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ABSTRACT
Background: Neurological conditions and mental health problems are common in children in 
low- and middle-income countries, but the risk factors and downstream impact of these 
problems on children with neurological conditions are not reported.
Objective: To determine the association of neurological conditions with behavioural and 
emotional problems in children, the prevalence and risk factors of behavioural and emotional 
problems, and long-term impact of these conditions.
Methods: Data on multiple neurological conditions and mental health problems were available for 
1,616 children (aged 6–9 years) from Kilifi, Kenya. Neurological conditions were diagnosed using 
standardised tools and clinical examination. Behavioural and emotional problems assessed using 
Child Behaviour Questionnaire for Parents. Long-term outcomes were obtained from census data of 
the Kilifi Health and Demographic Surveillance System. Logistic and linear regression were used to 
measure associations.
Results: Mental health problems were higher in those with any neurological condition compared 
to those without (24% vs. 12%, p < 0.001). Cognitive (odds ratio (OR) = 2.39; 95% CI: 1.59–3.59), 
motor (OR = 3.17; 95% CI: 1.72–5.82), hearing (OR = 2.07; 95% CI:1.12–3.83) impairments, and 
epilepsy (OR = 4.18; 95% CI: 2.69–6.48), were associated with mental health problems. Prevalence 
of any mental health problem was 15%, with externalizing problems more common than 
internalizing problems (21% vs. 17%, p = 0.004). Longitudinal follow-up indicated that the 
disorders affected an individual’s future schooling (e.g. OR = 1.25; 95% CI: 0.14–1.46 following 
cognitive impairments), occupation (OR = 2.44; 95% CI: 1.09–5.44 following mental health 
problems), and access to household assets (OR = 2.78; 95% CI: 0.99–7.85 following epilepsy).
Conclusions: Neurological conditions in school-aged children in Kilifi are associated with 
mental health problems, and both disorders have long-term consequences. Preventive and 
therapeutic measures for these conditions are needed to improve outcomes of these children.

ARTICLE HISTORY
Received 2 August 2021 
Accepted 21 January 2022 

RESPONSIBLE EDITOR 
Julia Schröders 

KEYWORDS
Behavioural problems; 
emotional problems; mental 
health problems; children; 
neurological conditions

Background

Neurological conditions contribute a substantial pro-
portion of the global burden of diseases, in terms of 
disability-adjusted life years [1]. The global burden of 
these conditions may have decreased over the last two 
decades but remain an important public health pro-
blem in low- and middle-income countries (LMICs). 
In LMICs, many children are exposed to multiple risk 
factors for neurological conditions, including poverty, 
poor health, lack of adequate nutrition, and unstimu-
lating home environments [2], which detrimentally 
affect their functional capacity [3]. Neurological con-
ditions in children have been associated with medical 
and psychiatric comorbidities [4–6]. These comorbid-
ities have a significant impact on children and 
younger adolescents [7] due to the large burden of 
disability and mortality associated with them [8].

Neurological conditions are due to damage or 
anomaly of the nervous system, resulting in abnormal 

body structure or functioning. These conditions can 
manifest as impairments of different components of 
functioning such as motor function, hearing, vision, 
cognition (referred to here as the inability to process, 
learn, and remember information) [9], and enduring 
susceptibility to unprovoked seizures i.e. epilepsy. 
Emotional and behavioural disorders (classified as 
either ‘internalizing’ or ‘externalizing’ respectively, 
and/or ‘mental health problems’ collectively [10]), co- 
exist with childhood neurological conditions and 
both can have a significant negative impact on the 
wellbeing of the child and family due to challenges 
such as stigma, discrimination, and social isolation. 
In LMICs, these psychosocial challenges are further 
compounded by poverty, lack of support and services, 
and hostile environments. In the long term, children 
with disabilities will be poorer on a host of measures 
including less access to education, poor health-care 
services, and low socioeconomic status [11].
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While multiple neurological conditions in childhood 
have been studied in LMICs [12,13], there are no data 
on their comorbidity with behavioural and emotional 
problems in school-aged children and the long-term 
consequences of these disorders. A study carried out 
in rural Kilifi, Kenya reported a significant burden of 
multiple neurological conditions in the population, 
with 6% of the older children having moderate or severe 
impairments [9]. This study found that cognitive, hear-
ing impairments, and epilepsy were most common, 
with 22% found to have more than one neurological 
condition [9]. This study, however, did not report the 
prevalence of mental health conditions, their associa-
tion with these neurological conditions, and their long- 
term impact on functioning capacity in society.

Evidence on the associations between neurological 
conditions and mental health problems, and their impact 
on future functioning is of public health importance, as it 
will influence the development of comprehensive 
packages of care that advocate for early detection, man-
agement, and support of children with these conditions 
and problems. We determined the prevalence and risk 
factors for behavioural and emotional problems in 
school-aged children with neurological conditions and 
investigated their associations with visual, motor, cogni-
tive, hearing impairments, and epilepsy. Also, leveraging 
on a demographic surveillance system, we sought to 
evaluate the long-term educational and socio-economic 
developmental impact of the mental health problems and 
neurological conditions.

Methods

Study setting and participants

An epidemiological survey was carried out between 
June 2001 to March 2002 on neurological disabilities, 
impairments, and mental health problems in children 
aged 6–9 years in a rural area in Kilifi County [9]. 
The county is located along the coast of Kenya and 
the area residents are mainly Mijikenda, a Bantu 
group of nine tribes with the Giriama dominating. 
Kilifi County has a population distribution of 
1.5 million residents, whereby 0–14 year olds consti-
tute 42% of the total population [14].

In this study, we selected children aged 6 years and 
above owing to the difficulty in identifying and asses-
sing mental and neurological disorders in younger chil-
dren especially hearing, visual, and cognitive 
impairments. Additionally, having survived early child-
hood, which is a period associated with high adversity 
and mortality in sub-Saharan Africa [15], studying chil-
dren above 6 years of age enabled understanding the 
impact of early-life negative impacts of neurological 
conditions, including being able to access education.

Assessment of neurological conditions and 
mental health problems

Assessments were performed in two stages during the 
2001 epidemiological survey (Figure S1). To screen for 
neurological impairment and epilepsy in stage I, five 
trained field interviewers fluent in the local Kigiryama 
language administered Ten Questions Questionnaire 
(TQQ) [16], to parents or guardians of 10,218 children 
who agreed to participate. The TQQ consists of ten 
items (with a yes or no response) designed to detect 
moderate-to-severe impairments and disorders; includ-
ing five questions addressing cognitive development, 
two questions relating to motor ability, and one ques-
tion each regarding vision, hearing, and seizures. Those 
who tested positive on the TQQ, and a random sample 
of those who tested negative (10.3%), were invited to 
participate in stage II. In this stage, a team of clinicians 
and psychological assessors performed clinical history, 
examination, and psychological assessments to detect 
cognitive, motor, hearing, visual impairments, and epi-
lepsy (Table S1). Perinatal and postnatal adverse occur-
rences were documented from medical history and 
maternal recall of pregnancy and delivery events, 
a method that was shown to be relatively reproducible 
and accurate in previous reports [17,18]. Data on peri-
natal events included pregnancy complications, place 
and mode of delivery, and birth trauma/difficulties, 
while postnatal occurrences assessed were history of 
neonatal insults, neonatal jaundice, developmental pro-
blems, child’s immunization, and neurological deficit.

During assessments in stage II, a Child Behaviour 
Questionnaire for Parents (CBQFP) was administered 
to assess behavioural and emotional problems in the 
children. The CBQFP was administered to a parent or 
guardian in a conversational manner comprising of 15 
items to assess various aspects of behaviour and emo-
tion including reaction to change, independence, mood, 
worries, fears, and habits. The severity and frequency of 
behaviour described in the questionnaire were rated 
and scored depending on the parents’ response with 
a higher overall score signifying a higher level of total 
behaviour or emotional problems [19]. The CBQFP had 
been previously adapted and validated for use in this 
setting, demonstrating a high degree of interrater relia-
bility (r = 0.92), and fair internal reliability (standar-
dized item α = 0.61) in the assessment of 
neuropsychological outcomes of cerebral malaria [19].

Questions in the CBQFP on anxiety, temper, mood, 
worries, fears, and empathy were classified as indica-
tors for internalizing or emotional problems; while 
those on the child’s concentration span, social relation-
ships, social dependency, and behaviour in public 
assessed for externalizing problems. Assessment data 
from questions on appetite, habits, self-care, and wet-
ting/soiling oneself were not included in the analysis as 
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they were not categorized as indicators for internalizing 
or externalizing problems.

Long-term follow-up of study participants

We followed up the children assessed in stage II 
through the Kilifi Health and Demographic 
Surveillance System (KHDSS) from June 2001 to 
May 2008, to assess any long-term consequences of 
neurological conditions, behavioural and emotional 
problems on their education and socio-economic sta-
tus. The KHDSS is a database that was established to 
create longitudinal community-based records of 
births, deaths, pregnancies, migration events, and 
additional sociodemographic information including 
socio-economic status and educational achievement 
[20]. The surveillance region includes an estimated 
population of 280,000 residents [21] living in an area 
covering 891 km2, which is in reference to the area 
served by the county’s main referral hospital.

Follow-up of the participants was done through 
4-monthly household visits during which data on 
their schooling, education level and years completed, 
economic status (measured by access to a source of 
lighting), assets acquired (e.g. a working mobile 
phone, radio) at a household level, and occupation 
were collected by trained field workers using standar-
dised data collection tools.

Statistical analysis

All statistical analyses were performed using STATA 
version 15 (StataCorp, College Station, TX, USA). 
Demographic characteristics between those who tested 
positive or negative on the TQQ test were compared 
using Pearson χ2 test (for categorical measures) and 
Student’s t-test (for continuous measures). 
Associations between neurological conditions and 
total mental health problems were illustrated using 
Pearson χ2 test, while Fisher’s exact test was used for 
comparison of infrequent observations [22]. The asso-
ciations were further evaluated through building of age 
and sex adjusted linear and logistic regression models.

The cut-off score for behavioural and emotional 
problems was derived from the 90th percentile of total 
behavioural and emotional scores among children who 
screened negative for neurological conditions, with the 
resultant cut-off of the mental health problems applied 
to all participants in the dataset. This was done follow-
ing guidelines provided by Richman et al [23], and 
similar criteria were used to derive cut-offs for inter-
nalizing and externalizing problems, respectively.

Age and sex stratified prevalence of total beha-
vioural and emotional problems were computed, 
and linear regression applied to identify significant 
risk factors for total mental health problems scores, 
total internalizing, and externalizing scores. A logistic 

regression model was also used to determine poten-
tial risk factors associated with internalizing and 
externalizing problems as categorical variables, and 
in determining long-term impact of neurological con-
ditions and mental health problems on schooling, 
occupation, and asset ownership. Risk factors with 
a univariable p ≤ 0.25 were fitted into a sex and age 
adjusted multivariable linear and logistic regression 
model to further identify independent factors.

Results

In stage I, of the 10,218 children assessed using the 
TQQ, 955 (9.3%) screened positive. In stage II, the 
CBQFP was administered to caregivers of 716 chil-
dren who screened positive on the TQQ and 900 of 
those who screened negative (Figure S1). These chil-
dren were also clinically assessed for various neuro-
logical conditions. A total of 1,616 children were 
assessed in stage II with 51.1% being male. The par-
ticipants had a mean age of 7.4 (1.12 SD) years.

Association between neurological conditions and 
mental health problems

Adjusted for attrition and sensitivity of the screening 
tool, the prevalence of a neurological condition in the 
sample population was 61/1000, the most common 
domains being cognitive impairment (31/1000), epi-
lepsy (41/1000), and hearing impairment (14/1000). 
Motor and visual impairments occurred in 5/1000 
and 2/1000 of the children, respectively [9].

Total behavioural and emotional problems occurred 
in 23.9% of children with neurological conditions, com-
pared with only 12.1% of children without (p < 0.001). 
In a univariable model adjusted for age and sex, cogni-
tive (odds ratio (OR) = 2.39; 95% confidence intervals 
(95% CI): 1.59–3.59), motor (OR = 3.17; 95% CI: 1.72– 
5.82), hearing (OR = 2.07; 95% CI:1.12–3.83) impair-
ments, and epilepsy (OR = 4.18; 95% CI: 2.69–6.48), 
were associated significantly with behavioural and emo-
tional problems (Table 1).

Internalizing problems were also more common in 
children with neurological conditions (23.2%) than 
those without (14.8%). Following an adjusted univari-
able logistic model, cognitive (OR = 1.58; 95% CI: 
1.05–2.38), hearing (OR = 2.14; 95% CI:1.23–3.73), 
motor (OR = 2.87; 95% CI:1.59–5.15) impairments, 
and epilepsy (OR = 2.75; 96% CI:1.78–4.24) were 
associated with total internalizing problems 
(Table 2). While motor impairment (OR = 2.23; 
95% CI: 1.23–4.03), epilepsy (OR = 3.43; 95% CI: 
2.26–5.02), and cognitive impairment (OR = 2.16; 
95% CI: 1.48–3.14) were particularly associated with 
externalizing problems (Table 2).
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Prevalence of behavioural and emotional 
problems

The prevalence of total behavioural and emotional pro-
blems in the sample population was 15.3% (95% CI: 
13.5–17.1). Additionally, the prevalence of internalizing 
and externalizing problems was 16.9% (95% CI: 15.1– 
18.7) and 20.8% (95% CI: 18.9–22.8), respectively, with 
the latter more prevalent than the former (p = 0.004).

Following stratification by age, the prevalence of 
behavioural and emotional problems was highest 
among the younger children (21.7% (95% CI: 18.0– 
25.4)) and declined with age with the lowest prevalence 
at 9 years (10.1% (95% CI: 6.9–13.3)). Male children had 
more mental health problems compared to females 
(p < 0.001) (Table S2).

Risk factors for behavioural and emotional 
problems

In an univariable linear regression, history of neonatal 
jaundice (β = 2.01; 95% CI: 0.91, 3.10), neurological 
deficit (β = 2.12; 95% CI: 1.38, 2.87), cognitive 
(β = 1.29; 95% CI: 0.27, 2.33), and motor impairments 
(β = 2.09; 95% CI: 0.42, 3.78) were significantly asso-
ciated with total behavioural and emotional scores 
(Table 3). These factors were consistently identified as 
important risk factors for total behavioural and emo-
tional problems in a univariable logistic model. In 
a multivariable logistic regression adjusted for age and 
sex; neonatal jaundice (OR = 2.28; 95% CI: 1.38–3.75) 
remained significantly associated with the mental health 
problems (Table S3).

Internalizing scores were associated with birth diffi-
culties (β = 0.43; 95% CI: 0.19, 0.66), history of neonatal 
jaundice (β = 0.41; 95% CI: 0.18, 0.63), and repetitive 
unprovoked seizures (β = 0.69; 95% CI: 0.46, 0.93). These 

factors were also identified as risk factors for binary 
internalizing problems following a logistic regression 
model, as well as motor impairments (OR = 2.86; 95% 
CI: 1.16–5.09), developmental problems (OR = 1.53; 95% 
CI: 1.09–2.14), and neurological deficits (OR = 2.76; 
95% CI: 1.74–4.38) (Table 4). In an adjusted multivariable 
model, neurological deficits, history of neonatal jaundice, 
and epilepsy maintained as significant covariates for total 
internalizing problems (Table S3).

Neurological deficit was related as a risk factor for total 
externalizing scores (β = 0.78; 95% CI: 0.22, 1.33). Male 
sex (OR = 1.53; 95% CI: 1.19–1.95), lack of maternal 
education (OR = 0.64; 95% CI 0.49–0.82), and history 
of neonatal jaundice (OR = 2.67; 95% CI: 1.82–3.92) were 
identified as significant risk factors for externalizing pro-
blems (Table 4). Using an adjusted multivariable model, 
neonatal jaundice (OR = 3.66; 95% CI: 1.78–7.55), neu-
rological deficit (OR = 3.30; 95% CI: 1.27–8.58), and 
repetitive unprovoked seizures (OR = 2.87; 95% CI: 
1.45–5.68) remained as significant determinants of exter-
nalizing problems in the study population. The presence 
of neurological deficit was also highly correlated with the 
presence of total externalizing score (β = 0.54; 95% CI: 
0.10, 0.97); pseudo-R2 = 0.12) in a multivariable linear 
regression model (Table S3).

Long-term impact of neurological conditions and 
mental health problems

Of the 1,616 children assessed, 908 (56.2%) com-
pleted the follow-up including those who screened 
positive on the TQQ (393 [54.9%] of 716) and (515 
[57.2%] of 900) who screened negative. Adjusted 
univariable models demonstrated that cognitive 
(OR = 1.25; 95% CI: 0.14–1.46) and hearing 
(OR = 1.42; 95% CI: 0.18–1.99) impairments, had 
significant impact on an individual’s schooling. 

Table 1. Association of neurological conditions with total behavioural and emotional problems.
Neurological conditions Adjusted OR (95% CI) P-value Adjusted β coefficient (95% CI) P-value

Cognitive impairment 2.39 (1.59–3.59) <0.001 1.28 (0.19, 2.37) 0.021
Visual impairment 1.13 (0.24–5.27) 0.877 −0.05 (−3.51, 3.42) 0.980
Hearing impairment 2.07 (1.12–3.83) 0.020 0.39 (−1.22, 2.02) 0.631
Motor impairment 3.17 (1.72–5.82) <0.001 2.11 (0.31, 3.91) 0.022
Epilepsy 4.18 (2.69–6.48) <0.001 1.62 (0.33, 2.92) 0.014
Any neurological condition 2.20 (1.59–3.04) <0.001 0.85 (0.06, 1.64) 0.030

Table 2. Association of neurological conditions with internalizing and externalizing problems.

Neurological conditions

Internalizing problems Externalizing problems

Adjusted 
OR (95% CI) Adjusted β coefficient (95% CI)

Adjusted 
OR (95% CI) Adjusted β coefficient (95% CI)

Cognitive impairment 1.58* (1.05–2.38) 0.45** (0.26, 0.65) 2.16** (1.48–3.14) 0.25 (−0.78, 1.28)
Visual impairment 0.89 (0.19–4.00) −0.26 (−0.85, 0.33) 1.32 (0.36–4.85) −0.19 (−3.52, 3.13)
Hearing impairment 2.14** (1.23–3.73) 0.28* (−0.01, 0.56) 1.35 (0.74–2.46) −0.13 (−1.67, 1.41)
Motor impairment 2.87** (1.59–5.15) 0.68** (0.35, 1.01) 2.23** (1.23–4.03) 0.66 (−1.04, 2.37)
Epilepsy 2.75** (1.78–4.24) 0.72** (0.48, 0.95) 3.43** (2.26–5.20) 0.42 (−0.81, 1.65)
Any neurological condition 1.68** (1.23–2.30) 0.39** (0.24, 0.55) 1.79** (1.33–2.42) 0.07 (−0.67, 0.81)

*p-value<0.05; **p-value<0.01 
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Epilepsy status assessed previously was also signifi-
cantly associated with risk for poor outcome in terms 
of the assets acquired over time (OR = 2.78; 95% CI: 
0.99–7.85) (Table 5).

In an adjusted logistic model, screening positive 
for behavioural and emotional problems affected an 
individual’s schooling (OR = 1.56; 95% CI: 1.32– 
1.98), and their employment (OR = 2.44; 95% CI: 
1.09–5.44). Those with internalizing problems had 
less access to household assets (OR = 1.71; 95% CI: 
1.00–2.95) such as a mobile phone or working radio 
over time while externalizing problems significantly 
affected an individual’s and family socioeconomic 
outcomes including access to a modern source of 
lighting (OR = 1.73; 95% CI: 1.15–2.62) such as 
electricity (Table 5).

Discussion

This study has provided evidence that neurological 
conditions are significantly associated with beha-
vioural and emotional problems in the cross- 
sectional component of the study, and both condi-
tions occur concomitantly in over a fifth of children. 
Up to 15% of the children experienced a mental 
health problem, with externalizing problems greater 
than internalizing problems. The risk factors for these 
problems included neurological deficits, neonatal 
jaundice, and repetitive unprovoked seizures. The 
long-term longitudinal follow-up component of the 
study demonstrated that mental health problems and 
neurological conditions had a negative impact on 

future schooling, employment, and economic status 
of these children, necessitating institution of mea-
sures and policies to support them throughout life.

Association between neurological conditions and 
mental health problems

The prevalence estimates of the different neurological 
conditions for this sample population have been pre-
viously reported by Mung’ala-Odera et al, who iden-
tified a significant burden (61/1000) of moderate or 
severe neurological conditions in the Kenyan children 
[9]. This prevalence is comparable with estimates 
reported in South Africa (60/1000) [24] but is higher 
compared to findings from Ghana (16.6/1000) [25], 
and from a community survey of neurological condi-
tions in children conducted in India, which docu-
mented a prevalence of 31.3 per 1000 children [26].

We found an association of the various neurologi-
cal conditions with behavioural and emotional pro-
blems. The mental health problems were identified in 
24% of children with neurological conditions com-
pared with only 12% healthy controls. Mental health 
outcomes following neurological exposures may have 
been higher as the TQQ only reliably detects moder-
ate-to-severe impairment and not mild neurological 
impairments, which are associated with mental health 
problems. Alternatively, some associations could have 
been underestimated as the TQQ has a low sensitivity 
in detecting vision and hearing impairments [27].

Cumulatively, neurological conditions demon-
strated significant association with mental health 

Table 3. Risk factors for total behavioural and emotional problems and scores.

Risk factors

Binary total behavioural and emotional problems Continuous total behavioural and emotional scores

OR (95% CI) P-value β coefficient (95% CI) P-value

Sociodemographic factors
Younger age (6–7 years) 1.79 (1.34–2.39) <0.001 0.49 (−0.09, 1.08) 0.101
Older age (8–9 years) 0.56 (0.42–0.74) <0.001 −0.49 (−1.08, 0.09) 0.101
Male 1.69 (1.28–2.24) <0.001 0.14 (−0.45, 0.73) 0.641
Number of children in the family 0.99 (0.94–1.05) 0.912 0.13 (0.01, 0.25) 0.043
Poor nutritional status 0.76 (0.41–1.42) 0.393 −0.01 (−1.23, 1.22) 0.996
Child not schooling 1.37 (1.05–1.80) 0.02 0.93 (0.34, 1.52) 0.002
Father’s lack of economic activity 1.16 (0.84–1.59) 0.375 −0.01 (−0.79, 0.79) 0.991
Mother’s lack of economic activity 1.15 (0.85–1.55) 0.360 0.18 (−0.48, 0.84) 0.599
Single maternal marital status 0.79 (0.55–1.14) 0.210 −0.45 (−1.22, 0.31) 0.246
No maternal education 0.67 (0.50–0.89) 0.005 0.04 (−0.59, 0.68) 0.898

Perinatal factors
Home delivery 0.75 (0.53–1.07) 0.112 −0.28 (−1.07, 0.52) 0.497
Birth difficulty 1.54 (0.97–2.45) 0.068 0.52 (−0.60, 1.65) 0.361

Post-natal factors
Neonatal insults 0.87 (0.29–2.54) 0.799 0.36 (−1.12, 1.85) 0.631
Child not immunized 0.86 (0.45–1.64) 0.645 −0.44 (−2.25, 1.36) 0.630
Neonatal jaundice 2.52 (1.66–3.81) <0.001 2.01 (0.91, 3.10) <0.001
Neurological deficit 3.38 (2.13–5.36) <0.001 2.12 (1.38, 2.87) <0.001
Developmental problems 1.98 (1.40–2.78) <0.001 0.76 (−0.09, 1.61) 0.079

Neurological conditions
Cognitive impairments 2.42 (1.64–3.57) <0.001 1.29 (0.27, 2.33) 0.013
Hearing impairments 1.66 (0.92–3.00) 0.092 0.23 (−1.27, 1.73) 0.768
Visual impairments 0.89 (0.20–4.01) 0.889 −0.24 (−3.39, 2.91) 0.881
Motor impairments 3.11 (1.73–5.58) <0.001 2.09 (0.42, 3.78) 0.014
Epilepsy 3.88 (2.55–5.90) <0.001 1.58 (0.38, 2.78) 0.010
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problems, and the availability of individual neurolo-
gical problems allowed further assessment of their 
relative contribution to the association. Clinically 
defined cognitive, motor impairments, and epilepsy 
were significantly associated with internalizing and 
externalizing problems in the children. These find-
ings are similar to those from previous studies con-
ducted in LMICs, which demonstrated association 
between epilepsy and internalizing and externalizing 
problems, often related to early onset of epilepsy and 
frequent seizures [28,29]. As in our study, King- 
Dowling et al found that young children with motor 
difficulties such as developmental coordination dis-
order tend to have more emotional-behavioural pro-
blems when compared to their typically developing 
peers [6].

The finding that multiple neurological conditions 
were associated with behavioural and emotional pro-
blems demonstrates their interaction within a broad 
spectrum of neurodevelopmental disorders. Few stu-
dies in LMICs have examined associations of many 
neurological conditions together with behavioural 
and emotional problems and therefore these analyses 
add important information to the literature.

Associations between neurological conditions and 
mental health problems are of public health interest 
as it could likely influence development of compre-
hensive packages of care for detection and manage-
ment of all these problems in children presenting to 
health facilities. There is a need to develop more 
sensitive and easier to administer tools for detecting 
impairments such as vision and hearing. The 

associations of mental health problems and neurolo-
gical conditions are based on cross-sectional mea-
surements, and it is difficult to infer causality 
direction, necessitating the need for future longitudi-
nal follow-up studies.

Prevalence of behavioural and emotional 
problems

The prevalence estimates for all mental health pro-
blems in this study (15%) are comparable to results in 
two Kenyan studies conducted on school-aged chil-
dren and adolescents (17%) [30] and in younger 
children (13%) [31]. When stratified by age, the bur-
den of mental health problems was significantly 
higher in younger children as compared to older 
children. This finding suggests a possible remission 
of behavioural and emotional problems with age, but 
also shows that even in children of older ages in this 
study, levels of mental health problems are high. 
Externalizing problems were more prevalent than 
internalizing problems across all the stratified age 
groups. These could partly be attributed to the sensi-
tivity of the CBQFP in identifying and detecting 
externalizing problems more since the questions for 
the former problems were comparatively many. The 
relatively increased prevalence of externalizing pro-
blems also implies the increased manifestation of 
these problems, similar to attention deficit hyperac-
tivity disorder [32]. Stratified prevalence of total 
behavioural, and externalizing problems were 

Table 4. Risk factors for total internalizing and externalizing problems and scores.

Risk factors

Internalizing problems and scores Externalizing problems and scores

Univariable 
OR (95% CI) Univariable β coefficient (95% CI)

Univariable 
OR (95% CI) Univariable β coefficient (95% CI)

Sociodemographic factors
Younger age (6–7 years) 1.51** (1.15–1.97) 0.17** (0.05, 0.29) 1.43** (1.12–1.84) −0.09 (−0.64, 0.46)
Older age (8–9 years) 0.66**(0.51–0.87) −0.17** (−0.29, 

-0.05)
0.69** 0.54–0.89 0.09 (−0.46, 0.64)

Male 1.14 (0.88–1.49) 0.04 (−0.08, 0.16) 1.53** (1.19–1.95) −0.06 (−0.60, 0.48)
Number of children born to the family 1.03 (0.98–1.09) 0.02 (−0.01, 0.05) 1.01 (0.96–1.06) 0.09 (−0.02, 0.21)
Poor nutritional status 0.88 (0.49–1.55) 0.09 (−0.16, 0.34) 0.84 (0.49–1.43) −0.22 (−1.35, 0.91)
Father’s lack of economic activity 1.06 (0.78–1.45) 0.12 (−0.04, 0.27) 1.11 (0.83–1.48) −0.26 (−1.01, 0.48)
Mother’s lack of economic activity 1.19 (0.89–1.59) 0.08 (−0.05, 0.21) 1.18 (0.90–1.54) 0.08 (−0.54, 0.69)
Single maternal marital status 0.98 (0.70–1.36) −0.07 (−0.22, 0.09) 0.75 (0.54–1.03) −0.33 (−1.04, 0.38)
No maternal education 0.73* (0.56–0.95) −0.07 (−0.20, 0.05) 0.64** (0.49–0.82) −0.07 (−0.67, 0.51)

Perinatal factors
Home delivery 0.85 (0.60–1.19) −0.07 (−0.23, 0.10) 0.79 (0.57–1.08) −0.29 (−1.03, 0.45)
Birth difficulty 1.74** (1.13–2.69) 0.43** (0.19, 0.66) 1.25 (0.81–1.94) −0.13 (−1.17, 0.92)

Post-natal factors
Neonatal insults 0.78 (0.27–2.28) −0.23 (−0.89, 0.44) 1.21 (0.45–3.21) 0.37 (−0.18, 0.92)
Child not immunized 1.09 (0.62–1.92) 0.01 (−0.25, 0.27) 0.64 (0.35–1.15) −0.64 (−2.39, 1.11)
Neonatal jaundice 1.65* (1.07–2.55) 0.41** (0.18, 0.63) 2.67** (1.82–3.92) 1.09* (0.07, 2.11)
Neurological deficit 2.76** (1.74–4.38) 0.79** (0.52, 1.05) 2.47** (1.57–3.87) 0.78** (0.22, 1.33)
Developmental problems 1.53** (1.09–2.14) 0.32** (0.15, 0.49) 1.87** (1.36–2.56) 0.10 (−0.69, 0.89)

Neurological conditions
Cognitive impairment 1.58* (1.06–2.36) 0.45** (0.26, 0.65) 2.19** (1.52–3.15) 0.23 (−0.74, 1.19)
Hearing impairment 1.92* (1.11–3.32) 0.20 (−0.09, 0.49) 1.17 (0.65–2.09) −0.15 (−1.55, 1.24)
Visual impairment 0.77 (0.17–3.42) −0.35 (−0.97, 0.28) 1.06 (0.29–3.79) −0.22 (−3.17, 2.2)
Motor impairment 2.86** (1.61–5.09) 0.68** (0.35, 1.01) 2.21** (1.24–3.95) 0.65 (−0.92, 2.22)
Epilepsy 2.68** (1.75–4.09) 0.69** (0.46, 0.93) 3.32** (2.21–4.97) 0.42 (−0.71, 1.54)

*p-value<0.05; **p-value<0.01 
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significantly higher among male children compared 
to the females similar to other studies [33,34].

Risk factors for behavioural and emotional 
problems

History of neonatal jaundice, presence of neurological 
deficits, and epilepsy were consistently identified as 
some of the key risk factors for behavioural and 
emotional problems. Various studies have demon-
strated an association between neonatal jaundice 
and neurological damage [35,36]. Several LMICS 
have also reported high rates of bilirubin-induced 
neurodevelopmental disorders and/or neurological 
impairments [37–39], which can subsequently man-
ifest as behavioural or emotional problems [40]. 
A prospective cohort study carried out in Finland 
reported an association between hyperbilirubinemia 
and neurobehavioral problems such as attention def-
icit hyperactivity disorder (ADHD) in children [41]. 
A systematic review by Mwaniki et al however 
showed that many studies do not document beha-
vioural and emotional consequences of neonatal 
jaundice in LMICs and new data are therefore needed 
[42] to add to the current evidence. Preventive and 
management interventions for neonatal jaundice in 
LMICs need to be scaled up through strengthening 
health-care systems and include treating neonatal 
sepsis early, detection of potential haemolytic causes, 
effective phototherapy, and having blood available for 
exchange transfusion [38,39]. Future prospective stu-
dies are also required to determine long-term out-
come of these interventions.

Identification of epilepsy as a risk factor for beha-
vioural or emotional problems in this study is analo-
gous to studies from similar settings such as Congo 
and Tanzania, where reported behavioural problems 
occurred in 29% and 66% of children with epilepsy, 
respectively, [29,43]. Epilepsy is a chronic neurologi-
cal disorder whose association with behavioural and 
emotional problems can be related to the underlying 
neurological damage, shared risk factors and genetic 
susceptibility, or damage from seizures themselves 

[5]. Recent studies have shown that even febrile sei-
zures and acute symptomatic seizures that were pre-
viously thought to have favourable outcomes are also 
associated with increased prevalence of behavioural 
and emotional problems [44].

Long-term impact of neurological conditions and 
behavioural/emotional problems

Hearing, cognitive impairments, and epilepsy had 
a downstream negative impact on the individual’s abil-
ity to acquire jobs, on their schooling, and acquisition 
of assets at a household level. As expected, scholastic 
achievement was particularly affected by cognitive 
impairment, which can cause inability to process, 
learn, and remember information, and by hearing in 
which inability to hear sounds or hear oneself affects 
learning of reading, writing, and social skills. Epilepsy 
was associated with fewer assets, likely related to 
family’s low socioeconomic status and unemployment 
due to stigma from seizures. The outcomes were parti-
cularly worse when neurological conditions and mental 
health problems co-occurred in one child, supporting 
the added burden of comorbid conditions. Behaviour 
and emotional problems likely affect the child’s con-
centration in school affecting their grades, leading to 
eventual dismissal or drop-out from school. Some neu-
rological impairments such as cognition affect mem-
ory, learning, and reasoning, directly affecting the 
schooling process.

The long-term consequences could also be due to 
the stigma and discrimination associated with these 
conditions especially hearing and motor deficits 
which will see many children affected ostracized 
resulting in them dropping out of school. One pro-
blem then leads to another with poor education 
leading to the unemployment status, but stigma 
may also play a role in finding a job for the person 
with the disorder and family members or caregivers. 
Associations with poor quality of life are not sur-
prising as this has consistently been demonstrated 
in many studies [45,46]. These findings support the 
need to find early interventions that will not only 

Table 5. Age and sex adjusted analysis of long-term impact of neurological conditions and mental health problems.

Predictors of outcome
Occupation Adjusted OR 

(95% CI)
Schooling Adjusted OR 

(95% CI)

Access to modern source of 
lighting 

Adjusted OR (95% CI)

Assets; working mobile phone 
or radio 

Adjusted OR (95% CI)

Neurological conditions
Cognitive impairment 1.20 (0.40–3.58) 1.25** (0.14–1.46) 0.39* (0.17–0.92) 1.63 (0.79–3.36)
Epilepsy 1.78 (1.59–5.36) 1.40 (0.53–3.69) 1.71 (0.89–3.31) 2.78* (0.99–7.85)
Hearing impairment 1.46 (0.33–6.53) 1.42* (0.18–1.99) 0.53 (0.16–1.77) 0.79 (0.34–1.86)
Visual impairment - 0.22 (0.03–1.49) - 1.03 (0.12–8.88)
Motor impairment 0.71 (0.09–5.59) 0.45 (0.16–1.23) 0.70 (0.21–2.38) 1.61 (0.48–5.44)

Mental health problems
Total behaviour and emotional 

problems
2.44* (1.09–5.44) 1.56* (1.32–1.98) 1.26 (0.77–2.07) 1.29 (0.76–2.22)

Internalizing problems 0.99 (0.41–2.45) 0.83 (0.48–1.43) 1.27 (0.80–2.02) 1.71* (1.00–2.95)
Externalizing problems 1.85 (0.91–3.76) 1.57* (1.35–1.90) 1.73** (1.15–2.62) 1.11 (0.71–1.72)

*p-value<0.05; **p-value<0.01 
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improve the quality of life of people living with 
these disorders and that of their families but also 
ease their integration into the community. In parti-
cular, there is a need to set up interventions such as 
occupational therapies (to overcome any barriers 
that prevent them from daily activities of living), 
speech and language therapy (to promote commu-
nication or eating, drinking and swallowing), and 
physiotherapies (to promote, develop or restore 
physical movement and strength) [47,48].

Strengths and limitations

The strength of this study is that the estimates of the 
association between neurological conditions and beha-
vioural and emotional problems are based on 
a community sample, which is not subject to severity 
bias compared to a hospital sample. The sample size 
was large for most of the conditions, and tools adapted 
to the local populations were used to conduct the assess-
ments. The long-term outcomes of these disorders were 
done prospectively which can reliably establish direction 
of the association. The limitations included the cross- 
sectional component of the study which could not infer 
causality between neurological conditions and mental 
health problems. There were small numbers of children 
with visual and hearing impairments probably related to 
the insensitivity of the screening tool, i.e., TQQ. The TQQ 
only reliably detects moderate-to-severe impairment and 
not mild impairments, possibly underestimating the 
number of children with disability.

Conclusions

Multiple neurological conditions are associated with 
behavioural and emotional problems in school-going 
children. Some risk factors for mental health problems 
in children such as neonatal jaundice and seizures can 
be prevented through strengthening health-care sys-
tems to prevent and manage these conditions. 
Additionally, mental and neurological conditions may 
have long-term negative impact on schooling, employ-
ment, and economic status, and therefore their early 
identification and management can lead to improved 
long-term outcomes. Future longitudinal studies are 
required to establish the causality direction between 
neurological conditions and behavioural and emotional 
problems. Quality care, cost-effective interventions, 
and vigilant follow-ups are also needed in LMICs to 
ensure that these children survive and thrive, and to 
reduce the burden of these disorders on these children 
and their families.

Acknowledgments

The author would like to acknowledge the Initiative to Develop 
African Research Leaders (IDeAL) and Pwani University, 

Kenya for the opportunity to conduct this research as part of 
her postgraduate diploma studies. We also acknowledge Paul 
Mwangi and Collins Kipkoech for their support in data pre-
paration and management. This manuscript was written with 
the permission of the Director KEMRI CGMRC.

Authors contributions

JKB, SMK, and CN conceptualised the study and collabo-
rated on study design, data collection, and data organiza-
tion. JKB performed data analysis and drafted the 
manuscript, with contributions from all authors. All 
authors read and approved the final manuscript.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Ethics and consent

This study was approved by the National Research and Ethical 
Committee of the Kenya Medical Research Institute (KEMRI), 
and a signed informed consent was sought from parents or 
guardians of the participating children before the child’s inclu-
sion in any of the assessment stages and follow-up.

Funding information

This work was supported through the DELTAS Africa 
Programme [DEL-15-003]. The DELTAS Africa 
Programme is an independent funding scheme of the 
African Academy of Sciences (AAS)’s Alliance for 
Accelerating Excellence in Science in Africa (AESA) and 
supported by the New Partnership for Africa’s 
Development Planning and Coordinating Agency 
(NEPAD Agency) with funding from the Wellcome Trust 
[107769/Z/10/Z] and the UK government. The views 
expressed in this publication are those of the author(s) 
and not necessarily those of AAS, NEPAD Agency, 
Wellcome Trust, or the UK government. SMK is funded 
by MQ: Transforming Mental Health [MQF17-18] and by 
the EDCTP2 programme supported under Horizon 2020, 
the European Union’s Framework Programme for 
Research and Innovation [TMA2017CDF-1903]. For 
Open Access, the authors have applied a CC-BY public 
copyright licence to any author accepted manuscript ver-
sion arising from this submission.

Paper context

Neurological conditions are common in children in low- and 
middle-income countries (LMICs) and are associated with 
a large burden of disability and mortality. There are limited 
data on the comorbidity of neurological conditions with beha-
vioural and emotional problems. This study showed that neu-
rological conditions are significantly associated with mental 
health problems in school-aged children and have long-term 
negative impact on these children. Cost-effective interventions 
are needed in LMICs to reduce the burden of these disorders.

ORCID

Judy K. Baariu http://orcid.org/0000-0002-6636-4021

8 J. K. BAARIU ET AL.



Symon M Kariuki http://orcid.org/0000-0002-3934-5132
Charles RJC Newton http://orcid.org/0000-0002-6999- 
5507

References

[1] Newton CR. Global burden of pediatric neurological 
disorders. Semin Pediatr Neurol. 2018;27:10–15.

[2] Lu C, Black MM, Richter LM. Risk of poor development 
in young children in low-income and middle-income 
countries: an estimation and analysis at the global, regio-
nal, and country level. Lancet Glob Health. 2016;4:e916– 
e22. Epub 2016/10/09. PubMed PMID: 27717632; 
PubMed Central PMCID: PMCPMC5881401.

[3] Grantham-mcgregor S, Cheung YB, Cueto S, et al. 
Developmental potential in the first 5 years for chil-
dren in developing countries. Lancet. 2007;369:60–70. 
Epub 2007/01/09. PubMed PMID: 17208643; PubMed 
Central PMCID: PMCPMC2270351.

[4] Lavigne JV, Faier-Routman J. Psychological adjust-
ment to pediatric physical disorders: a meta-analytic 
review. J Pediatr Psychol. 1992;17:133–157. Epub 
1992/04/01. PubMed PMID: 1534367.

[5] Kariuki SM, Abubakar A, Holding PA, et al. 
Behavioral problems in children with epilepsy in 
rural Kenya. Epilepsy Behav. 2012;23:41–46. Epub 
2011/11/29. PubMed PMID: 22119107; PubMed 
Central PMCID: PMCPMC3405525.

[6] King-Dowling S, Missiuna C, Rodriguez MC, et al. Co- 
occurring motor, language and emotional-behavioral pro-
blems in children 3-6 years of age. Hum Mov Sci. 
2015;39:101–108. Epub 2014/12/02. PubMed PMID: 
25436914.

[7] Whiteford HA, Ferrari AJ, Degenhardt L, et al. The 
global burden of mental, neurological and substance 
use disorders: an analysis from the Global Burden of 
Disease Study 2010. PLoS One. 2015;10:e0116820. 
Epub 2015/02/07. PubMed PMID: 25658103; 
PubMed Central PMCID: PMCPMC4320057.

[8] Mathers CD, Lopez AD, Murray CJ. The burden of disease 
and mortality by condition: data, methods, and results for 
2001. Global Burden Dis Risk Factors. 2006;45:88.

[9] Mung’ala-Odera V, Meehan R, Njuguna P, et al. 
Prevalence and risk factors of neurological disability 
and impairment in children living in rural Kenya. 
Int J Epidemiol. 2006;35:683–688. Epub 2006/02/24. 
PubMed PMID: 16492712.

[10] Ogundele MO. Behavioural and emotional disorders 
in childhood: a brief overview for paediatricians. 
World J Clin Pediatr. 2018;7:9–26. Epub 2018/02/20. 
PubMed PMID: 29456928; PubMed Central PMCID: 
PMCPMC5803568.

[11] UNICEF. The state of the world’s children 2013: chil-
dren with disabilities: United Nations Children’s Fund 
(UNICEF). 2013 [cited 2021 Jul 04]. Available from: 
https://data.unicef.org/resources/the-state-of-the- 
worlds-children-2013-children-with-disabilities/.

[12] Murthy GV, Mactaggart I, Mohammad M, et al. 
Assessing the prevalence of sensory and motor impair-
ments in childhood in Bangladesh using key informants. 
Arch Dis Child. 2014;99:1103–1108. Epub 2014/07/10. 
PubMed PMID: 25005523; PubMed Central PMCID: 
PMCPMC4251542.

[13] Tataryn M, Polack S, Chokotho L, et al. Childhood 
disability in Malawi: a population based assessment 
using the key informant method. BMC Pediatr. 

2017;17:198. Epub 2017/11/29. PubMed PMID: 
29179740; PubMed Central PMCID: 
PMCPMC5704595.

[14] Kenya National Bureau of Statistics. Volume III: dis-
tribution of population by age, sex and administrative 
units. Kenya National Bureau of Statistics; 2019 [cited 
2021 Jul 04]. Available from: https://www.knbs.or.ke/? 
wpdmpro=2019-kenya-population-and-housing- 
census-volume-iii-distribution-of-population-by-age- 
sex-and-administrative-units.

[15] Rutherford ME, Dockerty JD, Jasseh M, et al. Access 
to health care and mortality of children under 5 years 
of age in the Gambia: a case-control study. Bull World 
Health Organ. 2009;87:216–224. Epub 2009/04/21. 
PubMed PMID: 19377718; PubMed Central PMCID: 
PMCPMC2654650.

[16] Mung’ala-Odera V, Meehan R, Njuguna P, et al. 
Validity and reliability of the ‘Ten Questions’ ques-
tionnaire for detecting moderate to severe neurologi-
cal impairment in children aged 6-9 years in rural 
Kenya. Neuroepidemiology. 2004;23:67–72. Epub 
2004/01/24. PubMed PMID: 14739570.

[17] Tomeo CA, Rich-Edwards JW, Michels KB, et al. 
Reproducibility and validity of maternal recall of 
pregnancy-related events. Epidemiology. 1999;10:774–7 
77. Epub 1999/10/27. PubMed PMID: 10535796.

[18] Mung’ala-Odera V, Newton CRJC. Recall of perinatal 
events by mothers living in Rural Kenya. Epidemiology. 
2001;12:366. PubMed PMID: 00001648-200105000- 
00021.

[19] Holding PA, Taylor HG, Kazungu SD, et al. Assessing 
cognitive outcomes in a rural African population: 
development of a neuropsychological battery in Kilifi 
District, Kenya. J Int Neuropsychol Soc. 
2004;10:246–260. Epub 2004/03/12. PubMed PMID: 
15012845.

[20] Scott JA, Bauni E, Moisi JC, et al. Profile: the Kilifi 
health and demographic surveillance system 
(KHDSS). Int J Epidemiol. 2012;41:650–657. Epub 
2012/05/01. PubMed PMID: 22544844; PubMed 
Central PMCID: PMCPMC3396317.

[21] Nyundo C, Doyle AM, Walumbe D, et al. Linking 
health facility data from young adults aged 18-24 
years to longitudinal demographic data: experience 
from The Kilifi Health and Demographic 
Surveillance System. Wellcome Open Res. 2017;2:51. 
Epub 2020/03/20. PubMed PMID: 32175477; PubMed 
Central PMCID: PMCPMC7059845.

[22] Kim HY. Statistical notes for clinical researchers: chi- 
squared test and Fisher’s exact test. Restor Dent Endod. 
2017;42:152–155. Epub 2017/05/16. PubMed PMID: 
28503482; PubMed Central PMCID: PMCPMC5426219.

[23] Richman N, Stevenson J, and Graham PJ. Pre-school to 
school: a behavioural study. Behav Dev: A Series of 
Monographs. 1982;228. https://psycnet.apa.org/record/ 
1985-14823-001

[24] Couper J. Prevalence of childhood disability in rural 
KwaZulu-Natal. S Afr Med J. 2002;92:549–552. Epub 
2002/08/29. PubMed PMID: 12197199.

[25] Biritwum RB, Devres JP, Ofosu-Amaah S, et al. 
Prevalence of children with disabilities in central 
region, Ghana. West Afr J Med. 2001;20:249–255. 
Epub 2002/04/02. PubMed PMID: 11922161.

[26] Kumar R, Bhave A, Bhargava R, et al. Survey of 
neurological disorders in children aged 9-15 years in 
Northern India. J Child Neurol. 2016;31:573–583. 
PubMed PMID: 26428662.

GLOBAL HEALTH ACTION 9

https://data.unicef.org/resources/the-state-of-the-worlds-children-2013-children-with-disabilities/
https://data.unicef.org/resources/the-state-of-the-worlds-children-2013-children-with-disabilities/
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-iii-distribution-of-population-by-age-sex-and-administrative-units
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-iii-distribution-of-population-by-age-sex-and-administrative-units
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-iii-distribution-of-population-by-age-sex-and-administrative-units
https://www.knbs.or.ke/?wpdmpro=2019-kenya-population-and-housing-census-volume-iii-distribution-of-population-by-age-sex-and-administrative-units
https://psycnet.apa.org/record/1985-14823-001
https://psycnet.apa.org/record/1985-14823-001


[27] Durkin MS, Hasan ZM, Hasan KZ. The ten questions 
screen for childhood disabilities: its uses and limitations 
in Pakistan. J Epidemiol Community Health. 
1995;49:431–436. Epub 1995/08/01. PubMed PMID: 
7650469; PubMed Central PMCID: PMCPMC1060134.

[28] Cengel-Kültür SE, Ulay HT, Erdağ G. Ways of coping 
with epilepsy and related factors in adolescence. Turk 
J Pediatr. 2009;51:238–247. Epub 2009/10/13. PubMed 
PMID: 19817267.

[29] Matonda-Ma-Nzuzi T, Mampunza Ma Miezi S, 
Mpembi MN, et al. Factors associated with behavioral 
problems and cognitive impairment in children with 
epilepsy of Kinshasa, Democratic Republic Of The 
Congo. Epilepsy Behav. 2018;78:78–83. Epub 2017/ 
11/28. PubMed PMID: 29179103.

[30] Magai DN, Malik JA, Koot HM. Emotional and beha-
vioral problems in children and adolescents in central 
Kenya. Child Psychiatry Hum Dev. 2018;49:659–671. 
Epub 2018/02/02. PubMed PMID: 29387998; PubMed 
Central PMCID: PMCPMC6019427.

[31] Kariuki SM, Abubakar A, Kombe M, et al. Burden, risk 
factors, and comorbidities of behavioural and emotional 
problems in Kenyan children: a population-based study. 
Lancet Psychiatry. 2017;4:136–145. Epub 2017/02/01. 
PubMed PMID: 28137381; PubMed Central PMCID: 
PMCPMC5285446.

[32] Ramtekkar UP, Reiersen AM, Todorov AA, et al. Sex and 
age differences in attention-deficit/hyperactivity disorder 
symptoms and diagnoses: implications for DSM-V and 
ICD-11. J Am Acad Child Adolesc Psychiatry. 
2010;49:217–28.e1-3. Epub 2010/04/23. PubMed PMID: 
20410711; PubMed Central PMCID: PMCPMC3101894.

[33] Gustafsson BM, Proczkowska-Björklund M, 
Gustafsson PA. Emotional and behavioural problems in 
Swedish preschool children rated by preschool teachers 
with the Strengths and Difficulties Questionnaire (SDQ). 
BMC Pediatr. 2017;17:110. Epub 2017/04/23. PubMed 
PMID: 28431506; PubMed Central PMCID: 
PMCPMC5401349.

[34] Narusyte J, Ropponen A, Alexanderson K, et al. 
Internalizing and externalizing problems in childhood 
and adolescence as predictors of work incapacity in 
young adulthood. Soc Psychiatry Psychiatr Epidemiol. 
2017;52:1159–1168. Epub 2017/06/24. PubMed PMID: 
28638965; PubMed Central PMCID: PMCPMC5581816.

[35] Watchko JF. Kernicterus and the molecular mechan-
isms of bilirubin-induced CNS injury in newborns. 
Neuromolecular Med. 2006;8:513–529. Epub 2006/ 
10/10. PubMed PMID: 17028373.

[36] Wallenstein MB, Bhutani VK. Jaundice and kernicterus in 
the moderately preterm infant. Clin Perinatol. 
2013;40:679–688. Epub 2013/11/05. PubMed PMID: 
24182955.

[37] Gordon AL, English M, Tumaini Dzombo J, et al. 
Neurological and developmental outcome of neonatal 

jaundice and sepsis in rural Kenya. Trop Med 
Int Health. 2005;10:1114–1120. Epub 2005/11/03. 
PubMed PMID: 16262736.

[38] Olusanya BO, Ogunlesi TA, Slusher TM. Why is ker-
nicterus still a major cause of death and disability in 
low-income and middle-income countries? Arch Dis 
Child. 2014;99:1117–1121. Epub 2014/08/16. PubMed 
PMID: 25123403.

[39] Farouk ZL, Muhammed A, Gambo S, et al. Follow-up 
of Children with Kernicterus in Kano, Nigeria. J Trop 
Pediatr. 2018;64:176–182. Epub 2017/06/13. PubMed 
PMID: 28605485.

[40] Magai DN, Koot HM, Newton CR, et al. Long-term 
mental health and quality of life outcomes of neonatal 
insults in Kilifi, Kenya. Child Psychiatry Human Dev. 
2021. DOI:10.1007/s10578-020-01079-1

[41] Hokkanen L, Launes J, Michelsson K. Adult neurobe-
havioral outcome of hyperbilirubinemia in full term 
neonates-a 30 year prospective follow-up study. PeerJ. 
2014;2:e294. Epub 2014/04/02. PubMed PMID: 
24688870; PubMed Central PMCID: PMCPMC 
3961148.

[42] Mwaniki MK, Atieno M, Lawn JE, et al. Long-term 
neurodevelopmental outcomes after intrauterine and 
neonatal insults: a systematic review. Lancet. 
2012;379:445–452. Epub 2012/01/17. PubMed PMID: 
22244654; PubMed Central PMCID: PMCPMC 
3273721.

[43] Burton K, Rogathe J, Hunter E, et al. Behavioural 
comorbidity in Tanzanian children with epilepsy: a 
community-based case-control study. Dev Med Child 
Neurol. 2011;53:1135–1142. Epub 2011/11/19. 
PubMed PMID: 22092080; PubMed Central PMCID: 
PMCPMC3592385.

[44] Kariuki SM, Abubakar A, Kombe M, et al. 
Prevalence, risk factors and behavioural and emo-
tional comorbidity of acute seizures in young 
Kenyan children: a population-based study. BMC 
Med. 2018;16:35.

[45] Reiss F. Socioeconomic inequalities and mental health 
problems in children and adolescents: a systematic 
review. Soc Sci Med. 2013;90:24–31. Epub 2013/06/ 
12. PubMed PMID: 23746605.

[46] Durkin MS, Yeargin-Allsopp M. Socioeconomic status 
and pediatric neurologic disorders: current evidence. 
Semin Pediatr Neurol. 2018;27:16–25. Epub 2018/10/ 
09. PubMed PMID: 30293586.

[47] Stanley O, Dolby S. Learning in preschool children with 
neurological disability. Arch Dis Child. 1999;80:481–484. 
Epub 1999/04/20. PubMed PMID: 10208960; PubMed 
Central PMCID: PMCPMC1717930.

[48] Valvano J. Activity-focused motor interventions for 
children with neurological conditions. Phys Occup 
Ther Pediatr. 2004;24:79–107. Epub 2004/07/23. 
PubMed PMID: 15268999.

10 J. K. BAARIU ET AL.

https://doi.org/10.1007/s10578-020-01079-1

	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Background
	Methods
	Study setting and participants
	Assessment of neurological conditions and mental health problems
	Long-term follow-up of study participants
	Statistical analysis

	Results
	Association between neurological conditions and mental health problems
	Prevalence of behavioural and emotional problems
	Risk factors for behavioural and emotional problems
	Long-term impact of neurological conditions and mental health problems

	Discussion
	Association between neurological conditions and mental health problems
	Prevalence of behavioural and emotional problems
	Risk factors for behavioural and emotional problems
	Long-term impact of neurological conditions and behavioural/emotional problems

	Strengths and limitations
	Conclusions
	Acknowledgments
	Authors contributions
	Disclosure statement
	Ethics and consent
	Funding
	Paper context
	References

