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1.2 Introduction 

The first 28 days of life are a crucial period during which a newborn is adjusting 

and adapting to the new environment. The adjustments involve several changes in the 

body to maintain homeostasis and ensure optimal survival (Morton & Brodsky, 2016). 

Therefore, any diseases or conditions experienced during this period may seriously 

hamper the development and survival of the neonate. Neonatal jaundice (NNJ) and 

hypoxic-ischemic encephalopathy (HIE) are common neonatal conditions that 

significantly contribute to mortality and may severely impact on the 

neurodevelopment, educational achievement, mental health, and quality of life of 

those who survive the conditions. In low-resource settings such as sub-Saharan Africa 

(SSA), the developmental outcomes of survivors of such conditions may be 

exacerbated by inadequate or poor or delayed medical care and treatment received 

during hospitalization, and poor parental care (O'Donnell, 2007).  

The current thesis examines the long-term impact of neonatal insults (NNI), 

the treatment outcomes of NNJ and the short-term and long-term developmental 

outcomes in survivors of NNJ or HIE. In chapter 2, I conducted a systematic review and 

meta-analysis of the empirical studies to understand the burden of neonatal insults 

globally. In chapter 3, I examined the efficacy of treatment of NNJ in the Kenyan 

context and further report the findings from a 12-month follow-up study of children 

treated for NNJ at a rural Kenyan hospital to understand their developmental 

outcomes (chapter 4). In chapters 5,I examined the patterns of neurobehavioral 

functions of survivors of NNJ or HIE. In chapters 6 and 7, I examined the long-term 

neurocognitive, educational, mental health, and quality of life outcomes among the 

survivors of NNJ and HIE in Kilifi, Kenya. I utilized the bioecological model to examine 

the underlying factors associated with long-term outcomes of survivors of NNJ or HIE. 

In this chapter, I present the main results and conclusions from the studies 

reported in the previous chapters and discuss their implications for clinical practice 

and research. 
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1.3 Main Findings 

8.2.1 Long-term Outcomes of Neonatal Insults 

A systematic review and meta-analysis were conducted to examine the long-

term impact of NNI globally. This study was conducted to provide a background for 

the empirical studies in the Kilifi samples reported in other chapters. There were two 

key findings from this review.  First, there were limited studies, especially from low-

and middle-income countries (LMICs) on the long-term outcomes of neonatal insults. 

Second, among identified studies, I observed that there was a high prevalence of 

neurodevelopmental impairment in school-aged children and older groups of 

survivors of NNI. 

In this systematic review, I found only a few studies conducted on the long-

term outcomes of neonatal insults in school-age survivors. Moreover, all studies 

included in this systematic review and meta-analysis (according to the criteria) were 

from high-income-countries; no studies on long-term developmental outcomes have 

been reported in SSA despite the high burden of NNI in this region (Conway et al., 

2018). Understanding the long-term outcomes of children who survived NNI is vital as 

it indicates early interventions that likely are beneficial to children who experience 

various developmental difficulties. For instance, school-aged survivors of NNI with 

neurocognitive and learning difficulties may benefit from tailored educational support 

to help them optimize their educational outcomes. Additionally, the dearth of 

research on this topic accentuates the need for the generation of knowledge useful 

for policy-making, planning, and strategic action, all of which are critical to the 

development of low-resourced countries.   

Despite the few studies identified in this systematic review, I found a high 

prevalence of impairment in survivors of NNI. The neurodevelopmental domain was 

the most commonly affected. Specifically, school-aged survivors of NNI had 

limitations in their cognition, language, memory, and were developmentally delayed. 

Similar findings are reported in the review by Mwaniki and colleagues who found that 

59% of survivors of NNI had difficulties in learning, cognition and had general 

developmental delays (Mwaniki et al., 2012). This finding implies that NNI can 
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potentially affect the brain regions such as the cerebellum which plays an essential 

role in neurocognitive functioning, thus, may potentially impact on school 

performance (Adams-Chapman, 2009). Therefore, early identification and 

interventions to improve cognition, language, and memory may be crucial for children 

with a history of NNI. 

I also found that congenital rubella and HIE accounted for the most severe 

impairment, while NNJ accounted for the least impairment. Congenital rubella has 

long been established as a condition that has long-term impact on childhood 

development as it can lead to reduced grey matter in the brain and affect other body 

organs such as the spleen, thyroid, bone marrow and the liver (Duszak, 2009). Such 

physiological impairment from congenital rubella is linked to developmental defects 

such as poor motor coordination, speech difficulties, and developmental disabilities 

(Duszak, 2009). The inadequate supply of oxygen and blood flow in HIE has severe 

implications on different brain areas as it results in cell death, leading to impairments 

in the affected brain areas. Given the direct effects of congenital rubella and HIE on 

the brain and other body organs, they are associated with a high burden of morbidity 

compared to NNJ whose influence depends on the level of unconjugated bilirubin 

which crosses the blood-brain barrier and predominately affects the basal ganglia.  

Similar to the global findings that NNJ contributed to the least impairment, 

my findings from the Kilifi sample indicate that the NNJ group only differed in 3 out of 

the 11 neurocognitive and educational outcomes and had similar outcomes in mental 

health compared to the unaffected group as discussed in the sections below. 

However, in contrast to the high frequency of impairment in the HIE group observed 

in the global findings, only 4 out of the 11 neurocognitive and educational outcomes 

were significantly impaired in the Kilifi HIE sample when compared to the unaffected 

group. The differences in the HIE findings observed in these studies could be 

attributable to the fact that in the Kilifi sample, many of the HIE survivors had died at 

the time of follow-up, including mostly those with expectedly poor outcomes if they 

had survived. Therefore, there could be an over inclusion of participants with mild 
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outcomes, which may have made it difficult to detect differences in outcomes 

between the Kilifi HIE sample and the unaffected group. 

It should be noted that, despite the relevance of the question on long-term 

outcomes of NNI, the number of studies on this subject identified in this review were 

limited, and none of them were carried out in SSA. The lack of studies indicates an 

urgent need for more long-term follow-up studies, especially in SSA, to close the 

knowledge gaps identified in Chapter 2. Moreover, there is a clear need for studies 

addressing the personal and environmental backgrounds of those who are in the long 

run most affected by NNI. The studies reported in the other chapters of this thesis 

started to fulfil this need. The next sections will discuss their results. 

8.2.2 Results of Treatment of Neonatal Jaundice in Neonates Admitted to 

Kilifi County Hospital 

Neonatal jaundice can generally be treated well, but one unanswered 

question is how effective treatment of severe NNJ in children in LIMCs, most notably 

those in SSA. In Chapter 3 of the thesis, I present results of an RCT which evaluated 

the efficacy of a therapy comprising a 20% albumin infusion in neonates with severe 

NNJ referred to the Kilifi County Hospital, situated at East Coast of Kenya. Albumin 

infusion during phototherapy is reported to enhance the binding of bilirubin in the 

plasma (cf. Brodersen & Stern, 1980) and consequently reduce TSB, the need for 

exchange transfusion, mortality during phototherapy, and neurological impairment at 

discharge, and thus improve developmental outcome at 12-months. The findings 

revealed that the use of 20% albumin infusion as a treatment for NNJ is not superior 

to standard care (phototherapy and saline).  

I found that neonates who were randomized to 20% albumin had similar 

outcomes to those who received standard care. The non-significant difference in 

outcomes was found in all registered outcome parameters, i.e. the proportion of 

participants who required exchange transfusion, repeat phototherapy, those who 

died, and developmental outcomes at 12 months (Chapter 3). These findings provide 

evidence that although albumin is likely to increase plasma-binding capacity for 

unconjugated bilirubin (Brodersen & Stern, 1980), it offers similar effects as saline 
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during phototherapy. Other studies have also reported similar findings (Hosono et al., 

2001; Tsao & Victor, 1972). For instance, Hosono suggests that albumin may be 

effective only during the first 24 hours, but that at the end of treatment, both the 

treatment and the control groups have comparable TSB levels. The ineffectiveness of 

albumin during phototherapy can be caused by the modification of the amino acids 

responsible for the removal of bilirubin from albumin (Rubaltelli, Jori, & Rossi, 1979). 

Additionally, during phototherapy, bilirubin may be oxidized, thus reducing its binding 

affinity to bilirubin, making it less effective in eliminating the bilirubin or its photo 

products from the body (Caldera et al., 1993). 

Given the limited studies on the effects of 20% albumin and phototherapy in 

the treatment of NNJ, this study provides evidence-based knowledge on the efficacy 

of 20% albumin on phototherapy in Kilifi, Kenya. Since saline is a cheaper alternative- 

Kenya Shillings (KES) 40 for 500 milliliters (ml) (KEMSA, 2019)- for fluid replacement 

than 20% albumin- KES 12,000 100ml injection vial pack of 1 (PhamarcyDirect, 2019), 

and because the study did not find evidence for differences in outcomes of both types 

of replacement, my findings suggest that using saline is more feasible in treatment on 

NNJ, especially in low resource settings like Kilifi. 

8.2.3 Short-term Outcomes among Survivors of NNJ 

The fourth chapter of the thesis presents findings on the developmental 

outcomes at 12-months in infants who had survived NNJ and examined whether 

neonatal sepsis aggravated the poor outcome in survivors of NNJ. The results of this 

study corroborate the findings of other studies that indicate that children who 

survived NNJ experience global developmental delay (Chen et al., 2014; Gordon, 

English, Dzombo, et al., 2005; Wusthoff & Loe, 2015). Specifically, compared to their 

unaffected peers, I found that survivors of NNJ had lower scores in language 

functioning, psychomotor functioning, and socio-emotional functioning. Language 

impairment has been linked to hearing loss caused by bilirubin toxicity in the brain 

during a critical period of development (Amin et al., 2009). When bilirubin affects the 

auditory brain regions, individuals may not be able to process auditory stimuli. Thus, 

individuals are unable to respond to the acoustic features since the initial stages of 
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language process involves multiple transformations of the incoming auditory signals 

(Medwetsky, 2011). However, further research is required to investigate the pathways 

of language impairment in NNJ. Psychomotor and socio-emotional functions are likely 

to be impaired due to the impact of bilirubin on critical brain areas including areas 

such as the hippocampus, the Globus pallidus, and the subthalamic nucleus which are 

important areas for emotion regulation and motor movements (Watchko, 2016). 

I found that children who had both a diagnosis of NNJ and sepsis had similar 

developmental outcomes to those with a diagnosis of only NNJ. Sepsis did not appear 

to aggravate the poor outcomes associated with NNJ. Neonatal sepsis is a common 

problem in neonates that occurs due to a dysregulation of the body response to 

infection, and it can lead to organ dysfunction (WHO, 2017a). Although neonatal 

sepsis is a known risk factor for NNJ (Maisels et al., 2009) and is associated with poor 

developmental outcomes (Gordon, English, Dzombo, et al., 2005), it appears that 

children with a diagnosis of both NNJ and neonatal sepsis do not present with more 

developmental impairment compared to children with NNJ only. This finding may 

imply that the mechanism or manifestations of brain injury in both NNJ and neonatal 

sepsis are similar. 

The unexpected finding of no additional impairment experienced from sepsis 

over and above the impairments caused by NNJ alone may have several causes. First, 

similar brain regions may be affected by the two conditions; thus, no additional 

impairment is experienced. Second, the impact of NNJ itself is so severe that the 

effects of neonatal sepsis on the brain regions is not visible. Third, it may also be 

possible that the impact of the combination of these conditions manifest stronger at a 

later developmental period and are thus, seemingly less detectable at the current 

stage. Fourth, it might be that those with NNJ and severe sepsis had a lower likelihood 

of enrollment in the study, for example, because they died. 

The environment in which a child was born contributed significantly towards 

the developmental outcomes of NNJ at 12 months. I found that survivors of NNJ who 

are born at home or those whose mothers are attended to by an unskilled birth 

attendant, had a mother with a low level of education, and babies who are not able to 
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breastfeed moments after birth are likely to have poorer developmental outcomes. In 

low-resource settings, many mothers are likely to give birth at home due to limited 

resources, distance to the hospital, or lack of access to a hospital, and care and 

management of sick neonates by health care workers (Hodgkin et al., 2019). 

Consequently, mothers of babies born at home are likely to be attended to by a family 

member or a traditional birth attendant experienced in birthing but with no or 

minimal medical training. As such, these individuals cannot adequately manage 

complicated pregnancies or childbirths, identify or manage neonates who develop 

complications immediately after birth or give appropriate care during the postnatal 

period (Hodgkin et al., 2019). Additionally, it is not only about the complications, it is 

also about the counseling and information on child-rearing practices (e.g. exclusive 

breastfeeding, nurturing care etc.) as these also have implications for child 

developmental outcomes. Therefore, babies born at home may develop severe 

conditions with poorer outcomes than those born in hospital as the latter are likely to 

be attended to immediately by the medical personnel who is able to identify signs of 

complications.  

This study provides new findings in SSA about the risk factors to poor 

developmental outcomes in survivors of NNJ at 12-months. This set of results 

emphasizes the need to initiate behavioural interventions that ensure pregnant 

mothers engage in adequate health-seeking behaviours to optimize good pregnancy 

and neonatal outcomes. Besides, these observations call for action to improve 

childbirth practices and newborn care, especially in the case of birth complications, 

most notably for those mothers who are at risk of giving birth at home or those who 

lack adequate care immediately after birth. 

8.2.4 Long-term Neurocognitive and Educational Health Outcomes of 

Survivors of Neonatal Jaundice and Hypoxic-Ischemic Encephalopathy 

The fifth chapter summarizes findings from a study which involved screening 

and identification of school-aged children without severe disability who were later 

assessed in the domains of comprehensive neurocognitive functioning, educational 

outcomes, mental health and QoL in a subsequent study. In the context of this study, 
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disability was defined as the impairment in body structure, which results in significant 

loss and difficulty for a participant to perform a task. The results from the screening 

tests indicate that children without severe disability who survived NNJ and HIE have 

normal vision, hearing, motor functioning, and communication functioning. However, 

unlike the survivors of NNJ who also had normal cognitive functions, survivors of HIE 

had poorer cognitive outcomes compared to a normative group. Since most of the 

tools used in this study were screening tools, they may have lacked the sensitivity to 

detect mild to moderate impairments. So, an important question is to what extent the 

relatively positive outcomes suggested by these findings is corroborated when more 

detailed and in-depth assessments of neurocognitive functions are employed.  

In chapter 6, I assessed a broad array of neurocognitive functions such as 

nonverbal intelligence, planning, working memory, visual attention; language 

functioning such as syntax, pragmatics, and word-finding; and educational outcomes 

namely mathematical skills and reading skills in school-aged survivors of NNJ or HIE 

using elaborated tests in a laboratory setting.  

Similar to other studies, I found that the NNJ group had poorer scores in word-

finding, memory, and reading skills compared to the unexposed comparison group, 

while the survivors of HIE scored poorly on the language (syntax, pragmatics, and 

word-finding) and perceptual-motor tests than the unexposed comparison group. As 

previously discussed in chapter 4, poor neurocognitive outcomes related to the brain 

areas affected tend to persist into older age or may take longer to correct. Such poor 

outcomes could affect learning in school-aged survivors of NNJ and HIE and 

consequently lead to poor educational outcomes. Therefore, there is a need for both 

primary and secondary care services for survivors of NNI to be vigilant for signs of 

potential problems and proper care and treatment given to those with any form of 

impairment. Consistent with a study by Thompson and colleagues (1997), I found that 

survivors of HIE performed better in nonverbal reasoning compared to the unexposed 

comparison group. This finding is encouraging, as it indicates that survivors of HIE can 

analyse visual information and solve problems effectively without necessarily using 

words.  
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In this study, several underlying factors associated with poor neurocognitive 

and educational outcomes were investigated, namely; i. child characteristics (age, sex, 

and anthropometry); ii. caregivers’ factors (religion, education level, occupation, 

marital status, and family socioeconomic status); iii. perinatal factors (abnormal 

pregnancy, place of birth, abnormal delivery, delayed crying, feeding problems, 

hospital admission, and febrile seizures); and iv. neurological problems and medical 

problems after discharge.  

An analysis of these underlying factors for neurocognitive outcomes indicates 

that stunted growth was associated with lower scores in syntax; abnormal pregnancy 

was associated with lower pragmatics scores; neurological problems were associated 

with poor word finding and reading skills, and febrile seizures were associated with 

poor perceptual-motor scores in NNJ. While in HIE stunted growth was associated 

with low nonverbal intelligence scores, working memory, visual attention, syntax, 

wordfinding, memory, mathematical skills, and reading skills; poor caregiver’s mental 

health was associated with low wordfinding scores; abnormal delivery was associated 

with poor syntax scores; hospital admission was associated with poor perceptual-

motor scores, and neurological problems were associated with low pragmatics and 

wordfinding scores. Although research on factors associated with long-term outcomes 

of survivors of NNJ and HIE is limited, studies in general populations have identified 

stunted growth and hospital admissions as significantly associated factors. 

In summary, the analysis of the associations between these factors and 

neurocognitive and educational outcomes indicated that neurological problems after 

discharge were associated with several poor outcomes in NNJ while stunted growth 

was the main factor associated with almost all the outcomes in HIE. Although research 

on factors associated with long-term outcomes of survivors of NNJ and HIE is limited, 

studies in general populations have identified neurological problems and stunted 

growth as risk factors for poor developmental outcome(Abubakar, Van de Vijver, et al., 

2008; Sudfeld et al., 2015). 

Kikkert and colleagues conducted a study to investigate the associations 

between neurological dysfunction and cognitive ability of 341 children aged 9 years. 
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The authors found that children with neurological dysfunctions had attention, learning 

and memory, and language problems(Kikkert, de Jong, & Hadders-Algra, 2013). The 

neurological problems are likely to affect the brain pathways responsible for 

sequential finger movement tasks and motor learning and timing of movements 

which are coordinated by the cerebellum and frontal-striatal brain areas. These brain 

areas are also responsible for higher brain functions such as motor, speech, cognition, 

and behaviour regulation(Kikkert et al., 2013). Therefore, survivors of NNJ who have 

neurological problems are likely to have difficulties in their language and cognition 

consequently impacting on their educational outcomes. Children who survive 

neonatal insults should be closely monitored after discharge from the hospital as this 

facilitates early detection of neurological problems and timely interventions offered to 

affected children so optimize their development. 

Stunted growth occurs in children who experience malnutrition, inadequate 

stimulation, and recurrent infections (WHO, 2017b). Stunted growth may represent 

chronic malnutrition which can start early in life (in the utero or after birth) and 

become noticeable between 1year and 1.5 years after birth. Although stunting could 

resolve after 40 months, most affected children, remain stunted through to adulthood 

(Grantham-McGregor et al., 2007).  

Although research on factors associated with long-term outcomes of 

survivors of NNJ and HIE is limited, studies in general populations have identified 

stunted growth as a risk factors for poor developmental outcomes (Abubakar, Van de 

Vijver, et al., 2008; Durkin et al., 1998; Perkins et al., 2017). In a meta-analysis of 68 

studies in LMICs, Sudfeld and colleagues investigated the relationship between linear 

growth and child development among children less than 12 years. The authors found 

that height-for-age from two years and above was positively associated with 

cognition and motor development at 5 to 11 years (Sudfeld et al., 2015). Malnutrition 

has multiple determinants; therefore, stunted growth may be a proxy for many other 

social, biological and economic disadvantages (Tharakan & Suchindran, 1999). 

Community programs that empower families to access not only proper hygiene and 
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clean water but also programs that empower families economically to reduce poverty 

and prevent stunted growth in the population are needed.  

8.2.5 Mental Health and Quality of Life Outcomes in Survivors of Neonatal 

Jaundice and Hypoxic-Ischemic Encephalopathy. 

In chapter 7, I investigated mental health outcomes and QoL of school-aged 

survivors of NNJ and HIE compared to an unexposed comparison group and the 

factors associated with these outcomes. I found that the survivors of NNJ and HIE 

have comparable levels of emotional and behavioural problems (EBPs) and QoL 

functioning as the unexposed comparison group. The similarity between these groups 

could be because generally, Kenyan children have high levels of EBPs compared to 

multicultural norms (Magai et al., 2018). Other studies have also shown that low 

socioeconomic status is associated with elevated EBPs (Rutherford, Sharp, Hill, Pickles, 

& Taylor-Robinson, 2019). Given the high poverty levels in Kilifi, it is likely that poverty 

may have interactions with other factors, thus affecting EPBs through a complicated 

mechanism. The important observation here is that having experienced NNJ or HIE as 

such does not increase the risk of EBP for children living in this area.  

Contrary to findings that caregivers of children with physical conditions tend 

to report lower QoL which may be due to parental worries (Lim, Velozo, & Bendixen, 

2014; Longo, Badia, Orgaz, & Gómez-Vela, 2017; White‐Koning, Grandjean, Colver, & 

Arnaud, 2008), caregivers of survivors of NNJ, HIE, and those of the unexposed 

comparison group reported similar QoL for their children. Given the contextual 

deprivation of this population, the similarity in the QoL of these group could be that: 

(a) the parents of the survivors of NNJ or HIE are not more worried about their 

children’s wellbeing than the parents of the unaffected children; (b) given the medical 

history of survivors of NNJ or HIE, the parents may view their affected children as 

relatively doing well; and (c) both the survivors of NNJ or HIE and the unaffected 

children have elevated EBPs, thus, equally affecting their QoL.  

Poor maternal mental health was associated with elevated EBPs in all the 

three broad-band CBCL scales as well as with lowered QoL in both survivor groups. 

This result indicates that mental health and QoL functioning in NNJ and HIE survivors 
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is significantly associated with maternal mental health. Poor maternal mental health is 

common in women of childbearing age in LMICs (Gelaye, Rondon, Araya, & Williams, 

2016) and it is a well-established correlate of child psychopathology (Carneiro, Dias, & 

Soares, 2016; Goodman et al., 2011). Children whose mothers are depressed are likely 

to have fewer positive emotions and more negativity, thus, are susceptible to 

depression (Goodman et al., 2011). Depressed mothers are less likely to stimulate their 

children and provide the necessary emotional support required for their development. 

Consequently, children with depressed mothers may have emotional dysregulation 

(Bernard-Bonnin, Society, Health, & Committee, 2004; Murray et al., 2011). It should 

be noted that maternal depression might also bias the reports mothers give on their 

child’s EBP (Richters, 1992) and that child EBP might increase the risk of maternal 

depression.  

In summary, my findings can be interpreted on the bioecological model 

introduced in chapter 1 and filled with the findings of the studies in this dissertation 

to explain how NNI and related factors are linked to developmental impairment in 

school-age children. I have shown that in the presence of neonatal infections other 

biological factors (such as inability to breastfeed, stunted growth, abnormal 

pregnancy, neurological problems, and febrile seizures), and psycho-social factors 

(such as home births, an unskilled birth attendant, low maternal education, and poor 

maternal health) are associated with impaired development in language, socio-

emotional functioning, psychomotor, reading skills, mathematical skills, perceptual-

motor, nonverbal reasoning, visual attention, and memory as presented in figure 8.1. 

This model may be used to inform further studies on long-term outcomes of NNJ and 

HIE. 
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Figure 8.1 Theoretical Model of Association between NNJ/HIE and Developmental 

Outcomes Based on the Bioecological Model. 

 

 

1.4 Limitations  and  Directions for Future Studies 

The main strength of this thesis is that it presents results on the long-term 

outcomes of survivors of NNJ or HIE in an area where there have not been any reports 

i.e. SSA; which are the first of this kind, to the best of our knowledge. Additionally, the 

work was theoretically driven, looking at both potential biological and psychosocial 

factors underlying poor outcomes. Moreover, this work was set in a relatively unique 

setting where a demographic health surveillance system enabled me to trace many of 

the survivors of NNJ and HIE and have access to some relevant clinical data at 

admission, something that is difficult to find in many low and middle-income 

countries.  Therefore, the findings from this PhD research not only explore a timely 

and yet under-researched field but also provide a foundation for a body of evidence 

on the long-term outcomes of the NNJ or HIE survivors in Kenya and SSA in general. 

However, the findings presented in this thesis should be interpreted 

cautiously for several reasons. First, in the systematic review and meta-analysis 

presented in chapter 3, the study inclusion criteria were strict and may have excluded 

some studies. For instance, those studies that did not include a confirmed diagnosis of 
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NNI in the first 28 days of life were excluded from the review. Moreover, it was not 

possible to conduct sub-analysis on multi-domain impairments reported in other 

studies. For instance, many participants with cerebral palsy will also have motor 

impairment and learning difficulties, which I found too complex to conduct sub-

analysis. 

Our study in chapter 4 had a significant percentage of missing data (for instance out 

of the 147 neonates treated for NNJ only 70 were evaluated), and this may potentially 

have led to some level of miss-representation of the outcomes of the treatments for 

NNJ. Additionally, inconsistencies in the documentation of bilirubin levels during 

treatment made interpretation problematic. We, however, used a listwise deletion 

method as these data were missing completely at random. 

Like in many hospital settings in low and middle-income settings, there were 

some challenges with the quality of records of data at the hospital as I noted 

inconsistencies in documentation of relevant child data at birth such as APGAR scores, 

bilirubin levels, gestational age, and other perinatal factors which are essential to 

understand the developmental outcomes better. For instance, due to the lack of these 

critical data, it was not possible to determine the severity of NNJ and HIE based on 

objective parameters.  

The use of cross-sectional designs in chapters 3-7 is associated with some 

limitations. First, it is impossible to ascertain the causal relationships between the 

neonatal insults and the neurodevelopmental outcomes. Second, cross-sectional 

studies may involve various forms of bias, such as recall bias (Pandis, 2014), which may 

lead to an over- or under-representation of the study findings. Nonetheless, amidst 

these limitations, these cross-sectional studies highlight significant results on long 

term implications of NNI on developmental outcomes, which should further be 

investigated with more rigorous study methodology. The current findings also provide 

important preliminary messages for informing policy and interventions to improve 

care and management of NNI and related developmental impairments.  

In chapters 5-7, I conducted a long-term follow-up of survivors of NNJ or HIE. 

Given the high number of neonates with NNJ or HIE who died both in hospital during 
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admission and in the community post-discharge, it is likely that the survivors included 

in these studies had milder conditions while those who had severe outcomes had 

died. Survivor bias may lead to an under-estimation of the real impact of NNI on 

outcomes. 

In the screening study in chapter 5, I did not recruit an unexposed comparison group; 

instead, I compared the intellectual competence scores for the NNJ and HIE groups 

with a normative sample of children aged 6-9 years. This poses a challenge of missing 

out an unexposed comparison group comprising of children (10-12 years) from the 

same geographical setting of Kilifi County. This may explain the different results for 

nonverbal reasoning in the HIE group between the screening test (chapter 5) and the 

comprehensive neurocognitive study (chapter 6 and 7). 

In chapters 4, 6 and 7, I identified potential underlying factors for 

developmental outcomes. However, many of these factors were based on caregivers’ 

reports (e.g. a recall of the perinatal factors). These responses are susceptible to bias 

as the caregivers may not be able to recall the information accurately. In chapter 7, 

the child’s EBPs were reported by the mother and not based on a clinical diagnosis. 

Additionally, the maternal reports could be biased, especially if the mothers had poor 

mental health themselves as they are likely to report more problems in their children 

due to their own poor mental health state. Similarly, the maternal mental health 

assessment was also based on a self-report by the mothers and not a clinical 

diagnosis which could also be a source of bias. 

Moreover, these findings are predominately from children in the Kilifi setting, 

which is a unique setting characterized by low socioeconomic status, limited access to 

medical facilities, advanced medical services, effective treatment, and educational 

resources that are likely to be less generalizable to other settings in Kenya and 

beyond. Lastly, all the patients are from Kilifi hospital, and I did not compare with 

other healthcare settings. The quality of care at this hospital might have an impact on 

the outcomes that is not comparable to that for children from other healthcare 

settings. 
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1.5 Implications for Research and Practice 

The findings of this thesis have important implications for intervention and 

research focusing on developmental outcomes in children who survived neonatal 

insults. The findings suggest that survivors of NNJ or HIE are likely to have poor 

developmental outcomes which not only manifest early in life but also continue in the 

school-age period. The poor developmental outcomes are associated with poor 

socioeconomic and perinatal variables, which may be amenable to intervention. I 

discuss the implications below. 

8.4.1 Proper Treatment and Care for Sick Neonates 

In SSA, the burden of neonatal insults is high, and most of the countries lack 

necessary treatment modalities for these conditions due to low medical resources. 

Findings from chapter 3 suggest that it is equally effective but more feasible to use 

saline infusion for the treatment of NNJ since it is a cheaper alternative for fluid 

replacement compared to albumin, as 20% albumin is not superior to standard 

treatment of NNJ. 

Given the high mortality of neonates with NNJ or HIE, there is a need to 

strengthen and improve the treatment and care of children affected by NNJ or HIE. 

The standard treatment and care provided in the existing protocol for NNJ [World 

Health Organization pocketbook] (WHO, 2013) should be adhered to strictly. 

Additionally, there is a need to provide adequate resources and equipment, such as 

hypothermia machines for the treatment of HIE. Policymakers, service planners, and 

health care managers should ensure that all medical facilities are fully equipped and 

have sufficient medical staff needed to care for sick neonates to prevent child 

mortalities during the first 28 days.  

Notably, more emphasis should be placed on the prevention of NNI. 

Policymakers and health stakeholders should ensure that hospital services are 

affordable, accessible, and equitable (universal health care) so that the populace can 

utilize them. I found that birth at home (chapters 4, 6, and 7) and birth assistance by 

unskilled birth attendants (chapter 4) were the main underlying factors for poor 

developmental outcomes in survivors of NNJ and HIE. Therefore, policymakers, 
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medical practitioners and other stakeholders should ensure that communities are 

educated on the importance of giving birth in well-equipped hospitals and being 

attended to by a skilled or professional birth attendant. For instance, programs such 

as the birth preparedness and complication readiness (BPCR) (WHO, 2015) which are 

targeted to not only the pregnant woman, and her family, but also the community are 

useful in providing knowledge and awareness about essential elements of antenatal 

and perinatal care. The BPCR program is tailored to increase the knowledge on the 

importance of giving birth in hospitals and the use of skilled birth attendants (WHO, 

2015).   

Additionally, programs such as waiting maternity homes accessible to 

hospitals have been effectively used in some countries like Ethiopia, Zambia, and Cuba 

to ensure that mothers give birth in a hospital (WHO, 1996; Gaym, Pearson, & Soe, 

2012; Van Lonkhuijzen, Stegeman, Nyirongo, & Van Roosmalen, 2003). Although this 

program is also available at the Kilifi County Hospital, its utilization is poor due to lack 

of awareness (Mramba, Nassir, Ondieki, & Kimanga, 2010). In Kenya, the Beyond Zero 

Campaign is a promising facility, which ensures access to maternal care by providing 

mobile clinics equipped to offer childbirth and maternal care services has supplied 

over half a million services to vulnerable Kenyan mothers (Beyondzero, 2018). There is 

also a need to ensure health facilities are accessible, well-equipped, and affordable to 

pregnant and nursing mothers to optimize the outcomes of their children. 

8.4.2 Maternal and Child Mental Health Wellbeing 

In chapter 7, I illustrate that maternal mental health is an essential factor 

associated with child development that should be taken into consideration both in the 

perinatal period and school-age.  Given the consistent associations with child 

development found in this study, it seems crucial for pregnant mothers who present 

to the hospital to be screened for depression and given necessary treatment 

intervention. However, since we know that only a few mothers will show in hospital for 

antenatal care, especially in these settings (Mason et al., 2015), it is vital to have 

community-based mental health programs incorporated to screen and refer mothers 

with mental health problems to the hospital for care and treatment. Various 



General Discussion 

173 

 

 

community-based counselling services such as problem management plus program 

(PM+) (Bryant et al., 2017), the friendship bench (Chibanda et al., 2016), and thinking 

healthy (Vanobberghen et al., 2019) are effective in improving caregiver’s mental 

health in low-resource settings. There is, therefore, a need to make these services 

available in rural areas such as Kilifi, Kenya, where there are inadequate mental health 

facilities and mental health professionals. 

The mental health of these mothers and their children should be monitored, 

and intervention given where necessary. The intervention should focus not only on the 

child and the mother but also on the family as a whole to avoid the vicious cycle of 

psychopathology in families with children who survived severe childhood sickness. 

The vicious cycle is because psychopathology in children may have occurred as a 

consequence of an adaptive response to an adverse family environment (Hammen, 

2002). Survivors of NNI can also benefit from multilevel system approaches that teach 

parents how to manage the behaviour of their children and promote emotional 

competence. Generally, these children may benefit from programs that foster healthy 

development, positive behaviours, and positive parent-child interactions. 

8.4.3 Interventions for Children with Disability 

Early childhood interventions that are family-centered should be used to 

improve the outcomes of survivors of neonatal insults. Such interventions should 

ensure that family concerns are identified, and they are given needed support and 

services that enhance the family’s capacity to take care of the developmental needs of 

the child. Children with language problems can benefit when their parents are 

instructed or trained on how to facilitate language development in their children 

effectively (Crain-Thoreson & Dale, 1999). There is a need to develop programs that 

build parental skills on how to promote reading skills or solve mathematical quizzes 

with their children to improve their children’s school outcomes. For example, parents 

can make reading fun at home by reading books to their children, ask the child 

questions to evaluate their understanding, and praise and encourage the child to read 

(Crain-Thoreson & Dale, 1999). Although this approach can be limited to literate 
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parents that can access books, other modes of enhancing reading and mathematical 

skills using locally available materials can be useful. 

Moreover, children with different learning difficulties (e.g. language, speech, 

and cognitive problems) can benefit from specific interventions in school that provide 

support for their learning process. First, teachers need to screen children during the 

early stages of schooling to determine their language comprehension, behavioral 

patterns, nonverbal and social skills, and all other domains that are responsible for 

effective learning for a child. Children who have various deficits in language and social 

skills can benefit from integrated mainstream educational settings with 

accommodative school environment that optimizes learning for the affected children. 

For instance, professionals have recommended classrooms with smaller number of 

children as teachers are able to closely monitor, provide support and attention to 

children with learning needs (Mathew, 2017). Additionally, children with different 

educational needs can benefit from modified curricula that enable them to catch-up 

with other unaffected children. Such curricula may involve special examination 

systems such as multiple-choice answers as opposed to descriptive answers and 

additional learning support which enhance the recovery in the different 

developmental domains that the child lack (Mathew, 2017). 

8.4.4 The Role of Paternal Psychopathology 

Although the parenting role in most SSA countries is generally left to mothers 

(Knight & Yamin, 2015), future studies should investigate the role of fathers’ 

psychopathology in the association between maternal mental health and child’s EBPs. 

Paternal psychopathology may contribute to the home environment and affect the 

quality of parenting at home, consequently leading to the child’s poor mental health. 

Contrarily, mentally healthy fathers are likely to foster a healthy environment for 

parenting but also model positive behaviors in their children; thus, they can counter 

the influence of maternal psychopathology on the child’s mental health.    

8.4.5 Methodological Perspectives 

Longitudinal research or experimental designs to test transactional models 

that explain causality between neonatal insults and neurodevelopmental outcomes or 
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bidirectional associations between the underlying factors and poor developmental 

outcomes are needed. Longitudinal studies that will follow-up a well-defined birth 

cohort and consistently investigate longer follow-up outcomes not only for school-

aged children but also into adolescence and adulthood may provide better 

knowledge on the necessary improvements in treatment and care for the neonates 

with childhood illnesses. 

Future studies should complement the use of clinical assessments with other 

aspects such as APGAR scores and technology such as electroencephalogram or 

computed tomography scan for adequate diagnosis of HIE and its severity. These 

advanced methods may be useful to monitor and evaluate neonates with HIE. 

Additionally, future studies should ensure that the laboratory tests to identify the 

causes of NNJ are conducted to ensure proper treatment and care. 

Lastly, more research on long-term outcomes of school-aged survivors of NNI and 

associated underlying factors is required, especially in SSA where the burden of 

neonatal insults is high but there are limited data on the long-term outcomes of 

survivors of childhood illness. These future studies should also investigate the 

pathways of language impairment in NNJ; understand the mechanism of association 

between socioeconomic factors and EBPs in survivors of NNI in low resource settings 

and investigate the role of paternal psychopathology in child development among 

survivors of neonatal insults.  

 

1.6 Conclusion 

My findings suggest that survivors of neonatal insults have both short-term and 

long-term impairments that limit their daily functions. Despite the high burden of 

neonatal insults in SSA, there is limited research on the long-term outcomes of these 

conditions. I have also shown that in NNJ, subtle neurodevelopmental impairment 

may occur at TSB levels that might not be considered harmful. Notably, I have 

identified a set of potentially modifiable factors that influence outcomes in NNI. 

Future work should focus on developing psychosocial interventions to address the 
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identified factors underlying poor developmental outcomes in survivors of NNI and 

improve the negative impact of these exposures.  


