal mortality (NCPD, 2017). Although the county has a high primary school 

enrollment of 84%, 9.8% of school-aged children drop out of school, mainly due to 

teenage pregnancies (secondary school) and poverty (KNBS, 2009). The county’s overall 

provision of health care, education, and economic opportunities are at a human 
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development index (HDI) of 0.47, which is lower than the national HDI of 0.53 (NCPD, 

2017).  

 

1.12.3 Health Care of Newborns at Kilifi County Hospital 

The KCH serves as the primary care hospital and the only referral center in Kilifi 

County. The KCH and Malindi Sub County Hospital are the only public hospitals in Kilifi 

County that provide inpatient services to the population. The KCH has a pediatric high 

dependency unit (HDU) and a newborn unit (NBU). Critically ill children are admitted to 

the HDU. Newborns with severe NNJ or HIE who are critically ill are admitted to the 

HDU. The room has 4 incubators, 9 cots, and one bed that is shared by two babies. 

There are 4 phototherapy devices (Photo light, Model AS20 220-230 V with 

YZ20BT132/20W blue fluorescent tubes). The HDU admits between 20-30 newborns per 

month. The NBU has 18 cots, 8 incubators, and 9 phototherapy units. The NBU has 2 

pediatricians, 6 clinical officers, and 3-4 nurses per shift. The NBU admits approximately 

100 babies per month. 

Babies with NNJ are usually assessed by pediatricians and diagnosis is based on 

clinical observation and TSB levels. The primary treatment for NNJ in KCH is 

phototherapy and intravenous fluids. Sick babies are also given antibiotics to treat 

sepsis. In rare occasions, exchange transfusion is also given to severely jaundiced 

babies. Exchange transfusion is done by one pediatrician and one nurse in the HDU; 

however, this treatment modality is rarely used due to limited access to blood banks 

and personnel. Due to a lack of therapeutic hypothermia machines in both the HDU and 

NBU, HIE is mainly managed by oxygen therapy, treatment of sepsis, and clinical 

observation. 

 

1.14 Conclusion 

Neonatal insults are major clinical conditions that contribute to the global burden 

of disease in neonates. Among these insults, NNJ and HIE account for most of the 

burden, especially in low resource settings such as Kilifi, Kenya. Outcome studies 

suggest that neonatal insults are associated with childhood neurodevelopmental and 

neurological impairment. To date, long-term neurocognitive, educational, mental health 

and quality of life outcome in school-age survivors of NNI remain unevaluated, 
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especially in LMICs. Additionally, the factors associated with these outcomes have not 

been well explored despite the demonstration of shared associations between NNI and 

these factors.  

The next chapter chapters present a systematic review and empirical studies on the 

treatment outcomes in NNJ, short-term and long-term outcomes, associated factors in 

NNJ and HIE. 

 


