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Abstract

High prevalence of Human Immunodeficiency Virus (HIV) poses significant public
health challenges in regions like Sub-Saharan Africa, especially among children and adolescents.
Despite advancements in reducing vertical mother-to-child transmission and increasing access to
antiretroviral therapies, paediatric populations continue to face substantial neurocognitive
challenges associated with HIV infection. This study aimed to establish a profile of executive
functioning in a South African paediatric population using cognitive measures (the NEPSY-II)
and a behavioural rating scale (the BRIEF) to elucidate the cognitive impact of HIV. Assessing
executive functions in children presents challenges due to their multifaceted nature, with
cognitive measures and behavioural rating scales offering differing insights. As such, a
secondary aim of this paper was to examine the inter-correlations between these measures. The
participant group was comprised of 40 children living with HIV in Johannesburg, South Africa,
aged 10-16. Normative data for comparisons were obtained from the NEPSY-II and BRIEF
manuals, as well as a sample of NEPSY-II raw scores for South African youth without a central
nervous system disease (Truter et al., 2017). Significant differences were found between the
HIV+ group and comparison samples. Specifically, HIV+ children showed poorer performance
in working memory, inhibitory control and cognitive flexibility compared to their typically
developing peers. These results provide insights into executive function challenges faced by

HIV+ children and adolescents, emphasising the importance of early intervention and support.

KEYWORDS: HIV, Paediatric populations, Neurocognitive challenges, Executive
Functioning (EF), South African, Cognitive measures, Behavioural rating scale, Cognitive

flexibility, Inhibitory Control, Working Memory
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Chapter One: Theoretical & Conceptual Review

Introduction and Contextual Review

Human Immunodeficiency Virus (HIV) is a global pandemic with no known cure.
According to the United Nations Joint Programme on HIV/AIDS, by the end of 2022
approximately 39.0 million people were living with the virus, with 1.3 million newly reported
cases in 2022 alone (UNAIDS, 2023). Globally, South Africa has the highest estimated infection
rate of approximately 14%, or 8.5 million people (Stats SA, 2022). With regard to the global
population, 1.54 million [1.20 million -2.11 million] children under 15 years old are living with
HIV/AIDS, with 130 000 new cases in 2022 (UNAIDS, 2023, UNICEF, 2023). Of this estimated
1.54 million, 87% of children live in sub-Saharan Africa (UNICEF, 2023). Regions of Southern
Africa have made significant advancement in reducing the rate of new paediatric infections by
58% since 2010 (UNAIDS, 2023). This is largely due to increased access to education regarding
safe infant care and reduction in mother-to-child vertical transmission (MTCT; UNAIDS, 2022).
Even though only 4% of individuals living with HIV/AIDS are children, individuals under the
age of 15 still account for 10% of new HIV infections and 13% of HIVV/AIDS related mortality
(UNAIDS, 2023; UNICEF, 2023). In 2022, it is estimated that worldwide approximately 84,000
(56,000 — 120,000) children under the age of 15 succumbed to AIDS-related causes (UNICEF,
2023). This is in part due to children having reduced immunological capacity, combined with
existing high rates of MTCT (Ferrand et al., 2009; Lentoor, 2020). Additionally, this population
experience a wide range of cognitive and scholastic challenges that impact development and
general quality of life (Anabwani et al., 2016). This age group forms the focus of this study,
which aimed to understand executive functions of children and adolescents living with HIV in
comparison to typically developing peers.

The nosology of HIV distinguishes between two types, HIV-1 and HIV-2, originating
from Central African chimpanzees and West African sooty mangabeys, respectively (German
Advisory Committee, 2016). While HIV-2 is less infectious and confined mainly to Western and
Central Africa, HIV-1 became a global pandemic with various subgroups, including HIV-1 M:C,
the most prevalent subtype in Southern Africa (German Advisory Committee, 2016). HIV-1, a
type of retrovirus known as a lentivirus, utilises reverse transcriptase enzymes to convert its

ribonucleic acid (RNA) into deoxyribonucleic acid (DNA), integrating this ‘virus-tainted’ DNA
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into the host's genetic material and ultimately leading to the production of additional infected
particles (Poltronieri et al., 2015).

At an immunological level, HIV/AIDS is characterised by a decline in white blood cells
known as CD4+T cells (Vidya Vijayan et al., 2017). The CD4 (cluster of differentiation 4) is a
glycoprotein that binds to lymphocytes, such as T-cells, producing CD4+T cells that are
responsible for assisting the immune system in adaptation and fighting off infection (Leidl et al.,
2010). As HIV progresses, the level of CD4+T cells in the body slowly declines, leading to a
gradual deterioration of immune function and, if left untreated, eventually death (Vidya Vijayan
et al., 2017). Once the CD4+T cell count has dropped below 200 cells/ul in the peripheral blood,
the patient is diagnosed with Acquired Immune Deficiency Syndrome (AIDS; Vidya Vijayan et
al., 2017). After the CD4+T cell count has declined past 50 cells/ul, patients are at extreme risk
of coinfection from pseudomonas pneumonia and tuberculosis, among others (Leidl et al., 2010;
Peltzer et al., 2006). The immunological effects of HIVV/AIDS are particularly harmful to the
paediatric population as an immature CNS and immune system increase virulence of both HIV
and possible viral coinfections (Sharer & Cho, 1989). In terms of patient prognosis, CD4 cell
count is considered predictive, with higher cell counts indicating better immunological and CNS
function (Lentoor, 2020). While management therapies exist, HIV continues to be a leading
cause of mortality worldwide. HIV/AIDS related illness accounted for approximately 630 000
deaths in 2022, claiming the lives of 84 000 children (UNAIDS, 2022). Due to poor economic
infrastructures, insufficient education, stigma, and high instances of rape and sexual abuse, 260
000 cases of HIV/AID related deaths were individuals living in Sub-Saharan Africa (UNAIDS,
2023).

Currently, the most effective infection management of HIVV/AIDS is the use of
antiretroviral therapies (ARTS) which act to increase the CD4+T cell count and lower the risk of
co-infection (Leidl et al., 2010). These include nonnucleoside reverse transcriptase inhibitors
(NNRTISs), nucleoside analogues, integrase strand transfer inhibitors (INSTIs) and protease
inhibitors (PIs).The NNRTIs are widely regarded as a staple addition to the combination of
therapies used to treat HIV-1 infection (Mackie, 2006). They work by attaching themselves
directly to the hydrophobic active site of HIV-1 reverse transcriptase (the enzyme responsible for
integrating the infected RNA into DNA in retroviruses) and disrupting its polymerase process
(Mackie, 2006). These NNRTIs drugs are often used in a poly-therapeutic treatment approach, as
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if they are used as monotherapy, resistance develops quickly through mutations in the pol gene
(Mackie, 2006). In South Africa, efavirenz (EFV; a type of NNRTI) is a primary antiretroviral
drug (ARV) used in paediatric populations (Hammond et al., 2019). However, EFV use in
children has been associated with transient neuropsychiatric manifestations, such as drowsiness,
seizures, and personality changes (Hammond et al., 2019). While these effects may resolve over
time, continued EFV use has raised concerns regarding the impact of EFV toxicity on
neurocognition in children living with HIV (Hammond et al., 2019).

Recent research is aimed at developing effective protocols for supplementing ARVs
(which seek to reverse HIV proliferation in the CNS) with therapies that reverse HIV viral
latency and clear infection to produce a functional cure (Deeks et al., 2021; Margolis et al.,
2020). A functional cure for HIV would be one that prevented further infection and eradicated all
HIV-associated illnesses without the need for ongoing medication (Margolis et al., 2020). Early
intervention allows ARVs to limit uncontrolled HIV reproduction in the brain tissue as quickly
as possible, reducing neuroinflammation and damage to the CNS (Winston & Spudich, 2020). As
of 2022, 76% of the global population living with HIV had access to ARTs (UNAIDS, 2023).
However, only 57% of children under the age of fifteen and 82% of pregnant women living with
HIV have been able to access these therapies (UNAIDS, 2023). Germane to my research, while
ARVs are effective in reducing the immunological effects of HIV-related illnesses on the CNS,
their efficacy to reverse HIV-associated Neurocognitive Disorder (HAND) is diminished
((Boivin et al., 2018; Fairlie et al., 2022; Vazquez-Santiago et al., 2014). As a result, children
with HAND may experience a range of neurocognitive difficulties and it is important to
understand the nature of these challenges.

While some of these neurocognitive challenges are circumscribed by appropriate medical
intervention, milder forms of HAND persist. HIV-Associated Neurocognitive Disorders is a term
used to collectively refer to the range of neurocognitive impairments caused by HIV-1 infection
(Winston & Spudich, 2020). The current average prevalence of HAND is estimated at 50.41%
globally, and 49.57% in Africa (Zenebe et al., 2022). Various psychological, clinical, and socio-
demographic variables impact an individual’s risk of developing HAND (Zenebe et al., 2022).
This is of particular significance as extended exposure to HIV-1 and its associated immune
system dysregulation means that individuals who acquire HIV at an early age face an increased

likelihood of experiencing neurodevelopmental and neurocognitive deficits later in life compared
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to those who contract HIV during adulthood (Laughton et al., 2013; N. Phillips et al., 2016;
Williams et al., 2021). Moreover, research indicates that these neurocognitive issues persist, even
when ART is started as early as 5 months old (Puthanakit et al., 2013; Whitehead et al., 2014).

The neurocognitive effects of HIV, and the pharmacokinetic limitations of ARVs, are of
particular importance to paediatric populations, as HIV disrupts the integrity of the fronto-striatal
circuit and Central Executive Network (CEN; Britz & van Zyl, 2020; Ipser et al., 2015). The
CEN is a vital neural system responsible for the management of higher cognitive functions
essential for successful daily functioning (Shen et al., 2020). Comprised of interconnected brain
regions, the CEN facilitates executive functions (EFs), a collection of cognitive processes crucial
for goal-directed behaviours. Vital nodes within the CEN include the prefrontal cortex,
frontopolar cortex, anterior cingulate cortex, and posterior parietal cortex, which collaborate to
support various EF tasks such as working memory, inhibition of prepotent responses, attentional
control, planning, and cognitive flexibility (Ipser et al., 2015; Shen et al., 2020). Dysfunction
within the CEN is associated with deficits in EF observed across a spectrum of neurological and
psychiatric conditions, including schizophrenia, Alzheimer's disease and major depressive
disorder (Shen et al., 2020).

Executive functions refer to a host of cognitive processes necessary for concentration and
attention (Anabwani et al., 2016; Doebel, 2020). Given the various scholastic, social and
developmental demands placed on children and adolescents, EFs are particularly important to
investigate in atypically developing populations (Anabwani et al., 2016). Research suggests that
children living with HIV struggle with academic performance, which could be related to EF
difficulties (Cockcroft & Cassimjee, 2020). Currently, education curriculums are established for
typically developing children, which places those living with a CNS disease at a scholastic
disadvantage (Anabwani et al., 2016). This study investigated how EFs in children and
adolescents living with HIV are affected relative to their typically developing peers, in order to
better understand the cognitive challenges associated with HIV in paediatric populations.

The following sections provide a comprehensive review of the relevant literature,
organised into three broad themes. The first, Paediatric HIV and neurocognitive performance,
discusses research pertaining to the neurocognitive effects of HIV in children and adolescents, as
well as the cognitive impact of ARVs. The second section examines the role that EFs play in
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neurocognitive development, academic achievement, and social functioning. Finally, the third
section explores the extent to which the relationship between EFs and paediatric HIV has been
researched, critically discussing the strengths and weaknesses of these approaches. This review
contextualises the topic, ultimately showing how this study adds to the body of literature on EFs
in children living with HIV.

Paediatric HIV and Neurocognitive Performance

The HIV virus attacks the nervous system soon after it enters the body, causing a variety
of mild to severe physiological and neuropsychological symptoms. Both the peripheral nervous
systems and CNS are susceptible to attack from HIV, with the CNS becoming vulnerable to viral
infiltration at the earliest stages of infection (McArthur & Smith, 2013). This is due to HIV being
transported across the blood-brain barrier (BBB) into the CNS, where it replicates rapidly,
inducing chronic infectious virus production (Vazquez-Santiago et al., 2014). The BBB separates
the bloodstream from the brain parenchyma and regulates the exchange of molecules between
the blood and the CNS, maintaining cerebral homeostasis and protecting the brain from
pathogens. This barrier is impermeable to most molecules, including pathogens and therapeutic
drugs, due to the presence of tight junction proteins that restrict paracellular passage. It is
composed of tightly bound vascular endothelial cells lining the capillaries, along with supportive
cells such as astrocytes, which contribute to BBB integrity by ensheathing the capillaries and
releasing chemical signals that maintain endothelial cell tightness (Osborne et al., 2020).
However, HIV exploits host cells such as macrophages, CD4+ T cells and monocytes, which can
cross the BBB, carrying the virus into the CNS in a Trojan horse-like mechanism (Osborne et al.,
2020; Vazquez-Santiago et al., 2014).

Chronic viral infections, such as HIV-1, occur when the primary adaptive immune
response is unable to remove the initial infection, and so it persists throughout the patient’s life,
bringing with it a host of systemic, immunological and neurological effects (Vazquez-Santiago et
al., 2014). The Trojan horse-like infection strategy not only enables the virus to access the
otherwise protected area of the brain, but also contributes to the establishment of viral latent HIV
reservoirs within the CNS, posing significant challenges for therapeutic intervention and disease
management (Osborne et al., 2020). Latent HIV reservoirs are established soon after the virus

enters the body, at the first stage of viral infection (Aiamkitsumrit et al., 2015). Brain imaging
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and autopsy cerebral analysis on posthumous HIV patients indicate that the frontal lobe is
particularity affected as tissue begins to atrophy relatively soon after HIV crosses the BBB
(McArthur & Smith, 2013).

Once the virus has infiltrated the CNS, the functional connections within the fronto-
striatal circuit become extremely susceptible to infection (Ipser et al., 2015). The fronto-striatal
network refers to the connection of neural pathways between the striatum (found in the basal
ganglia) and the frontal lobe (Morris et al., 2016). This circuit mediates cognitive, emotional and
behavioural processes, including EFs such as working memory (WM) as well as focused
attention (Morris et al., 2016). The fronto-striatal network is connected to the CEN through
cortical networks of catecholamines, particularly dopamine and norepinephrine. HIV-associated
neuroinflammation and neurodegeneration deregulate dopaminergic and noradrenergic systems,
leading to alterations in neurotransmitter release, receptor sensitivity, and neuronal signalling,
which may in turn contribute to cognitive impairments commonly observed in people living with
HIV (Nolan & Gaskill, 2019). Additionally, the interplay between catecholamines and the
immune system further exacerbates neuroinflammation and neuronal damage, possibly
perpetuating this cycle of cognitive decline (Nolan & Gaskill, 2019). As such, dysregulation of
the fronto-striatal network often results in impaired EF, especially with regards to WM and
verbal fluency (Ipser et al., 2015; Nolan & Gaskill, 2019). Aside from the fronto-striatal
circuitry, HIV affects other cerebral regions including the basal ganglia, hippocampus, prefrontal
cortex and subcortical white matter (Winston & Spudich, 2020).

HIV associated neurocognitive dysregulation is thought to develop as a response to the
immune reaction and inflammation caused by HIV infection of the CNS (Olivier et al., 2018).
Specifically, these impairments are thought to manifest due to direct viral effects on the CNS,
leading to structural and functional alterations (Fairlie et al., 2022). This is of particular
importance to paediatric populations as the impact of the virus on the developing brain during
crucial stages of growth and maturation is substantial (Fairlie et al., 2022); thus potentially
posing a higher risk for children with HIV to develop neurocognitive challenges compared to
adults (Khiati et al., 2010; Williams et al., 2021). Various factors such as sociodemographic and
psychosocial variables, neuroinflammation, potential neurotoxic effects of certain ARV,
neuronal injury and, possibly, differences in human host genetics influence an individual’s

vulnerability to HAND (Dreyer, 2023; Fairlie et al., 2022; Olivier et al., 2018). The pathogenesis
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and clinical manifestations of HIV in adult patients have been well reported in the literature
(Mekuriaw et al., 2023; Olivier et al., 2018). Far less is known regarding the functional and
cognitive changes caused by HIV in paediatric patients, although some neuroimaging studies
reveal structural abnormalities, such as damage to neural microstructure, reduced grey and white
matter volume, ventricle enlargement, cortical atrophy, and basal ganglia abnormalities (Hoare et
al., 2014; Phillips et al., 2016; Yadav et al., 2017).

For example, an analysis was conducted on structural connectivity, cortical thickness,
subcortical volume and neurocognitive functions in 34 children living with HIV with a mean age
of 10.2 years old (SD = 1.7) and 32 age and gender-matched healthy controls (Yadav et al.,
2017). The study revealed participants living with HIV exhibited significantly different cortical
thickness (p=0.04) and subcortical volumes (p=0.032), indicating potential disruptions in these
networks (Yadav et al., 2017). These findings were in line with previous research suggesting
similar alterations in grey matter density, cortical thinning, and subcortical atrophy in adolescent
and adult HIV patients, which was attributed to HIV viral protein toxicity and inflammatory
processes (e.g. Hoare et al., 2012, Cohen et al., 2010a, Cohen et al., 2010b, Sarma et al., 2014,
Thompson et al., 2005). The observed changes in paediatric HIV participants may reflect
neuronal and glial cell injuries induced by the virus, potentially leading to reduced cortical
thickness and subcortical volume (Yadav et al., 2017). These findings emphasise the potential
impact of HIV on structural brain alterations and disrupted networks, notably affecting regions
involved in memory, sensory interpretation, and cognitive processing (Yadav et al., 2017).

In sub-Saharan Africa, roughly 10% of children (approximately 3.4 million) under the
age of 18 are HIV-positive, and despite improved access to CARTS, most will develop some form
of HAND (Adams et al., 2019). The next section provides an overview of the current state of
knowledge regarding HIV-associated neurocognitive challenges among the paediatric population
in Sub-Saharan Africa. Research focused on this region is paramount, as children in sub-Saharan
Africa face heightened susceptibility to neurocognitive disorders due to several risk factors
associated with limited access to relevant healthcare and lower socio-economic conditions
(Fairlie et al., 2022; Musindo et al., 2022).

The neurocognitive functioning of 90 HIV-positive children, aged 8-15 years (m=11.38,
SD =2.06), attending the Comprehensive Care Clinic at Kenyatta National Hospital in Kenya

was assessed using the Kaufman Assessment Battery for Children, Second Edition (KABC-I1),
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which has been adapted and validated in Kenya and Uganda (Musindo et al., 2018). Thirteen
subtests of the KABC-II were utilised to derive four index scores: (i) sequential processing,
measuring working memory; (ii) simultaneous processing, assessing visual-spatial processing
and problem-solving abilities; (iii) planning, examining executive reasoning skills; (iv) learning,
evaluating immediate and delayed memory; as well as two global scores known as the (i) Mental
Processing Index (MPI), a composite score representing key cognitive performance domains, and
(if) Nonverbal Index (NV1), comprising subtests not reliant on language comprehension
(Musindo et al., 2018). Notably, the knowledge subtests were not administered due to limited
cultural suitability (Boivin et al., 2010). Results revealed significant neurocognitive deficits, with
60% of participants scoring at least two standard deviations below the mean, indicating the
presence of major neurocognitive disorders (MND). Specifically, high prevalence of MND was
observed in simultaneous processing (62.2%) and planning (63.3%) subscales. However, only
4.4% of participants were found to have significant immunosuppression based on current WHO
guidelines, and the majority had low viral loads (<1000 copies per ml), suggesting good
adherence to ARVs and viral suppression (Musindo et al., 2018). Interestingly, no significant
associations were found between KABC-I11 subtest performance and viral load, CD4 count, or
timing of ART initiation. These findings suggest that despite successful management of HIV
with ARTSs, children and adolescents living with HIV continue to experience substantial
neurocognitive deficits (Musindo et al., 2018).

Similarly, a comprehensive assessment was conducted involving 338 children aged 4-9
years from Cameroon, consisting of three participant groups: HIV positive (n=127), HIV-EU
(n=101) and HIV-UU (n=110) groups (Debeaudrap et al., 2018). The study draws on the
Pediacam ANRS12140 cohort and employed various assessments. Specifically, neurological
function was measured using the Touwen examination, and cognitive function was assessed
using the KABC-II, particularly chosen for its perceived cross-cultural validity, especially in
African contexts (Debeaudrap et al., 2018). The KABC-I11 assessment employed seven subtests
for children under 6 years and eight subtests for those older than 6 years. These subtests were
utilised to generate two global indexes normed on a French population: the nonverbal index
(NVI) and the MPI. Additionally, four composite scores were derived, including learning,
sequential processing, planning (only for children older than 6 years), and simultaneous

processing. The results indicated that children living with HIV exhibited significantly lower
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unadjusted KABC-II global indexes and scores compared to children in the other groups. For the
NVI the HIV+ group (m=56.1, SD =12.6) faired significantly lower (p<0.01) than both the HIV-
UE (m=63.4, SD = 11.8) and HIV-UU (mean = 67.1, SD = 13.2) groups. Similarly, for the MPI,
the HIV+ group (m=61.7, SD=14.0) consistently scored significantly lower compared to the
HIV-UE (m=73.4, SD=14.7) and HIVV-UU (m=78.9, SD=12.8) groups. Even after adjusting for
contextual factors, the results highlighted significant differences in neurocognitive performance
between HIV-positive children and their uninfected peers, with children living with HIV
exhibiting significantly lower KABC-I11 global indexes and composite scores compared to both
HIV-EU and HIV-UU children (Debeaudrap et al., 2018). Additionally, results from the Touwen
Examination indicated that the children living with HIV exhibited significantly more
neurological dysfunctions and higher levels of behavioural difficulties compared to HIV-UU
participants (p = 0.002).

In another study, the relationship between paediatric HIV and neurocognitive
development across multiple sub-Saharan African sites was explored by employing a
standardised assessment protocol across ten different languages (Boivin et al., 2018).
Researchers enrolled 615 children aged 5 to 11 (m=7.2) from the IMPAACT P1060 clinical trial,
comparing those with HIV (n=246), HIV-EU (n=183), and HIV-UU (n=182) cohorts (Boivin et
al., 2018). Standardised neuropsychological assessments, including the KABC-II and the parent-
reported BRIEF were administered. Several subtests from the KABC-I1 were employed,
including sequential processing, simultaneous processing, learning, planning, as well as the NVI
and MPI. The HIV-positive cohort demonstrated significantly lower performance particularly on
the KABC-II global scales, indicating challenges in sequential processing (WM; p<0.001),
planning (p<0.01), and learning (p<0.001) compared to both HIV-EU and HIV-UU groups
(Boivin et al., 2018). For the NVI the HIV+ group (m=72.05; 70.61,73.49, 95% CI) faired
significantly lower (p<0.001) than both the HIV-UE (m=78.37; 76.68,80.06, 95% CI) and HIV-
UU (m=79.02; 77.32,80.72, 95% CI) groups. Similarly, for the MPI, the HIV+ group (m=73.18;
71.86,74.50, 95% CI) consistently scored significantly lower (p<0.001) compared to the HIV-UE
(m=79.14 ;77.50,80.78, 95% Cl)and HIV-UU (m=80.89 ;79.18, 82.60, 95% CI) groups (Boivin
etal., 2018).

In terms of the BRIEF assessment, eight scales were employed, which were further

grouped into two overarching indexes: the Behaviour Regulation index (BRI) comprising three
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scales, and the Metacognition Index (MI) comprising five scales. These scales collectively
contributed to the calculation of a Global Executive Composite Score (GEC), where higher
scores indicated a greater frequency of day-to-day behavioural problems associated with
executive function, as perceived by the parent or caregiver. There were no statistically significant
differences between the groups on the BRI (p=0.97), the M1 (p=0.07), or the GEC (p=0.34)
scales. However, it should be noted that while not statistically significant, there was a tendency
for all BRIEF global index GEC scores to be higher for the HIV+ group (m=53.19; 51.51,54.87,
95% CI) compared to the HIV-EU (m=51.52; 49.79,53.26, 95% CI) and the HIVV-UU (m=50.55;
49.02,52.08, 95% CI) groups, signifying a higher prevalence of behaviour problems related to
executive function among the HIV-positive cohort. These results were consistent across the six
study sites, indicating the robustness of the findings. Children living with HIV exhibited
significant neuropsychological deficits compared their HIV-UU and HIV-EU peers, despite the
HIV+ cohort receiving ARTSs from an early age and demonstrating viral suppression and clinical
stability at the time of assessment (Boivin et al., 2018). These findings suggest that even with
early and consistent medical intervention, children living with HIV in Africa continue to face
neurodevelopmental and neurocognitive challenges, emphasising the need for contextually
sensitive, African-led research into this area (Laughton et al., 2013; Phillips et al., 2016).

This need for contextually relevant research is reiterated by studies elucidating the
functional impact of HIV associated neurocognitive dysfunction on developmental process and
overall quality of life (Anabwani et al., 2016; N. Phillips et al., 2022). A study conducted in
South Africa among 247 participants aged 9-12 (n=203 HIV+; n=44 HIVV-UU control) explored
the relationship between cognitive and functional impairment in youth living with HIV (Phillips
et al., 2022). In the context of youth living with HIV, functional impairment encompasses
challenges adapting to everyday situations, particularly in areas such as interpersonal
relationships, academic performance (e.g., school grade repetition), psychopathology, and leisure
time utilisation. These challenges indicate underlying cognitive deficits resulting from the viral
infection (Phillips et al., 2022). Utilising measures such as the Columbia Impairment Scale
(CIS), Child Behaviour Checklist (CBCL), Vineland Adaptive Behaviour Scale — 2nd edition
(VABS-II), and school grade repetition as a crude screen for functional impairment, the study
highlighted significant associations between cognitive impairment and measures of functional

impairment, notably CBCL Total Competence, VABS-II adaptive behaviour composite, and
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school grade repetition (Phillips et al., 2022). Relative risk ratio analyses revealed that HIV-
infected participants diagnosed with neurocognitive disorders were at higher risk for functional
impairment across these measures (CIS, CBCL, VABS-II, repeated-grades), emphasising the
increased risk of functional impairment in the presence of cognitive deficits (Phillips et al.,
2022). However, the study noted limitations such as reliance on self-report measures for
functional impairment and the cross-sectional design, underscoring the need for further
longitudinal research to establish causal associations and validate screening measures for
functional impairment among youth living with HIV in resource-limited settings like South
Africa.

The advent of ARVs has marked a pivotal shift in disease management, leading to
improved health outcomes and prolonged life expectancy among people living HIV. In the realm
of neurocognitive performance, the impact of ARV on cognitive function in paediatric HIV cases
remains a subject of ongoing investigation. Studies have shown promising outcomes, indicating
that effective ART regimens might mitigate the progression of neurocognitive deficits and
potentially ameliorate functional impairment in youth living with HIV (Phillips et al., 2022).
However, the debate remains ongoing. This link between ARTSs and neurocognitive performance
underscores the importance of assessing the efficacy of treatment modalities in addressing not
only virological suppression, but also cognitive and functional well-being in paediatric HIV
populations. The impact of ARTs on neurocognitive performance will be discussed at greater
length in the following section.

Impact of Antiretroviral Therapies on Neurocognitive Performance

Antiretroviral therapy (ART) has revolutionised the management of HIV infection,
significantly improving survival rates in both adults and children. In terms of neurocognitive
performance, effective ARV use has lessened the severity of HAND but not the frequency
(Alford & Vera, 2018). Some research suggests that early initiation of ART can significantly
decrease the severity of HIV-related cognitive issues by curbing uncontrolled HIV replication in
the brain, reducing inflammation, and preventing damage to the CNS, although milder cognitive
problems still persist and impact the lives of those with HIV (e.g. Spudich et al., 2019; Vazquez-
Santiago et al., 2014; Winston & Spudich, 2020). Research regarding the potential neuronal

toxicity of antiretroviral agents is inconclusive, with mixed clinical evidence indicating both
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indirect (via vascular processes) and direct (mitochondrial) neurotoxicity mechanisms (Alford &
Vera, 2018). Of particular concern to this study, the potential neurotoxic interaction effect could
be further impacting on the neurocognitive processes of patients living with HIV (Alford &
Vera, 2018; Rubin et al., 2021; Underwood et al., 2015).

Ilustrating this is a retrospective study conducted at the Neuro-HIV clinic in the Red
Cross War Memorial Children's Hospital in Cape Town, South Africa, which examined the
potential neurotoxic effects of EFV-based ARVs on neurocognitive functioning in 12 children
living with HIV aged 3-12 years old (Hammond et al., 2019). All participants presented with
suspected EFV neurotoxicity, showcasing varied neuropsychiatric manifestations post-EFV
initiation, while two children experienced acute neuropsychiatric symptoms that ceased only
upon EFV discontinuation, suggesting a potential link to EFV metabolism (Hammond et al.,
2019). However, it should be noted that the study faced limitations due to its retrospective
nature, lacking baseline cognitive assessments, and an absence of controlled EFV timing,
impeding a direct causal link between EFV and neuropsychiatric manifestations.

Globally, as of 2022, approximately 82% of pregnant women living with HIV had access
to CARTS to prevent transmission of HIV to their child (UNAIDS, 2023). However, as more
children are born to women with HIV who receive ART during pregnancy, concerns have
emerged regarding the potential impact of in utero exposure to ARVs. Research suggests that in
utero exposure can induce metabolic dysregulation in immune cells of children born to HIV-
infected mothers (Mataramvura et al., 2023). Maternal HIV infection itself, combined with the
use of ART, may cause mitochondrial dysfunction, altered oxidative phosphorylation, and
increased production of reactive oxygen species, impacting immune cell viability and response
functioning (Mataramvura et al., 2023). The clinical implications of metabolic dysregulation due
to ARV exposure in utero remain poorly understood. Studies indicate higher morbidity and
mortality rates among HIV-exposed uninfected (HIV-EU) and HIV-exposed infected (HIV+)
children compared to their HIVV-unexposed peers (HIVV-UU), suggesting potential long-term
consequences of altered immune responses (Afran et al., 2014; Dauby et al., 2012; Slogrove et
al., 2016). Furthermore, ARTS that interfere with mitochondrial function may lower energy
production in the form of adenosine triphosphate (ATP) and increase reactive oxygen species
(ROS), potentially affecting neuronal growth and synaptic plasticity (Mataramvura et al., 2023).

Moreover, ATP is essential for the activation of immune cells as mitochondria serve as the
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primary energy source for this process. Additionally, ROS activate proinflammatory signalling
pathways, further emphasising the central role of mitochondria in immune response
establishment and maintenance (Mataramvura et al., 2023). In HIV infection, both the virus and
ARTSs can alter mitochondrial functioning, contributing to chronic immune activation and
inflammation, ultimately exacerbating HIV immunopathogenesis (Mataramvura et al., 2023).

A longitudinal study assessing the impact of HIV infection and ARVs on the
neurocognitive outcomes of 370 mother-child pairs (aged 7 to 14 years), with 55.1% HIV-UU;
7.0% perinatally HIV-EU; and 37.9% perinatally HIV-infected (PHIV) was conducted in Rakai,
Uganda (Brahmbhatt et al., 2017). Differences in schooling, gender, and neurocognitive
outcomes were evident among these groups. The KABC Il was used to evaluate sequential and
simultaneous processing, learning, planning, knowledge, and the fluid crystalised index to gauge
overall functioning. Adjusted Prevalence Rate Ratios (adjPRR) by age were estimated using
multivariable generalised linear models. No significant differences were observed in
neurocognitive measures between PHIV and HIV-UU children at baseline. The duration of ART
among PHIV children correlated positively with improved sequential processing skills (25-36
months: adjPRR=0.55, CI: 0.34-0.9; 3748 months: adjPRR=0.39, CI: 0.2-0.76; 49+ months:
adjPRR=0.23, CI: 0.1-0.54), but did not significantly affect other neurodevelopmental
performance on the KABC Il (Brahmbhatt et al., 2017). It is important to acknowledge the
study's limitations, such as challenges in maintaining full follow-ups for all children on ART and
the relatively small size of the HIV-exposed uninfected group, which may have affected
statistical power. Nonetheless, these results emphasise the importance of timely ARV initiation.

In another study, the neurodevelopment of HIV-infected infants (n=27) on Highly Active
Antiretroviral Therapy (HAART) was compared to HIV-EU (n=29) infants, all under a year old,
at the Empilweni Clinic at Rahima Moosa Mother and Child Hospital, South Africa (Whitehead
et al., 2014). Using the Bayley Scales of Infant and Toddler Development, 3rd edition (Bayley
[11), the study assessed the neurodevelopment of HIV+ infants before initiating HAART and then
over six months while on the treatment. Results indicated that infant participants with HIV
scored significantly lower in motor and language development compared to HIV-EU infants at
baseline, three months, and six months follow-up (Whitehead et al., 2014). Although there were
no decreases in developmental scores over time, there were also no significant improvements in

language (p=0.46) or motor function (p=0.91). Cognitive development in the HIV group was
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notably lower initially (p=0.003), but by the six-month follow-up, there were no significant
differences (p=0.18) between the two groups. The study suggests that while HAART might
prevent further delays, it did not reverse the neurological damage already present in the cohort of
HIV-positive infants (Brahmbhatt et al., 2017).

As such, while ARV use has significantly improved the management of HIV, concerns
persist regarding potential neurotoxicity and long-term neurodevelopmental outcomes, especially
in children exposed to HIV and ART in utero. These studies underscore the importance of timely
initiation of ARVs and ongoing research to better understand and address neurocognitive
challenges in individuals living with HIV. The next section will discuss the neurocognitive
development of EFs, as well as their importance to daily functioning and relevant

methodological issues that arise in their assessment.

Executive Functions and Neurocognitive Development

In light of extensive research discussing the profound impact of HIV on neurocognitive
development, it is evident that EFs emerge as a crucial area of concern in the context of
paediatric HIV. The interplay between HIV-associated neuroinflammation, neurodegeneration,
and disruptions in key neural circuits like the fronto-striatal network, underscores the heightened
susceptibility of EFs to impairment in this population. Research on EFs in children has
predominantly relied on adapting theories originally developed for adults, however few
developmentally based approaches exist. For example, Zelazo and Mller's Hierarchical Model
of Executive Functioning (2002) focuses on the complex interplay between EFs within a
hierarchical structure. Inhibitory control (the ability to suppress irrelevant or automatic
responses), WM (the capacity to temporarily hold and manipulate information), and cognitive
flexibility (adaptability to changing tasks or demands) form the foundation for higher-order
executive processes, and operate at three levels: control processes, supervisory attentional
system, and self-regulation (Zelazo & Miiller, 2002). At the control processes level, individuals
engage in cognitive tasks that require inhibiting automatic responses, holding information in
mind, and switching between tasks or mental sets. The supervisory attentional system oversees
these processes, directing attention and allocating cognitive resources based on task demands.
Finally, self-regulation involves the ability to monitor and adjust one's own thoughts and

behaviours to achieve goals effectively. Together, these levels interact dynamically to support
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EFs, allowing individuals to plan, problem-solve, and adapt to changing circumstances in their
environments (Zelazo & Muiller, 2002). The model delineates how these functions integrate and
interact, regulating attention, behaviour, and decision-making, and showcases their evolution
from childhood to adulthood, highlighting the developmental trajectory of EFs (Zelazo & Muller,
2002). Despite its valuable framework, some critique this model for potentially oversimplifying
the dynamic nature of EFs (Jacques et al., 2009). Nevertheless, it remains a foundational guide in
comprehending the intricate cognitive control mechanisms underlying behaviour.

Another example is Masten and Cicchetti's (2010) Developmental Cascade Model, which
offers a comprehensive view of development as a dynamic interplay between cognitive systems
across time. This model emphasises the cascading effects of early experiences on multiple
domains of development, illustrating how events or influences in one domain can trigger a chain
reaction impacting various aspects of an individual's growth (Masten & Cicchetti, 2010). The
Cascade Model (2010) suggests that early disruptions in EF can have cascading effects on other
developmental domains, affecting academic achievement, socioemotional competence, and
behavioural regulation in later stages of development. Despite challenges in empirical validation,
this model remains instrumental in understanding the intricate and cumulative influences on
developmental trajectories (Masten & Cicchetti, 2010). However, it's noteworthy that the
scarcity of theories exclusively tailored to EF in children indicates a pressing need for further
research to delineate specific developmental mechanisms governing EF in childhood.

A commonly used model of executive functioning is Miyake and Friedman’s Unity and
Diversity model (Miyake et al., 2000; Miyake & Friedman, 2012). The model recognises the
following three factors: cognitive flexibility (set-shifting), updating (management of WM) and
inhibition (of prepotent responses). The use of factor analysis to identify these three specific
executive controls is a clear advantage of this model as each of these aspects are already tied to
established measures, making them relatively simple to operationalise in a study (Doebel, 2020).
While this model proposes that these core EFs are connected and share common skills and
controls, they are also defined separately by their distinct functions, establishing a pattern
explained as unity and diversity (Friedman & Miyake, 2017). Firstly, inhibitory control is the
ability to deliberately prevent an (often automatic) response (Miyake et al., 2000). This refers to
both self-control, which is the ability to resist impulsivity, and interference control, which is the

ability to direct cognitive control and avoid irrelevant interference (Diamond, 2013). Secondly,



25

updating refers to the active management of WM contents, including their constant monitoring
and their reconfiguration when new information comes in and old information is discarded
(Miyake & Friedman, 2012). Finally, cognitive flexibility, is the ability to creatively explore
alternative perceptions, and appropriately adapt to situational changes (Miyake & Friedman,
2012). Together, these core EFs control major aspects of daily operation, such as the ability to be
present, motivated, organised, decisive, publicly aware and socially interactive (Miyake &
Friedman, 2012).

Although this model was initially established within an adult population, limited studies
have employed this framework to elucidate EF development in younger populations (Brydges et
al., 2014; Nyvold et al., 2022). For example, a longitudinal study in Australia explored the
developmental trajectory of EFs in 135 children aged between 8-10 years (Brydges et al., 2014).
Over a two-year period, the researchers tracked alterations in inhibition, WM, and cognitive
flexibility measures in these participants, revealing a significant transition in the structure of EFs
as the children approached 10 years of age (Brydges et al., 2014). Initially resembling a singular,
undifferentiated construct in younger children, EFs began to manifest as distinct yet interrelated
factors as the participants approached the age of 10 (Brydges et al., 2014). These observations
align with previous studies establishing a consistent pattern of a unitary model of executive
functioning in very young children, transitioning into a ‘unity and diversity’ model around 10-11
years of age (Brydges et al., 2012; Wiebe et al., 2008; Willoughby et al., 2012; Wu et al., 2011,
Xu et al., 2013).

Illustrating this, an investigation into EFs of 243 typically developing preschool children
aged 2.3-6 years indicated a unitary model as the most suitable representation of executive
control (Wiebe et al., 2008). Additionally, the study found no structural differences in executive
functioning between younger (2 years 4 months — 3 years 11 months) and older (4 years 0
months — 6 years 0 months) children, highlighting the consistency of this unified cognitive
construct across early childhood (Wiebe et al., 2008). Similarly, a study involving 1,292 five
year old children, primarily from low-income backgrounds, explored EFs in early childhood
through a newly developed battery of EF tasks (Willoughby et al., 2012). These tasks, validated
for use across diverse SES environments, collectively reflected a single-factor structure, also
signifying a unified cognitive construct underlying EF performance in this age group
(Willoughby et al., 2012). Furthermore, in a study involving 215 typically developing children
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aged 7-9 years, various measures of inhibition, WM, and cognitive flexibility were examined
(Brydges et al., 2014). When applying the Miyake et al. (2000) model, a single-factor structure
emerged as the optimal fit, indicating a unitary nature of EFs in children up to 9 years old
(Brydges et al., 2014). While behavioural performance showed improvement between these age
groups, the underlying structure of EFs remained unified across this age range (Brydges et al.,
2014). Thus, pervasive patterns in the literature suggest that during the early to mid-childhood
period, up until approximately the age of 9 years, EFs exhibit a unified structure. In other words,
a one-factor model of executive functioning appears to be the most suitable representation of the
EF in early childhood.

After the age of 9, individual EFs start to differentiate, and by the age of approximately
10 years, the Miyake et al. (2000) Unity and Diversity model of EFs becomes relevant in
children (Brydges et al., 2014). For example, a study exploring the developmental facets of EFs
in 185 school-aged children (mean age 10.34 years, SD= 3.035) identified distinct developmental
variations, affirming a multi-component trajectory in EF maturation (Wu et al., 2011). Through
structural equation modelling, three primary components of EF were identified: cognitive
flexibility, updating WM, and inhibition; thus concluding that a comprehensive three-factor
model best explained the interrelation between these components within this sample (Wu et al.,
2011). This age-dependent structure of EF development is further demonstrated in a study which
explored cognitive shifts across a sample of 457 participants aged between 7-15 years old (Xu et
al., 2013). Participants undertook tasks assessing WM updating, inhibition, and cognitive
flexibility, and CFA was used to compare the fit of five models across the various age groups
(Xu et al., 2013). The findings indicated a single-factor EF model as the best fit for 7-12 year
olds, representing a unified EF with varying degrees of variance (Xu et al., 2013). However, in
older children a three-factor model incorporating WM updating, inhibition, and cognitive
flexibility emerged as the best fit, suggesting that while measures of these EF components may
share underlying cognitive processes in early childhood, distinct developmental dissociations
manifest as children transition into adolescence (Xu et al., 2013). In summation, through factor
analyses, it was discovered that EFs exhibit an age-related pattern, starting with a unified factor
in early childhood and evolving into three distinct factors in late childhood/early adolescence:
inhibitory control , set-switching, and updating WM (Menu et al., 2022). As such, the Miyake
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and Friedman Unity and Diversity model provides a well-supported and suitable framework to
explore EFs in children, especially those over the age of 10, as is relevant to my sample.

This age-dependant maturation structure is further elucidated by research on the
development of the prefrontal cortex and its correlation with EF in children (Fiske & Holmboe,
2019). It is likely that developmentally based synaptogenesis of the prefrontal cortex contributes
to EF abilities in children (Escobar-Ruiz et al., 2023; Hoskyn et al., 2017). Studies utilising
functional near-infrared spectroscopy (fNIRS) have consistently demonstrated a strong
association between the activation of prefrontal regions and EF tasks in typically developing
children (Fiske & Holmboe, 2019; Moriguchi & Hiraki, 2009; Tsujimoto, 2004). Notably, the
engagement of prefrontal areas during cognitive flexibility, inhibitory control, and WM tasks
mirrors the advancements in EF skills during childhood (Moriguchi & Hiraki, 2011; Tsujii et al.,
2009). Developmentally atypical populations, such as children with attention-
deficit/hyperactivity disorder (ADHD) or autism spectrum disorder (ASD) exhibit irregular
prefrontal activation patterns during EF tasks (Fiske & Holmboe, 2019; Moriguchi & Hiraki,
2009), suggesting a potential link between EF impairments and altered prefrontal development
(Moriguchi & Hiraki, 2011). These results underscore the critical role of the prefrontal cortex in
EF development in children and highlight how variations in prefrontal activation may manifest in
atypical populations as dysregulated EFs (Moriguchi & Hiraki, 2009, 2013; Tsujii et al., 2009).

A clear advantage of operationalising EFs by the Unity and Diversity Model is it
separates EFs into three distinct factors, allowing for comprehensive variable analysis (Friedman
& Miyake, 2017). While literature exploring the effects of HIV infection on EFs exists, these
studies often use single measures of EF, or focus on a single EF (e.g. Milligan & Cockcroft,
2017 who focused on WM). These studies highlight a common trend in EF research where
studies rely on single measures, which can be reliable as standardised measures, however have
limited construct validity in capturing the multifaceted nature of EFs (Smolker et al., 2018).
These limitations in assessing the nature of EF underscore the broader challenges faced in
understanding these cognitive processes in both typical and atypical populations. The following

section adds to this discussion by addressing the challenges faced in measuring EFs.
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Measuring EFs in Children

While accurate assessment of EFs is pivotal in understanding a child's cognitive
development, it poses significant challenges due to the multifaceted nature of these functions
(Gerst et al., 2017). There are two primary methods in evaluating EF performance in children:
cognitive measures and behavioural rating scales. Cognitive measures are standardised tests and
tasks designed to evaluate specific cognitive processes such as WM, inhibitory control and
cognitive flexibility, and typically involve structured and controlled settings (Gerst et al., 2017).
However, this structured nature may in turn affect the ecological validity of these assessments,
inadvertently limiting the scope of detecting EF-related issues present in less controlled
(everyday) environments (Salthouse et al., 2003). Furthermore, the novelty factor and
individualised strategies in EF tasks contribute to divergent approaches, affecting the reliability
of cognitive measures (Hughes & Graham, 2002). This variability hampers consistent
correlations between EF measures over time or among different assessments (Hughes & Graham,
2002; Miyake et al., 2000).

On the other hand, behavioural rating scales offer a more contextualised assessment by
drawing on insights from guardians such as parents and/or teachers. These scales aim to capture
observable behaviours related to EFs, including impulse control, organisation, planning, and
emotional regulation (Gerst et al., 2017). Unlike cognitive measures, behavioural rating scales
provide a contextualised assessment, offering insights into a child's EF patterns in diverse
settings, including home and school environments, correlating with real-world functionality
(Isquith et al., 2013). However, these scales have their own set of challenges, including rater
biases and the limitation of providing only overall scores, failing to dissect specific observed
behaviours (Reynolds & Kamphaus, 2004). While more recent rating scales, like the BRIEF,
offer subscales targeting specific EF domains, inconsistencies across studies persist, emphasising
the need for more refined and detailed assessment approaches that go beyond global scores
(Gioia et al., 2000). Behavioural rating scales serve as valuable tools in assessing EFs, yet their
limitations and potential biases underline the importance of considering multiple sources of
information for a comprehensive understanding of a child's EF profile (Gerst et al., 2017).

Moreover, the relationship between cognitive measures and behavioural rating scales in
assessing EFs in children remains uncertain with various studies presenting contrasting findings

regarding the correlation between these two assessment methods. Some investigations report
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weak associations between cognitive measures and behavioural rating scales, indicating a lack of
consistent alignment between performance in controlled cognitive tasks and observed behaviours
in naturalistic settings (Toplak et al., 2013). For instance, research exploring the association
between performance-based measures and rating measures of EFs, intended to ascertain whether
these two assessment methods tap into the same underlying cognitive construct (Toplak et al.,
2013). The systematic review analysed 20 studies comprising 13 child and seven adult samples
derived from clinical, nonclinical, and combined clinical and nonclinical populations. Within
these studies, a total of 286 correlations were examined, with only 24% of them (68 correlations)
demonstrating statistical significance (Toplak et al., 2013). The median correlation across all
studies was a modest r=.19, and led the researchers to conclude that performance-based
measures and rating measures of executive function potentially assess distinct constructs (Toplak
etal., 2013).

Conversely, other studies have highlighted significant correlations between specific EF
processes assessed through cognitive measures and corresponding behaviours captured by
behavioural rating scales (Shimoni et al., 2012; Toplak et al., 2008). For example, a study
focused on EF difficulties in 25 boys aged 8-11 years with ADHD and an equivalent number of
age-matched typically developing boys (Shimoni et al., 2012), assessed EF with both the
Behaviour Assessment of Dysexecutive Functions for Children (BADS-C) and the BRIEF. These
tests were administered independently to each group and the results compared to discern
differences in EF (Shimoni et al., 2012). Significant correlations were observed between the
BADS-C and BRIEF, particularly in the domain of metacognition (Shimoni et al., 2012).
Additionally, research into performance-based measures and ratings of EFs in adolescents with
ADHD compared to control groups explored the relationship between cognitive measures and
guardian-reported scales (Toplak et al., 2008). Assessments involved performance-based
measures targeting inhibition, WM, cognitive flexibility, and planning, while parents and
teachers provided ratings on these same EFs (Toplak et al., 2008). The study revealed significant
associations between the performance-based measures and the ratings provided by parents and
teachers (Toplak et al., 2008). Such variations in correlation strengths underscore the complexity
of EF assessment and highlight the necessity of further research into the correlations between

cognitive measures and behavioural rating scales. Therefore, the current study incorporated both
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performance-based measurement of EFs (i.e. the NEPSY-II) and a behaviour rating scale of
these abilities (i.e. the BRIEF) in children and adolescents with HIV.

Aside from the challenges facing the measurement of EFs in children, there are various
confounding factors that may impact the developmental trajectories of EFs. The academic and
socio-behavioural correlates of EFs in children are deeply intertwined with the developmental
structure of EFs. The examination of these factors not only elucidates the complexity of EFs but
also sheds light on their implications for academic achievement, socioemotional competence,

and behavioural regulation in varying developmental stages.

Executive Functioning and Academic Achievement

Growing research has investigated the relationship between EFs and academic
achievement. Children with stronger executive skills tend to perform better in academic tasks,
including reading comprehension, mathematical problem-solving, and written expression (Best
etal., 2011; Bull et al., 2008). These findings reiterate the importance of EFs in supporting
academic success and achievement.

For example, a study explored the relations between EF and academic achievement in a
large sample (n = 2,036) of children, aged 5-17, based in the United States of America (Best et
al., 2011). The analysis of a sub-sample (n = 1,395) using the Woodcock—Johnson Tests of
Achievement—Revised (1989) indicated that although the relationship between EFs and academic
performance changed with age, the developmental pattern of these associations' strengths were
comparable for total math and reading achievement (Best et al., 2011). The findings suggested a
domain-general relationship between complex EF and academic achievement, highlighting the
significance of EFs in shaping educational outcomes (Best et al., 2011). These findings are
corroborated by results from similar studies. For example, research conducted in Brazil
examined the predictive capacity of EFs concerning reading and arithmetic abilities in
elementary school children (Dias et al., 2022). The study involved 94 children aged between 5-7
years (m=6.14, SD=0.65), with 55.3% girls from three public schools in medium-low
socioeconomic status environments in Brazil. The study focused on EFs using the Columbia
Mental Maturity Scale (CMMS) for nonverbal reasoning, the Simon Task for selective attention,
the Cancellation Attention Test for attention ability, the Trail Making Test for preschool children

for cognitive flexibility, the Semantic Stroop Test (SST) for inhibitory control, and the Inventory
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of Difficulties in Executive Functions, Regulation, and Delay Aversion for assessing EF in daily
situations through observation by parents/guardians and teachers (Dias et al., 2022).
Additionally, academic performance was assessed using the Word and Pseudoword Reading
Competence Test and the Arithmetic Test. Notably, children exhibiting stronger EF performance
tended to perform better academically, in particular inhibition emerged as a crucial variable in
the reading model, and attention and cognitive flexibility were identified as pivotal factors in the
arithmetic model (Dias et al., 2022). This trend persisted even after controlling for age and
nonverbal reasoning.

Core EFs, such as WM, inhibition, and cognitive flexibility, significantly impact the
academic performance of young adolescents, as evidenced by numerous studies emphasising
their vital role throughout schooling (e.g. Anabwani et al., 2016; Dias et al., 2022; Follmer,
2018). Specifically, WM (Miller et al., 2013; Pelegrina et al., 2015; Swanson & Jerman, 2007),
cognitive flexibility (Guajardo & Cartwright, 2016; Latzman et al., 2010), and inhibition
(Borella, Carretti, & Pelegrina, 2010; Fuhs et al., 2015) are identified as significant contributors
to reading outcomes. Working memory in particular is often regarded as a predictor of
educational achievement (Milligan & Cockcroft, 2017). Various meta-analyses have shown a
moderate yet consistent relationship between EFs and academic achievement, particularly in
reading and mathematics (Follmer, 2018; Jacob & Parkinson, 2015; Yeniad et al., 2013).

For example, a meta-analytic review explored the relationship between core EFs (WM,
cognitive flexibility, inhibition, planning and sustained attention) and reading comprehension,
analysing n = 6,673 individuals (Follmer, 2018). There was a moderate positive association
between EFs and reading comprehension across the reviewed studies (r = 0.36). Specifically,
WM showed a significant correlation (r = 0.38) with reading comprehension, suggesting its
importance in maintaining and updating information during tasks that require reading. Cognitive
flexibility also demonstrated a significant moderate correlation (r = 0.39), as did inhibition (r =
0.21), although findings were more variable across studies (Follmer, 2018). Planning exhibited a
significant moderate correlation (r = 0.36), highlighting its involvement in strategising and
organising thoughts during reading tasks. Sustained attention also showed significant
correlations with reading comprehension (r = 0.25). Moderator analyses indicated that the
correlations between EF and reading comprehension were consistent across various age ranges,

types of measures used for both EF and reading comprehension, and the nature of the study.
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Overall, the findings underscored the multifaceted nature of EF and its influence on various
aspects of reading comprehension, including memory retention, cognitive flexibility, attentional
control, and strategic planning (Follmer, 2018).

Another meta-analytical review explored the relationship between children's cognitive
flexibility and their performance in math and reading (Yeniad et al., 2013). The study included
18 studies involving n = 2,330 children for math and 16 studies with n = 2,266 children for
reading (Yeniad et al., 2013). Various tests were employed to measure set-shifting abilities.
These included tasks such as the Trail Making Test, Wisconsin Card Sorting Test (WCST),
Flexible Item Selection Task, Contingency Naming Task, Something's the Same Task, Number
Letter and Plus Minus Task, Trails Tasks (Trails-P), and Spatial Reversal tasks. These tests
assess cognitive flexibility through activities like alternating between numbers and letters,
sorting cards based on changing rules, and reversing spatial patterns. Scoring methods varied,
with some tasks evaluated based on reaction time, accuracy, efficiency, or a combination of these
factors. Cognitive flexibility demonstrated significant correlations with both math (r = .26, 95%
Cl =.15-.35) and reading (r = .21, 95% CI = .11-.31) performances (Yeniad et al., 2013).
These findings emphasised the importance of cognitive flexibility ability in academic tasks,
particularly in tasks requiring flexibility in problem-solving strategies, and echo results of other
studies suggesting strong links exist between a child’s performance in cognitive flexibility
measures and their observed writing skills, arithmetic abilities (St Clair-Thompson &
Gathercole, 2006), musical instrument proficiency (Gonzalez-Andrade et al., 2022), and
conscientiousness-related behaviour (Fleming et al., 2016).

In conclusion, the interplay between EFs and academic achievement underscores the
critical role EF plays in shaping educational outcomes. Studies reveal a domain-general
relationship between complex EF and academic performance, with core EFs such as WM,
inhibitory control, and cognitive flexibility significantly impacting academic success. Meta-
analytic reviews further solidify these findings, highlighting the multifaceted nature of EF and its
influence on reading comprehension and mathematical abilities. While executive skills play a
crucial role in academic success, their influence extends beyond the classroom, shaping various
aspects of social interaction, emotional regulation, and behavioural adaptability. The following

section will discuss the relationship between EFs and socio-behavioural functioning.
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Executive Functioning and Socio-Behavioural Functioning

Socio-behavioural functioning encompasses various aspects of behaviour in social
contexts, including social skills, emotional regulation, and adaptive behaviours. Executive
functioning also plays a vital role in social interactions and adaptive behaviour, and has been
linked to social competence in both children and adults (Zelazo et al., 2008). Individuals with
well-developed EF skills are better equipped to navigate social situations, display empathy, and
resolve conflicts effectively (Best et al., 2011). On one hand, deficits in EFs have been
associated with social difficulties, impulsivity, and emotional/behavioural regulation challenges
(Best et al., 2011; Willoughby et al., 2012; Zelazo et al., 2008). The prefrontal cortex (PFC),
particularly the orbitofrontal cortex (OFC), is a key hub implicated in both cognitive (cold) and
behavioural (hot) executive processes (Salehinejad et al., 2021). The lateral PFC, including
regions like the dorsolateral prefrontal cortex and ventrolateral prefrontal cortex, along with the
dorsal anterior cingulate cortex, are predominantly associated with cold executive functions such
as attentional control, inhibition, and WM. On the other hand, the medial and orbital regions of
the PFC, such as the ventromedial prefrontal cortex and OFC, along with the ventral anterior
cingulate cortex, are closely linked to hot executive functions involving emotional regulation,
reward processing, and social cognition (Salehinejad et al., 2021). However, there is
considerable overlap and interaction among these regions. For instance, the OFC demonstrates
involvement in both cognitive and behavioural domains, integrating information about reward,
punishment, and social cues to guide decision-making and adaptive behaviours. Therefore, while
distinct functional specialisations exist within the PFC, the complex integration of hot and cold
functions underscores the dynamic and interconnected nature of executive processing in the brain
(Salehinejad et al., 2021).

Various studies have shown that individuals with impairments in EFs may face
challenges when attempting to understand social cues, maintain attention during social
interactions, and adapt their behaviour to different social contexts (Hughes & Leekam, 2004;
Landa & Goldberg, 2005). A study investigated the relationship between EFs, social interaction
skills, and social engagement in adolescents diagnosed with schizophrenia involved 92
participants (62% male; average age = 16.8) who were evaluated four weeks post-hospitalisation,
utilising established assessment scales (Madjar et al., 2019). Employing regression mediation

analysis and Structural Equation Modelling with bootstrap analysis, the results revealed that EFs
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significantly correlated with communication skills, which in turn demonstrated a substantial
association with social engagement (indirect effect = 0.29; standardised; Madjar et al., 2019).
Furthermore, researchers had a sample of undergraduate students (» = 257) complete an online
questionnaire with the intention of determining the importance of EFs for social skills in college
students (Hilton et al., 2022). In addition to demonstrating the intricacy of the interaction
between EFs and social interaction, the study reiterated findings from previous research by
suggesting EFs play a critical function in a variety of social skills and adaptative behaviours
(Hilton et al., 2022).

Furthermore, it is important to note the interplay between socio-behavioural functioning,
child cognitive and environmental conditions, as highlighted in the pilot study conducted by
Fishbein et al. (2019), which explored the impact of a broad range of home environments on EF
and behavioural self-regulation in late childhood (ages 8-11 years old). Through the use of the
HOME inventory (a structured interview and parent/child observation) and assessment of
neighbourhood conditions, the study demonstrates significant associations between home
environment and various dimensions of EF and behavioural problems among children from a
lower middle-income, working-class sample, emphasising the importance of considering
environmental contexts in understanding child development.

As such, research studies such as those discussed above consistently highlight the pivotal
role of EFs in fostering communication skills, which subsequently correlate with enhanced social
engagement (Hilton et al., 2022; Madjar et al., 2019). These findings emphasise the relevance of
EFs in shaping not only individual behaviours but also the quality of social interactions and
engagement. In the context of children living with HIV, understanding the intersection of EFs
and socio-behavioural functioning assumes a critical role as deficits in EFs can present
challenges, impacting the comprehension of social cues, attention maintenance during social
engagements, and behavioural adaptability in diverse social contexts (Best et al., 2011; Madjar et
al., 2019; Willoughby et al., 2012). As such, recognising and addressing potential challenges to
EFs could profoundly influence socio-behavioural functioning within the paediatric population
living with HIV. The following section specifically addresses research examining the link

between executive functioning and HIV infection in children and adolescents.

Executive Functioning and HIV
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In children and adolescents living with HIV, both the severity of infection (indicated by
high viral loads and low CD4+ T cell counts) as well as HIV-associated immune activation and
inflammation are linked to affected neurocognitive performance (Cohen et al., 2016). As such,
dysregulation of cognitive functions linked to HIVV may stem from irreversible damage to the
CNS occurring prior to the initiation of ARTs (Rowe et al., 2021), ongoing viral replication
within the CNS (Chahroudi et al., 2018; Dahl et al., 2014; Sturdevant et al., 2012), continuous or
systemic neuroinflammation (Eckard et al., 2017; Kapetanovic et al., 2014; Olivier et al., 2018;
Winston & Spudich, 2020) and potential neurotoxic effects of ARVs (Alford & Vera, 2018;
Crowell et al., 2014; Hammond et al., 2019). Moreover, HIV may impact EFs in varying ways,
potentially influenced by earlier challenges occurring during ‘sensitive periods’ of frontal lobe
development, which have been linked to poorer neurocognitive and functional outcomes
(Anderson et al., 2010; Jacobs et al., 2007). The vital role of EFs in HIVV-contexts is underscored
by research identifying the potential impact of EFs on academic achievement (Best et al., 2011;
Dias et al., 2022; Follmer, 2018), risk assessment and impulsivity (Walker & Brown, 2018),
socio-behavioural functioning (Willoughby et al., 2012; Zelazo et al., 2008) and medication
adherence (Alford & Vera, 2018; Nichols et al., 2015). Studies have suggested children living
with HIV have a higher risk of neurocognitive impairment and developmental delays when
compared to their ‘typically developing’ peers without an CNS disease (e.g. Laughton et al.,
2012; Smith et al., 2006). These cognitive impairments arise from structural changes in the brain
and manifest across various domains of EF, including attention, WM, language, and motor skills
(Debeaudrap et al., 2018; Milligan & Cockcroft, 2017; Rice et al., 2012; Zondo, 2021).

In a cross-sectional study conducted within the Cape Town Adolescent Antiretroviral
Cohort in South Africa, the brain structural changes and associated disruption to functioning in
n=204 perinatally HIV-infected adolescents (aged 9-11 years) and n=44 uninfected controls
were examined (Hoare et al., 2018). The HIV-positive group exhibited significantly poorer
performance on the Wechsler Abbreviated Scale of Intelligence (WASI; p<0.01), and
neuroimaging analyses revealed significant decreases in fractional anisotropy and increases in
mean diffusivity among the HIV+ group, alongside reductions in cerebral grey matter volumes,
cortical surface area, and gyrification (Hoare et al., 2018). The whole-brain mean fractional
anisotropy was notably reduced in the HIV-infected group (p=0.031). In adolescents without a

CNS disease, stronger WM, attention, and reading-related abilities tend to correlate with higher
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fractional anisotropy found in the superior longitudinal fasciculus. Correlation analyses showed
significant associations, indicating that greater total grey (p = 0.008) and white matter volumes
(p=0.004) were linked to higher scores on the WASI and the Beck Self-Concept Inventory
subscale (p=0.038). Furthermore, lower whole-brain fractional anisotropy was associated with
elevated scores on the Beck Anger Inventory (p=0.018) and disruptive behaviour subscales
(p=0.031), while higher whole-brain mean diffusivity correlated with apathy (p=0.046). These
findings underscore the pronounced impact of HIV infection on specific neurostructural
alterations and their associations with cognitive and mental health parameters during adolescence
despite early initiation of ARTSs.

Further evidence comes from a cross-sectional observational study conducted at the
Wilhelmina Children’s Hospital of Utrecht, The Netherlands, school-age children (n =22;
median age: 9.46 years) with PHIV infection were assessed for neurocognitive and executive
function . Researchers employed a battery of neuropsychological tests and measures alongside
the collection of clinical, immunological, and virological data (Koekkoek et al., 2008).
Compared to age-matched norms, the HIV+ group showed significantly slower processing speed
(p=0.002), impaired pattern recognition (p=0.040), reduced speed and accuracy in cognitive
flexibility tasks (p=0.001) and compromised visuospatial memory (p=0.043). Verbal fluency was
also notably lower than age norms (p<0.001). Interestingly, significant correlations emerged
between cognitive functions and medical parameters, indicating associations between higher
CD4% at HAART initiation and improved accuracy in pattern recognition (r = 0.62, p = 0.01), as
well as longer HAART duration and enhanced speed in cognitive flexibility set tasks (r = 0.66, p
= 0.01). Overall, these findings indicate substantial deficits in EF domains, including cognitive
flexibility, visuospatial WM, and verbal fluency, among school-age children living with HIV,
despite average intelligence levels, but also suggest potential benefits linked to longer HAART
duration and higher CD4% levels at initiation for cognitive outcomes (Koekkoek et al., 2008).

Most research regarding the effects of HIV on executive functioning follows a cross-
sectional design (Boivin et al., 2018; Musindo et al., 2018; N. Phillips et al., 2022), with few
longitudinal studies providing insights into the long-term effects of HIV infection. One
longitudinal study conducted in Amsterdam with n=21 adolescents with PHIV and n=23 HIV—
controls (aged 8-18), matched for age, sex, ethnicity, and SES, assessed cognitive development

over 4.6 years (Van Den Hof et al., 2019). The neuropsychological assessment covered multiple
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cognitive domains and was performed by a blinded neuropsychologist using a standardised test
battery. Data on demographics, HIV-related characteristics, and CART use were collected and
subsequent analyses involved data standardisation, principal component analysis for cognitive
domain scores, and statistical modelling to explore associations between HIV status, treatment-
related variables, and cognitive outcomes (Van Den Hof et al., 2019). The EFs measured
included processing speed, working memory, learning ability, and visual-motor function.
Compared to HIV— peers, EFs decreased significantly in the PHIV+ group (group-time —1.43 z
score, 95% CI —2.12 to —0.75; p<.001), while trajectories for processing speed, working
memory, learning ability, and visual-motor function were statistically unchanged (Van Den Hof
et al., 2019). Furthermore, results indicated that starting CART at an older age was associated
with greater deviation in EFs (—0.13 z score, 95% CI —0.24 to —0.02; p=.043). Notably, the
prevalence of cognitive impairments assessed by multivariate normative comparison remained
similar in both groups across both assessment time points (Van Den Hof et al., 2019). This
suggests that while ART-treated PHIV-positive adolescents displayed comparable overall
cognitive development to their healthy counterparts, deviations in EF trajectories may stem from
earlier brain damage caused by HIV infection and may indicate potential cognitive challenges for
individuals affected by HIV transitioning to young adulthood (Van Den Hof et al., 2019).

As indicated earlier, findings from several studies support the concept of the three
separate, yet interconnected, domains of executive functioning delineated in Miyake and
Friedman’s (2000) Unity and Diversity Model, namely: updating working memory, cognitive
flexibility and inhibition (Lehto et al., 2003; Menu et al., 2022; Miyake et al., 2000; Wu et al.,
2011). Although research suggests that individuals infected with HIV can experience a range of
challenges associated with EF processes (Gonzalez-Andrade et al., 2022), evidence specific to
children and adolescents is limited (Rowe et al., 2021) and varies greatly in how EFs are
operationalised and measured, indicating the need for more research in this area, which is a focus
of the current study (Walker & Brown, 2018). The following three sections will discuss the
available research on the effect of HIV infection on measures of WM, cognitive flexibility and

inhibitory control in children and adolescents.
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Pediatric HIV and Working Memory

Working memory, responsible for the continuous modification and manipulation of
information, appears particularly susceptible to HIV-related neurocognitive impairments
(Milligan & Cockcroft, 2017). Most literature covering WM structural development has relied on
the on the theoretical multicomponent model proposed by Baddeley and Hitch (1974); Baddeley
(1986, 2000, 2012); and Baddeley et al., (2021). Additionally, this Multicomponent WM Model
(Baddeley et al., 2021) is the most widely used in paediatric research (Milligan & Cockcroft,
2017). This model proposes that WM consists of four distinct components: the phonological loop
(responsible for the temporary storage of verbal information), the visuospatial sketchpad
(handles visual and spatial information), the central executive (directs attention and coordinates
the other components), and the episodic buffer (integrates information across different modalities
and maintains temporal order). Together, these components enable the temporary storage and
manipulation of information required for cognitive tasks, such as problem-solving and decision-
making (Baddeley et al., 2021).

There is some support in the literature for differential rates of EF development, with WM
maturing first, around adolescence (Diamond, 2012). Among ARV-era HIV-infected individuals,
WM appears to be the most significantly impacted of the set of EFs (Walker & Brown, 2018).
Specifically, HIV infection of the CNS seems to affect WM processing (mental manipulation and
information organisation), but not WM storage (Martin et al., 2001; Martin et al., 2003). This
pattern is supported by functional neuroimaging research, which further indicates atypical
hyperactivation (characterised by increased blood oxygen level dependent signal) of the WM
network, specifically abnormalities in the frontostriatal and frontoparietal circuitry. This
hyperactivation suggests a compensatory mechanism within the cortex to overcompensate for
neuronal loss, preceding observable changes in behavioural and task performance (Chang et al.,
2001, 2017; Tomasi et al., 2006). Studies by Milligan and Cockcroft (2017) and Cockcroft and
Milligan (2019) demonstrated deficits in WM tasks among children living with HIV in South
Africa compared to their HIV-negative counterparts, which suggest a vulnerability of updating
processes to the neuropathological effects of HIV in paediatric populations.

Research examining WM performance among HIV+, HIV-EU, and neurotypical control
groups included 273 South African, with balanced gender representation across groups (Milligan

& Cockceroft, 2017). Participants (aged 6.19-8.27 years) were grouped as HIV+ (n=95; mean age
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=7.42 years, SD = 0.85), HIV-EU (n=86; mean age = 7.36 years, SD = 0.88), and typically
developing controls (n=92; mean age = 7.05 years, SD = 0.86). Working memory was evaluated
using composite scores derived from the Automated Working Memory Assessment (AWMA)
which measures verbal storage, verbal processing, visuospatial storage, and visuospatial
processing (Milligan & Cockcroft, 2017). A multivariate analysis of covariance (MANCOVA)
revealed a significant group effect (Wilk’s A = 0.80, F(8,526) = 7.98, p < 0.0001), indicating
significant differences in performance on verbal and visuospatial composites. Subsequent
ANCOVA:S revealed the HIV-positive group’s significantly poorer performance on WM
processing tasks (verbal processing F(2,270) = 18.16, p < 0.0001; visuospatial processing
F(2,270) = 7.36, p < 0.001), while the HIV-EU group struggled predominantly with verbal WM
tasks (verbal processing F(2,270) = 18.16, p < 0.0001). Within-group comparisons further
elucidated these patterns, showing weakness in central executive processing for the HIVV+ group
and challenges in complex verbal WM processing tasks for the HIVV-EU group (Milligan &
Cockeroft, 2017). In summary, children living with HIV exhibited WM difficulties, irrespective
of modality, reflecting a central executive deficit, potentially linked to frontostriatal white matter
network impairment (Milligan & Cockcroft, 2017).

As an extension of the above study, the structural organisation of WM in South African
children affected by HIV, in comparison to HIV-EU children and their typically developing
peers was investigated (Cockcroft & Milligan, 2019). Employing the AWMA intended to
measure WM, the study examined whether WM functioned as a domain-general construct or was
fractionated based on verbal/visuospatial domains or maintenance (storage)/manipulation
(processing) functions (Cockcroft & Milligan, 2019). Both the HIV-positive and HIV-EU groups
exhibited less-defined WM structures, indicating disruption in typical development most likely
due to HIV infection and/or exposure. Shared variance across WM constructs in the HIV+
participant group ranged from 48% to 81%, emphasising heavy reliance on executive resources
(Cockcroft & Milligan, 2019). In the HIV-EU group, poorer performance on verbal tasks relative
to visuospatial ones underlined potential WM difficulties. In summary, results indicated both
HIV-positive and HIV-EU paediatric groups exhibited atypical WM organisation compared to
their typically developing peers, with children living with HIV facing challenges primarily in
WM processing tasks (Cockcroft & Milligan, 2019).
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In conclusion, limited research findings consistently highlight the vulnerability of the EF
of WM in paediatric HIV populations. HIV infection appears to impact WM processing with
implications for both verbal and visuospatial tasks. The following section will focus on the

impact of Pediatric HIV on the EF of inhibitory control.

Pediatric HIV and Inhibitory Control

Inhibitory control, or the ability to suppress impulsive responses, plays a pivotal role in
adaptive behaviour, attention regulation, risk-taking behaviour management and decision-making
(Walker & Brown, 2018). Some studies suggest that HIV infection impacts measures of
inhibitory control, with HIV causing functional alterations in brain areas responsible for
controlling impulses and behavioural responses (du Plessis et al., 2015). Moreover, during
reactive inhibitory control, individuals living with HIV displayed striatal abnormalities such as
decreased activation in both the right and left putamen, with significant correlations between
markers of glial functioning in the frontal white matter (specifically myo-inositol and creatine)
and reduced inhibitory control (Chang et al., 2017; du Plessis et al., 2015). There is a gap in the
literature in terms of research relating to the direct measurement of inhibitory control in children
and adolescents living with HIV in sub-Saharan Africa. A previously mentioned study (Milligan
& Cockeroft, 2017) found significant difficulties in processing tasks across verbal and
visuospatial WM modalities. Given the inter-relationship between EFs suggested by the Unity
and Diversity model (Miyake & Friedman, 2012), the above WM difficulties suggests that these
children may also have potential deficits in inhibitory control-related cognitive processes.

Even on a global scale, very limited research has been conducted on the effects of HIV
on inhibition in children and adolescents. For example, conducted within the Pediatric
HIV/AIDS Cohort Study Memory and Executive Functioning Study, EFs were investigated in
173 children and adolescents living with PHIV and n=85 PHIV-EU youth (aged 9-18 years)
with the Delis-Kaplan Executive Function System (Nichols et al., 2016). The findings
highlighted significant differences in inhibitory control among participants living with HIV, who
exhibited slower processing speed and increased errors in inhibition tasks compared to the HIV-
EU group (Nichols et al., 2016). Notably, the HIV+ group displayed a 13.1% lower mean in
Verbal Category Switching (p =.02) and a 21.2% decrease in the primary combined score for



41

Colour-Word Interference (inhibition) compared to PHIV-EU youth (p=.003), underscoring
notable disparities in inhibitory control.

Thus, while research indicates that HIV may impact inhibitory control, especially in areas
associated with impulse regulation and decision-making, there remains a significant gap in
understanding its specific effects on the paediatric population, particularly in sub-Saharan Africa.
The following section will focus on the affect HIV infection has on cognitive flexibility abilities

in children and adolescents.

Pediatric HIV and Cognitive Flexibility

Among the EF functions critical to everyday functioning, cognitive flexibility, defined as
the ability to switch between mental tasks or strategies, also plays a crucial role in adaptive
behaviour (Sabat et al., 2020) and decision making (Laureiro-Martinez & Brusoni, 2018). While
limited research into the effects of HIV on cognitive flexibility abilities is available,
neuroimaging research highlights links between structural and functional brain irregularities in
areas like the basal ganglia and medial frontal regions (e.g., dorsal anterior cingulate cortex) and
decreased cognitive flexibility abilities in individuals living with HIV (Corréa et al., 2016; Jiang
et al., 2016). As with inhibition, there is very limited research relating directly to cognitive
flexibility abilities in children and adolescents living with HIV in sub-Saharan Africa.

In one example, neurocognitive outcomes among HIV+ (n=43), HIV-EU (n=52), and
HIV-UU (n=58) groups (aged 3-5 years) were examined in Kenya (Chongwo et al., 2023).
Several EFs were measured among children (mean age=4 years old, SD=0.5), including
cognitive flexibility, WM, inhibition, receptive language, and cognitive ability. These EFs were
assessed using a battery of neurocognitive assessment tests: (i) the A-not-B task, a measure of
cognitive flexibility; (ii) the WCST evaluated set-shifting abilities; (iii) the Number Recall Test
measured WM; (iv) the Big-small Stroop Test assessed response inhibition and cognitive
flexibility (v) the Block Design Task measured cognitive ability; and, (vi) the Picture Vocabulary
Test evaluated receptive language skills (Chongwo et al., 2023). Caregiver measures included
the Shona Symptoms Questionnaire to screen for common mental disorders and an adapted
UNICEF childcare module to assess parenting behaviour. Statistical analyses, including ANOVA
and linear regression models, were employed to explore group differences in neurocognitive

outcomes and associations with biomedical and psychosocial factors. Notably, results from the
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cross-sectional study indicate that the HIV-EU group exhibited significantly higher cognitive
ability mean scores compared to HIV-UU children (p = 0.008). Moreover, improved nutritional
status was associated with higher cognitive ability scores ( = 0.68, 95% CI [0.18-1.18]), while
caregivers' symptoms of common mental disorders negatively impacted inhibitory control in
children (B =—-0.28, 95% CI [-0.53 to 0.02], p = 0.036). Analysis of HIV disease staging
displayed larger effect sizes in WM (d=0.96, CI [0.08-1.80]) and cognitive ability scores (d=
0.83 CI [0.01-1.63]), indicating poorer performance in later stages of infection (Chongwo et al.,
2023). The WCST was administered in either Kiswahili or Giriama (Chongwo et al., 2023).
While there was no statistically significant difference between the HIV-UU and HIV-EU
subgroups (p = 0.915), there was a significant distinction between the HIV-EU and HIV+
subgroups (p = 0.992) on the WCST, indicating stronger cognitive flexibility abilities in
participants who were HIV-EU when compared to those living with HIV (Chongwo et al., 2023).

The limited research on the impact of HIV on cognitive flexibility abilities in children
and adolescents, particularly in sub-Saharan Africa, underscores the need for further
investigation in this area. Neuroimaging studies have suggested associations between structural
and functional brain irregularities in HIV-positive individuals and decreased cognitive flexibility
abilities (Corréa et al., 2016; Jiang et al., 2016). Additionally, a cross-sectional Kenyan study
found that children with early-treated HIVV (HIV-EU) exhibited significantly higher cognitive
flexibility abilities compared to those living with HIV (Chongwo et al., 2023). However, the
overall understanding of the effects of HIV on cognitive flexibility in this population remains
under-researched.

The multifaceted relationship between HIV infection and the neuro-cognitive functioning
of children and adolescents living with the virus reveals a need for further exploration into the
specific domains of EF that may be affected. Understanding the nuanced impact of HIV on these
distinct domains of executive functioning may provide invaluable insights into the specific
cognitive challenges faced by children living with HIV in sub-Saharan Africa, aiding in the
development of targeted interventions and tailored support systems. Such research holds the

promise of improving the quality of life and cognitive outcomes for these vulnerable populations.

Research Rationale
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Antiretroviral therapies have proven effective in reducing the immunological effects of
HIV (Vazquez-Santiago et al., 2014). Despite this, high rates of cognitive impairment continue
to exist amongst paediatric populations living with HIV (Benki-Nugent & Boivin, 2019).
Additionally, a large percentage of the South African paediatric population diagnosed with HIV
live in extreme poverty, with a lack of access to adequate psychosocial support and medical care
affecting their developmental welfare and academic potential (Cockcroft & Cassimjee, 2020).
These socio-economic disadvantages make this population especially vulnerable to the
debilitating neurocognitive effects of HIV infection (Dreyer, 2023). Moreover, given the limited
understanding of EF in South African children living with HIV, this study aims to contribute a
comprehensive evaluation of EF domains using both cognitive measures (i.e. the NEPSY-II) and
a behavioural rating scale (i.e. the BRIEF). Given the association between HIV and
compromised neurocognitive performance, socio-behavioural outcomes, and academic
achievement highlighted in the literature review, this research intends to elucidate the impact of
HIV on EF in this population. Understanding EF challenges in children living with HIV can
inform tailored interventions to enhance academic, socio-behavioural, and overall developmental
outcomes in this vulnerable population.

With this in mind, African-led research is needed to understand the various HIV-
associated neurocognitive effects that greatly reduce children’s ability to cope with the
cognitively demanding tasks of everyday life (Vazquez-Santiago et al., 2014). Furthermore,
while literature exploring the effects of HIV infection on EFs in children exists, these research
studies often use single measures of EF that limits their construct validity (Smolker et al., 2018).
A clear advantage of operationalising EFs in terms of the Unity and Diversity Model (2000) is
that it separates these abilities into three distinct factors, allowing for a more comprehensive
analysis (Friedman & Miyake, 2017).

Aims and Research Questions

This study conducted exploratory research into understanding EFs in children and
adolescents living with HIV in comparison to typically developing peers. The aim was to draw
comparisons between the EF performance of the study sample and that of various norm groups
(including South African based norms and the manual standardisation samples from both the
NEPSY-II and BRIEF). Additionally, this study explored the intercorrelations between the
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participants’ scores on the NEPSY-1I subtests and the BRIEF to determine whether these

measures tap similar or separate EFs.

Research Questions
This study was directed by two main research questions:
1. Do HIV+ South African children show compromised executive function compared to the
norms from a typically developing paediatric population?
Null Hypothesis- Ho: HIV+ South African children show no statistically significant difference
in executive function test scores compared to those of typically developing HIV- children.
Alternate Hypothesis- Ha: HIV+ South African children show a statistically significant

difference in executive function scores compared to those of typically developing HIV- children.

If the results from the first research question prove the Alternate Hypothesis, then the second
research question will be addressed:
2. Specifically, which executive functions are affected in HIV+ South African children living
with HIV?
A secondary research question was:
3. To what extent do the ratings on the BRIEF correlate with the NEPSY-II scores? (Do the
BRIEF and NEPSY-II measures tap similar or different EFs)
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Chapter Two: Methods

Research Design

Epistemologically, this study is situated in a post-positivist paradigm, based on a critical-
realist ontology. The post-positivist paradigm moves away from the purely objective stance of
positivists, while still emphasising the need for observable, measurable phenomena to form the
basis of all knowledge (Fox, 2008). Critical-realism accepts an objective reality, but argues the
only way to understand the social world is by understanding the phenomena that generate
structures and events (Fox, 2008).

Informed by these paradigms, this research adopted a quantitative, exploratory design
approach. This preliminary study followed an exploratory research model as it investigated the
under-researched area of potentially dysregulated EFs experienced by children and adolescents
living with HIV, with the intention of clarifying these challenges. While literature exploring the
effects of HIV infection on EFs exists, these studies often use single measures of EF that may
lack construct validity (Smolker et al., 2018). Additionally, few studies focus specifically on EF
within the HIV + paediatric population despite South Africa having one of the highest rates of
HIV infection globally (UNAIDS, 2022). Consequently, this exploratory study may help to lay
the groundwork for more focused research in the future.

The study was non-experimental, with no independent variable researcher manipulation,
and data collection was based on pre-existing factors. It utilised observational data collected
from the identified population at a single point in time, making it cross-sectional, and as there
was no control over the variables of interest (i.e. EFs, HIV infection status etc.), the research
design was ex post facto (Fox, 2008). This study used secondary data from a larger pre-test, post-
test intervention study titled ‘Customised Cognitive Rehabilitation for a paediatric HIV/AIDS
population corroborated by fNIRS: The case of Sustained Attention’ (Zondo, 2021).
Subsequently, some aspects of the research design were constrained.

The dependent variables for the study were the three EF components based on the
Miyake and Friedman (2000) Unity and Diversity Model: inhibitory control, updating WM and
cognitive flexibility. These components were measured using NEPSY-I1 and BRIEF scores,
which are typically treated as continuous variables. The HIV status of the participants was the

independent variable. This variable distinguishes between two groups: South African children
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living with HIV (HIV+ participants) and typically developing children without a CNS disease
(based on the norm groups for the BRIEF and NEPSY-I1, as well as the NEPSY-Il norms
established by Truter et al. (2017)). For Truter et al. (2017), norms were derived for South
African Afrikaans-, Sepedi-, Sesotho-, Setswana-, Xhosa- and Zulu-speaking children, aged 9—
11 and 14-16 years in Grades 46 and Grades 8-10 respectively, all from a disadvantaged
educational background, making them appropriate for comparison with the study sample. The
study was interested in how the participants’ EF performance would differ from that of typically

developing individuals, as articulated in the research questions.

Participants and Setting

The study was based on a sample of 40 children living with HIV (see results chapter for a
detailed summary of the sample’s demographic qualities). The secondary data used in this study
was collected by Mr Zondo in the contexts of his PhD research, as supervised by Professor
Cockeroft. For the overarching study, participants were sourced using a non-probability,
convenience sample approach. Participants for the larger study were recruited from three safe-
homes for children living with HIV in South Africa. Two of the homes were based in
Johannesburg, Gauteng, whereas the third home was located in Makhanda, Eastern Cape. This
study focused on the data collected from the Johannesburg-based sample (n= 40). For the
overarching study, the inclusion criteria for participants were as follows: (i) children diagnosed
as HIV+, who are 7-16 years old; (i1) receiving cART treatment; and (ii1) completely unexposed
to cognitive rehabilitative therapies (Zondo, 2021). The exclusion criteria were (i) children with
illnesses (such as CNS diseases, other than HIV/AIDS) or injury (such as TBI; Zondo, 2021) that
may impact neurocognitive functioning.

A priori power analysis was conducted to determine whether the sample (n=40) would
have sufficient power for the analyses proposed (Faul et al., 2007). This priori power analysis
was based on data from Debeaudrap et al. (2018), n=338, who compared neurodevelopmental
performance in children living with HIV and HIV-uninfected children in Africa. The effect size
for the study was d = 0.90, which is considered a large effect, using Cohen's (2003) criteria. With
an alpha = 0.05 and power = 0.80, the projected sample size needed with this effect size

(G*Power 3.1: Faul et al., 2007) was estimated to be n = 40 for between group comparisons.
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Procedure

With regards to data collection procedures, the administration of the specialised
instruments was conducted by an HPCSA registered neuropsychologist. To assess
neuropsychological functioning, the NEPSY II neuropsychological test battery (Korkman, Kemp
& Kemp, 2007) was used. Sustained attention was assessed using the Conner’s Continuous
Performance Test (CPT; Conners et al., 2003; Mueller & Piper, 2014). Finally, the school-age
version (6-18 years) of the BRIEF was used to evaluate both executive and behavioural
functioning (Gioia et al., 2000). All assessment administration was completed in a quiet, secure
room at the participant’s primary shelter. The timeline and procedure for the overarching study is

outlined in Appendix M.

NEPSY-I1 Comparison Groups

The NEPSY-II sample taken from the NEPSY-1I manual norms was based off census
data gathered in the United States of America (USA) in 2003 and forms the foundation for
establishing standardised norms and reference points for the NEPSY -1 assessment across its
different subtests and age groups (Korkman et al., 2007). The full sample included 1,200
participants, selected to represent the demographic, cultural, and socioeconomic variations of the
population. The age range of the participants spanned from 3-16 years old, capturing crucial
developmental stages, and efforts were made to ensure equal representation across genders,
ethnicities, geographic regions, and socioeconomic backgrounds (Korkman et al., 2007). By
including children from urban, suburban, and rural areas, as well as accounting for differences in
educational and cultural experiences, the normative sample aimed to provide a comprehensive
understanding of the cognitive and neuropsychological development in children from various
contexts within the USA (Korkman et al., 2007). The normative cohort used for comparisons in
this study (M =10, SD = 3, n = 500) were aged between 10-16 years old, and composed of 50%
female, 50% male participants.

For comparison to a more appropriately matched South African sample, NEPSY -l data
were obtained from a study conducted by Truter et al. (2017). The study included 65 South
African children who spoke Afrikaans (n = 49), Pedi (n = 2), Southern Sotho (n = 4), Tswana (n
= 3), Xhosa (n =5), and Zulu (n = 2). The participants were aged 9-11 years (M= 10.64 years;
SD =0.90) and 14-16 years (M= 15.90; SD = 0.68). The younger group was in Grades 4-6, and
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the older in Grades 8-10. The participants, recruited from various provinces throughout South
Africa, primarily from the Western Cape province, came from disadvantaged backgrounds with
disadvantaged quality of education. Of the 65 participants, 28 were male and 37 were female.
The study aimed to collect preliminary data for the NEPSY-11 for disadvantaged children,
employing exclusion criteria such as a history of birth complications, neurological disorders,
head injury with loss of consciousness longer than one hour, history of psychiatric illness,
alcohol or substance abuse, attendance at a special needs school, repeating more than two grades,

and a history of learning difficulties.

BRIEF Comparison Groups

The normative sample utilised in the development of the BRIEF comprised a cohort of
n=1419 participants, ranging in ages from 5-18 years, with 815 girls (57%) and 604 boys (45%).
To ensure the broader applicability of the findings, the samples underwent a weighing process,
aligning them with estimated proportions for ethnicity and gender in the United States
population. The demographic landscape of the sample included 26.5% of children from urban
environments, 59% from suburban locales, and 14.5% from rural settings. The BRIEF manual
norms used in this study (M = 50, SD = 10, n = 831) were based on the ages 1016 years old.

Instruments

Instruments were used to collect information regarding 1) participants’ executive
functioning (in terms of inhibitory control, updating WM and cognitive flexibility); 2)
parent/guardian reports of participants’ executive functioning; and 3) participants’ demographic

characteristics and relevant medical background.

Demographic Questionnaire

It is important to investigate factors that are likely to affect EFs, and therefore the parent
or guardian filled out a Demographic Questionnaire to gather important data concerning factors
such as gender, age, schooling status, HIV status, and other pertinent information, including TBI
status, which was also used to determine eligibility criteria (See Appendix A). Please note, in the
case where neither a parent nor guardian was available, the information was supplied by the

director of the home of safety.
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Neuropsychological Assessment: A Developmental Neuropsychological Assessment
(Korkman et al. 2007)

The NEPSY-II is a neuropsychological test that measures cognitive function in paediatric
samples (ages 3—16 years of age) (Korkman et al., 2007). It assesses six domains of
neurocognitive function: (i) attention and EFs; (ii) social perception; (iii) sensorimotor functions;
(iv) visuospatial functions; (v) learning and memory; and (vi) language (Korkman et al., 2007).
The EFs the NEPSY-II measures are: attention (selective and sustained), monitoring, planning,
inhibitory control, maintenance of response set, self-regulation, cognitive flexibility, vigilance
and figural fluency (Korkman et al., 2007). As mentioned, Miyake and Friedman’s Unity and
Diversity model (2000) defines three components of EFs, namely inhibitory control, cognitive
flexibility and updating WM. Various studies have linked the proposed-included NEPSY-II

subtest measures with these three components of EFs (See Table 1 below).

Table 1
NEPSY-II Subtests as Indicators for EF Factors in the Unity and Diversity Model (2000)
Author Inhibition Updating WM Cognitive Flexibility
(Faedda et al., 2019) Word List Interference
(Rasmussen et al., 2013) Auditory Attention
(Beeghly et al., 2014; Response Set
Dann et al., 2021; Rochat
etal., 2017)
(Faedda et al., 2019) Memory for Faces
Memory for Faces
Delayed
(Veraksa et al., 2020) Inhibition-Naming
(Scott et al., 2017, Inhibition-Inhibition
Veraksa et al., 2020)
(Klenberg, 2015) Speeded Naming
(Dann et al., 2021; Inhibition-Switching

Saarikivi et al., 2023)

Cognitive flexibility was measured using the Response Set, and Inhibition-Switching

subtests, all which aim to evaluate a child's ability to inhibit their dominant response. The



50

Response Set task assesses a child's ability to switch between two different rules or responses in
accordance with changing visual stimuli. In this task, the child needs to adapt to changing
instructions and demonstrate cognitive flexibility by switching between rules as the task
progresses (Korkman et al., 2007). The scoring for this task involves assessing the child's ability
to switch between two different rules or responses based on changing visual stimuli and typically
involves measuring the accuracy and speed of the child's response. Response Set is scored based
on four measures: RS Total Correct, RS Commission Errors, RS Omission Errors, and RS
Inhibitory Errors. RS Total Correct is the primary score for this subtest and reflects the total
number of correct responses (Kemp & Korkman, 2010). A low RS Total Correct score suggests
poor sustained attention and difficulty in shifting focus. The RS Commission Errors score
indicates the number of incorrect responses made when a response should have been inhibited; a
high score may suggest either a slow response time, impulsivity, or inattentiveness. While the RS
Omission Errors represent the number of correct responses missed, as such, high scores may
reflect difficulties in comprehending directions, or challenges to sustained/selective attention.
Finally, RS Inhibitory Errors reflect the number of times the individual fails to inhibit a prepotent
response, with higher scores potential suggesting impulsivity or difficulty in switching from
established behaviours (Kemp & Korkman, 2010; Miller, 2013).

Furthermore, the Inhibition-Switching subtest is designed to assess the ability to switch
between different tasks or mental sets. The participant is presented with a set of stimuli and
instructed to respond in a specific way to each stimulus; then, the rules are changed, requiring the
participant to inhibit the previously learned response and switch to a new response set (Korkman
et al., 2007). Two scores comprising this subtest are INS Total Completion Time (primary score)
and INS Total Errors. The INS Total Completion Time refers to the total time taken by the child
to complete the task, with a slower completion time suggests that the individual’s cognitive
processing is affected by the demands of switching between tasks (Kemp & Korkman, 2010). If
the completion time is slow and INS Total Errors is low or average, it may suggest that the
participant struggles with cognitive processing due to the task demands. Alternatively, a slow
completion time coupled with a high number of errors suggests that the child's cognitive
processing is slowed by switching demands, and potentially, impulsivity (Miller, 2013).

Updating WM was measured using Auditory Attention, Memory for Faces, Memory for
Faces Delayed and Word List Interference. The Auditory Attention subtest assesses a child's
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ability to sustain attention and focus on a specific auditory task. Participants are presented with a
sequence of auditory stimuli (usually a series of tones) and must respond when they hear a
specific target tone. This measures a child's ability to maintain attention and discriminate specific
auditory stimuli in a sequence (Korkman et al., 2007). The primary score, AA Total Correct,
measures the overall accuracy in responding to auditory stimuli presented (Kemp & Korkman,
2010). The AA Commission Errors score represent instances where the individual responds
incorrectly to non-target stimuli, indicating difficulties in inhibiting responses to irrelevant
auditory information, whereas AA Omission Errors track the number of times the participant fails
to respond to target stimuli, reflecting lapses in sustained attention or auditory processing. Lastly,
AA Inhibitory Errors quantify the instances where the individual responds incorrectly to target
stimuli, indicating challenges in inhibiting prepotent responses (Miller, 2013).

The Memory for Faces subtest examines a participants’ ability to retain and recognise
facial features, providing insight into their memory functioning, particularly in the context of
facial information processing. A low MF Total Score may imply challenges in the initial
encoding or discrimination of new faces (Miller, 2013). On the other hand, Memory for Faces
Delayed evaluates the ability to recognise newly learned faces from long-term memory, with a
low MFD Total Score indicating difficulties in recognising faces that were previously learned,
stored, and retrieved from memory over an extended period (Kemp & Korkman, 2010; Miller,
2013). Furthermore, the subtest Word List Interference evaluates memory and EF in children by
assessing their ability to recall words from two different lists after learning them sequentially.
The interference occurs as the child must suppress the retrieval of the first list while recalling the
second list, and then accurately recall both lists (Kemp & Korkman, 2010). The two primary
scores of the Word List Interference subtest are the WI Repetition Total Score and the WI Recall
Total. The WI Repetition Total Score reflects the ability to repeat the words from the initial list
accurately, with a lower score suggesting a restricted capacity in WM. Conversely, the WI Recall
Total measures the ability to recall words from both the initial and interfering lists,
demonstrating the capacity to maintain information in WM amid distracting stimuli and
multitasking demands. A low score on WI Recall Total implies limited ability to resist
interference (Kemp & Korkman, 2010; Miller, 2013).

Finally, inhibitory control was measured using the Inhibition-Naming, Inhibition-

Inhibition and Speeded Namig Subtests. The Inhibition-Naming subtest is designed to assess a
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participants’ ability to inhibit automatic responses and switch between different cognitive tasks
efficiently. The child is presented with a sheet containing rows of symbols and is asked to name
each symbol while following specific rules, such as inhibiting the automatic tendency to name a
symbol based on its shape or colour (Korkman et al., 2007). The INN Total Completion time
(primary score) refers to the total amount of time taken by an individual to complete the naming
task in the assessment, thus a low score might indicate poor naming ability, slow processing
speed, or a high number of self-corrected errors, whereas INN Total Errors refers to the total
number of errors made during the task (Kemp & Korkman, 2010). If the completion time is slow
with either a low or average number of errors, it could suggest issues related to psychomotor
speed or difficulty with semantic processing. However, if the completion time is slow and there's
a high number of naming errors, it may indicate challenges with naming or self-monitoring
abilities (Miller, 2013). On the other hand, the Inhibition-Inhibition subtest evaluates an
individual's ability to inhibit automatic responses and sustain attention while performing a task,
and involves resisting impulses and maintaining focus on the given instructions (Korkman et al.,
2007). The INI Total Completion Time refers to the overall time taken by the individual to
complete the task, and a low time could suggest slow processing speed. A slow completion time
along with a low or average score for INI Total Error implies that inhibitory demands might be
slowing down cognitive processing speed. Conversely, a slow completion time along with a high
number of errors suggests an impulsive response style and the individual may struggle to inhibit
automatic responses effectively (Kemp & Korkman, 2010; Miller, 2013).

For the Speeded Naming subtest, participants are presented with a series of stimuli and
are required to name them as quickly as possible, assessing their ability to rapidly name familiar
objects, colours, and pictures (Korkman et al., 2007). This subtest is scored based on three
measures: SN Completion Time, SN Total Correct and SN Total Self-Corrected. The primary
score, SN Total Completion Time, reflects the overall speed of processing and efficiency in
verbal labelling, with a low score suggestive of difficulties in processing speed or word retrieval,
as well as challenges in producing verbal labels. The SN Total Correct score evaluates the
accuracy of responses, with a low score indicating poor self-monitoring or impulsivity in
responding. Lastly, SN Total Self-Corrected Errors score measures the ability to recognise and

rectify mistakes independently (Kemp & Korkman, 2010; Miller, 2013). High rates of self-
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corrected errors suggest a balance between impulsive behaviours and compensatory self-
monitoring (Miller, 2013).

The standardisation process for NEPSY-II raw scores involves converting them into
scaled scores and percentile ranks, allowing for comparison with matched peer groups. Scaled
scores are derived by transforming raw scores into age-corrected scores with a mean of 10 and a
standard deviation of 3, reflecting a child’s performance relative to others of the same age (Kemp
& Korkman, 2010). Percentile ranks are obtained by further converting raw scores to age-
adjusted scores expressed in a percentile scale, where the scores are grouped into ranges
representing different levels of performance. A table describing which scores are scaled and
which are interpreted as percentiles can be found in Appendix I. The conversion process involves
consulting tables provided in the Clinical and Interpretive Manual, where scaled scores and
percentile ranks corresponding to the child's age in years and months are listed (Kemp &
Korkman, 2010).

The psychometric properties of two of the NEPSY-II subtests have been validated by the
African Health Research Institute through the ‘Siyakhula Cohort’ study, which included children
(aged 7-11 years) from rural South Africa (Rochat et al., 2017). Confirmatory Factor Analysis
(CFA) was performed on the three subtests from the NEPSY-II that focused on EF measurement:
Auditory Attention, Animal Sorting and Response Set to determine if they loaded on a similar
factor. By including these tests along with the Kaufmann Assessment Battery for Children
(KABC) subtests related to planning, the study aimed to understand the assessment of EFs within
a local sample (Rochat et al., 2017). The results of the CFA indicated that the NEPSY-II subtests
formed individual factors, distinct from those in the KABC. This suggests that within the South
African context, the NEPSY-II tests used to measure EF retained their distinct properties and did
not merge with other cognitive domains assessed by the KABC (Rochat et al., 2017).

Behaviour Rating Inventory of Executive Functioning (Gioia et al., 2000)

The Behaviour Rating Inventory of Executive Functioning (BRIEF) is a
neuropsychological assessment for executive and behavioural functioning (Roth et al., 2014).
The BRIEF uses a 63-item form and is split into (a) behaviour regulation, and (b) metacognition
indexes (Gioia et al., 2000, 2003). The Behaviour Regulation Index (BRI) focuses on a person's

ability to regulate their behaviours effectively by assessing impulse control, attention shifts,
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emotion modulation, and appropriateness of context-driven behaviour (Gioia et al., 2000). Two
of the four subtests were included in this study, each of which evaluate a specific facet of
behavioural regulation. As a measure of inhibitory control, the first subtest, /nhibit, examines a
child’s ability to control immediate reactions and resist impulsive actions, assessing the capacity
to inhibit automatic responses and think before acting (Gioia et al., 2000). The second, Shift,
serves as a measure of cognitive flexibility, focusing on an individual's capability to transition
attention between tasks or activities. Scores for each subtest are then derived from ratings on a
Likert scale provided by observers or individuals themselves, with higher scores signifying
greater challenges in behaviour regulation (Gioia et al., 2000). Overall, the BRI amalgamates
these subtest scores, offering a comprehensive evaluation of an individual's behavioural
regulation abilities.

On the other hand, the Metacognition Index (MI), measures a person's ability to think
effectively and problem-solve flexibly. It includes items related to the individual's capacity for
planning, organisation, WM, and cognitive flexibility (Gioia et al., 2000). Three subtests make
up this index, one of which is included in this study as a measure for WM updating. The working
memory subtest evaluates the individual's capability to temporarily hold and manipulate
information for cognitive tasks, highlighting their proficiency in retaining and working with
information in their mind (Gioia et al., 2000). As with the BRI, scores for each subtest are
obtained through ratings on a Likert scale, either by observers or individuals themselves (Gioia
et al., 2000). Elevated scores within this index suggest potential challenges in specific
metacognitive functions (Gioia et al., 2000).

Finally, the Global Executive Composite (GEC) provides a comprehensive summary of
EF abilities and is derived from the overall scores across all clinical scales of the BRIEF.
Elevated GEC scores suggest significant difficulties in EF, encompassing various domains such
as inhibitory control, cognitive flexibility, emotional control, initiation, WM, planning,
organisation of materials, and monitoring (Gioia et al., 2000). The score standardisation process
for the BRIEF involves converting raw scores into T-scores and percentile ranks to facilitate
comparison with a normative sample. Raw scores are initially transformed into T-scores (M=50,
SD=10) using statistical formulas that adjust for factors such as age and gender. Percentile ranks
are then calculated based on these T-scores, indicating the percentage of individuals in the

normative sample who scored at or below a given T-score (Gioia et al., 2000).



55

The BRIEF battery is designed to measure all three aspects of EFs outlined in the Unity
and Diversity Model (Roth et al., 2014). Unlike the NEPSY-II, which is a psychometric test
administered by a registered professional, the BRIEF is a questionnaire filled out by the
participants’ caregivers/legal guardians. The benefit of using a caregiver-reported measure is
potential for improved ecological validity of the construct of EF (Li et al., 2020). Caregivers can
provide longitudinal insights into a child's behaviour across different situations, thus offering a
more comprehensive view of the child's executive functioning in their natural environment (Li et
al., 2020). Additionally, caregivers have a unique perspective based on various real-life contexts,
which can provide valuable information on how a child's EF abilities impact their daily life.
However, caregiver responses are subjective, may be influenced by their own perceptions/biases,
or may be incomplete or inaccurate accounts of a child's behaviour in different contexts (Bevans
et al., 2020). Caregivers may be influenced by social desirability bias, meaning they may
underreport or overreport certain behaviours based on what they believe is expected or
acceptable (Sanzone et al., 2013). A secondary aim of this study was to investigate the extent to
which the caregiver-reported ratings on the BRIEF correlated with the psychometric NEPSY-1I
scores for both the HIV+ and control groups. This indicated whether the tests are tapping similar
or different EFs.

A systematic review evaluated the applicability and validation of the BRIEF, among other
psychometric measures aimed at assessing executive and adaptive functioning in low and
middle-income countries (LAMICs; Kusi-Mensah et al., 2022). Results indicated that while the
BRIEF exhibited strengths in internal consistency and some aspects of construct validity (mainly
convergent validity), it lacked sufficient content validity, structural validity, and cross-cultural
validity in these settings. Additionally, the quality of evidence varied across different
psychometric properties (Kusi-Mensah et al., 2022). Internal consistency demonstrated high-
quality evidence in multiple studies across various BRIEF versions. However, content validity,
structural validity, and cross-cultural validity showed low-quality evidence or were indeterminate
due to methodological issues in the studies reviewed, especially in those employing cross-
cultural validation methodologies (Kusi-Mensah et al., 2022). Despite the aforementioned
limitations, Kusi-Mensah et al. (2022) concluded that the BRIEF emerged as the most reliable
and consistent measure of EF among the paediatric population in LAMICs due to its

comprehensive coverage of EF domains.
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Ethical Considerations

Before receiving the date or conducting any analyses, ethical approval for this study was
obtained from the Humanities Research Ethics Committee (HREC Non-Medical; Protocol
Number: MAPSYC /23/07W, see Appendix H). With regards to data collection, the
administration of all specialised instruments and assessments were conducted by an HPCSA
registered neuropsychologist.

Additionally, the overarching study has received ethical clearance from the University of
the Witwatersrand’s Human Research Ethics (Medical) Committee, protocol number M211073
(See Appendix B). My study has been added to this project. With regard to the overarching
study, permission to recruit participants was sought from the directors of the homes for children
living with HIV/AIDS (See Appendix C). Information regarding the study was provided to the
parents/legal guardians (See Appendix D). Furthermore, consent was gathered from all
parents/legal guardians (See Appendix E), as well as assent from all participants (See Appendix
F). This research adheres strictly to the Helsinki Protocol of Ethics guidelines on research with
children (World Medical Association, 2001; Zondo, 2021). Therefore, participants and/or their
legal guardians were informed their participation was voluntary and could be withdrawn at any
point without prejudice. Additionally, both with regard to the overarching research and this
study, all steps to ensure anonymity and confidentially were taken. Furthermore, a permission
letter from Mr Zondo and their supervisors has been attached as Appendix G. The letter indicates
permission to receive the data for the purpose of this specific study. It outlines the scope of the
study, the protocol used to protect the participants’ identity and the data, as well as the
agreements on the extent that the data can be used (e.g., publications). Finally, it was my duty to
ensure that no fabrication, exaggeration, or manipulation of data was done in order to reach a

predetermined or desired outcome.

Data Analysis

All data was cleaned and organised using the Statistical Package for the Social Sciences
software (IBM SPSS- v26). Moreover, the Shapiro-Wilk test was conducted to verify the
normality assumptions before any statistical analyses were performed (Shapiro & Wilk, 1965).
This test was utilised not only to evaluate the normality of the initial data distribution but also to

examine the normality of residuals in the subsequent analyses. Descriptive statistics were then
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calculated to gain a comprehensive understanding of the data distribution. For all interval
variables, means, standard deviations, skewness, kurtosis, and medians (for non-normally
distributed data) were calculated.

In order to address the overarching research aim, to establish a profile of EF in a sample
of South African children living with HIV, several analytical approaches were employed.
Correlation analysis was conducted on the covariates, namely gender and language. This analysis
served a multifaceted purpose: firstly, in identifying potential confounding variables within the
dataset; secondly, in elucidating cultural and societal influences that could potentially impact EF
performance; and lastly, in bolstering the generalisability and validity of the ensuing results.
Following this, a thorough examination of the NEPSY-I11 results was undertaken. This involved a
comparison of the results against two distinct sets of norms. Firstly, the NEPSY-II results were
compared against the norms established by Truter et al. (2017) specific to the South African
population, employing independent t-tests for age brackets spanning 9-11 and 14-16 years.
Secondly, the standardised NEPSY-I1I results were compared against the norms delineated in the
NEPSY-11 manual (for children aged 10-16), characterised by M=10, SD=3, and n= 500,
utilising independent t-tests for ages 10—16. Similarly, a comparison of the sample’s BRIEF T-
scores was made with the norms outlined in the BRIEF manual. Specifically, these comparisons
were made against U.S.-based norms (for children aged 10-16) with M=50, SD=10, and n=831,
utilising independent t-tests x. In the calculation of t-tests, stringent controls were implemented
to mitigate the risks associated with multiple comparisons. Specifically, a Bonferroni correction
was applied to regulate possible family-wise error rate, thereby establishing a stricter criterion
for the significance of results by recalculating the p-value cutoff (Armstrong, 2014).

For the secondary aim of this study, namely to determine to what extent the
parent/teacher ratings on the BRIEF correlate with the NEPSY-11 scores, correlational analyses
were conducted. Firstly, the extent of correlation between the BRIEF and the NEPSY -1 scores
was examined. This analysis aimed to unveil the degree of association between these measures,
shedding light on potential overlaps or divergences in measuring EFs across cognitive and
behavioural domains. Additionally, the interrelationships among various NEPSY-11 subtest
scores were evaluated to discern the extent of correlation between individual subtests within the
NEPSY-II battery. Strong correlations between related subtests were of particular interest, as

they could signify consistent measurement of specific cognitive constructs or functions targeted
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by the assessment tool. Strong correlations between the BRIEF and NEPSY -1l scores or among
NEPSY-I11 subtest scores would suggest coherence in measurement, reinforcing the confidence in
the assessment instruments to capture and evaluate targeted cognitive domains, inhibitory
control, cognitive flexibility and updating WM, reliably and consistently. A more detailed

discussion of these analyses can be found in the following chapter.

Data Management

In terms of demographic variables, age was measured as ratio data, while gender, which
is considered a dichotomous variable, was coded as dummy variables (1 for male, 0 for female)
to integrate it into quantitative analyses while preserving its categorical nature. A summary of
each of the dependent variables (inhibitory control, updating WM and cogpnitive flexibility) is
located in Appendix I, as well as an indication of how the scores have been standardised. Scores
standardised to percentile ranks, which indicate the relative standing of a score within a
distribution, are based on the ordinal scale of measurement. Scaled scores and T-scores are on an

interval scale of measurement.
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Chapter Three: Results

In Chapter One, the potential for HIV infection in the CNS to cause impairment of EFs in
children was discussed and the relevant literature on the topic presented. Chapter Two outlined
the research approach, emphasising the adoption of a quantitative, exploratory design to
investigate EFs in children living with HIV in South Africa. The primary focus of this study was
to establish a profile of executive functioning in children and adolescents living with HIV. The
first research question (Do HIV+ South African children show compromised EF compared to the
norms from a typically developing paediatric population?) and the second research question
(Specifically, which EFs are affected in HIV+ South African children living with HIV?) were
both addressed through independent t-tests and by calculating effect sizes for statistically
significantly t-test results. The third research question (Do the BRIEF and NEPSY-II measures
tap similar or different EFs in this sample?) was examined by correlational analysis between
BRIEF and NEPSY-II subtests.

Descriptive Statistics

Normality tests were conducted to check the distributions of the study variables.
Furthermore, this section offers an overview of (i) the demographic characteristics and
distributions of the participants, including age, gender, grade, language, presence of a TBI and
handedness; (ii) NEPSY-11 subtest data, both raw scores and standardised scores; and (iii) the
BRIEF caregiver-reported data, both raw scores and standardised scores.

Testing Normality

Normality assumptions were investigated using the Shapiro-Wilk test statistic (Mishra et
al., 2019) for each dependent variable (Appendix J, Table J1). Furthermore, histograms were
produced for each dependent variable (Appendix J, Figures J1 — J27). Considering that normality

was violated, non-parametric analyses were favoured where appropriate.

Sample Demographics

The table below (Table 2) provides demographic data of the HIVV+ group. The final
sample consisted of 40 children (n=40), from two children’s homes for orphans affected by HIV,
based in Johannesburg. Participants were between the ages of 11-16 years old (M= 14.65 years,
SD=1.84 years).
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Table 2
Participants’ Sociodemographic Profiles

Demographic variable Frequency

Percent (%)

Gender [n=40]

Male 17 42.5
Female 23 57.5
School Attendance [n=40]

Yes 32 80
Special School 5 125
No 3 7.5
Grade [n=32]

Four 2 6.3
Five 1 3.1
Six 2 6.3
Seven 2 6.3
Eight 9 28.1
Nine 6 18.8
Ten 7 21.9
Eleven 3 9.4
Language [n=39]

isiZulu 15 38.5
isiXhosa 5 12.8
Other 19 48.72
Handedness [n=40]

Right 38 95
Ambidextrous 2 5
TBI Report [n=40]

No 40 100

NOTE: All participants were HIV positive. In each case n=40, except ‘Grade’ where n=32; as three participants do

not attend school and five participants do not attend school with registered grades, and ‘Language’ as one

participant did not include their language information.

The majority of participants were female and accounted for 57.5% of the sample. Of the

entire sample, 80% attended regular school, while 12.5% attended special schools, and 7.5% did
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not attend school at all. Notably, grade levels among the school-attending participants varied,
with the majority (28.1%) in grade eight, followed by grades nine (18.8%) and ten (21.9%). A
smaller proportion was distributed across grades four to seven and eleven.

In terms of language, linguistic diversity was apparent, with isiZulu being the most
spoken language (38.5%), followed by isiXhosa (12.8%). Additionally, 48.72% of the sample
spoke other languages. Data indicated that 95% of the sample were right-handed, with 5%
ambidextrous. None of the participants had a reported history of traumatic brain injury, in line
with exclusion criteria prohibiting participants with CNS diseases or neuro-injuries other than
HIV/AIDS. The inclusion criteria for the intervention group encompassed age (under 16 years),

HIV+ diagnosis, receiving CART treatment, and no prior CCRT exposure.

NEPSY I1- Subtest Characteristics

In this study, selected NEPSY-I1 subtests were administered, which were designed to
measure the three distinct aspects of EFs as identified in the Miyake and Friedman (2000) model
of unity and diversity: inhibitory control, cognitive flexibility, and updating WM. Inhibitory
control was measured using the Inhibition-Naming, Inhibition-Inhibition and Speeded Naming
subtests, all of which aim to evaluate a child's ability to inhibit a well-learned response. Updating
WM was measured using Word List Interference, Auditory Attention, Memory for Faces and
Memory for Faces Delayed. Cognitive flexibility was measured using the Response Set and
Inhibition-Switching subtests. Table 3 presents descriptive statistics for the HIV+ group across
the various included NEPSY-I11 subtests. Raw scores were detailed for comparison to the South
African norms developed by Truter et al. (2017). Scaled scores were included for comparison to
standardised NESPY-11 manual norms (Korkman et al., 2007).
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Descriptive Statistics for HIV+ Group NEPSY-11 Subtest Raw Scores and Scaled Scores
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Raw Scores Scaled Scores
NEPSY-II .
Subtest Variable Mean SD Range Mean SD Range
Inhibition- N Total Errors 4.7 13.48 0-80 ; - -
Naming
INN Total 52.65 32.97 0-231 7.33 371 1-19
Completion Time
Inhibition- -\, rota1 Errors 19.1 19.39 0-87 - - -
Inhibition
INI Total
Completion Time 77.13 32.48 41-225 5.98 3.53 1-14
Speeded SN Completion 55.08 33.95 27238 6.90 3.11 1-13
Naming Time
SN Total Correct 73.9 1.58 68-75 - - -
SN Total Self-
Corrected Errors 1.28 1.22 0-4 i i i
Word List ) Repetition 8.13 413 2-19 2.20 2.47 1-12
Interference
WI Recall 11.78 5.61 0-25 3.40 3.20 1-12
Auditory A Total Correct 2355 6.37 10-30  3.20%  492%  1-12*
Attention
AA Commission 6.1 6.64 0-34 ) ) )
Errors
AA Omission 6.85 6.56 0-20 : . .
Errors
AA Inhibitory 20.65 12.95 0-37 . . .
Errors
Memory for e Total Score 10.33 2.49 6-15 750 3.21 2-14
Faces
Memory for
Faces MFD Total Score 9.35 2.61 3-15 6.55 2.73 1-13

Delayed
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Raw Scores Scaled Scores
NEPSY-II :
Subtest Variable Mean SD Range Mean SD Range
Resg’einse RS Total Correct 25.35 8.77 5-36 2.60* 3.58* 1-9*
RS Commission 113 21.19 0-88 - - -
Errors
RS Omission 10.1 8.49 0-31 - - -
Errors
RS Inhibitory 9.65 13.13 0-36 - - -
Errors
Inhibition-
Switching INS Total Errors 42.25 22.19 7-82 - - -
INS Total 114.6 38.50 67-271  6.40 3.86 1-15

Completion Time

NOTE: n=40 in all cases, except * where n=5; - is used when scaled scoring is not available for that subtest

In Table 3 it is noted that the scaled scores for all subtests are derived from a sample size
of n=40, except for the Response Set (RS Total Correct Scaled Score) and Auditory Attention
(AA Total Correct Scaled Scores) subtests, where the sample size is n=5. This discrepancy arises
from the manual's provision of standardised scaled scoring exclusively for ages 7-12 for these
two subtests. Consequently, only five participants from the HIV+ group fell within the specified
age range of 7-12, leading to the smaller sample size. For ages 13-16, scores for these subtests
are standardised as percentile ranks, as indicated in Appendix I, Table I1. Therefore, the differing
sample sizes reflect the age-specific scoring protocols outlined in the manual, ensuring accurate
interpretation of the assessment results within the appropriate developmental contexts (Kemp &
Korkman, 2010).

BRIEF- Subtest Characteristics

This section presents descriptive statistics on the included BRIEF measures for the
sample of South African children living with HIV. In order to assess the performance of the
HIV+ sample on the BRIEF in comparison to the standardisation sample, the scores of the HIV

samples were transformed into T-scores as outlined in Table 4. In most instances, the HIV
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sample exhibited remarkably low scores, often falling below the lowest raw-score to T-score
conversion range, in which case the lowest available T-score was selected. The was done as an
exercise to determine if the BRIEF scores could be usable in comparison with the norm sample's
performance, despite a consistently high level of missing responses across the sample. However,
as per manual scoring instructions, if the total number of unanswered questions that factor into
calculating the scale raw scores is greater than 14, then the BRIEF protocol cannot be
appropriately scored (Gioia et al., 2000). This limitation must be considered, as it may render
these BRIEF T-scores unusable for interpretation. This is discussed further in the following
chapter.

Table 4
Descriptive statistics for HIV+ Group BRIEF Subtest and Index/Composite Raw Scores, as well as Standardised T-

scores and Percentile Rank

Raw Scores T Scores
Index/ Subtest M(SD) Range M(SD) Range %tile Rank
Composite
BRI 21.11 (5.94) 4-38 44.83(1.77) 36-46 48
Inhibit 5.14 (1.58) 0-10 45.25(0.68) 44-46 51
Shift 4.75 (1.44) 2-9 44.86(0.35) 44-45 52
MI 27.06 (5.78)  12-50 42.78(0.97) 42-44 27
Working Memory ~ 5.31 (1.45) 1-8 43.94(0.91) 43-45 53
GEC 48.25 (10.73) 16-88 42.94(0.91) 42-44 23

NOTE: n=36, BRI= Behavioural Regulation Index, MI= Metacognition Index, GEC= Global Executive Composite



Preliminary Analysis

Conducting correlation analysis for covariates, such as age and gender, serves multiple
key objectives. Firstly, it aids in the identification of potential confounding variables, crucial for
refining the accuracy of research findings. Secondly, this analysis offers valuable insights into
the cultural and societal influences that could impact EF performance, contributing to a more
comprehensive understanding of the study's context. Lastly, by exploring correlations with
covariates, researchers can improve the generalisability and validity of their results, ensuring that
the findings are applicable across diverse populations and settings (Kahlert et al., 2017).
Spearman’s Rank Correlation is a non-parametric statistical measure that compares the ranked
values between two variables, assessing the direction and strength of their monotonic
relationship (Field, 2017). Table 5 contains pairwise correlations among the cognitive scores (for
measures of inhibitory control, cognitive flexibility and updating WM), and demographic

variables (age and gender).



Table 5
Spearman’s Rho Correlations Between Age and EF Variables

Age AA RS INN INI INS MF MFD SN WIREP  WIRC B-I B-S B-WM BRI M GEC
AA 466%* -
RS 580%*  626%* -
INN -.387* S377% 4T3 -
INI -.283 -358%  -399%  .700%* -
INS -218 -146 -147 253 540%* -
MF 299 355%  429%%  -345%  -217 031 -
MFD 031 243 238 -349%  -204 -168 239 -
SN -4B4**  -380%  -583**  51g%* 302 124 -408** 054 -
WIREP  484%*  484**  342%  -396%  -.230 -.040 293 098 -606** -
WIRC 523%%  B23%%  400%  -360%  -218 -.042 395* 130 -496%*  .856%* -
B-I -.345 -.098 007 122 072 322 -.001 -112 071 -.267 -188 -
B-S -.063 086 098 074 -160 036 130 -153 176 -190 046 360* -
B-WM -.330% -.207 -227 351* 126 158 069 -168 318 -466%*  -461%*  462%*  378* -
BRI - 428%* -192 -214 196 121 318 -.006 -147 319 -442%* -.288 TAGRF BADRR AG2** -

Ml -.360* -.303 -221 425%* 126 217 -.126 -.237 .334* -.348* -.350* .556** .388* .670** .548** -



Table 5 67

Spearman’s Rho Correlations Between Age and EF Variables

Age AA RS INN INI INS MF MFD SN WI REP WIRC B-1 B-S B-WM BRI Mi GEC

GEC -.446** -.169 -.176 .334* .095 319 -.038 -.265 .348* - 467** -.348* 31 572** .654** .845** .844** -

Notes. n = 40 for all NEPSY-II subtests: AA= Auditory Attention Total Correct, RS= Response Set Total Correct, INN= Inhibition-Naming Total Completion, INI= Inhibition-Inhibition Total
Completion, INS= Inhibition-Switching Total Completion, MF= Memory for Faces Total Score, MFD= Memory for Faces Delayed Total Score, WI REP= Word Interference List Repetition, WI RC=
Word Interference List Recall, SN= Speeded Naming Completion Time. N=36 for all BRIEF subtests: B-I1= Brief Inhibit, B-WM= Brief Working Memory, B-S= Brief Shift, BRI= Behaviour

Regulation Index, MI= Metacognition Index, GEC= Global Executive Composite

*p <.05. ; **p < .01.



Only significant correlations that are related to the strength and direction of the
relationship between age and performance on EF measures are described here. The data suggests
a consistent relationship between age and various measures of EF. Specifically, there are positive
correlations between age and measures of WM, namely Auditory Attention (r(40) = .466,
p=.002), WI repetition (r(40)=.484, p=.002), and WI recall (r(40)=.523, p<.001), indicating that
these abilities tend to improve with age. Additionally, positive correlations were observed
between age and Response Set (r(40)=.580, p<.001), a measure of cognitive flexibility.
Conversely, there are negative correlations between age and measures of Inhibition, specifically
Inhibition-Naming (r(40)=-.387, p=0.014), Speeded Naming (r(40)=-.464, p=.003) and BRIEF-
Inhibit (r(36)=-.345, p=.039). Moreover, age exhibited negative correlations with BRIEF subtests
Behavioural Regulation Index (r(36)=-.428, p=.009), Metacognition Index (r(36)=-.360, p=.031),
and Global Executive Composite (r(36)=-.446, p=.006).

Furthermore, a point-biserial correlation was conducted to assess the association between
the categorical variable of gender and the NEPSY-I1I and BRIEF EF variables as outlined in
Table 6. Gender was dichotomised into male and female categories. None of the correlations

between gender and the EF variables yielded statistically significant results.

Table 6

Point-Biserial Correlations Between EF Variables and Gender

AA RS INN INI INS MF D SN REP WIRC B-I B-S WM BRI MI GEC

Gender -090 .018 -114 -182 -071 131 001 -078 -222 -299  -.043 .002 197 .030 223 .130

Notes. n =40 for all NEPSY-II subtests: AA= Auditory Attention Total Correct, RS= Response Set Total Correct, INN= Inhibition-
Naming Total Completion, INI= Inhibition-Inhibition Total Completion, INS= Inhibition-Switching Total Completion, MF= Memory
for Faces Total Score, MFD= Memory for Faces Delayed Total Score, Wl REP= Word Interference List Repetition, WI RC= Word
Interference List Recall, SN= Speeded Naming Completion Time. N=36 for all BRIEF subtests: B-1= Brief Inhibit, B-WM= Brief
Working Memory, B-S= Brief Shift, BRI= Behaviour Regulation Index, MI= Metacognition Index, GEC= Global Executive Composite

*p <.05.; **p<.0L.
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Primary Inferential Statistics
Research Objectives One and Two

The first research question (Do HIV+ South African children show compromised EF
compared to the norms from a typically developing paediatric population?) and second research
question (Specifically, which EFs are affected in HIV+ South African children living with HIV?)
investigated the differences between EF measures from the HIVV+ group and various comparison
samples. Independent t-tests were used to determine if there was a statistically significant
difference between the means of the HIV+ and these comparison samples. Firstly, the NEPSY-11
subtest standardised scores from the HIV+ group were compared to the NEPSY -1l manual
average scaled score (M =10, SD = 3; Korkman et al., 2007). The dependent variables of interest
were standardised, scaled scores for the primary subtests, namely AA Total Correct, RS Total
Correct, INN Total Completion Time, INI Total Completion Time, INS Total Completion Time,
MF Total Score, MFD Total Score, WI Repetition, W1 Recall and SN Completion Time.

Secondly, the NEPSY-II subtest raw scores from the HIVV+ group were compared to those
obtained from a HIV- South African cohort of the same age (Shuttleworth-Edwards & Truter,
2023). The dependent variables of interest were subtest raw scores for AA Total Correct, AA
Commission Errors, AA Omission Errors, AA Inhibitory Errors, RS Total Correct, RS
Commission Errors, RS Omission Errors, RS Inhibitory Errors, INN Total Errors, INN Total
Completion Time, INI Total Errors, INI Total Completion Time, INS Total Errors, INS Total
Completion Time, MF Total Score, MFD Total Score, WI Repetition, W1 Recall, SN Completion
Time, SN Total Correct and SN Total Self-Corrected.

Thirdly, the BRIEF scores from the HIV+ participant sample were compared to the
BRIEF manual average T-score (M = 50; SD = 10; Gioia et al., 2000). Here, the dependent
variables of interest were t-scores for BRIEF subtests Inhibit, Shift, Working Memory, BRI, Ml
and GEC. Finally, effect size analysis using Hedges's g was employed on the significant results

obtained from the t-tests.

Independent T-Tests

Despite the non-normal distribution of the data, the independent t-test is considered
robust due to reliance on the Central Limit Theorem (Field, 2017). Multiple comparisons
(family-wise error) were controlled for using a Bonferroni correction, which calculated a stricter

p-value cut-off for the significance of results. Firstly, independent t-tests were run to compare the
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NEPSY-I11 subtest performance (raw scores) of the HIVV+ group to the South African (raw score)
norms from Truter et al. (2017) for ages 9-11 (Table 7) and 14-16 (Table 8). In order to run these
analyses, the HIV+ sample was grouped into these two age ranges, delineating the 9-11 age
group (n=4, age M= 10.50 years, SD=0.58) and the 14-16 age group (n=29, age M =15.66 years,
SD =0.67).
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Table 7

t-Tests Comparing HIV+ group and South African (SA) cohort (Truter, et al., 2017) on NEPSY-Il Raw Scores for
ages 9-11

Variable HIV+ SA T df p g
M (SD) n M (SD) n
AA Total Correct 13.50(2.38) 4 27.19(3.49) 16 7.35 18 <.0001* 411
AA Commission 12.00(6.78) 4 1.75(3.04) 16 4.68 18 <.0002* -2.62
AA Omission 17.00(2.94) 4 2.63(3.30) 16 7.93 18 <.0001* -4.43
AA inhibitory 31.75(7.54) 4 0.69(1.30) 16 16.84 18  <0001*  -9.42
RS Total Correct 13.25(4.65) 4 31.13(3.10) 16 9.39 18 <.0001* 5.25
RS Commission 42.50(34.12) 4 1.75(1.73) 16 5.20 18 <.0001* -2.91
RS Omission 21.25(7.32) 4 4.36(3.24) 16 7.19 18 <.0001* -4.02
RS Inhibitory 32.75(1.71) 4 1.69(1.62) 16 33.98 18 <.0001*  -18.99
INN Total Errors 6.25(4.19) 4 2.00(1.81) 12 2.92 14 011
INN Total 54.25(5.06) 4 56.73(10.17) 15 465 17 .648
Completion
INI Total Errors  23.25(15.17) 4 5.25(3.74) 12 412 14 .001* -2.32
INI Total 79.50(11.09) 4 70.47(15.49) 15 1.08 17 294
Completion
INS Total Errors 63.50(19.05) 4 9.36(5.82) 11 8.85 13 <.0001* -5.17
INS Total 92.50(18.19) 4 107.20(21.95) 15 1.224 17 .238
Completion
MF Total Score 9.00(1.63) 4 11.40(1.99) 15 221 17 .041
MFD Total Score 8.75(2.36) 4 11.07(3.06) 15 1.40 17 .180
WI Repetition 5.50(1.92) 4 15.22(3.21) 18 576 20  <.0001*  3.19
W1 Recall 7.50(4.20) 4 14.83(6.05) 18 2.28 20 .034
SN Completion 57.50(3.11) 4 61.47(17.30) 17 449 19 659

Time

SN Total Correct 73.00(.816) 4 73.24(1.48) 17 .309 19 761
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Variable HIV+ SA T df p g
M (SD) n M (SD) n
SN Total Self- 1.50(.577) 4 0.65(1.06) 17 1.53 19 142
Corrected

Notes. SD = standard deviation, df = degrees of freedom, HIV+ = HIV positive sample, g= Hedges’s G (effect size), SA = South
African cohort described in Truter et al. (2017). *p<0.0024

The Bonferroni-adjusted alpha level was approximately p < 0.0024. Independent t test
analysis comparing the HIVV+ group NEPSY-I1 raw scores to published norm data from typically
developing South African children aged 9-11 years (Truter et al., 2017), indicated significant
differences across various cognitive domains. The HIV+ group scored comparably to the South
African (SA) group on most aspects of the subtests tapping inhibitory control. However, the
HIV+ group made significantly more total errors on the Inhibition-Inhibition subtest. In terms of
subtests tapping WM, the HIV+ group’s performance was significantly poorer on the Word List
Interference- Repetition and Auditory Attention subtests, with more commission, omission and
inhibitory errors made. The HIV+ group performed comparable to the typically developing SA
group on measures of Memory for Faces, Memory for Faces Delayed, and Word List
Interference- Recall. Finally, regarding cognitive flexibility, the HIV+ group performed
significantly worse on the Response Set subtest, with more commission, omission and inhibitory
errors made. Additionally, the HIVV+ group made significantly more total errors on the
Inhibition-Switching subtest but was comparable to the SA group in Inhibition-Switching Total

Completion.
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Table 8
t-Tests Comparing HIV+ group and South African cohort (Truter, et al., 2017) on NEPSY-II raw scores for ages
14-16
Variable HIV+ SA t df p g
M (SD) n M (SD) n
AA Total Correct 25.34(4.85) 29 28.47(2.18) 17 2.51 44 .016
AA Commission 5.90(6.91) 29 0.35(0.61) 17 3.29 44 .002* -1.01
AA Omission 5.03(4.90) 29 1.36(2.09) 17 2.93 44 .005
AA inhibitory 19.10(12.67) 29 0.41(0.71) 17 6.05 44 <.0001* -1.85
RS Total Correct 27.66(7.22) 29 33.53(3.18) 17 3.17 44 .003
RS Commission 9.24(18.65) 29 2.00(4.99) 17 1.56 44 126
RS Omission 7.83(6.67) 29 2.00(3.02) 17 3.39 44 .002* -1.04
RS Inhibitory 6.41(10.77) 29 0.65(0.86) 17 2.19 44 .034
INN Total Errors 2.24(6.86) 29 1.80(2.14) 20 .28 47 .783
INN Total 46.76(19.10) 29  48.10(12.13) 20 .28 47 .783
Completion
INI Total Errors 18.10(18.53) 29 3.85(4.39) 20 3.36 47 .002* -0.98
INI Total Completion  72.41(22.81) 29 60.25(12.24) 20 217 47 .035
INS Total Errors 40.14(22.10) 29 7.55(4.72) 20 6.47 47 <.0001* -1.88
INS Total Completion  110.86(31.45) 29  96.59(29.91) 20 1.59 47 118
MF Total Score 10.62(2.46) 29 12.73(2.69) 22 291 49 .005
MFD Total Score 9.55(2.73) 29 12.86(2.80) 22 4.24 49 <.0001* 1.20
WI Repetition 8.86(4.34) 29 14.00(3.57) 12 3.62 39 .001* 1.24
W1 Recall 13.21(5.51) 29 17.92(4.40) 12 2.63 39 .012
SN Completion Time  49.45(19.26) 29 44.18(12.87) 20 1.07 47 291
SN Total Correct 74.24(1.19) 29 74.00(1.69) 20 .584 47 .562
SN Total Self- 1.10(1.24) 29 0.70(0.98) 20 1.21 47 234
Corrected

Notes. SD = standard deviation, df = degrees of freedom, g= Hedges’s G (effect size), HIV+ = HIV positive sample, SA = South

African cohort described in Truter et al. (2017). *p<0.0024
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Independent t-test analyses comparing the NEPSY-11 raw scores of the HIV+ group to
data for typically developing South African children aged 14-16 years (Truter et al., 2017)
indicated significant group differences (p<0.0024) across various cognitive domains. The HIV+
group scored comparably to the SA group on most aspects of the subtests tapping inhibitory
control. However, the HIV+ group made significantly more total errors on the Inhibition-
Inhibition subtest. In terms of subtests tapping WM, the HIV+ group’s performance was
comparable to the SA group on the subtests tapping Auditory Attention (however, the HIV+
group made more commission and inhibitory errors in the latter), Word List Interference- Recall
and Memory for Faces. The HIVV+ group performed significantly worse on Memory for Faces
Delayed, and Word List Interference- Repetition. Finally, regarding cognitive flexibility, the
HIV+ group performed comparably to the SA group on Response Set (however, the HIV+ group
made significantly more omission errors), and while the HIV+ group made significantly more
total errors on the Inhibition-Switching subtest, they were comparable to the SA group in

Inhibition-Switching Total Completion.
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Table 9 presents the results of t-tests comparing the primary scaled scores of the HIV+
group to the scaled score norms from the NEPSY-1I manual (Kemp & Korkman, 2010). The
sample’s NEPSY-II raw scores were transformed into scaled scores using the NEPSY-11 manual,
and these scores were then compared to the manual’s norms established for the age group
(M=10, SD=3, n=500). This comparison allows for an examination of how the HIVV+ group’s

performance on included subtests aligns with expected norms for their age group.

Table 9

t-Tests comparing HIV+ group to scaled, primary scores** from NEPSY-II

Variable HIV+ T Df p g
M (SD) N

AA Total Correct 3.20(4.92) 40 13.02 538 <.0001* 2.14
RS Total Correct 2.60(3.58) 40 14.79 538 <.0001* 2.43
INN Total Completion 7.33(3.71) 40 5.32 538 <.0001* 0.87
INI Total Completion 5.98(3.53) 40 8.04 538 <.0001* 1.32
INS Total Completion 6.40(3.86) 40 7.14 538 <.0001* 1.17
MF Total Score 7.50(3.21) 40 5.05 538 <.0001* 0.83
MFD Total Score 6.55(2.73) 40 7.04 538 <.0001* 1.16
WI Repetition 2.20(2.47) 40 16.01 538 <.0001* 2.63
WI Recall 3.40(3.20) 40 13.32 538 <.0001* 2.19
SN Completion Time 6.90(3.11) 40 6.28 538 <.0001* 1.03

Notes. SD = standard deviation, df = degrees of freedom, g= Hedges’s G (effect size), HIV+ = HIV positive sample. *p<0.005
**(M=10, SD=3, n=500)

The Bonferroni-adjusted alpha level was p<0.005. The t-test results (Table 9) revealed
that the HIV+ group scored significantly worse on all subtests tapping measures of inhibitory
control, WM and cognitive flexibility compared to the standardisation sample for the NEPSY-II.
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Finally, Table 10 presents the results of t-tests comparing the BRIEF subtest results,
represented as standardised T-scores, of the HIVV+ group to the BRIEF manual norms (M=50,
SD=10, n=831,; Gioia et al., 2000).

Table 10

t-Tests comparing HIV+ group to BRIEF T-Scores scores**

Variable HIV+ T Df p g
M (SD) N

Inhibit 45.25(0.68) 36 2.85 865 .0045* 0.485
Shift 44.86(0.35) 36 3.08 865 .0021* 0.525
Working Memory 43.94(0.91) 36 3.63 865 .0003* 0.619
BRI 44.83(1.77) 36 3.10 865 .0020* 0.527
MI 42.78(0.97) 36 433 865 <.0001* 0.737
GEC 42.94(0.91) 36 4.23 865 <.0001* 0.721

Notes. SD = standard deviation, df = degrees of freedom, g= Hedges’s G (effect size), HIV+ = HIV positive sample, BRI=
Behavioural Regulation Index, MI= Metacognition Index, GEC= Global Executive Composite. *p<0.0083 **(m=50, SD=10,
n=831)

The Bonferroni-adjusted alpha level was approximately p=0.0083. The t-test results
(Table 10) revealed that the HIV+ group scored significantly better on all BRIEF subtests, as
lower scores signify stronger EFs, compared to the standardised norms from the BRIEF manual.
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Research Objective Three

The third research question investigated if the BRIEF and NEPSY -1l measures tap similar
or different EFs. Spearman's rank correlation analysis (Table 5) was run on the data to examine
the extent to which (i) the BRIEF subtests scores significantly correlate with NEPSY-11 subtest
scores, (ii) the NEPSY-II subtest scores significantly correlate with each other, and (iii) the
BRIEF subtest scores with each other. Importantly, higher BRIEF scores signify greater
challenges in assessed cognitive domains, as such a negative correlation with NEPSY-11 scores
tapping similar areas would be anticipated.

Based on the correlations displayed in Table 5, several BRIEF subtest scores appear to be
significantly related to NEPSY-II subtest scores. Specifically, BRIEF measures of WM (BRIEF
WM) was negatively correlated with NEPSY -1l measures of WM: W1 Repetition (r(36)=-0.466,
p=0.004) and WI Recall (r(36)=-0.461, p=0.005). The WI Repetition subtest score further
negatively correlated with the BRIEF’S BRI composite (1(36)=-0.442, p=0.007). The BRIEF’S
MI score was positively correlated with NEPSY -1 measures of inhibitory control, specifically
INN Total Completion Time (r(36)=0.425, p=0.010) and SN Completion Time (r(36)=0.334,
p=0.046). Moreover, the MI was negatively correlated with NEPSY -11 measures of WM, WI
Repetition (r(36)=-0.348, p=0.037) and WI Recall (r(36)=-0.350, p=0.036). Finally, the overall
BRIEF GEC was positively correlated with NEPSY -1l measures of inhibitory control, INN Total
Completion (r(36)=0.334, p=0.046) and SN Completion Time (r(36)=0.348, p=0.037), and
negatively correlated with NEPSY-11 measures of WM, W1 Repetition (r(36)=-0.467, p=0.004)
and WI Recall (r(36)=-0.348, p=0.038). Overall, there seems to be consistent correlations
between BRIEF subtest scores and NEPSY -1 subtest scores, particularly in relation to WM and
inhibitory control tasks.

Furthermore, based on the correlations among NEPSY-11 subtests (raw score; Table 5),
several relationships can be observed. Firstly, measures of WM were inter-correlated,
specifically AA Total Correct was positively correlated with MF Total Score (r(40)= 0.355,
p=0.25), WI Repetition (r(40)=0.337, p=0.033) and WI Recall (r = 0.509, p < 0.001). Secondly,
measures of cognitive flexibility were correlated with the RS Total Correct negatively correlated
with INS Total Completion Time (r(40)=-0.146, p = 0.368). Lastly, measures of inhibitory
control were correlated with each other; INN Total Completion Time was positively correlated
with SN Completion Time (r(40)=0.519, p<0.001), and negatively correlated with INI Total
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Completion Time (r(40)=-0.700, p<0.001). Overall, several significant correlations are observed
among NEPSY-I11 subtests that tap related skills.

Finally, based on the correlations among BRIEF subtests (raw score; Table 5), several
relationships can be observed. The Inhibit was positively correlated with Shift (r(36)=0.369,
p=0.027), WM (r(36)=0.462, p=0.005), BRI (r(36)=0.749, p<0.001), MI (r(36)=0.556, p<0.001),
and GEC (r(36)=0.731, p<0.001). Whereas, Shift was positively correlated with WM
(r(36)=0.378, p=0.023), BRI (r(36)=0.542, p<0.001), Ml (r(36)=0.388, p=0.019) and GEC
(r(36)=0.572, p<0.001). WM had positive correlation with BRI (r(36)=0.462, p=0.005), Ml
(r(36)=0.670, p<0.001) and GEC (r(36)=0.654, p<0.001). BRI correlated positively with Ml
(r(36)=0.548, p<0.001) and GEC (r(36)= 0.845, p<0.001). Finally, MI was positively correlated
with GEC (r(36)=0.844, p<0.001). Overall, the data suggest that the various subtests of the
BRIEF are related to each other. Some correlations are particularly strong, such as the correlation
between BRI and GEC (r=0.845) and between MI and GEC (r=0.844), indicating a very strong

relationship between these constructs.

In conclusion, this chapter provided a comprehensive analysis of the EF profiles of
children and adolescents living with HIV in South Africa. Through independent t-tests,
significant differences in EF performance were found between the HIVV+ group and various
comparison samples. Additionally, correlational analysis between the BRIEF and NEPSY-II
subtests shed light on the relationship between different EF measures employed in this study.
The next chapter interprets these findings in the context of existing literature, addressing research
limitations, providing implications for clinical practice, and proposing avenues for future

research to better support young people living with HIV in South Africa.



79

Chapter Four: Discussion

Context for the Research Problem

The prevalence of paediatric HIV, particularly in regions like sub-Saharan Africa, remains
a significant global concern (UNAIDS, 2023). Despite advancements in reducing vertical
transmission rates and increasing access to ARVs, children living with HIV still face
considerable challenges, including neurocognitive impairments associated with the infection
(Benki-Nugent & Boivin, 2019). These challenges, influenced by factors such as disease
progression, immune activation, inflammation, and potential ARV neurotoxicity, vary in severity
(Phillips et al., 2018). Specifically, HIV impacts the integrity of the fronto-striatal circuit and
CEN, disrupting fundamental neural systems responsible for EFs (Britz & van Zyl, 2020).
Executive functions are cognitive processes essential for guiding goal-directed behaviours, and
disruption of these neural networks profoundly affects not only academic performance but also
social functioning and overall quality of life for children and adolescents living with HIV
(Anabwani et al., 2016). By examining the three specific domains of EFs, namely WM,
inhibitory control, and cognitive flexibility (Miyake et al., 2000), this study aimed to provide
insights into the EF challenges faced by HIV-positive South African children and adolescents in
relation to their typically developing peers, ultimately contributing towards understanding the
neurocognitive impact of HIV in paediatric populations.

However, due to their multifaceted nature, measuring EFs in children poses several
challenges. Cognitive measures and behavioural rating scales offer methods to evaluate EF
performance, each with advantages and limitations (Gerst et al., 2017). Studies exploring the
correlation between these assessment methods present mixed findings. One study reported weak
associations, suggesting they may tap into different underlying constructs (Toplak et al., 2013),
while other studies have found significant correlations between the measures (Shimoni et al.,
2012; Toplak et al., 2008). As such, this study aimed to examine correlations between NEPSY-II
subtests and the BRIEF to better understand the relationship between these cognitive measures
and behavioural rating scales in assessing EFs in children with HIV. Additionally, considering the
challenges and limitations associated with each method, a comprehensive approach that
incorporated multiple sources of information was essential for obtaining a more comprehensive

profile of EF in children and adolescents with HIV.
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Reiteration of the Research Questions

This study was directed by three research questions:

4. Do HIV+ South African children show compromised executive function compared to the
norms from a typically developing paediatric population?

5. Specifically, which executive functions are affected in HIV+ South African children living
with HIV?

6. To what extent do the ratings on the BRIEF correlate with the NEPSY-II scores? (Do the
BRIEF and NEPSY-II measures tap similar or different EFs in this sample)

Exclusion of the BRIEF Results from Interpretation

Upon examination of the collected data, it became evident that the exceptionally low
scores observed on the BRIEF were not suggestive of above-average cognitive function. Rather,
they indicated a significant number of missing responses within the BRIEF questionnaire for
each of the participants. This is attributed to the fact that, contrary to standard procedure where
parents/primary caregivers are tasked with completing the BRIEF, in this sample the
questionnaires were filled out by the director(s) of the participant’s house of safety. In the case of
four children, the director was not available at the time of data collection, so the questionnaires
were completed by the onsite nursing staff. Unfortunately, due to their role and perhaps limited
familiarity with each child's behaviour, the directors (or nursing staff) were unable to provide
comprehensive responses for every individual. The manual cautions against drawing conclusions
from BRIEF scores characterised by numerous missing responses, emphasising the potential
distortion of outcomes (Gioia et al., 2000).

The Results chapter of this study included an exercise converting BRIEF raw scores to T
scores for comparison with the normative sample, but this yielded incorrectly inflated scores
which were not interpretable. The inflated scores distort the true representation of the
participant's EF abilities, thereby compromising the validity and reliability of any subsequent
interpretations or conclusions drawn from the data. This was particularly evident given the
compromised EF functioning demonstrated by the NEPSY-II subtest outcomes for the same
group of participants. As such, the remainder of the discussion establishing an EF profile for
children and adolescents living with HIV will focus solely on the NEPSY-II scores. However, the

raw BRIEF scores still serve a purpose as they were utilised to address the third research
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question, where the aim was not to interpret individual profiles of EF but rather to explore
correlations between cognitive and behavioural measures, bearing in mind the above limitations.
In this context, the raw BRIEF scores retain their utility as they contribute to the understanding
of broader relationships between different aspects of cognitive and behavioural EF measures.

As such, interpretation of the BRIEF is constrained by the prevalence of missing
responses and the associated warnings provided in the manual. Researchers should be mindful of
the ethical implications of using these scores given the major issue with the nature of the
reporting on that scale. Moving forward, it is imperative to acknowledge these limitations and
explore alternative measures or supplementary methods, such as culturally sensitive adaptations,
to enhance the validity and reliability of the BRIEF cognitive assessment within atypically

developing populations.

Demographic Variables and Executive Functioning

Correlational analyses investigated the potential influence that age and biological gender
had on EF performance for each measure. While gender and age were not be directly utilised in
subsequent statistical analyses, they serve as fundamental demographic variables that offer
valuable insights into the composition and diversity of the study population. Moreover,
acknowledging these variables allows for the identification of potential sources of variation or

bias that could influence study outcomes.

Age and EF Performance

The relationship between age and NEPSY-II measures can be summarised as follows:
Positive correlations were found between age and WM measures such as Auditory Attention, W1
Repetition, and WI Recall, indicating that, as expected, these abilities improve with age in the
sample. Furthermore, there was a positive correlation between age and Response Set, suggesting
that some aspects of cognitive flexibility may also improve with age. Negative correlations were
observed between age and timed measures of inhibition, Inhibition-Naming total completion
time and Speeded Naming total completion time, indicating that as participants age their naming
speed improves. Thus, inhibitory control seems to improve with age. This is most likely
associated with structural and functional changes in the PFC, and follows expected
developmental trajectories for typically developing populations (Hoskyn et al., 2017; Moriguchi
& Hiraki, 2009, 2011).
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In terms of the BRIEF raw scores, the results indicate that age is negatively correlated
with various measures of EF. Specifically, older individuals tend to exhibit lower scores on the
BRIEF-Inhibit subtest, as well as on the BRI, MI, and GEC. In the context of the BRIEF, lower
scores indicate better performance, reflecting fewer cognitive challenges. Therefore, older
participants tend to exhibit lower scores on the BRIEF subtests, suggesting better executive
functioning. Given the evidence suggesting that EFs experience a sensitive period of heightened
development during childhood and adolescences (Brydges et al., 2014; Escobar-Ruiz et al., 2023;
Hoskyn et al., 2017), these findings follow the expected developmental trajectory for typically

developing children and adolescents.

Biological Gender and EF Performance

In addition to age, biological gender was measured as a demographic variable in order to
determine its possible impact on EF performance. Results indicated that gender did not correlate
significantly with any of the EF variables across both NEPSY-II and BRIEF measures. As such

EF performance did not differ significantly between males and females in the studied population.

Profile of Executive Function in a Paediatric Sample living with HIV

This section establishes a profile of EFs exhibited by a cohort of South African (SA)
children and adolescents living with HIV, addressing research questions one and two. The HIV+
group’s NEPSY-II subtest performance is primarily compared to SA norms developed by Truter
et al. (2017), for ages 9—11 and 14-16, with the HIV+ sample divided into these age ranges. This
comparison group is felt to be more appropriate than the foreign US-based norms (from the
NEPSY-II manual), given that the former provides a socio-economically and culturally relevant
benchmark for understanding cognitive function within the specific context of South Africa.
Using local norms ensures a more accurate assessment of how HIV infection may affect EFs in
this population, allowing for better-informed interventions and support strategies. By
summarising the relevant findings, the strengths and weaknesses in EF performance among SA
youth living with HIV is elucidated, in turn shedding light on critical dimensions of cognitive
functioning in this context. The interpretation of these findings was then discussed in relation to
existing literature, providing insights into the unique challenges facing cognitive function in

paediatric populations living with HIV in South Africa.
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Working Memory Updating

With regards to the NEPSY-II subtests measuring WM, several discrepancies were
observed when comparing the mean scaled score to the NEPSY-II US-based manual norms
(Kemp & Korkman, 2010). For the Auditory Attention subtest, the HIV+ subgroup (participants
aged 10-12) performed significantly poorer, and with greater within group variability. The HIV+
subgroup’s performance on this task is notably lower than the expected average performance
indicated by the NEPSY-II norms. Furthermore, the higher standard deviation for the HIV+
group indicates a greater variability in performance. In terms of the Word List Interference
subtest, both primary scaled scores for the Word List Repetition and Word List Recall tasks were
extremely low, reporting very large effect sizes indicative of poor performance relative to the
expected average. Notably, the HIV+ group performed significantly poorer than the norm group
on Memory for Faces (both immediate and delayed subtests), despite the average scaled score on
the former falling within the average range (7-13).

Performance on the same WM subtests from the NEPSY-II for the HIV+ group was also
compared to SA norms by Truter et al. (2017) for ages 9—11 and 14-16, with the HIV+ sample
divided into these age ranges. The HIV+, 9—11 age-group, scored significantly lower than the SA
norms on both Auditory Attention and Word List Interference- Repetition, both reporting
exceptionally high effect sizes indicating substantial difference between the means of the two
groups, mirroring the poorer performance of the overall sample on these subtests when compared
to the US norms. Furthermore, the younger HIV+ group performed comparably to the typically
developing SA group on measures of Memory for Faces (immediate and delayed) and Word List
Interference- Recall. Similarly, the older HIV+ cohort, aged 14-16, performed comparably to the
SA norms on the primary Auditory Attention score, although notably made significantly more
AA Commission and AA Inhibitory Errors during the task, both reporting large effect sizes. This
suggests that their levels of accuracy were similar to the SA norm group, but their process in
completing the task was significantly more error based. Additionally, the older HIV+ group
performed comparably to the SA norm group on the Memory for Faces (immediate) and Word
List Interference- Recall subtests, indicating average performance on these measures. This also
suggests that there may be some improvement in the HIV+ group’s WM functioning with age,
and as their English language skills advance. However, on both the Memory for Faces Delayed

and Word List Interference- Repetition subtests, the older HIV+ group performed significantly
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worse than the SA group with large effect sizes, suggesting that longer-term memory for faces
remains an area of difficulty.

These results highlight significant discrepancies in WM performance among HIV+
individuals compared to normative data from both the US (Kemp & Korkman, 2010) and South
Africa (Truter et al., 2017). When compared to NEPSY-II norms, participants living with HIV in
South Africa exhibited notably lower scores and greater variability on Auditory Attention tasks
and, similarly, performed poorly on Word List Interference tasks, with large effect sizes
indicating substantial differences. Comparison with SA norms further emphasised these
disparities, particularly in younger age groups, while older individuals living with HIV showed
some comparable performance on WM measures. These findings align with the broader literature
which suggests that WM follows age-specific developmental patterns (Gathercole et al., 2004),
and that HIV infection and exposure can disrupt the typical trajectory of WM development
(Cockceroft & Milligan, 2019). Specifically, in the younger group, the verbal and visuospatial
storage systems appeared distinct, supporting existing claims of separation between these
systems and corresponding brain structures (Baddeley, 2000; Baddeley et al., 2021). As such,
these findings suggest that among the younger group of children living with HIV, there is
evidence of poorer verbal WM and processing in the phonological loop, indicating a reliance on
the phonological loop for storage in complex verbal WM tasks. These discrepancies may imply
challenges in maintaining and manipulating verbal information within WM, potentially
impacting tasks reliant on the phonological loop, such as remembering and processing spoken
language or verbal instructions (Cockcroft & Milligan, 2019). Conversely, given that Memory
for Faces relies more on visual processing and the visuospatial component of WM, the findings
did not reflect the same level of disruption as seen in the verbal tasks. In the context of the
younger group, this could suggest that while there may be challenges in verbal WM and
processing, the performance on tasks involving visuospatial processing might be relatively less
affected. This highlights the importance of considering different cognitive domains and their
specific neural underpinnings when examining the impact of HIV on WM and related processes

in younger individuals.

Cognitive Flexibility
There were substantial differences noted between the HIV+ group’s mean scaled score

and the NEPSY-II manual norms on subtests assessing cognitive flexibility (Kemp & Korkman,
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2010). The groups differed greatly on the Response Set subtest with a very high effect size,
suggesting that the HIV+ subgroup (participants aged 10—12) performed considerably lower than
the expected average performance indicated by the NEPSY-II manual norms, with more
variability in performance. Although the HIV+ group mean scaled score on the Inhibition-
Switching subtest fell just below the average range (7—13), performance was significantly poorer
than that of the US norm group, represented by a fairly large effect size.

The cognitive flexibility of the HIV+ group, as assessed using NEPSY-II subtests, was
then compared to SA norms established by Truter et al. (2017). The younger HIV+ group, aged
9-11, scored significantly worse on the Response Set subtest, reporting an exceptionally high
effect size. Furthermore, while there was no statistically significant difference between the
groups on the primary score of the Inhibition-Switching subtest, the HIV+ group did make
significantly more total errors on this subtest. The 14—16-year-old HIV+ cohort performed
comparably to the SA norms on the Response Set subtests, although made significantly more
Omission Errors. Similarly, there were no significant differences between both group’s mean
scores on the primary measure of the Inhibition-Switching subtest, although the HIV+ group
made more total errors on the task.

These findings suggest significant differences in cognitive flexibility between HIV+
participants and normative samples, as well as variations within HIV+ subgroups by age.
Compared to NEPSY-II manual norms, HIV+ individuals performed notably lower on all the
subtests tapping cognitive flexibility. In comparison to the more appropriate SA norms, the
younger HIV group still struggled with measures of cognitive flexibility, specifically switching
between different sets of information (as indicated by scores for the Response Set subtest) but
managed to perform at an equivalent level on the Inhibition-Switching task. The older HIV
group’s performance was comparable to SA norms in terms of accuracy. However, both younger
and older groups made significantly more errors on most of these tasks than their typically
developing peers, suggesting a poor strategy/approach to completing these tasks (and may

possibly indicate a higher number of guesses).

Inhibitory Control
There were considerably fewer discrepancies between the sample’s mean scaled scores
and the US manual norms on the NEPSY-II subtests tapping inhibitory control. Specifically, on

the Inhibition-Naming subtest, the HIV+ group obtained mean scaled scores within the average
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range (7—13). However further analysis revealed statistically significant differences between the
group means with a medium to large effect size, indicating below average performance for the
HIV+ group. Scores on the Speeded naming subtests felt just below the average range and
statistically significant differences were represented by a large effect size. Finally, scores for the
Inhibition-Inhibition Subtest were significantly below average with a large effect size, indicating
poorer performance on this measure.

Furthermore, the HIV+ group’s performance on the same inhibitory control subtests was
compared to SA norms established by Truter et al. (2017). Both HIV+ subgroup age groups (9—
11 and 14-16 years) performed comparably to the SA norms on the primary measures of all three
subtests measuring inhibitory control. However, with regard to the Inhibition-Inhibition subtest,
both HIV+ group made significantly more errors during the task.

With regard to this aspect of EF, results indicate significant differences on the Inhibition-
Naming and Speeded Naming subtests when compared to the US norms, however performance
still fell within NEPSY-II manual average range. Comparison with the more appropriate SA
norms showed that the HIV+ sample performed comparably on measures tapping inhibitory
control of automatised responses, and rapid semantic access to names for colours, shapes, sizes,
letters, and numbers, but made significantly more errors in the Inhibition-Inhibition subtest. The
errors suggest poor strategies/processes used to complete the tasks and do signify some

inhibitory control difficulties.

Discussion of Executive Functioning Profile in Relation to the Literature

Significant structural brain changes are evident in children and adolescents living with
HIV, including decreases in fractional anisotropy, alongside reductions in cerebral grey matter
volumes, cortical surface area, and gyrification, which are associated with poorer cognitive
performance (Hoare et al., 2018). The results from the current study reveal notable trends in the
effects of HIV infection on neurocognitive functioning in children and adolescents, similar to
studies reported in the literature review. Koekkoek et al. (2008) highlighted deficits in EFs
among HIV-infected children and adolescents, such as poorer processing speed, pattern
recognition, cognitive flexibility, visuospatial memory, and verbal fluency. Additionally, Van Den
Hof et al. (2019) found that children and adolescents living with HIV displayed significant
decreases in EFs over time compared to controls. Moreover, research emphasises the

interconnected nature of EF domains, including updating WM, cognitive flexibility, and
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inhibitory control, although evidence specific to HIV-infected children and adolescents is limited
(Rowe et al., 2021; Walker & Brown, 2018). The subsequent discussion on EF strengths and
weaknesses was limited to comparing the HIV+ group’s NEPSY-II subtest performance with the
SA norms exclusively as it offers the most suitable comparison group. Relying on US-based
norms portrays the HIV group as experiencing challenges across all EF domains, despite
demonstrating average-range performance on certain subtests when compared to Truter et al.
(2017)’s sample. The SA norms provide a more equitable comparison, additionally facilitating
the distinction between groups based on age, and thereby allowing for a clearer demonstration of
developmental differences. This section compares the cognitive performance of the HIV+
participants across these two distinct age groups: 9—-11 and 14-16 years old in relation to the
corresponding SA norms for these ages. By shedding light on whether there was a general
improvement with age and if specific patterns of similarities and differences emerge within each
age cohort, insights were provided into the developmental trajectories and potential areas of
vulnerability among HIV+ children and adolescents.

In terms of WM, the comparison between the HIV+ group across age subgroups reveals
intriguing patterns of cognitive performance. In the younger cohort (9—11), notable challenges
were observed in Auditory Attention and Word List Interference- Repetition, with both measures
displaying exceptionally high effect sizes, indicating substantial deviations from SA norms.
Conversely, the older cohort (14—-16) demonstrated improvement in primary Auditory Attention
scores, aligning more closely with the established norms, albeit with significantly higher rates of
commission and inhibitory errors. Interestingly, both age groups exhibited comparable
performance in Memory for Faces and Word List Interference- Recall, suggesting consistent
average proficiency in these areas. However, disparities emerged in delayed memory tasks and
word list interference repetition, where the older cohort displayed significantly poorer
performance compared to SA norms, indicating potential deterioration or persistence of WM
challenges over time.

Consistent with previous research (Milligan & Cockcroft, 2017), these results indicate
deficits in WM processing tasks among HIV+ children, particularly in verbal processing. This
aligns with the central executive deficit observed in the HIV+ group, as evidenced by their
significantly poorer performance on tasks requiring manipulation and processing of information.

Similarly, the observed discrepancies in the Word List Interference subtest support the notion of
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atypical WM organisation, as indicated by Cockcroft & Milligan (2019). These findings appear
consistent with the multicomponent WM model proposed by Baddeley et al. (2021), and suggest
that deficits in verbal processing tasks among children living with HIV may indicate

impairments in the phonological loop, a component of WM responsible for the temporary storage
and manipulation of verbal information. Furthermore, discrepancies in the Word List Interference
subtest further support the notion of atypical WM organisation, indicating difficulties in
suppressing irrelevant information and maintaining focus on relevant stimuli, processes closely
associated with the central executive (Baddeley, 2000). Moreover, despite these consistencies,
our findings also revealed age-related variations within the HIV+ group. The younger cohort
exhibited more pronounced deficits compared to SA norms, whereas the older cohort showed
some improvements.

Furthermore, comparing the performance of HIV+ groups across both age ranges on
inhibitory control measures indicated various similarities and differences. In the younger cohort
(9—11), overall performance aligned comparably with SA norms across the primary measures of
all three inhibitory control subtests. However, during the Inhibition-Inhibition subtest the HIV+
group exhibited significantly higher error rates. Similarly, in the older cohort (14—16),
performance on primary measures mirrored established norms for South Africans across all three
inhibitory control subtests. Yet, like the younger group, a significant increase in errors during the
Inhibition-Inhibition subtest was observed. These findings suggest a consistent proficiency in
inhibitory control across age groups concerning primary measures, but a specific vulnerability in
tasks demanding inhibition of prepotent responses, indicating potential challenges in cognitive
flexibility within the HIV+ population regardless of age.

These results suggest generally below-average performance among participants with HIV
on measures of inhibitory control, which aligns with the slower processing speed and increased
errors in inhibition tasks reported in a previous study by Nichols et al. (2016). Results from that
study found that children living with HIV exhibited slower processing speed and increased errors
in inhibition tasks compared to their HIV-EU peers (Nichols et al., 2016). Similarly, our study
found that children from both age cohorts (9—-11 and 14-16) showed increased errors specifically
in the Inhibition-Inhibition subtest, despite performing comparably to established norms on

primary measures of inhibitory control. This parallel may suggest that inhibitory control deficits,
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particularly in tasks requiring inhibition of prepotent responses, are a common feature among
children and adolescents affected by HIV, potentially irrespective of age or geographical context.

Finally, the comparison of cognitive flexibility task performance between both HIV+
subgroups suggested potential patterns of EF development. While the younger HIV+ cohort
exhibited significantly poorer performance on the Response Set subtest compared to SA norms,
with notably high effect size, the older group demonstrated comparable performance to the
norms. This suggests a potential improvement in cognitive flexibility with age within this
population. However, both age groups displayed increased error rates (relative to the norm
sample), particularly in Omission Errors for the older cohort, indicating persistent challenges in
this regard. Interestingly, while there were no significant differences in the primary measure of
the Inhibition-Switching subtest between the groups, both exhibited higher total error rates
compared to norms, implying ongoing difficulties. These findings suggest that while cognitive
flexibility may improve with age among HIV+ individuals, areas of impairment may persist
across adolescence.

Similar to findings from the study by Chongwo et al. (2023), these results indicate that
children and adolescents living with HIV exhibited lower cognitive flexibility compared to
controls, indicating a consistent pattern of challenges in this domain. For example, HIV-EU
children demonstrated stronger cognitive flexibility abilities compared to HIV+ children,
indicating that even in the absence of HIV infection, exposure to the virus during prenatal or
perinatal stages might still influence neurodevelopment and cognitive outcomes (Chongwo et al.,
2023). Similarly, results from this study noted substantial differences between HIV+ children and
the control groups on various cognitive flexibility tasks, indicating deficits in cognitive function
associated with HIV infection across different age groups. These findings collectively suggest
that HIV infection, regardless of age or geographical location, may be associated with cognitive
impairments.

As mentioned, the HIV+ groups (cohorts aged 9—11 and 14—-16) both performed
comparably to the typically developing SA group on some of the subtests tapping inhibitory
control (Inhibition-Naming and Speeded Naming), WM (Memory for Faces, and Word List
Interference- Recall) and one measure of cognitive flexibility (Inhibition-Switching). This
pattern of results may suggest that these cognitive abilities draw on skills that are not

significantly affected by HIV. This observation underscores the complexity of HI V-related
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cognitive impairment and highlights the possibility that certain cognitive domains remain
relatively preserved despite HIV infection. Understanding which cognitive functions are resilient
to the effects of HIV is crucial for designing interventions and support systems that may help
maintain optimal cognitive functioning and quality of life for children and adolescents living
with HIV. Further research exploring the specific cognitive mechanisms underlying these
abilities could provide valuable insights into protective factors or compensatory mechanisms that
mitigate the impact of HIV on cognition.

In conclusion, the comparison of cognitive performance across distinct age groups of
HIV+ participants shed light on possible EF developmental patterns and areas of strength or
weakness in executive functioning for children and adolescents living with HIV. While
improvements with age were evident in certain cognitive domains, challenges persisted,
particularly with regards to WM. Nonetheless, certain cognitive functions appeared resilient to
the effects of HIV, highlighting the possibility of protective factors or compensatory
mechanisms. The use of appropriate norms (i.e. those derived from typically developing South
African children) was able to identify these resilient cognitive functions, whereas comparison
against the US norms typically indicated that children living with HIV performed significantly
poorer in most areas of cognitive function. The findings presented in this section underscore the
significant impact of HIV infection on neurocognitive functioning in children and adolescents.
The utilisation of appropriate and representative norms was imperative for determining cognitive
profiles that effectively gauge a child's performance relative to their typically developing peers,
as this ensures accurate and fair assessments, ultimately guiding tailored interventions and
support strategies. Moreover, segregating performance by age facilitates the identification of
developmental patterns and milestones. Additionally, exploring error patterns on the NEPSY-II
subtests provides invaluable insights into cognitive processes and strategies employed during
tasks, which is obscured when looking only at the overall accuracy score. For instance, error
scores for children and adolescences living with HIV reveal discernible differences in strategy
utilisation compared to their typically developing peers, indicating potentially haphazard
approaches that may hinder task performance. Specifically, through the examination of various
EF domains (WM, inhibitory control, and cognitive flexibility) consistent challenges have been

observed among young people living with HIV compared to their uninfected peers.
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These findings corroborate existing literature, emphasising the pervasive nature of
cognitive impairment associated with HIV infection, even in cases of cART use, across various
age groups and contexts. Ultimately, these insights not only contribute to the overarching
understanding of the neuropathological effects of HIV but also have significant implications for
the design of tailored interventions aimed at optimising cognitive outcomes in this vulnerable
population. Now that a workable EF profile for children and adolescents living with HIV has
been established based on data available for a cohort of South African children, the third research
question was discussed. The following section examined patterns and correlations between

BRIEF and NEPSY-II subtests, interpreting them in light of available literature.

Correlations Between BRIEF and NEPSY-II Subtests

The third research question explored whether the BRIEF and NEPSY-II measures tap
similar or different EFs in the study sample. These correlations can be summarised as follows:
Specifically, stronger WM as measured by the BRIEF was associated with stronger WM as
measured by the NEPSY-II subtests. Furthermore, the good performance on the BRIEF’S BRI
(which is a measure of a child's ability to regulate their behaviour, and includes aspects such as
inhibition, shifting, and emotional control) is associated with stronger WM, as measured by the
NEPSY-II subtest WI Repetition. Additionally, better performance on both NEPSY-II inhibitory
control and WM tasks are associated with lower (better) MI scores on the BRIEF, which taps into
how well a child can effectively plan, organise, and execute tasks, as well as their ability to self-
monitor and adapt strategies when needed (Gioia et al., 2000). Specifically, these results reveal
significant associations between raw scores on the BRIEF and NEPSY-II measures, indicating
convergent validity between these assessment tools (despite the difficulties identified, and
discussed earlier, with the BRIEF scores). This parallels the significant correlations found in
studies with young boys between the age of 8—11 years (Shimoni et al., 2012) and adolescents
between the ages of 13—18 years (Toplak et al., 2008), which also demonstrated alignment
between cognitive and behavioural measures of EF in specific domains. For instance, this study
identified associations between BRIEF WM scales and corresponding NEPSY-II WM subtests,
supporting the notion that these measures tap similar EF constructs (Toplak et al., 2008). The
CEN, which is compromised in HIV, plays a crucial role in coordinating complex cognitive
processes, including EFs, as well as various behavioural functions (Ipser et al., 2015; Nolan &

Gaskill, 2019; Shen et al., 2020). As such, the compromised CEN in children and adolescents
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living with HIV may be influencing the relationship between EF measures such as the BRIEF
and NEPSY-II and their respective cognitive and behavioural outcomes. Furthermore, the
negative correlation between BRIEF MI and BRI scores and NEPSY-II tasks for inhibitory
control and WM is consistent with findings suggesting that deficits in cognitive control are
reflected in behavioural ratings of EF (Shimoni et al., 2012). Overall, these results contribute to
the body of evidence suggesting that while cognitive and behavioural measures of EF may not
always align perfectly, there is substantial overlap in the constructs they assess, supporting the
multidimensional nature of EF.

Furthermore, in terms of which NEPSY-II subtests correlate with each other, results
suggest a pattern of interrelatedness among specific NEPSY-II subtests, shedding light on the
underlying cognitive processes. Subtests measuring WM (Auditory Attention, Memory for
Faces, Word List Interference Recall and Word List Interference Repetition) were all
significantly inter-correlated. Similarly, measures of cognitive flexibility (Response Set and
Inhibition-Switching) were significantly correlated, as were measures of inhibitory control
(Inhibition-Naming, Inhibition-Inhibition and Speeded naming). With regards to the BRIEF, all
included scales (Inhibit, Shift, Working Memory, BRI, MI, and GEC) were positively and
significantly correlated with one another, indicating a cohesive pattern of EFs. The strongest
correlations were observed between BRI and GEC, as well as between MI and GEC, which is
understandable as the GEC is comprised of the BRI and MI. The interconnectedness of these
subtests with one another underscores the holistic nature of executive functioning and highlights

the importance of considering multiple facets when assessing and interpreting EF abilities.

Research Implications

Limitations and General Reflections

There were several limitations to this study. Firstly, the research design was non-
experimental and exploratory in nature, and as such, no assumptions can be made regarding
causality between variables (Verma, 2019). A second potential limitation of this study is the
administration of EF subtests in English, while most of the participants spoke predominately
isiXhosa, isiZulu and, less so, Afrikaans. Being tested in a language other than one’s mother
tongue may reduce comprehension, exaggerating potential cognitive burdens associated with
language processing. However, in the multilinguistic context of South Africa, accommodating all

languages is not always feasible. Additionally, this study utilised secondary data. This brings
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with it disadvantages, such as confidentiality measures leading to the omission of identifying
variables, potentially introducing confounding factors unknown to the researcher. Moreover, the
use of secondary data introduces a disconnect between data analysts and original data collectors
which may lead to details crucial for interpretation being overlooked (Cheng & Phillips, 2014).
However, in this case that concern was mitigated as the primary researcher was a co-supervisor
for this study. On the other hand, the secondary analysis of existing data offers several
advantages, notably its cost-effectiveness, particularly benefiting graduate students and
researchers with limited resources. Moreover, it encourages innovative cross-linking of
information, facilitating novel research approaches (Cheng & Phillips, 2014).

Another major limitation in the interpretation of the results is the high number of missing
responses and low raw scores for the BRIEF subtests resulting in a lack of variation in the
standardisation of the scores. This raises questions regarding the viability of the BRIEF as a
reliable measure of executive functioning, particularly in populations affected by conditions such
as HIV. The presence of missing responses and low scores may indicate potential challenges in
the applicability and sensitivity of the BRIEF within this context. These findings underscore the
necessity for a critical re-evaluation of the BRIEF's efficacy within this demographic, prompting
further investigation into alternative assessment methods or modifications to enhance assessment
of EFs in paediatric HIV populations. Additionally, considering the potential time constraints and
cognitive challenges faced by paediatric patients, future research might explore the utility of the
shorter version of the BRIEF. The short version generally displayed suitable psychometric
properties, supported by evidence for the reliability and validity of the BRI, MI, and GEC
(LeJeune et al., 2010). Investigating the applicability and effectiveness of these abbreviated
versions specific to the SA paediatric context could provide valuable insights into streamlining
assessment procedures while maintaining diagnostic accuracy in atypically developing
population.

Furthermore, while efforts were made to compare EF performance against appropriate
normative samples, including those specific to the SA population, discrepancies in cultural and
socio-economic backgrounds between the study sample and normative groups may have
impacted the validity of the comparisons. Lastly, the use of caregiver-reported measures, such as
the BRIEF, may have introduced subjectivity and potential biases, which, in turn, may have

affected the accuracy EF performance. This is unfortunately the general problem with subjective
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assessment measures such as the BRIEF (Hess et al., 2020). Despite these limitations, the study
provided insights into the EF challenges experienced by children and adolescents living with

HIV, laying the groundwork for future research in this under-explored area.

Study Contributions and Recommendations for Future Research

Despite its limitations, a major contribution of this study is that it highlights and
contributes to a dearth of research surrounding our understanding of executive functioning in
atypical populations. By delineating specific cognitive profiles and highlighting discrepancies in
WM, cognitive flexibility, and inhibitory control compared to normative data, this study
underscored the impact of HIV on EFs, particularly in the context of South Africa. Additionally,
this study makes a significant contribution by emphasising the importance of utilising
appropriate norms for valid comparisons, particularly within South Africa's unique multicultural,
socio-economic context. While South Africa faces economic constraints that prevent the
collection of large-scale norms, the utilisation of smaller comparison groups, as done by Truter et
al. (2017), offers a viable alternative. In acknowledgment of the challenge a lack of
representative norms poses to neuropsychological assessment in South Africa, Ferreira-Correia
and Cockcroft (2023) propose the adoption of Crawford and Howell’s Single-Case Methodology
in Neuropsychology as a viable solution for cases not adequately covered by existing norms.
This methodology involves comparing the scores of individual cases to those of a carefully
matched sample of modest size. To facilitate its implementation, a set of norms specifically
tailored to South Africans with diverse demographic profiles is provided, covering a range of
well-established neuropsychological tests (Ferreira-Correia & Cockcroft, 2023). This
recommendation underscores the importance of developing contextually relevant assessment
tools and methodologies to enhance the validity and applicability of neuropsychological
evaluations in diverse settings. Future research should explore the effectiveness and broader
implications of implementing such tailored approaches in clinical practice and research within
South Africa.

Moreover, the identification of age-related patterns suggests potential developmental
trajectories of EF within HIV-positive cohorts. Future research in this area could benefit from
employing longitudinal ex-post-facto designs, both to explore these possible developmental
trajectories and to attempt to establish causal relationships between HIV infection and EF

deficits. Additional recommendations for future research include investigations into protective
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factors or compensatory mechanisms that may mitigate HIV-related cognitive deficits, and
studies examining the interplay between HIV infection, socioeconomic factors, and access to
healthcare, which could provide valuable insights into the multifaceted nature of EFs in this
population.

Furthermore, efforts to expand the study's sample size and diversify participant
demographics could enhance the generalisability of findings and provide a more comprehensive
understanding of EF disparities among young people living with HIV. Moreover, incorporating
qualitative methodologies, such as interviews or focus groups, could offer deeper insights into
the subjective experiences of HIV+ youth and their caregivers, informing more holistic
approaches for both assessment and intervention, and tap into the characteristics of self/guardian-
reported measures such as the BRIEF. Finally, efforts to develop and validate culturally
appropriate assessment measures for EF in diverse populations are needed. Overall, while the
study provides valuable preliminary findings, continued efforts to address its limitations and
build upon its insights will be crucial for advancing knowledge in this area and, ultimately,

informing interventions to support children and adolescents living with HIV.

Conclusion

This study has provided valuable insights into the EF challenges faced by children and
adolescents living with HIV in South Africa. By examining specific domains of EF, such as WM,
inhibitory control, and cognitive flexibility, the study aimed to understand the neurocognitive
impact of HIV infection in paediatric populations. In line with challenges associated with
assessing EF in children, the study attempted to utilise both cognitive measures (NEPSY-II) and
behavioural rating scales (BRIEF) to comprehensively evaluate EF performance. However,
methodological issues with the BRIEF prevented accurate standardisation of the scores and thus
they were excluded from interpretation. Statistical analysis revealed significant discrepancies in
WM, cognitive flexibility, and inhibitory control between HIV-positive participants and
normative samples, aligning with existing literature highlighting EF challenges in HIV-infected
children and adolescents. Moreover, age-related variations within the HIV-positive group were
noted, suggesting potential developmental trajectories of EF within this population. Importantly,
the identified challenges in EFs facing children and adolescents living with HIV underscore the
pressing need for targeted remediation approaches and interventions. Executive functioning skills

are fundamental for academic achievement, social interactions, and overall adaptive functioning
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(Anabwani et al., 2016). As such, addressing these challenges early on may significantly enhance
the quality of life and long-term outcomes for HIV-positive youth. Interventions tailored to
improve EF abilities, such as cognitive training programs and educational support strategies,
should be developed and implemented within healthcare and educational settings. Additionally,
fostering a supportive environment that accommodates the unique needs of HIV-infected
children and adolescents, including access to mental health services and educational
accommodations, is imperative.

Through correlations between BRIEF and NEPSY-II measures, the study revealed
significant associations, indicating convergent validity between these assessment tools.
Furthermore, the interrelatedness among specific NEPSY-II subtests and BRIEF subtests
underscored the holistic nature of EF and emphasised the importance of considering multiple
facets when assessing and interpreting EF abilities. These findings not only contribute to our
understanding of EF in atypical populations but also have significant implications for the design
of tailored interventions aimed at optimising cognitive outcomes in children and adolescents
living with HIV. Overall, the study provided valuable insights into the intricate interplay between
HIV infection and cognitive functioning in children and adolescents, laying the groundwork for

future research and interventions aimed at supporting cognitive well-being.



97

Reference List

Afran, L., Garcia Knight, M., Nduati, E., Urban, B. C., Heyderman, R. S., & Rowland-Jones, S.
L. (2014). HIV-exposed uninfected children: A growing population with a vulnerable
immune system? Clinical and Experimental Immunology, 176(1), 11-22.
https://doi.org/10.1111/cei.12251

Alford, K., & Vera, J. H. (2018). Cognitive Impairment in people living with HIV in the ART
era: A Review. British Medical Bulletin, 127(1), 55-68.
https://doi.org/10.1093/bmb/Idy019

Anabwani, G., Karugaba, G., & Gabaitiri, L. (2016). Health, schooling, needs, perspectives and
aspirations of HIV infected and affected children in Botswana: A cross-sectional survey.
BMC Pediatrics, 16(1), 106. https://doi.org/10.1186/s12887-016-0643-5

Anderson, V., Spencer-Smith, M., Coleman, L., Anderson, P., Williams, J., Greenham, M.,
Leventer, R. J., & Jacobs, R. (2010). Children’s executive functions: Are they poorer
after very early brain insult. Neuropsychologia, 48(7), 2041-2050.
https://doi.org/10.1016/j.neuropsychologia.2010.03.025

Armstrong, R. A. (2014). When to use the Bonferroni correction. Ophthalmic & Physiological
Optics: The Journal of the British College of Ophthalmic Opticians (Optometrists),
34(5), 502-508. https://doi.org/10.1111/0p0.12131

Baddeley, A. (2000). The episodic buffer: A new component of working memory? Trends in
Cognitive Sciences, 4(11), 417-423. https://doi.org/10.1016/S1364-6613(00)01538-2

Baddeley, A. (2012). Working Memory: Theories, Models, and Controversies. Annual Review of

Psychology, 63(1), 1-29. https://doi.org/10.1146/annurev-psych-120710-100422



98

Baddeley, A., Hitch, G., & Allen, R. (2021). A multicomponent model of working memory. In
Working memory: State of the science. (pp. 10-43). Oxford University Press.
https://doi.org/10.1093/0s0/9780198842286.003.0002

Beeghly, M., Rose-Jacobs, R., Martin, B. M., Cabral, H. J., Heeren, T. C., & Frank, D. A.
(2014). Level of intrauterine cocaine exposure and neuropsychological test scores in
preadolescence: Subtle effects on auditory attention and narrative memory.
Neurotoxicology and Teratology, 45, 1-17. https://doi.org/10.1016/j.ntt.2014.06.007

Benki-Nugent, S., & Boivin, M. J. (2019). Neurocognitive Complications of Pediatric HIV
Infections. Current Topics in Behavioral Neuroscience, 50, 147-174.
https://doi.org/10.1007/7854 2019 102

Best, J. R., Miller, P. H., & Naglieri, J. A. (2011). Relations between executive function and
academic achievement from ages 5 to 17 in a large, representative national sample.
Learning and Individual Differences, 21(4), 327-336.
https://doi.org/10.1016/j.lindif.2011.01.007

Bevans, K. B., Ahuvia, I. L., Hallock, T. M., Mendonca, R., Roth, S., Forrest, C. B., Blackwell,
C., Kramer, J., & Wakschlag, L. (2020). Investigating child self-report capacity: A
systematic review and utility analysis. Quality of Life Research: An International Journal
of Quality of Life Aspects of Treatment, Care and Rehabilitation, 29(5), 1147-1158.
https://doi.org/10.1007/s11136-019-02387-3

Boivin, M. J., Barlow-Mosha, L., Chernoff, M. C., Laughton, B., Zimmer, B., Joyce, C.,
Bwakura-Dangarembizi, M., Ratswana, M., Abrahams, N., Fairlie, L., Gous, H.,
Kamthunzi, P., McCarthy, K., Familiar-Lopez, 1., Jean-Phillippe, P., Coetzee, J., Violari,

A., Cotton, M. C., & Palumbo, P. E. (2018). Neuropsychological performance in African



99

children with HIV enrolled in a multisite antiretroviral clinical trial. AIDS, 32(2), 189—
204. https://doi.org/10.1097/QAD.0000000000001683

Brahmbhatt, H., Boivin, M., Ssempijja, V., Kagaayi, J., Kigozi, G., Serwadda, D., Violari, A., &
Gray, R. H. (2017). Impact of HIV and Atiretroviral Therapy on Neurocognitive
Outcomes Among School-Aged Children. JAIDS Journal of Acquired Immune Deficiency
Syndromes, 75(1), 1-8. https://doi.org/10.1097/QAI1.0000000000001305

Britz, C., & van Zyl, C. J. J. (2020). Examining the internal structure of the Executive
Functioning Inventory amongst South African students. African Journal of Psychological
Assessment, 2(0), a26. https://doi.org/10.4102/ajopa.v2i0.26

Brydges, C. R., Fox, A. M., Reid, C. L., & Anderson, M. (2014). The differentiation of executive
functions in middle and late childhood: A longitudinal latent-variable analysis.
Intelligence, 47, 34-43. https://doi.org/10.1016/j.intell.2014.08.010

Brydges, C. R., Reid, C. L., Fox, A. M., & Anderson, M. (2012). A unitary executive function
predicts intelligence in children. Intelligence, 40(5), 458-4609.
https://doi.org/10.1016/j.intell.2012.05.006

Bull, R., Espy, K. A., & Wiebe, S. A. (2008). Short-Term Memory, Working Memory, and
Executive Functioning in Preschoolers: Longitudinal Predictors of Mathematical
Achievement at Age 7 Years. Developmental Neuropsychology, 33(3), 205-228.
https://doi.org/10.1080/87565640801982312

Chahroudi, A., Wagner, T. A., & Persaud, D. (2018). CNS Persistence of HIV-1 in Children:
The Untapped Reservoir. Current HIV/AIDS Reports, 15(5), 382-387.

https://doi.org/10.1007/s11904-018-0412-1



100

Chang, L., Lehaugen, G. C., Andres, T., Jiang, C. S., Douet, V., Tanizaki, N., Walker, C.,
Castillo, D., Lim, A., Skranes, J., Otoshi, C., Miller, E. N., & Ernst, T. M. (2017).
Adaptive working memory training improved brain function in human immunodeficiency
virus—seropositive patients. ANNALS of Neurology, 81(1), 18.

Chang, L., Speck, O., Miller, E. N., Braun, J., Jovicich, J., Koch, C., Itti, L., & Ernst, T. (2001).
Neural correlates of attention and working memory deficits in HIV patients. Neurology,
57(6), 1001-1007. https://doi.org/10.1212/wnl.57.6.1001

Cheng, H. G., & Phillips, M. R. (2014). Secondary analysis of existing data: Opportunities and
implementation. Shanghai Archives of Psychiatry, 26(6), 371-375.
https://doi.org/10.11919/j.issn.1002-0829.214171

Chongwo, E. J., Wedderburn, C. J., Nyongesa, M. K., Sigilai, A., Mwangi, P., Thoya, J.,
Odhiambo, R., Ngombo, K., Kabunda, B., Newton, C. R., & Abubakar, A. (2023).
Neurocognitive outcomes of children exposed to and living with HIV aged 3-5 years in
Kilifi, Kenya. Frontiers in Reproductive Health, 5, 1193183.
https://doi.org/10.3389/frph.2023.1193183

Cockeroft, K., & Cassimjee, N. (2020). HIV/AIDS in South African schools:
Neuropsychological and psychoeducational implications. International Journal of School
& Educational Psychology, 8(4), 269-278.
https://doi.org/10.1080/21683603.2020.1796124

Cockcroft, K., & Milligan, R. (2019). Working Memory Structure in Atypical Development:
HIV-infected and HIV-exposed, Uninfected School Beginners. Developmental

Neuropsychology, 44(2), 248-272. https://doi.org/10.1080/87565641.2018.1564309



101

Corréa, D. G., Zimmermann, N., Netto, T. M., Tukamoto, G., Ventura, N., de Castro Bellini
Leite, S., Cabral, R. F., Fonseca, R. P., Bahia, P. R. V., & Gasparetto, E. L. (2016).
Regional Cerebral Gray Matter Volume in HIV-Positive Patients with Executive
Function Deficits. Journal of Neuroimaging: Official Journal of the American Society of
Neuroimaging, 26(4), 450-457. https://doi.org/10.1111/jon.12327

Crowell, C. S., Malee, K. M., Yogev, R., & Muller, W. J. (2014). Neurologic disease in HIV-
infected children and the impact of combination antiretroviral therapy. Reviews in
Medical Virology, 24(5), 316-331. https://doi.org/10.1002/rmv.1793

Dahl, V., Gisslen, M., Hagberg, L., Peterson, J., Shao, W., Spudich, S., Price, R. W., & Palmer,
S. (2014). An Example of Genetically Distinct HIV Type 1 Variants in Cerebrospinal
Fluid and Plasma During Suppressive Therapy. The Journal of Infectious Diseases,
209(10), 1618-1622. https://doi.org/10.1093/infdis/}it805

Dann, K. M., Hay, P., & Touyz, S. (2021). Are poor set-shifting and central coherence associated
with everyday function in anorexia nervosa? A systematic review. Journal of Eating
Disorders, 9(1), 40. https://doi.org/10.1186/s40337-021-00392-x

Dauby, N., Goetghebuer, T., Kollmann, T. R., Levy, J., & Marchant, A. (2012). Uninfected but
not unaffected: Chronic maternal infections during pregnancy, fetal immunity, and
susceptibility to postnatal infections. The Lancet Infectious Diseases, 12(4), 330-340.
https://doi.org/10.1016/51473-3099(11)70341-3

Debeaudrap, P., Bodeau-Livinec, F., Pasquier, E., Germanaud, D., Ndiang, S. T., Nlend, A. N.,
Ndongo, F. A., Guemkam, G., Penda, C. I., Warszawski, J., Koecher, D., Faye, A., &

Tejiokem, M. C. (2018). Neurodevelopmental outcomes in HIV-infected and uninfected



102

African children. AIDS, 32(18), 2749-2757.
https://doi.org/10.1097/QAD.0000000000002023

Deeks, S. G., Archin, N., Cannon, P., Collins, S., Jones, R. B., de Jong, M. A. W. P., Lambotte,
0., Lamplough, R., Ndung’u, T., Sugarman, J., Tiemessen, C. T., Vandekerckhove, L.,
Lewin, S. R., The International AIDS Society (IAS) Global Scientific Strategy working
group, Core Leadership Group, Deeks, S., Lewin, S., de Jong, M., Working Group 1
(Understanding HIV reservoirs), ... Kankaka, E. N. (2021). Research priorities for an
HIV cure: International AIDS Society Global Scientific Strategy 2021. Nature Medicine,
27(12), 2085-2098. https://doi.org/10.1038/s41591-021-01590-5

Diamond, A. (2012). Activities and Programs That Improve Children’s Executive Functions.
Current Directions in Psychological Science, 21(5), 335-341.
https://doi.org/10.1177/0963721412453722

Dias, N. M., Pereira, A. P. P., & Seabra, A. G. (2022). Executive Functions in the Prediction of
Academic Performance in Elementary Education. Psicologia: Teoria e Pesquisa, 38,
€382114. https://doi.org/10.1590/0102.3772e382114

Dreyer, A. J. (2023). An Exploration of Sociodemographic and Psychosocial Determinants of
Cognitive Performance in a Peri-Urban Clinic Population of People with HIV in Cape
Town, South Africa [PhD Thesis]. University of Cape Town.

du Plessis, S., Vink, M., Joska, J. A., Koutsilieri, E., Bagadia, A., Stein, D. J., & Emsley, R.
(2015). HIV Infection Is Associated with Impaired Striatal Function during Inhibition
with Normal Cortical Functioning on Functional MRI. Journal of the International
Neuropsychological Society: JINS, 21(9), 722-731.

https://doi.org/10.1017/S1355617715000971



103

Eckard, A. R., Rosebush, J. C., O’Riordan, M. A., Graves, C. C., Alexander, A., Grover, A. K.,
Lee, S. T., Habib, J. G., Ruff, J. H., Chahroudi, A., & McComsey, G. A. (2017).
Neurocognitive Dysfunction in HIV-Infected Youth: Investigating the Relationship with
Immune Activation. Antiviral Therapy, 22(8), 669-680. https://doi.org/10.3851/IMP3157

Escobar-Ruiz, V., Arias-Vazquez, P. I, Tovilla-Zarate, C. A., Doval, E., & Jané-Ballabriga, M.
C. (2023). Advances and Challenges in the Assessment of Executive Functions in Under
36 Months: A Scoping Review. Advances in Neurodevelopmental Disorders.
https://doi.org/10.1007/s41252-023-00366-X

Faedda, N., Romani, M., Rossetti, S., Vigliante, M., Pezzuti, L., Cardona, F., & Guidetti, V.
(2019). Intellectual functioning and executive functions in children and adolescents with
attention deficit hyperactivity disorder ( ADHD ) and specific learning disorder ( SLD ).
Scandinavian Journal of Psychology, 60(5), 440-446. https://doi.org/10.1111/sjop.12562

Fairlie, L., Chernoff, M., Cotton, M. F., Bwakura-Dangarembizi, M., Violari, A., Familiar-
Lopez, I., Barlow-Mosha, L., Kamthunzi, P., McCarthy, K., Jean-Philippe, P., Laughton,
B., Palumbo, P. E., & Boivin, M. J. (2022). Antiretroviral choice and severe disease
predict poorer neuropsychological outcomes in HIV+ children from Africa. Frontiers in
Pediatrics, 10, 899002. https://doi.org/10.3389/fped.2022.899002

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39(2), 175-191. https://doi.org/10.3758/BF03193146

Ferrand, R. A., Corbett, E. L., Wood, R., Hargrove, J., Ndhlovu, C. E., Cowan, F. M., Gouws, E.,

& Williams, B. G. (2009). AIDS among older children and adolescents in Southern



104

Africa: Projecting the time course and magnitude of the epidemic. AIDS, 23(15), 2039-
2046. https://doi.org/10.1097/QAD.0b013e32833016ce

Ferreira-Correia, A., & Cockcroft, K. (2023). Controlling for inequality in neuropsychological
assessment: Using Crawford and Howell’s (1998) single-case methodology with norms
from demographically homogeneous groups of South Africans. South African Journal of
Psychology, 53(3), 327-340. https://doi.org/10.1177/00812463221151008

Field, A. (2017). Discovering Statistics using IBM SPSS statistics (5th edition). SAGE
Publications.

Fishbein, D. H., Michael, L., Guthrie, C., Carr, C., & Raymer, J. (2019). Associations Between
Environmental Conditions and Executive Cognitive Functioning and Behavior During
Late Childhood: A Pilot Study. Frontiers in Psychology, 10, 1263.
https://doi.org/10.3389/fpsyg.2019.01263

Fiske, A., & Holmboe, K. (2019). Neural substrates of early executive function development.
Developmental Review, 52, 42—62. https://doi.org/10.1016/j.dr.2019.100866

Follmer, D. J. (2018). Executive Function and Reading Comprehension: A Meta-Analytic
Review. Educational Psychologist, 53(1), 42—-60.
https://doi.org/10.1080/00461520.2017.1309295

Fox, N. (2008). Post-positivism.

German Advisory Committee. (2016). Human Immunodeficiency Virus (HIV). Transfusion
Medicine and Hemotherapy : Offizielles Organ Der Deutschen Gesellschaft Fur
Transfusionsmedizin Und Immunhamatologie, 43(3), 203-222.

https://doi.org/10.1159/000445852



105

Gerst, E. H., Cirino, P. T., Fletcher, J. M., & Yoshida, H. (2017). Cognitive and behavioral rating
measures of executive function as predictors of academic outcomes in children. Child
Neuropsychology, 23(4), 381-407. https://doi.org/10.1080/09297049.2015.1120860

Gioia, G. A., Isquith, P. K., Guy, S. C., & Kenworthy, L. (2000). TEST REVIEW Behavior
Rating Inventory of Executive Function. Child Neuropsychology, 6(3), 235-238.
https://doi.org/10.1076/chin.6.3.235.3152

Gonzalez-Andrade, A., Garcia-Torres, A., Pérez-Garcia, M., & Vergara-Moragues, E. (2022).
Assessment of executive functions as a measure of impairments in everyday functioning
in persons with HIV. Psychology, Health and Medicine, 27(7), 1443-1449.
https://doi.org/10.1080/13548506.2021.1883691

Hammond, C. K., Eley, B., Ing, N., & Wilmshurst, J. M. (2019). Neuropsychiatric and
Neurocognitive Manifestations in HIV-Infected Children Treated With Efavirenz in
South Africa—A Retrospective Case Series. Frontiers in Neurology, 10, 742.
https://doi.org/10.3389/fneur.2019.00742

Hess, C., Levy, B., Hashmi, A. Z., Hogan, J., Greenspan, S., Elber, A., Falcon, K., & Driscoll, D.
F. (2020). Subjective Versus Objective Assessment of Cognitive Functioning in Primary
Care. The Journal of the American Board of Family Medicine, 33(3), 417-425.
https://doi.org/10.3122/jabfm.2020.03.190265

Hilton, D. C., Canu, W. H., & Jarrett, M. A. (2022). The importance of executive functioning for
social skills in college students: A relative weights analysis. Journal of American College

Health, 1-8. https://doi.org/10.1080/07448481.2022.2109038



106

Hoare, J., Fouche, J.-P., Phillips, N., Joska, J. A., Myer, L., Zar, H. J., & Stein, D. J. (2018).
Structural brain changes in perinatally HIV-infected young adolescents in South Africa.
AIDS, 32(18), 2707-2718. https://doi.org/10.1097/QAD.0000000000002024

Hoare, J., Ransford, G. L., Phillips, N., Amos, T., Donald, K., & Stein, D. J. (2014). Systematic
review of neuroimaging studies in vertically transmitted HIV positive children and
adolescents. Metabolic Brain Disease, 29(2), 221-229. https://doi.org/10.1007/s11011-
013-9456-5

Hoskyn, M. J., larocci, G., & Young, A. R. (2017). Executive functions in children’s everyday
lives: A handbook for professionals in applied psychology (M. J. Hoskyn, G. larocci, &
A. R. Young, Eds.; 2017-16828-000). Oxford University Press; psyh.
https://doi.org/10.1093/acprof:0s0/9780199980864.001.0001

Hughes, C., & Graham, A. (2002). Measuring Executive Functions in Childhood: Problems and
Solutions? Child and Adolescent Mental Health, 7(3), 131-142.
https://doi.org/10.1111/1475-3588.00024

Hughes, C., & Leekam, S. (2004). What are the Links Between Theory of Mind and Social
Relations? Review, Reflections and New Directions for Studies of Typical and Atypical
Development. Social Development, 13(4), 590-619. https://doi.org/10.1111/j.1467-
9507.2004.00285.x

Ipser, J. C., Brown, G. G., Bischoff-Grethe, A., Connolly, C. G, Ellis, R. J., Heaton, R. K.,
Grant, ., & Translational Methamphetamine AIDS Research Center (TMARC) Group.
(2015). HIV Infection Is Associated with Attenuated Frontostriatal Intrinsic Connectivity:
A Preliminary Study. Journal of the International Neuropsychological Society, 21(3),

203-213. https://doi.org/10.1017/S1355617715000156



107

Jacob, R., & Parkinson, J. (2015). The Potential for School-Based Interventions That Target
Executive Function to Improve Academic Achievement: A Review. Review of
Educational Research, 85(4), 512-552. https://doi.org/10.3102/0034654314561338

Jacobs, R., Harvey, A., & Anderson, V. (2007). Executive Function Following Focal Frontal
Lobe Lesions: Impact of Timing of Lesion on Outcome. Cortex, 43(6), 792—-805.
https://doi.org/10.1016/S0010-9452(08)70507-0

Jacques, S., Brocki, K., & Zelazo, P. D. (2009). The Executive Functions of Language in
Preschool Children. In A. Winsler, C. Fernyhough, & I. Montero (Eds.), Private Speech,
Executive Functioning, and the Development of Verbal Self-Regulation (1st ed., pp. 53—
68). Cambridge University Press. https://doi.org/10.1017/CB09780511581533.005

Jiang, X., Barasky, R., Olsen, H., Riesenhuber, M., & Magnus, M. (2016). Behavioral and
neuroimaging evidence for impaired executive function in ‘cognitively normal’ older
HIV-infected adults. AIDS Care, 28(4), 436-440.
https://doi.org/10.1080/09540121.2015.1112347

Kahlert, J., Gribsholt, S. B., Gammelager, H., Dekkers, O. M., & Luta, G. (2017). Control of
confounding in the analysis phase—An overview for clinicians. Clinical Epidemiology,
9, 195-204. https://doi.org/10.2147/CLEP.S129886

Kapetanovic, S., Griner, R., Zeldow, B., Nichols, S., Leister, E., Gelbard, H. A., Miller, T. L.,
Hazra, R., Mendez, A. J., Malee, K., Kammerer, B., & Williams, P. L. (2014).
Biomarkers and neurodevelopment in perinatally HIV-infected or exposed youth: A
structural equation model analysis. AIDS, 28(3), 355-364.
https://doi.org/10.1097/QAD.0000000000000072

Kemp, S. L., & Korkman, M. (2010). Essentials of NEPSY-II assessment. John Wiley & Sons.



108

Khiati, A., Chaloin, O., Muller, S., Tardieu, M., & Horellou, P. (2010). Induction of monocyte
chemoattractant protein-1 (MCP-1/CCL2) gene expression by human immunodeficiency
virus-1 Tat in human astrocytes is CDK9 dependent. Journal of Neurovirology, 16(2),
150-167. https://doi.org/10.3109/13550281003735691

Klenberg, L. (2015). Assessment and development of executive functions in school-age children
[Academic Dissertation]. Institute of Behavioural Sciences University of Helsinki.

Koekkoek, S., de Sonneville, L. M. J., Wolfs, T. F. W., Licht, R., & Geelen, S. P. M. (2008).
Neurocognitive function profile in HIV-infected school-age children. European Journal
of Paediatric Neurology, 12(4), 290-297. https://doi.org/10.1016/j.ejpn.2007.09.002

Korkman, M., Kirk, U., & Kemp, S. (2007). Nepsy.

Kusi-Mensah, K., Nuamah, N. D., Wemakor, S., Agorinya, J., Seidu, R., Martyn-Dickens, C., &
Bateman, A. (2022). A Systematic Review of the Validity and Reliability of Assessment
Tools for Executive Function and Adaptive Function Following Brain Pathology among
Children and Adolescents in Low- and Middle-Income Countries. Neuropsychology
Review, 32(4), 974-1016. https://doi.org/10.1007/s11065-022-09538-3

Landa, R. J., & Goldberg, M. C. (2005). Language, Social, and Executive Functions in High
Functioning Autism: A Continuum of Performance. Journal of Autism and
Developmental Disorders, 35(5), 557-573. https://doi.org/10.1007/s10803-005-0001-1

Laughton, B., Cornell, M., Boivin, M., & Van Rie, A. (2013). Neurodevelopment in perinatally
HIV-infected children: A concern for adolescence. Journal of the International AIDS

Society, 16(1), 18603. https://doi.org/10.7448/1AS.16.1.18603



109

Laureiro-Martinez, D., & Brusoni, S. (2018). Cognitive flexibility and adaptive decision-making:
Evidence from a laboratory study of expert decision makers. Strategic Management
Journal, 39(4), 1031-1058. https://doi.org/10.1002/smj.2774

Lehto, J. E., Juujarvi, P., Kooistra, L., & Pulkkinen, L. (2003). Dimensions of Executive
Functioning: Evidence from Children. British Journal of Developmental Psychology,
21(1), 59-80. https://doi.org/10.1348/026151003321164627

Leidl, L., Mayanja-Kizza, H., Sotgiu, G., Baseke, J., Ernst, M., Hirsch, C., Goletti, D., Toossi,
Z., & Lange, C. (2010). Relationship of immunodiagnostic assays for tuberculosis and
numbers of circulating CD4+ T-cells in HIV infection. European Respiratory Journal,
35(3), 619-626. https://doi.org/10.1183/09031936.00045509

LeJeune, B., Beebe, D., Noll, J., Kenealy, L., Isquith, P., & Gioia, G. (2010). Psychometric
support for an abbreviated version of the Behavior Rating Inventory of Executive
Function (BRIEF) Parent Form. Child Neuropsychology: A Journal on Normal and
Abnormal Development in Childhood and Adolescence, 16(2), 182-201.
https://doi.org/10.1080/09297040903352556

Lentoor, A. G. (2020). Clinico-Immunological Status and Neurocognitive Function of Perinatally
Acquired HIV-Positive Children on cART: A Cross-Sectional Correlational Study in
South Africa. Frontiers in Neurology, 11, 243. https://doi.org/10.3389/fneur.2020.00243

Li, Y., Tang, L., Bai, Y., Zhao, S., & Shi, Y. (2020). Reliability and validity of the Caregiver
Reported Early Development Instruments (CREDI) in impoverished regions of China.
BMC Pediatrics, 20(1), 475. https://doi.org/10.1186/512887-020-02367-4

Mackie, N. (2006). Resistance to non-nucleoside reverse transcriptase inhibitors. In A. M.

Geretti, Antiretroviral resistance in clinical practice (pp. 48-64). Mediscript.



110

Madjar, N., Chubarov, E., Zalsman, G., Weiser, M., & Shoval, G. (2019). Social skills, executive
functioning and social engagement. Schizophrenia Research: Cognition, 17, 100137.
https://doi.org/10.1016/j.sc0g.2019.100137

Margolis, D. M., Archin, N. M., Cohen, M. S., Eron, J. J., Ferrari, G., Garcia, J. V., Gay, C. L.,
Goonetilleke, N., Joseph, S. B., Swanstrom, R., Turner, A.-M. W., & Wahl, A. (2020).
Curing HIV: Seeking to Target and Clear Persistent Infection. Cell, 181(1), 189-206.
https://doi.org/10.1016/j.cell.2020.03.005

Martin, E. M., Pitrak, D. L., Rains, N., Grbesic, S., Pursell, K., Nunnally, G., & Bechara, A.
(2003). Delayed nonmatch-to-sample performance in HIV-seropositive and HIV-
seronegative polydrug abusers. Neuropsychology, 17(2), 283-288.
https://doi.org/10.1037/0894-4105.17.2.283

Martin, E. M., Sullivan, T. S., Reed, R. A., Fletcher, T. A., Pitrak, D. L., Weddington, W., &
Harrow, M. (2001). Auditory working memory in HIV-1 infection. Journal of the
International Neuropsychological Society: JINS, 7(1), 20-26.
https://doi.org/10.1017/s1355617701711022

Masten, A. S., & Cicchetti, D. (2010). Developmental cascades. Development and
Psychopathology, 22(3), 491-495. https://doi.org/10.1017/S0954579410000222

Mataramvura, H., Bunders, M. J., & Duri, K. (2023). Human immunodeficiency virus and
antiretroviral therapy-mediated immune cell metabolic dysregulation in children born to
HIV-infected women: Potential clinical implications. Frontiers in Immunology, 14,

1182217. https://doi.org/10.3389/fimmu.2023.1182217



111

McArthur, J., & Smith, B. (2013). Neurologic Complications and Considerations in HIV-
Infected Persons. Current Infectious Disease Reports, 15(1), 61-66.
https://doi.org/10.1007/s11908-012-0312-2

Mekuriaw, B., Belayneh, Z., Teshome, W., & Akalu, Y. (2023). Prevalence and variability of
HIV/AIDS-associated neurocognitive impairments in Africa: A systematic review and
meta-analysis. BMC Public Health, 23(1), 997. https://doi.org/10.1186/s12889-023-
15935-x

Menu, 1., Rezende, G., Le Stanc, L., Borst, G., & Cachia, A. (2022). A network analysis of
executive functions before and after computerized cognitive training in children and
adolescents. Scientific Reports, 12(1), 14660. https://doi.org/10.1038/s41598-022-17695-
X

Miller, D. C. (2013). Essentials of school neurological assessment (Second). Wiley Publishers.

Milligan, R., & Cockcroft, K. (2017). Working Memory Profiles in HIV-Exposed, Uninfected
and HIV-Infected Children: A Comparison with Neurotypical Controls. Frontiers in
Human Neuroscience, 11(348), 1-13. https://doi.org/10.3389/fnhum.2017.00348

Miyake, A., & Friedman, N. P. (2012). The Nature and Organization of Individual Differences in
Executive Functions: Four General Conclusions. Current Directions in Psychological
Science, 21(1), 8-14. https://doi.org/10.1177/0963721411429458

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D.
(2000). The Unity and Diversity of Executive Functions and Their Contributions to
Complex “Frontal Lobe” Tasks: A Latent Variable Analysis. Cognitive Psychology,

41(1), 49-100. https://doi.org/10.1006/cogp.1999.0734



112

Moriguchi, Y., & Hiraki, K. (2009). Neural origin of cognitive shifting in young children.
Proceedings of the National Academy of Sciences of the United States of America,
106(14), 6017-6021. https://doi.org/10.1073/pnas.0809747106

Moriguchi, Y., & Hiraki, K. (2011). Longitudinal development of prefrontal function during
early childhood. Developmental Cognitive Neuroscience, 1(2), 153-162.
https://doi.org/10.1016/j.dcn.2010.12.004

Moriguchi, Y., & Hiraki, K. (2013). Prefrontal cortex and executive function in young children:
A review of NIRS studies. Frontiers in Human Neuroscience, 7.
https://doi.org/10.3389/fnhum.2013.00867

Morris, L. S., Kundu, P., Dowell, N., Mechelmans, D. J., Favre, P., Irvine, M. A., Robbins, T.
W., Daw, N., Bullmore, E. T., Harrison, N. A., & VVoon, V. (2016). Fronto-striatal
organization: Defining functional and microstructural substrates of behavioural
flexibility. Cortex, 74, 118-133. https://doi.org/10.1016/j.cortex.2015.11.004

Musindo, O., Bangirana, P., Kigamwa, P., Okoth, R., & Kumar, M. (2018). Neurocognitive
functioning of HIV positive children attending the comprehensive care clinic at Kenyatta
national hospital: Exploring neurocognitive deficits and psychosocial risk factors. AIDS
Care, 30(5), 618-622. https://doi.org/10.1080/09540121.2018.1426829

Musindo, O., Krabbendam, L., Mutahi, J., Garcia, M. P., Bangirana, P., & Kumar, M. (2022).
Neurocognitive deficits and socioeconomic risk factors among children and adolescents
living with HIV in sub-Saharan Africa: A systematic review. Child and Adolescent
Psychiatry and Mental Health, 16(1), 31. https://doi.org/10.1186/s13034-022-00465-y

Nichols, S. L., Brummel, S. S, Smith, R. A., Garvie, P. A., Hunter, S. J., Malee, K. M.,

Kammerer, B. L., Wilkins, M. L., Rutstein, R., Tassiopoulos, K., Chernoff, M. C., &



113

Mellins, C. A. (2015). Executive Functioning in Children and Adolescents With Perinatal
HIV Infection. Pediatric Infectious Disease Journal, 34(9), 969-975.
https://doi.org/10.1097/INF.0000000000000809

Nichols, S. L., Chernoff, M. C., Malee, K. M., Sirois, P. A., Woods, S. P., Williams, P. L.,
Yildirim, C., Delis, D., & Kammerer, B. (2016). Executive Functioning in Children and
Adolescents With Perinatal HIV Infection and Perinatal HIV Exposure. Journal of the
Pediatric Infectious Diseases Society, 5(suppl 1), S15-S23.
https://doi.org/10.1093/jpids/piw049

Nolan, R., & Gaskill, P. J. (2019). The role of catecholamines in HIV neuropathogenesis. Brain
Research, 1702, 54-73. https://doi.org/10.1016/j.brainres.2018.04.030

Nyvold, O., Nygaard, E., Augusti, E.-M., & Tamnes, C. K. (2022). Unity or diversity of
executive functioning in children and adolescents with post-traumatic stress symptoms?
A systematic review and meta-analysis. Child Neuropsychology, 28(3), 374-393.
https://doi.org/10.1080/09297049.2021.1979950

Olivier, 1., Cacabelos, R., & Naidoo, V. (2018). Risk Factors and Pathogenesis of HIV-
Associated Neurocognitive Disorder: The Role of Host Genetics. International Journal of
Molecular Sciences, 19(11), 3594. https://doi.org/10.3390/ijms19113594

Osborne, O., Peyravian, N., Nair, M., Daunert, S., & Toborek, M. (2020). The Paradox of HIV
Blood-Brain Barrier Penetrance and Antiretroviral Drug Delivery Deficiencies. Trends in
Neurosciences, 43(9), 695-708. https://doi.org/10.1016/j.tins.2020.06.007

Peltzer, K., Mnggundaniso, N., & Petros, G. (2006). A controlled study of an HIV/AIDS/STI/TB
intervention with traditional healers in KwaZulu-Natal, South Africa. AIDS and

Behaviour, 10(1), 683-690.



114

Phillips, N., Amos, T., Kuo, C., Hoare, J., Ipser, J., Thomas, K. G. F., & Stein, D. J. (2016).
HIV-Associated Cognitive Impairment in Perinatally Infected Children: A Meta-analysis.
Pediatrics, 138(5), €20160893. https://doi.org/10.1542/peds.2016-0893

Phillips, N. J., Hoare, J., Stein, D. J., Myer, L., Zar, H. J., & Thomas, K. G. F. (2018). HIV-
associated cognitive disorders in perinatally infected children and adolescents: A novel
composite cognitive domains score. AIDS Care, 30(supl), 8-16.
https://doi.org/10.1080/09540121.2018.1466982

Phillips, N., Thomas, K. G. F., Mtukushe, B., Myer, L., Zar, H. J., Stein, D. J., & Hoare, J.
(2022). Youth perinatal HIV-associated neurocognitive disorders: Association with
functional impairment. AIDS Care, 34(2), 227-231.
https://doi.org/10.1080/09540121.2021.1891191

Poltronieri, P., Sun, B., & Mallardo, M. (2015). RNA Viruses: RNA Roles in Pathogenesis,
Coreplication and Viral Load. Current Genomics, 16(5), 327-335.
https://doi.org/10.2174/1389202916666150707160613

Puthanakit, T., Ananworanich, J., Vonthanak, S., Kosalaraksa, P., Hansudewechakul, R., Van
Der Lugt, J., Kerr, S. J., Kanjanavanit, S., Ngampiyaskul, C., Wongsawat, J.,
Luesomboon, W., Vibol, U., Pruksakaew, K., Suwarnlerk, T., Apornpong, T.,
Ratanadilok, K., Paul, R., Mofenson, L. M., Fox, L., ... Ruxrungtham, K. (2013).
Cognitive Function and Neurodevelopmental Outcomes in HIV-infected Children Older
Than 1 Year of Age Randomized to Early Versus Deferred Antiretroviral Therapy: The
PREDICT Neurodevelopmental Study. Pediatric Infectious Disease Journal, 32(5), 501-

508. https://doi.org/10.1097/INF.0b013e31827fb19d



115

Rasmussen, C., Tamana, S., Baugh, L., Andrew, G., Tough, S., & Zwaigenbaum, L. (2013).
Neuropsychological impairments on the NEPSY-11 among children with FASD. Child
Neuropsychology, 19(4), 337-349. psyh. https://doi.org/10.1080/09297049.2012.658768

Reynolds, C. R., & Kamphaus, R. W. (2004). Behavior assessment system for children-second
edition (BASC-2). Cricle Pines.

Rochat, T. J., Houle, B., Stein, A., Pearson, R. M., Newell, M. L., & Bland, R. M. (2017). Cohort
Profile: The Siyakhula Cohort, rural South Africa. International Journal of
Epidemiology, 46(6), 1755-1756n. https://doi.org/10.1093/ije/dyx148

Roth, R. M., Isquith, P. K., & Gioia, G. A. (2014). Assessment of Executive Functioning Using
the Behavior Rating Inventory of Executive Function (BRIEF). In S. Goldstein & J. A.
Naglieri (Eds.), Handbook of Executive Functioning (pp. 301-331). Springer New York.
https://doi.org/10.1007/978-1-4614-8106-5_18

Rowe, K., Buivydaite, R., Heinsohn, T., Rahimzadeh, M., Wagner, R. G., Scerif, G., & Stein, A.
(2021). Executive function in HIV-affected children and adolescents: A systematic
review and meta-analyses. AIDS Care, 33(7), 833-857.
https://doi.org/10.1080/09540121.2021.1873232

Rubin, L. H., Li, Y., Fitzgerald, K. C., Dastgheyb, R., Spence, A. B., Maki, P. M., Sharma, A,
Gustafson, D. R., Milam, J., Weber, K. M., Adimora, A. A., Haughey, N. J., Ofotokun, 1.,
Fischl, M. A., Konkle-Parker, D., Xu, Y., & Williams, D. W. (2021). Associations
between Antiretrovirals and Cognitive Function in Women with HIV. Journal of
Neuroimmune Pharmacology, 16(1), 195-206. https://doi.org/10.1007/s11481-020-

09910-1



116

Saarikivi, K., Chan, T. M. V., Huotilainen, M., Tervaniemi, M., & Putkinen, V. (2023).
Enhanced neural mechanisms of set shifting in musically trained adolescents and young
adults: Converging fMRI, EEG, and behavioral evidence. Cerebral Cortex, 33(11),
7237-7249. https://doi.org/10.1093/cercor/bhad034

Sabat, C., Arango, P., Tassé, M. J., & Tenorio, M. (2020). Different abilities needed at home and
school: The relation between executive function and adaptive behaviour in adolescents
with Down syndrome. Scientific Reports, 10(1), 1683. https://doi.org/10.1038/s41598-
020-58409-5

Salehinejad, M. A., Ghanavati, E., Rashid, M. H. A., & Nitsche, M. A. (2021). Hot and cold
executive functions in the brain: A prefrontal-cingular network. Brain and Neuroscience
Advances, 5, 23982128211007769. https://doi.org/10.1177/23982128211007769

Salthouse, T. A., Atkinson, T. M., & Berish, D. E. (2003). Executive Functioning as a Potential
Mediator of Age-Related Cognitive Decline in Normal Adults. Journal of Experimental
Psychology: General, 132(4), 566-594. https://doi.org/10.1037/0096-3445.132.4.566

Sanzone, L. A,, Lee, J. Y., Divaris, K., DeWalt, D. A., Baker, A. D., & Vann, W. F. (2013). A
cross sectional study examining social desirability bias in caregiver reporting of
children’s oral health behaviors. BMC Oral Health, 13, 24. https://doi.org/10.1186/1472-
6831-13-24

Scott, M. N., Hunter, S. J., Joseph, R. M., O’Shea, T. M., Hooper, S. R., Allred, E. N., Leviton,
A., & Kuban, K. (2017). Neurocognitive Correlates of Attention-Deficit Hyperactivity
Disorder Symptoms in Children Born at Extremely Low Gestational Age. Journal of
Developmental and Behavioral Pediatrics: JDBP, 38(4), 249-259.

https://doi.org/10.1097/DBP.0000000000000436



117

Shalev, L., Tsal, Y., & Mevorach, C. (2007). Computerized progressive attentional training
(CPAT) program: Effective direct intervention for children with ADHD. Child
Neuropsychology : A Journal on Normal and Abnormal Development in Childhood and
Adolescence, 13(4), 382—-388. https://doi.org/10.1080/09297040600770787

Sharer, L. R., & Cho. (1989). Neuropathology of HIV infection: Adults versus children.
Progress in AIDS Pathology, 1(1), 131-141.

Shen, K.-K., Welton, T., Lyon, M., McCorkindale, A. N., Sutherland, G. T., Burnham, S., Fripp,
J., Martins, R., & Grieve, S. M. (2020). Structural core of the executive control network:
A high angular resolution diffusion MRI study. Human Brain Mapping, 41(5), 1226—
1236. https://doi.org/10.1002/hbm.24870

Shimoni, M., Engel-Yeger, B., & Tirosh, E. (2012). Executive dysfunctions among boys with
Attention Deficit Hyperactivity Disorder (ADHD): Performance-based test and parents
report. Research in Developmental Disabilities, 33(3), 858-865.
https://doi.org/10.1016/j.ridd.2011.12.014

Shuttleworth-Edwards, A. B., & Truter, S. (2023). Cross-cultural cognitive test norms: An
advanced collation from Africa (First edition 2023). Inter-ED Publishers.

Slogrove, A. L., Goetghebuer, T., Cotton, M. F., Singer, J., & Bettinger, J. A. (2016). Pattern of
Infectious Morbidity in HIV-Exposed Uninfected Infants and Children. Frontiers in
Immunology, 7. https://doi.org/10.3389/fimmu.2016.00164

Smolker, H. R., Friedman, N. P., Hewitt, J. K., & Banich, M. T. (2018). Neuroanatomical
Correlates of the Unity and Diversity Model of Executive Function in Young Adults.
Frontiers in Human Neuroscience, 12(1), 283-296.

https://doi.org/10.3389/fnhum.2018.00283



118

Spudich, S., Robertson, K. R., Bosch, R. J., Gandhi, R. T., Cyktor, J. C., Mar, H., Macatangay,
B. J., Lalama, C. M., Rinaldo, C., Collier, A. C., Godfrey, C., Eron, J. J., McMahon, D.,
Jacobs, J. L., Koontz, D., Hogg, E., Vecchio, A., & Mellors, J. W. (2019). Persistent
HIV-infected cells in cerebrospinal fluid are associated with poorer neurocognitive
performance. Journal of Clinical Investigation, 129(8), 3339-3346.
https://doi.org/10.1172/JCI1127413

Stats SA. (2021). Statistical release.
https://www.statssa.gov.za/publications/P0302/P03022017.pdf

Sturdevant, C. B., Dow, A., Jabara, C. B., Joseph, S. B., Schnell, G., Takamune, N., Mallewa,
M., Heyderman, R. S., Van Rie, A., & Swanstrom, R. (2012). Central Nervous System
Compartmentalization of HIV-1 Subtype C Variants Early and Late in Infection in Young
Children. PLoS Pathogens, 8(12), e1003094.
https://doi.org/10.1371/journal.ppat.1003094

Tomasi, D., Chang, L., de Castro Caparelli, E., Telang, F., & Ernst, T. (2006). The human
immunodeficiency virus reduces network capacity: Acoustic noise effect. Annals of
Neurology, 59(2), 419-423. https://doi.org/10.1002/ana.20766

Toplak, M. E., Bucciarelli, S. M., Jain, U., & Tannock, R. (2008). Executive Functions:
Performance-Based Measures and the Behavior Rating Inventory of Executive Function
(BRIEF) in Adolescents with Attention Deficit/Hyperactivity Disorder (ADHD). Child
Neuropsychology, 15(1), 53-72. https://doi.org/10.1080/09297040802070929

Toplak, M. E., West, R. F., & Stanovich, K. E. (2013). Practitioner Review: Do performance-
based measures and ratings of executive function assess the same construct? Journal of

Child Psychology and Psychiatry, 54(2), 131-143. https://doi.org/10.1111/jcpp.12001



119

Truter, S., Tau, P., Thulare, S. I., Mthembu, S. A., Kene, S., Polden, K., & Shuttleworth-
Edwards, A. B. (2017). Investigating the development of the NEPSY Il for use in a
multicultural pediatric population. INS 2017 Mid-Year Congress, Cape Town.

Tsujii, T., Yamamoto, E., Masuda, S., & Watanabe, S. (2009). Longitudinal study of spatial
working memory development in young children. NeuroReport, 20(8), 759-763.
https://doi.org/10.1097/WNR.0b013e32832aa975

Tsujimoto, S. (2004). Prefrontal Cortical Activation Associated with Working Memory in Adults
and Preschool Children: An Event-related Optical Topography Study. Cerebral Cortex,
14(7), 703-712. https://doi.org/10.1093/cercor/bhh030

UNAIDS. (2022). In Danger: UNAIDS Global AIDS Update. Geneva: Joint United Nations
Programme.

UNAIDS. (2023). The Path that Ends Aids [Geneva: Joint United Nations Programme].

Underwood, J., Robertson, K. R., & Winston, A. (2015). Could antiretroviral neurotoxicity play
a role in the pathogenesis of cognitive impairment in treated HIV disease? AIDS, 29(3),
253-261. https://doi.org/10.1097/QAD.0000000000000538

UNICEF. (2023). The State of the World’s Children. https://data.unicef.org/wp-
content/uploads/2023/05/SOWC-2023-full-report-English.pdf

Van Den Hof, M., Ter Haar, A. M., Scherpbier, H. J., Van Der Lee, J. H., Reiss, P., Wit, F. W.
N. M., Oostrom, K. J., & Pajkrt, D. (2019). Neurocognitive Development in Perinatally
Human Immunodeficiency Virus—infected Adolescents on Long-term Treatment,
Compared to Healthy Matched Controls: A Longitudinal Study. Clinical Infectious

Diseases, ciz386. https://doi.org/10.1093/cid/ciz386



120

Vazquez-Santiago, F. J., Noel, R. J., Porter, J. T., & Rivera-Amill, V. (2014). Glutamate
metabolism and HIV-associated neurocognitive disorders. J Neurovirol, 20(4), 315-331.
https://doi.org/10.1007/s13365-014-0258-2

Veraksa, A., Almazova, O., & Bukhalenkova, D. (2020). Studying executive functions in senior
preschoolers. PsyCh Journal, 9(1), 144-146. https://doi.org/10.1002/pchj.310

Verma, J. P. (2019). Research Design in Psychology. In J. P. Verma, Statistics and Research
Methods in Psychology with Excel (pp. 333-363). Springer Singapore.
https://doi.org/10.1007/978-981-13-3429-0_9

Vidya Vijayan, K. K., Karthigeyan, K. P., Tripathi, S. P., & Hanna, L. E. (2017).
Pathophysiology of CD4+ T-Cell Depletion in HIV-1 and HIV-2 Infections. Frontiers in
Immunology, 8, 580. https://doi.org/10.3389/fimmu.2017.00580

Walker, K. A., & Brown, G. G. (2018). HIV-associated executive dysfunction in the era of
modern antiretroviral therapy: A systematic review and meta-analysis. Journal of
Clinical and Experimental Neuropsychology, 40(4), 357-376.
https://doi.org/10.1080/13803395.2017.1349879

Whitehead, N., Potterton, J., & Coovadia, A. (2014). The neurodevelopment of HIV-infected
infants on HAART compared to HIV-exposed but uninfected infants. AIDS Care, 26(4),
497-504. https://doi.org/10.1080/09540121.2013.841828

Wiebe, S. A., Espy, K. A., & Charak, D. (2008). Using confirmatory factor analysis to
understand executive control in preschool children: I. Latent structure. Developmental
Psychology, 44(2), 575-587. https://doi.org/10.1037/0012-1649.44.2.575

Williams, M. E., Janse Van Rensburg, A., Loots, D. T., Naudé, P. J. W., & Mason, S. (2021).

Immune Dysregulation Is Associated with Neurodevelopment and Neurocognitive



121

Performance in HIV Pediatric Populations—A Scoping Review. Viruses, 13(12), 2543.
https://doi.org/10.3390/v13122543

Willoughby, M. T., Blair, C. B., Wirth, R. J., & Greenberg, M. (2012). The measurement of
executive function at age 5: Psychometric properties and relationship to academic
achievement. Psychological Assessment, 24(1), 226—2309.
https://doi.org/10.1037/a0025361

Winston, A., & Spudich, S. (2020). Cognitive disorders in people living with HIV. The Lancet
HIV, 7(7), 504-513. https://doi.org/10.1016/S2352-3018(20)30107-7

Wu, K. K., Chan, S. K., Leung, P. W. L., Liu, W.-S., Leung, F. L. T., & Ng, R. (2011).
Components and Developmental Differences of Executive Functioning for School-Aged
Children. Developmental Neuropsychology, 36(3), 319-337.
https://doi.org/10.1080/87565641.2010.549979

Xu, F., Han, Y., Sabbagh, M. A., Wang, T., Ren, X., & Li, C. (2013). Developmental
Differences in the Structure of Executive Function in Middle Childhood and
Adolescence. PLoS ONE, 8(10), e77770. https://doi.org/10.1371/journal.pone.0077770

Yadav, S. K., Gupta, R. K., Garg, R. K., Venkatesh, V., Gupta, P. K., Singh, A. K., Hashem, S.,
Al-Sulaiti, A., Kaura, D., Wang, E., Marincola, F. M., & Haris, M. (2017). Altered
structural brain changes and neurocognitive performance in pediatric HIV. Neurolmage:
Clinical, 14, 316-322. https://doi.org/10.1016/j.nicl.2017.01.032

Yeniad, N., Malda, M., Mesman, J., Van lJzendoorn, M. H., & Pieper, S. (2013). Shifting ability
predicts math and reading performance in children: A meta-analytical study. Learning

and Individual Differences, 23, 1-9. https://doi.org/10.1016/j.lindif.2012.10.004



122

Zelazo, P., Carlson, S., & Kesek, A. (2008). Development of executive function in childhood.
Handbook of Developmental Cognitive Neuroscience, 2nd Edn.

Zelazo, P. D., & Mller, U. (2002). Executive Function in Typical and Atypical Development. In
U. Goswami (Ed.), Blackwell Handbook of Childhood Cognitive Development (1st ed.,
pp. 445-469). Wiley. https://doi.org/10.1002/9780470996652.ch20

Zenebe, Y., Necho, M., Yimam, W., & Akele, B. (2022). Worldwide Occurrence of HIV-
Associated Neurocognitive Disorders and Its Associated Factors: A Systematic Review
and Meta-Analysis. Frontiers in Psychiatry, 13, 814362.
https://doi.org/10.3389/fpsyt.2022.814362

Zondo, S. (2021). Customised Cognitive Rehabilitation for a paediatric HIV/AIDS population
corroborated by fNIRS: The case of Sustained Attention (Research Proposal) [PhD

Research Proposal]. University of Witswatersrand.



123

Appendix A

Demographic Questionnaire

Your name: Date:
Child’s Name: School:

Age of Child: Date of Birth
Name of Shelter

1. Child’s Sex: (circle one): Male Female

2. Child’s Grade:

3. Home language: (circle one): isiZulu isiXhosa Other

4. Handedness (circle one): Left Right Ambidextrous

5. Who is the primary caregiver of the child?

6. What is your relationship to the child? (circle Mother Father Guardian
one):

7. Has your child been diagnosed with HIVV? Yes No
(circle one):

8. Isyour child on ARVs? Yes No




124

9. Does your child take part in regular activities
such as reading and math? If yes, please
specify as well as describe the regularity of
these activities?

10. How would you describe your child’s
personality?

11. Does your child have a history of any of the following?

(@) Neurological disorder: Has your child been diagnosed with any diseases of the brain,
spine or nerves?

Yes No

If Yes please
specify

(b) Traumatic brain injury: Has your child ever suffered a major blow to the head that left
them unconscious for more than 30minutes?

Yes No

If Yes please
specify

(c) Psychiatric disorders: Has your child shown any pattern of behavior that seemed
abnormal/atypical which led to seeking help at a mental hospital?

Yes No

If Yes please
specify

(d) History of pre-natal or birth complications: Were there any complications during
pregnancy (did the pregnancy take the normal 9months) or complicated delivery (e.g. was
the child pulled out using forceps)?
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Yes No

If Yes please
specify

(e) History of learning disability or special education: Has your child ever had any
difficulty with learning concepts, to a point where s/he ended up needing special classes?

Yes No

If Yes please
specify

(f) Two or more repeated grades: Has your child ever had to repeat any grades at school?

Yes No

If Yes please
specify

(9) The use of psychotropic medication: Has your child ever taken medication that changes
their mood or behavior?

Yes No

If Yes please
specify
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Appendix C

Letter To The Director Of HIV Shelter- Request To Conduct Research on Premises

Dear Director,

I am a PhD Psychology student and a member of the University of Witwatersrand’s
Neuroscience Research Laboratory (https://www.witsneurl.com/). For my research, | am
interested in investigating cognitive difficulties that result from the Human Immunodeficiency
Virus (HIV). Recent research indicates that despite advances in the management of HIV
infection through the use of antiretroviral drugs (ARTS), children living with HIV continue to
experience what is referred to as: HIV-Associated Neurocognitive Decline (HAND). This
cognitive decline is thought to result from HIV entering the brain, and affecting brain functions,
that lead to children experiencing difficulty paying attention, and creating long-term memories.
For my research, | am interested in investigating brain plasticity and how brain training

exercises can help reverse some of the decline experienced by children living with HIV.

Who can participate?

I am looking to recruit children at your shelter, between the ages of 7 and 16 years of age, living
with HIV. In addition to your consideration, children will be asked to provide assent to
participant in the study and will be informed that they are free to withdraw from the study at

any point, without being penalised in any way.

What will happen during the study?

For the study, children will complete a number of tasks. Firstly, children will be requested to
complete cognitive tasks that aim to assess attention skills. The cognitive tasks will be based
on two instruments called the NEPSY-II, and the Conner’s Continuous Performance Test
(CPT). Children will complete these cognitive tasks, before and after the brain training
exercises. The brain training exercises will be computerized and designed to specifically train
attention skills. Each child who takes part in the study will be trained independently, by the
researcher and his research assistant. Lastly, to investigate the benefits of the brain training
exercises on children’s attention skills, I will assess children’s brain activity using a safe, non-

invasive instrument called, functional near-infrared spectrometry (fNIRS). fNIRS is a
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neuroimaging technique that indicates hemodynamic (blood) responses due to brain activity.
The data from fNIRS is obtained by using light sources and detectors that are placed on the
children’s scalp. The light sources and detectors indicate how much oxygenated blood
haemoglobin is absorbed in the brain during a cognitive task. The more light is absorbed, the
more active the brain region of interest. This procedure of brain analysis is commonly used

paediatric research with children living in Africa (e.g. Grazioli et al, 2019).

Duration of the Study and Role of Children:

All children will be assessed at the beginning of the study, immediately following the brain
training exercises, and 6 months after completing the brain training exercises. All in all, the
study will last for a duration of about 6 months. The brain training exercises will be completed
at least three times per week, for about 30 minutes per session. Each child will receive 24 brain
training sessions, over a 3 month period using a training program known as the Computerised

Progressive Attentional Training program (CPAT) (Shalev et al., 2007).

What will happen to the findings from the study:

All findings from the study will be kept confidential. If any data from the study is published,
all identifying information such as the children’s identity or the organisation’s identity will be
kept private. Moreover, all results emanating from the study will be shared with you as soon as
they are available.

Who has approved this study?
This study has received ethical approval from the University of the Witwatersrand’s Human

Research Ethics (Medical) Committee.

Who is responsible for this study?

I the Doctoral Candidate (Sizwe Zondo) who is conducting the study is responsible for the
study, and can be contacted at any time with any queries. My supervisors, Dr Ferreira-Correia
and Professor Cockcroft can also be contacted if you have any queries or complaints regarding

the research and any associated risks. All contact details are included at the end of this letter.

Thank you for your time and consideration.
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Should the above be to your satisfaction, and you provide consent for me to conduct research at

your shelter, may you kindly append your signature to the below designation.

Signature: Director

Mr. Sizwe Zondo

Dr Aline Ferreira-Correia

Professor Kate Cockcroft

PhD Psychology
Candidate

Senior Lecturer

Associate Professor

Department of
Psychology

Department of Psychology

Department of Psychology

Rhodes University

University of the Witwatersrand

University of the Witwatersrand

076478146/ 046-603-
8503

0117174527

+27117174511

S.Zondo@ru.ac.za

Aline.FerreiraCorreia@wits.ac.za

Kate.Cockcroft@wits.ac.za




Appendix D

Information Letter To Parent/Guardian Regarding Child Participation In Research

Dear Parent/Guardian

I am a Ph.D. student at the University of Witwatersrand, based in the Department of Psychology.
For my Ph.D. research, | am investigating the effects of the Human Immunodeficiency Virus
(HIV) on children’s thinking abilities. I am particularly interested in exploring how a key
component of our thinking, called ‘sustained attention,” is affected in children living with HIV.
Moreover, | am interested in investigating whether specific brain exercises can help improve
children’s attention skills. To achieve my research goals, | intend to recruit participants aged
between the ages of 7 and 16 years of age to take part in the research study. With the help of the
Director at (name of children’s home) and with your consent, I kindly request the participation
of your child in my research. For the research, all children will be tested independently in a room
located at the children’s home where your child resides. Children will complete a number of
tasks, including (a) psychological measures to assess for attention, (b) complete computer-based
brain training exercises, and (c) undertake neuroimaging sessions to investigate the results of the

brain training exercises.

All the above techniques will be administered by a researcher who is trained in the administration
of these tasks. All psychological measures will be done at the beginning of the study,
immediately following the brain training exercises, and 6 months after the children complete the
brain training exercises. The average time to complete the psychological measures will be
roughly 45 minutes. (b) The computer brain training exercises include tasks to train attention
skills amongst participants. The brain training exercises will be completed at least three times
per week, for about 30 minutes per session. In total, children will receive approximately 24 brain
training exercise sessions, over a 3 month period, using the Computerised Progressive
Attentional-Training program (CPAT) (Shalev et al., 2007).

(c) Lastly, to investigate the benefits of the brain training exercises on children’s attention skills,
your child’s brain activity will be assessed using a safe, non-invasive instrument called functional

near-infrared spectrometry (fNIRS). This imaging technique allows us to study hemodynamic
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(blood) responses in children's brains as they respond to brain training. We acquire the imaging
data by using light sources and detectors that are placed on the children’s scalp. The light sources
and detectors indicate how much oxygenated blood is absorbed by haemoglobin (a protein in
blood) in the brain, during the attention tasks, before and after the brain training. All in all,
children will be assessed for attention at the beginning of the study, immediately following the

brain training exercises, and 6 months after completing the brain training exercises.

My research does not envisage any risks or harm to your child. Participation in the study will be
voluntary, and your child will be able to withdraw from the study at any point. Moreover, your
child’s name or other identifying details will not be used at any point during the study to identify
their participation in the research. Should you have any questions, please do not hesitate to
contact me or my research supervisors, Dr. Ferreira-Correia and/or Professor Cockcroft, for any

queries or complaints regarding the research. All contact details are included below.
Thank you for your time and consideration.

Should the above be to your satisfaction, please read and complete the ‘Informed Consent’ form

below.

Yours Sincerely,
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Student Research Supervisor Research Supervisor
Researcher

Mr. Sizwe Zondo Dr Aline Ferreira-Correia Professor Kate Cockcroft
Ph.D. Senior Lecturer Associate Professor
Psychology

Candidate

Department of Department of Psychology Department of
Psychology Psychology

Rhodes University of the University of the
University Witwatersrand Witwatersrand
076478146/ 046- 0117174527 +27117174511
603-8503

S.Zondo@ru.ac.z Aline.FerreiraCorreia@wits.ac. Kate.Cockcroft@wits.ac.
a za za
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Appendix E

Informed Consent Form for Parents/Guardian of HIV+ Children Living at the Shelter

The study has been explained to me, and my questions have been answered. | have understood that
participation in this study is voluntary and that | may withdraw my child at any point. | understand
that my child will not be identified except by an initial and that this anonymity will be maintained
throughout the study and when the research is published.

| consent to participate and to allow my child to participate in this study

Child’s Name
Signature of Parent/Guardian
Date

| hereby give consent for cognitive data to be collected from my child in order to for the researchers
to analyse attention skills in my child. I understand that cognitive function data will be acquired
using psychological instruments that assess attention and psychological skills. | also provide
consent for my child to undertake the brain training exercises to remediate attention skills. I also
provide consent for fNIRS neuroimaging to be used to collect blood hemodynamic responses
related to brain activity in my child. | understand that fNIRS neuroimaging is a safe, and non-
invasive, technique used for research purposes, and | provide consent for data emanating from the
use of this imaging technique to be stored at the Department of Psychology, at Wits University, or
at Rhodes University for research purposes.

Signature of Parent/Guardian

Signature of Researcher
Date

{Parent/guardian}___has been informed of the purpose, procedures, and any possible risks of this
study. He/she has been given time to ask any questions, and these questions have been answered

to the best of my ability. He/she understands that participation is voluntary.

Researcher

Signature & Date
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Appendix F

Assent Form: Collection of Psychological and Neuroimaging Data

Good day! I would like to tell you about a research study that I am doing. A research study allows
us to learn about the world. In this research study, we want to learn more about how your brain

works.

If you join this study, | will ask you to wear something that looks like a cap around your head. This
cap will not hurt you at all. You can see how the cap looks from the picture below. You might be
asking yourself, how does the cap work? Let me explain. Have you ever been in a dark room, and
someone shined a light into the room for you to see where you were? The cap does the same thing.
It has a place that shines light into your brain. It also has a place that collects the shined light. In
the picture below you can see two knobs. One knob represents the light that we shine into your
head, the other knob represents the light that is collected on the other side. The small arrows show
the direction of the light as it travels through your brain. We want to know how much of the shined

light as taken up by your brains and how much as collected back, as you do various thinking task.

During the study, I will ask you to complete some tasks and play a few games with me. In one of
the games, you will look into a computer screen, sometimes you will see letters (A, B), and
sometimes you will see an ‘+’ sign like you can see below. Some of the games will involve looking
at pictures with me. I will ask to see you often as I train you to improve on the above games. Every
time we meet we will have new training tasks on a computer, and you will get better at the game.

If you get tired, then we can take a break.
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You do not have to join this study if you do now want to. It is also fine if you join the study, but

change your mind to say you want to stop.

Do you have any questions?

{Participant’s name} has been informed of the purpose, procedures, and possible

risks of this study. S/he has also been granted the opportunity to ask questions, and all the questions
have been answered to the best of my ability. The participant understands that participation in the
study is completely voluntary.

Researcher

Signature & Date
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Appendix G

Data Permission Request

Dear Nike Mes (719430)
SUBJECT: Permission to Receive Data

This letter serves as an acknowledgement of your request to receive the anonymised data from
the BRIEF and NEPSY-II assessments collected from 42 participants in the “Customised
Cognitive Rehabilitation for a paediatric HIV/AIDS population corroborated by fNIRS: The case
of Sustained Attention” research study. This database was requested for use in your master’s
thesis, titled ‘Executive Functioning in a HIV-Positive Paediatric Population’. The following

restrictions apply to scope of study, participant protection protocol, and data extent usage.

Scope of the Study

The research project, ‘Executive Functioning in a HIV-Positive Paediatric Population’, is
supervised by Professor Kate Cockcroft and Mr Sizwe Zondo. The aim of this proposed study is
to use the requested secondary data in order to compare executive functioning (EFs) of children
and adolescents with HIV-Associated Neurocognitive Disorder (HAND) to that of typically
developing peers. To determine which EFs are affected, a comparison with the control will
identify areas where children living with HIV perform significantly poorer or comparable on two
measures of EF, namely the A Developmental Neuropsychological Assessment (NEPSY-II) and
the Behaviour Rating Inventory of Executive Function (BRIEF). Additionally, this study will aim
to explore the intercorrelations between the participants’ scores on the NEPSY-II subtest and the
BRIEF to determine whether the measures tap similar or separate EFs.

This study will be directed by three key research questions:

1. Do HIV+ South African children with HAND show compromised executive function
compared to those of a typically developing paediatric population?

2. Specifically, which executive functions are affected in HIV+ South African children living
with HAND?

3. To what extent does the parent/teacher rating on the BRIEF correlate with the NEPSY-II
scores? (Do the BRIEF and NEPSY-II measures tap similar or different EFs)



Participant Protection Protocol
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This section serves to outline the protocol used to protect the participant’s data, anonymity and

confidentiality. As you are requesting an anonymous database, and no identifying information

regarding the setting or participants will be provided in the data analysis or write-up of the study,

the anonymity and confidentiality of the participants will be ensured. Furthermore, the data will

not be shared with anyone without the expressed, written permission of both Mr Zondo and his

supervisors. Finally, the data will be stored on a password-protected computer with restricted

access. If the data is transported, it will first be encrypted and password protected first.

Data Usage Extent

This letter serves as permission for the data to be used in the research project ‘Executive

Functioning in a HIV-Positive Paediatric Population’ towards the research report of Nike Mes’

Masters in Social and Psychological Research at the University of the Witwatersrand, 2023-

2024. If the results prove to be publishable, this may be considered in discussion with ourselves,

who would be co-authors on the publication.

If you require any further information or clarification, do not hesitate to contact us.

Kind Regards,
Signature:

L
T Fm e oo
('7..1:;'/ ==

Signature:

s

Signature:

‘g

Mr. Sizwe Zondo

Dr Aline Ferreira-Correia

Professor Kate Cockcroft

PhD Candidate

Senior Lecturer

Professor

Department of
Psychology

Department of Psychology

Department of Psychology

Rhodes University

University of the Witwatersrand

University of the Witwatersrand

076478146/ 046-603-
8503

0117174527

+27117174511

S.Zondo@ru.ac.za

Aline.FerreiraCorreia@wits.ac.za

Kate.Cockcroft@wits.ac.za
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Appendix H

Ethical Clearance Certificate for Ms Nike Mes

UNIVERSITY OF THE é
WITWATERSRAND. \&7
JOHANNESBURG

SCHOOL OF HUMAN AND COMMUNITY DEVELOPMENT ETHICS COMMITTEE
CONSTITUTED UNDER THE UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE (NON-MEDICAL)

CLEARANCE CERTIFICATE PROTOCOL NUMBER: MAPSYC/23/0TW
BPROJECT TITLE: Executive Functioning in a HIV-positive Paediatric Population.
INVESTIGATOR Mes Nike Francis (719430)
SCHOOL/DEPARTMENT OF INVESTIGATOR SHCD/Psychology
DATE CONSIDERED 14 June 2023
DECISION OF THE COMMITTEE Approved unconditionally
RISKLEVEL No Risk
EXPIRY DATE 31 December 2025
e

! TIFICAT 03 June 2023 CHAIRPERSON </

(Dr Aline Ferreira Correia)

cc: Prof. Kate Cockcroft (Supervisor)

DECLARATION OF INVESTIGATOR

To be completed in duplicate and ONE COPY retumed b the Chairperson of the School/Department ethics
committee.

I/we fully understand the conditions under which | am/iwe are authorized to camry out the abovementioned research

and |/we guaraniee to ensure compliance with these conditons, Should any departure be contemplated from the
research procedure as approved, |/we undertake to submit an amendment of the protocol to the Commitiee.

12, 07 1 2023

PLEASE QUOTE THE PROTOCOL NUMBER ON ALL ENQUIRIES
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Data Management

Dependent Variable Descriptions
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Variable Test Description Standardised Score
Auditory Attention NEPSY-II
AA Total Correct ] Scaled Score (Ages 6-12)
Primary Score .
Percentile Rank (Ages 13-16)
AA Commission Errors Percentile Rank
AA Omission Errors Percentile Rank
AA Inhibitory Errors Percentile Rank
Response Set NEPSY-II
RS Total Correct ) Scaled Score (Ages 6-12)
Primary Score
Percentile Rank (Ages 13-16)
RS Commission Errors Percentile Rank
RS Omission Errors Percentile Rank
RS Inhibitory Errors Percentile Rank
Inhibition-Naming NEPSY-II
INN Total Errors Percentile Rank
INN Total Completion Primary Score Scaled Score
Inhibition-Inhibition NEPSY-II
INI Total Errors Percentile Rank
INI Total Completion Primary Score Scaled Score
Inhibition-Switching NEPSY-II
INS Total Errors Percentile Rank
INS Total Completion Primary Score Scaled Score
Memory for Faces NEPSY-II
MF Total Score Primary Score Scaled Score
Memory for Faces Delayed NEPSY-II
MFD Total Score Primary Score Scaled Score
Word List Interference NEPSY-II
WI Repetition Primary Score Scaled Score
WI Recall Primary Score Scaled Score
Speeded Naming NEPSY-II

SN Completion Time

Primary Score

Scaled Score



SN Total Correct

SN Total Self-Corrected
Inhibit

Shift

Working Memory
Behavioural Regulation Index
Metacognition Index

Global Executive Composite

BRIEF
BRIEF
BRIEF
BRIEF
BRIEF
BRIEF

BRI subtest; Primary Score
BRI subtest; Primary Score
MI subtest; Primary Score
Primary Score

Primary Score

Primary Score
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Percentile Rank

Percentile Rank

T Scores and Percentile Rank
T Scores and Percentile Rank
T Scores and Percentile Rank
T Scores and Percentile Rank
T Scores and Percentile Rank

T Scores and Percentile Rank
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Appendix J

Normality Outputs
TableJ 1

Normality Statistics of Primary Scores for subtests from the NEPSY-1l and BRIEF

Variable Skewness Kurtosis Shapiro-Wilk
AA Total Correct -0.785 -0.596 0.866*
AA Commission Errors 2.193 6.920 0.791*
AA Omission Errors 0.699 -0.784 0.874*
AA Inhibitory Errors -0.570 -1.202 0.858*
RS Total Correct -0.837 -0.488 0.881*
RS Commission Errors 2.266 4.651 0.604*
RS Omission Errors 0.934 -0.139 0.883*
RS Inhibitory Errors 0.938 0.374 0.715*
INN Total Errors 4.860 25.353 0.356*
INN Total Completion 4.102 21.618 0.560*
INI Total Errors 2.024 4.460 0.781*
INI Total Completion 2.488 9.566 0.784*
INS Total Errors 0.373 -0.877 0.938*
INS Total Completion 2.027 5.827 0.827*
Memory for Faces 0.216 -0.829 0.950
Memory for Faces Delayed -0.339 -0.182 0.964
Word List Interference- Repetition 0.662 -0.137 0.949
Word List Interference- Recall 0.325 0.082 0.977
SN Completion Time 4.122 21.036 0.586*
SN Total Correct -1.733 3.418 0.728*
SN Total Self-Corrected 0.717 -0.617 0.844*

Brief Inhibit -.0151 4.286 0.819*



Brief Shift

Brief Working Memory
Behavioural Regulation Index
Metacognition Index

Global Executive Composite

0.752

-0.280

0.656

1.538

0.894

1.324

0.996

3.684

6.714

5.960

0.905*

0.933*

0.827*

0.810*

0.839*

141

Notes. *p < .05.
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Figure 5

Distribution Pattern of RS Total Correct (n = 40)
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Figure 6
Distribution Pattern of RS Commission Errors (n = 40)
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Figure 9
Distribution Pattern of INN Total Errors (n = 40)
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Figure 10
Distribution Pattern of INN Total Completion (n = 40)
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Figure 11
Distribution Pattern of INI Total Errors (n = 40)
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Figure 12
Distribution Pattern of INI Total Completion (n = 40)
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Figure 13
Distribution Pattern of INS Total Errors (n = 40)
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Figure 15
Distribution Pattern of MF Total Score (n = 40)
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Figure 16
Distribution Pattern of MFD Total Score (n =40)

Frequency

8

MFD Total Score



Figure 19

Figure 17
Distribution Pattern of WI Repetition (n = 40) Distribution Pattern of SN Completion Time (n = 40)
8 23
20
]
> >
g g 15
5
E g
L ra
10
5
o 0 3 10 13 20 -—
0 50 100 150 200 230
WI Repetition
SN Completion Time (in seconds)
Figure 18 Figure 20
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Figure 21 Figure 23
Distribution Pattern of SN Total Self-Corrected (n=40) Distribution Pattern of BRIEF Shift (n=36)
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Figure 25

Distribution Pattern of Behavioural Regulation Index (n=36)
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Figure 26
Distribution Pattern of Metacognition Index (n=36)
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Figure 27

Distribution Pattern of Global Executive Composite (n=36)
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Appendix K

Descriptive Statistics

Table K 1
Descriptive Statistics for HIV+ Group NEPSY-I1I Percentile Rank, Standardised Scores

Frequencies

Variable n <2 2-5 6-10 11-25 26-50 51-75 >75
Inhibition-Naming
40 13 1 0 9 0 16 1
INN Total Errors
Inhibition-Inhibition
40 27 5 1 3 1 1 2
INI Total Errors
Speeded Naming
40 4 6 6 1 1 22 0
SN Total Correct
SN Total Self-Correct 40 9 2 14 2 0 13 0
Auditory Attention
35 22 1 1 0 0 11 0
AA Total Correct
AA Commission Errors 40 30 0 1 0 9 0 0
AA Omission Errors 40 26 2 0 1 1 10 0
AA Inhibitory Errors 40 32 0 0 0 8 0 0
Response Set
35 18 0 2 5 8 1 1
RS Total Correct
RS Commission Errors 40 13 0 0 2 1 1 23
RS Omission Errors 40 18 3 5 2 10 0 2
RS Inhibitory Errors 40 16 0 0 0 0 0 24
Inhibition-Switching
40 37 1 0 2 0 0 0

INS Total Errors




Table L |

Appendix L
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NEPSY-II raw scores for South African Afrikaans-, Pedi-, Southern Sotho-, Tswana-, Xhosa- and Zulu-

speaking children (combined), aged 9-11 in Grades 4-6, with disadvantaged quality of
education.(Shuttleworth-Edwards & Truter, 2023)

NEPSY-II Subtest Variable n Mean SD
Inhibition-Naming INN Total Errors 12 2.00 1.81
INN Tote_ll!iﬁzmpletion 15 56.73 10.17

:RE:E:::SE INI Total Errors 12 5.25 374
INI Tota_:_iCrZT:)empletion 15 70.47 15.49
Speeded Naming SN Completion Time 17 61.47 17.30
SN Total Correct 17 73.24 1.48

SN Total ESrerlc:‘r—sCorrected 17 0.65 1.06

Yx;)errc]iel;(iasrfce WI Repetition 18 15.22 391
WI Recall 18 14.83 6.05

Auditory Attention AA Total Correct 16 27.19 3.49
AA Commission Errors 16 1.75 3.04

AA Omission Errors 16 2.63 3.30

AA Inhibitory Errors 16 0.69 1.30

Memory for Faces MF Total Score 15 11.40 1.99
E/Ieelgwyoerdy for Faces MFD Total Score 15 11.07 3.06
Response Set RS Total Correct 16 31.13 3.10
RS Commission Errors 16 1.75 1.73

RS Omission Errors 16 4.36 3.24

RS Inhibitory Errors 16 1.69 1.62
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Inhibition-Switching INS Total Errors 11 9.36 5.82
INS TotaI'CompIetlon 15 107.20 21.95
Time

Table L 2

NEPSY-I1I raw scores for South African Afrikaans-, Pedi-, Southern Sotho-, Tswana-, Xhosa- and Zulu-speaking
children (combined), aged 14-16 years in Grades 8-10, with disadvantaged quality of education (Shuttleworth-
Edwards & Truter, 2023)

NEPSY-II Subtest Variable n Mean SD
Inhibition-Naming INN Total Errors 20 1.80 2.14
INN TotaI_CompIetlon 20 48.10 1213
Time
Inh!b!t!on— INI Total Errors 20 3.85 439
Inhibition
INI Total F:ompletlon 20 60.25 1224
Time
Speeded Naming SN Completion Time 20 44.18 12.87
SN Total Correct 20 74.00 1.69
SN Total Self-Corrected 0.70
Errors 20 0.98
Word List WI Repetition 12 14.00 357
Interference
WI Recall 12 17.92 4.40
Auditory Attention AA Total Correct 17 28.47 2.18
AA Commission Errors 17 0.35 0.61
AA Omission Errors 17 1.35 2.09
AA Inhibitory Errors 17 0.41 0.71
Memory for Faces MF Total Score 22 12.73 2.69
Memory for Faces MFD Total Score 29 12.86 280
Delayed
Response Set RS Total Correct 17 33.53 3.18



RS Commission Errors
RS Omission Errors
RS Inhibitory Errors
Inhibition-Switching INS Total Errors

INS Total Completion
Time

17

17

17

20

20

2.00

2.00

0.65

7.55

96.59
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4.99

3.02

0.86

4.72

29.91
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Appendix M:

Phase, Duration and Procedure of Mr Zondo’s Overarching Study

Procedure Months Instrument
Phase 1: Baseline assessment of 1 NEPSY
sustained attention for
Experimental and Waiting CPT
List Control Biosensing of
Experimental group fNIRS
Phase 2: Experimental Intervention 2-6 CPAT
group
Cognitive rehabilitation
Phase 3: Post testing Assessment & 6-8 NEPSY
Experimental group (2 Biosensing
SDs from Mean CPT
Group)
fNIRS
Phase 4 Qualitative Interviews 8-9
Phase 5: Waiting list Intervention 10-11

control group

6 MONTHS AFTER PROJECT IS COMPLETE: ASSESSMENT ON INTERVENTION GROUP (Group

2SD from Mean) on NEPSY/CPT



