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Abstract

Introduction: The South African social dynamics, which include socioeconomic status, limited
access to education, a struggling healthcare system, high unemployment, and exposure to
crime and violence, significantly hinder early childhood neurodevelopment by restricting
resources and creating challenging environments. Approximately 71% of South African
children under five live below the upper-bound poverty line, with half not enrolled in early
learning programs. Among those enrolled, 55% are not developmentally on track. Limpopo is
one of the rural provinces that has the highest headcount of adult poverty and children who
are not attending early learning programs. Furthermore, children from rural communities are
more vulnerable to suppressed development potential due to inadequate stimulation and
exposure to adverse experiences. Currently, there is a lack of understanding of how
dysfunctional parent-child interactions (PCDI) and difficult child (DC) behaviors affect early

childhood neurodevelopment domains in children from rural communities of South Africa.

Aim: This study aimed to investigate the impact of dysfunctional parent-child interactions and
difficult child behaviors on early childhood neurodevelopment in rural Mopani District,

Limpopo.

Methodology: This cross-sectional analysis was part of a larger “Birth-to-2” cohort study
(PACTR 201710002683810) conducted in rural Limpopo Province, South Africa. Trained
fieldworkers conducted surveys with caregivers (aged 18 and older) at the household. Neuro
PCDI and DC were measured using the Parenting Stress Index Short Form (PSI™-4-SF) at
17 months of age. Bivariate and multivariate logistic regression were used to assess factors
influencing elevated neuro PCDI scores (>27) and DC scores (>33). Furthermore, multivariate
regression models were used to investigate the effect of clinically elevated neuro PCDI and
DC scores on neurodevelopmental outcomes measured by the Child Rearing and Early

Development Inventory.

Results: The study included 178 mother-child dyads, with 72 pairs from the control arm and
106 pairs from the intervention arm. The mean PCDI scores for the intervention and control
arms were 0.14 (x0.35) and 0.19 (£0.40), respectively. In terms of DC scores, the means were
0.29 (£0.46) for the intervention arm and 0.28 (£0.45) for the control arm. The study found that
elevated PCDI scores were significantly influenced by factors such as the overall child’s health

and stunting, while elevated DC scores were influenced by marital status. Furthermore,



elevated PCDI scores were significantly associated with negative cognitive development,

while elevated DC scores were linked to significant social-emotional challenges.

Conclusion: The findings highlight the significant impact of a clinically elevated score of PCDI
and DC on early childhood neurodevelopment in rural settings. This study underscores the
importance of early interventions targeting parent-child interactions and socioeconomic
support to mitigate developmental delays in rural South African children. Further research is
needed to address the barriers to access for child support grants and other factors affecting

child development in these communities.



Acknowledgements

| am sincerely grateful to Dr Denise Evans for providing me with the opportunity to conduct my
research at Health Economics and Epidemiology Research Office (HE2RO), and for all the
resources and support they provided. Her guidance and mentorship, alongside the resources
and support provided by HE?RO, were essential for me to complete this research study. She
also introduced me to opportunities that greatly fostered my academic growth, for which | will

be forever grateful.

Furthermore, | would like to acknowledge the Epidemiology and Biostatistics Division of the
Wits School of Public Health (WSPH) for allowing me to enroll in the program. The academic
and logistical support | received from the faculty and staff made a valuable contribution to my

success and professional growth throughout my studies.

Lastly, | would also like to extend my heartfelt gratitude to everyone who has supported me
during this journey, whether through guidance, encouragement, or companionship. Their
unwavering support made a significant difference, and | am truly appreciative of their

contributions to both my personal and academic development.



Research Outputs
Conference proceedings

Nelisiwe Mkize, Lezanie Coetzee, Jukka Leppanen, Peter Rockers, and Denise Evans.
2024. The role of parent-child dysfunctional interaction and difficult child on early childhood
development in a cohort of children from rural Limpopo, South Africa. Accepted to present at
the 2024 Annual Young Scientists’ Conference (AYSC) (where only 60 of the 140
applications received were invited to present), 9-11 Sept 2024, Ggeberha. Received the

Best Oral Presentation award.

Nelisiwe Mkize, Lezanie Coetzee, Jukka Leppanen, Peter Rockers, and Denise Evans.
2025. Parent—Child Dysfunctional Interaction and Difficult Child in a cohort of children from
rural Limpopo, South Africa. The Public Health Association of South Africa, 6-9 April 2025,
Western Cape, South Africa.



Table of Contents

Contents
1 Chapter one: Introduction and literature review.................c.ccccooeviiiniiiiccececeee, 13
11 General INtrodUCtiON.............cc.ooiiiiii e 13
1.2 Literature REVIEW ..o 14
1.2.1 Early child development in South African .........cccocevieieiiiieceneeeeee e 14
1.2.2 Parent child-relationship during early childhood development............cccceuenenee. 16
1.2.3 Available tools to assess the status of parent-child interaction............................. 19
1.2.4 Factors affecting parent-child relationship during early childhood development 21
1.2.5 Biological Embedding during early childhood development period ...................... 30
1.2.6 Politics and policy implications on early childhood development.......................... 32
1.2.7 The benefits of investing in positive early childhood development....................... 33
1.2.8  CONCIUSION ...cuiiiieciee bbbttt 33
1.3 Problem statement............ooo e 34
1.4 Research justifiCation ...........cooveeei e 35
1.5 ReSEArCh QUESTION ....c.eeiiiee e s 35
1.6 Research aims and ODJECHVES ..o 35
1.7 REFEIENCES ...t 36
2 Chapter TWO: ManUSCEIPL...........ccoooiiiieeccceeeee ettt 50
21 INtrOdUCHION ... 51
2.2 MEENOAS.........oe et 53
2.2 STUAY AESIGN....uiiiiiiiiiiee e 53
2.2.2 Study site and population............ccoeceririeiiiieeeee s 53
2.2.3  Primary STUAY ....ccooiriiiiiecee et 54
2.2.4  The NEUro SUD-STUAY ......cccooiiiieeciceee ettt st ae s 54
2.2.5  CUITENE ANAIYSIS ....icuiciiieciee ettt et e a e st e s be et e sbe e e e beenneseees 55
2.2.6 Data collection and management ..........ccccceoeiriririnenencceeeee s 55
227 Val@DIES ...ttt 56
2.2.8 StatiStical @QDPIOACH ..........ccvceeiieieeeeeeeee ettt 58
2.2.9 Ethics CONSIAErations ..........cccooiiiiininininiccceeeee e 59
23 RESUIES ...t 59
24 DISCUSSION.......ouiiiiiie ettt b e 59
25 Limitations and future direction .................cccocooiiiiiiinnn e 74
2.6 CONCIUSION ...ttt 75
2.7 AcCKNOowWIedgements............c..oooiieiiiii e e 76

Vi



2.8 CONIDULIONS ... et e et e e e e et e e e e e ee e e e e e e seereeeseannes 76

29 Competing iNLErest.............ocooiiiiie e 76
210 REFEIrENCES........oceeeeeeeeee ettt et ae et nre s 76
G T X o] 1= 4 o [T Y-S 90

vii



List of Figures

Figure 1.1: Parent-child interaction and the role in brain development and function (modified

L1000 0 5 | SRR RTRP 17
Figure 1.2: Showing the influence of parent’s education on child academic development [90]
.............................................................................................................................................................. 27
Figure 1.3: Depicts differences in brain architecture of a normal and toxic stressed individual
(127,129 ettt h bbbttt e e Rt ae b ae st e tente e enean 30
Figure 2. 1:Consort diagram showing data management ... 60
Figure 2. 2: Distribution of neurodevelopment at 17 months by PCDI. Data are presented as
median, |QR @Nd FANQGE. ..ottt sttt bbbt e re et b e aa b ers 70
Figure 2. 3: Distribution of neurodevelopment at 17 months by DC. Data are presented as

median, |QR @Nd FANGE. .......co ittt ettt eenns 71

viii



List of Tables

Table 1.1: Some available instruments to measure parent child interaction.... Error! Bookmark
not defined.

Table 1.2: Three model effects of poverty on child development (sources from [77])............ 21
Table 2. 1: Parent-child dysfunctional interaction (PCDI) and difficult child (DC) sub-scales at

17 months of age (n=178). 61

Table 2. 2: Socio-demographic characteristics of mothers and children pairs enrolled in the

main study, by sub-diStriCt (N=555). ...ccuioiiieicee e 63
Table 2. 3: Factors associated with an elevated PCDI at 17 months.........ccccocovvveeiieveienene, 66
Table 2. 4: Factors associated with an elevated neuro DC at 17 months. .......c.ccceeveerennnee. 67
Table 2. 5: Neurodevelopment mean z-scores for development domains in Tzaneen. ......... 69
Table 2. 6: The impact of elevated PCDI and DC raw scores on neurodevelopment CREDI

=100 == T TSR PRSRRPR 71



List of Abbreviations

ECD - Early Childhood Development

WHO - World Health Organization

SDG -Sustainable Development Goal

PCI -Parent Child Interaction

PCDI - Parent-child Dysfunctional Interaction
DC - Difficult Child

MDAT - Malawi Developmental Assessment Tool
PSI - Parent Stress Index

PSI-SF - Parent Stress Index-Short Form

SA - South Africa

CREDI - Child Rearing and Early Development Inventory
CSG - Child Support Grants

DNA - Deoxyribonucleic Acid

mC - Cytosine methylation

SD - Standard Deviations

IQR - Interquartile Range

OR - Odds Ration

CG - Control Group

IG - Intervention Group

LAZ - Length-for-Age z-score

WHZ - Weight-for-Height z-score

WAZ - Weight-for-Age z-score

BCG - Bacille Calmette-Guérin

OPOO - Oral Poliomyelitis Vaccine at Baseline

OPV1 - Oral Poliomyelitis Vaccine at 6 months



Definitions

Parental Stress Index (PSI) is a tool used to measure the relative stress in the parent-child
relationship. child characteristics in the full scale include distractibility/hyperactivity,
adaptability, reinforcement from parents, demandingness, mood, and acceptability. parent
measures include competence, isolation, attachment, health, role restriction, depression, and
spouse. The PSI is used for early identification of dysfunctional parent-child interactions,
parental stress, family functioning, risk for child abuse and neglect, and for evaluation of child

custody decisions.

Parent-child Dysfunctional Interaction (PCDI) - measures the parent’s perception of the

parent-child relationship and the child not meeting parental expectations.

Difficult Child (DC) - measures the child's behavioral characteristics that may be difficult to

manage by a parent or a caregiver.
Caregiver Reported Early Development Instruments (CREDI) is an instrument designed
for an assessment of ECD for children between 0 and 35 months, flexible to be used across

a wide variety of cultural, linguistic, and socioeconomic contexts.

Schedule of events for the primary “Birth-to-2 cohort”

Baseline

7 months

17 months

36 months

Child demographics

X

Caregiver demographics, food

security,

X

Child's physical growth and

overall health

Parenting Stress Index Short
Form (PSI™-4-SF

Child Rearing and Early
Development Inventory (CREDI)

Malawi Developmental
Assessment Tool (MDAT)

Xi




Chapter Explanation
Chapter 1:

This chapter delivers the introductory aspects of the study and the literature review. The
literature review unpacks the dynamics of early childhood development in South Africa, the
role of parent-child relationships on early childhood development, and factors influencing

dysfunctional parent-child interactions.

Chapter 2:

The chapter was written in a form of a research article format, the focus is on the role of
Parent—Child Dysfunctional Interaction and Difficult Child on Early Childhood

Neurodevelopment in the rural community of Limpopo, South Africa.
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1 Chapter one: Introduction and literature review

1.1  General Introduction

Early childhood development (ECD) is a very important period of life, because it is when
various capabilities and competencies develop [1]. ECD is regarded as a critical phase where
various processes of domains such as gross and fine motor, speech and language, cognitive,
intellectual, social, and emotional skills develop. This period includes a variety of activities like
early learning, nutrition, healthcare, and socialization, all of which contribute to shaping a
child’'s early development and have a lasting impact on their future success. ECD is of public
health concern in both developed and developing countries, as it significantly affects life
trajectories in areas such as health, education, employment, and social aspects throughout

the course of a person’s life.

Research studies have shown that the early years of a child's life are critical, with findings
emphasizing that the experiences they have during this time play a foundational role in the
development of their biological, neurological, physiological, and social systems [2—4]. Positive
experiences, such as secure caregiver attachments, nurturing and safe environments, proper
nutrition, and early learning stimulation, promote healthy development across all domains [5—
10]. On the other hand, negative experiences like neglect, inconsistent caregiving, food
insecurity, and trauma can have long-lasting effects, disrupting the development of various

domains and contributing to higher rates of poverty and social inequality [11-16].

A wide range of adverse exposures can impact the early life period, both directly and indirectly,
from prenatal stages through to school age. During the prenatal stage, when organs are
developing, this process is largely influenced by the mother's overall health, genetics,
substance use, and environmental factors [17-19]. Post-natal adverse exposures include
psychosocial factors such as child maltreatment, the mental health of parents or caregivers,
parenting styles, substance use, domestic and community violence, crime, and discrimination.
Additionally, socioeconomic factors, politics, culture, and religion also play significant roles.
[20,21]. The negative effects of these exposures contribute to a range of adverse outcomes,
including poor academic performance, a higher likelihood of not completing high school,
unemployment, strained social relationships, involvement in crime and violence, and
premature death [22,23]. Additionally, these exposures can influence the development of
diseases later in life, such as cancer, diabetes, Alzheimer's, obesity, psychiatric disorders, and

chronic illnesses [24—-31].
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Among the factors that influence ECD, the interaction between a child and their parent or
caregiver is crucial. This interaction plays a key role in shaping the emotional, behavioral, and
cognitive development of children [32]. A positive relationship between a child and their parent
or caregiver makes a constructive contribution to the child’s early childhood development. On
the other hand, a dysfunctional parent-child interaction, marked by a poor or inactive
relationship, can have a negative impact on the child's development [33,34]. Despite the
available information from previous studies, there is still a paucity of information regarding the
role of parent-child dysfunctional interactions in young children from rural areas in South Africa
(SA). Therefore, this underscores the need for research studies to be conducted to explore
this gap and better understand its impact on early childhood development in these

communities.

This study seeks to examine the impact of parent-child dysfunctional interactions during the
early childhood development (ECD) period in young children from rural areas. It aligns with
South Africa’s National Development Plan (NDP), particularly goals 4, 5, and 14, which focus
on providing quality education, reducing inequality, and promoting inclusive development. On
a global scale, the study also contributes to the achievement of the Sustainable Development
Goals (SDGs), specifically goals 1, 3, and 10, which aim to eradicate poverty, ensure good

health and well-being, and reduce inequality.

1.2 Literature Review

1.2.1 Early child development in South Africa

In the South African context, the early childhood development (ECD) period is defined as the
stage from birth up to 9 years of age [35]. According to Statistics South Africa's 2021 mid-year
report, the overall population of the country is approximately 60 million, with around 11 million
children aged 0 to 9 years [36]. The population is growing, yet citizens continue to face
persistent inequalities, shaped by factors such as race, gender, politics, and geography. South
Africa’s young children are growing up in challenging conditions, and their development must

be regarded as a priority public health concern that requires urgent attention.

ECD is a complex period of life made up of different components, which include caregiving,
stimulation, responsiveness, and safety [37]. During pregnancy and the ECD period, the
mother’s overall health, safety, food security, and access to adequate healthcare infrastructure

are crucial for ensuring the delivery of a healthy baby, as well as providing essential nurturing
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after delivery The majority of women in South Africa face adverse situations, as the country
grapples with high levels of poverty, inadequate healthcare systems, gender-based violence
against women, alcohol consumption, substance abuse, and unemployment. This highlights
the reality that some pregnant women in SA are exposed to significant challenges during their
pregnancies. Another concern is that the current generation of mothers is largely very young,
with many being under 18 years of age [38,39]. In SA, an average 18-year-old is not well
established financially to take care of a child, as many young people at this age are still
completing their education, lack stable employment, and face significant socio-economic
challenges that hinder their ability to provide for the needs of a child. When a young mother
adds new members to the family, it becomes very stressful, especially for families already

burdened by poverty.

The South African Bill of Rights caters to children; it states that children have a right to
protection from neglect, abuse, and exploitation, access to basic education, and adequate
health care [40,41]. Various programs have been established to support ECD in SA, including
child support grants, efforts to ensure communities have access to schools and healthcare
facilities, and the availability of feeding schemes in schools. However, despite these programs,
the country’s current economic, political, and environmental circumstances continue to
undermine the rights of children. Most South African children come from disadvantaged
backgrounds; these are the children who have been marginalized and forgotten by the
country’s systems. It has been reported that one-quarter of South African children are stunted,
a rate similar to that found in other nearby low-income countries, according to UNICEF [42].
Early-life exposures common in rural areas, townships, and informal settlements of South
Africa, such as undernutrition and chronic infections, contribute to neurodevelopmental deficits

that have persistent effects throughout the school years and into adulthood. [43,44].

Attending preschool helps stimulate various ECD domains, provides basic nutrition and safety
to children. It also grants the parent/caregiver an opportunity to participate in the labor sector.
The fact is that not all children attend preschool in South Africa. Currently, the preschools are
expensive, and most parents cannot afford them because of high levels of unemployment. In
rural areas, the pre-schools are not abundant, the infrastructure is poor, and there is little or
no support from the local government. In some instances, the children must walk a long
distance, which puts them in danger and demotivates the parents to send them for enrolment.

The children who are deprived of the right to attend pre-school are at a disadvantage in terms
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of gaining a proper foundation in literacy, interpersonal, and social skills as compared to their

counterparts.

The knowledge of the importance of positive childhood development is not well understood in
South African communities. Studies need to be conducted to assess the country’s current
situation, and information needs to be disseminated to create awareness and ensure practice.
This will also assist policymakers in seeing the need to create new policies, which will speak
to the challenges facing childhood development currently. This review chapter is focused on
the role of parent-child interaction during early childhood development. It will further unpack
the factors influencing negative parent-child interaction and early childhood development

outcomes.

1.2.2 Parent-child relationship during early childhood development

Parents play a crucial role in influencing their children's physical, emotional, mental, and social
development, as parenting is also considered a major determinant of child health and
development, significantly affecting various child outcomes throughout the life course [45].
Parenting is not a straightforward activity; however, it is considered a complex, multifaceted
set of human activities that involves various dimensions. The dimensions can be positive or
negative based on their outcome on the child’s development. Parental role is very important
during early childhood development because whatever teachings or acts a parent has instilled
in a child propagate to adulthood. Effective parenting is primarily determined by the dynamics
of the relationship between the parent and the child. The dynamics of effective parenting
involve sensitive caregiving behavior, calmness, warmth, and prompt responsiveness.
Mothers are mostly involved caregivers as compared to fathers, because mothers are primary
custodians of their children and they get more time to develop the bond with their children
through breastfeeding and nurturing [46—48]. The establishment of an effective parent-child
interaction relies mainly on the parent’s parenting skills, mentality, health, culture, and
environment. Positive communication skills are a significant factor in the development of the
relationship between parents and children [49]. The more parents communicate positively with
their children, the more the children will improve their communication abilities and will relate
better to the people around them. A positive parent-child relationship at an early stage of life
is significant; it makes an important contribution in laying a proper health and developmental

foundation for a child.

The relationship between a parent and child is bidirectional [50,51]. Child characteristics also

influence their development. Their physical health, nutritional status, physical activity, and
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physical growth influence their brain development and function [52-54] (Figure 1.1). In
childhood, chronic stressors may include extreme experiences or more prevalent stressors
such as exposure to poverty, food insecurity, interpersonal violence, parental mental iliness,
racism, and discrimination. Studies of young children report higher biological stress related to
food insecurity and financial insecurity, in which the household members do not know whether
and when food and other basic resources will be available [55,56], and unsafe contexts are
associated with dysregulation of the biological stress hormone cortisol [31]. This increased
biological stress places children at risk for long-term mental and medical health problems. In
most regions, including South Africa, little is known about the actual impact of these

circumstances on early childhood development.

Environment Learning environment

Household assets;

R

wealth index; source N Parent-child interaction
of water; type of roof,
floor, toilet facility; [
household income | PhVS|ca| health
Frequency of
/" Caregiver parent-child —
characteristics interaction / \ Cognitive
Education; employment; Brain e development
marital status; mental g -
health; nutrition, development _
knowledge of child . i H
development and child and function Th Socioemotional
\_ care; health seeking . \ development
Quality of parent-
e Child N child interaction
. [Parent-child Dysfunctional
characteristics Interaction (PCDI} and
Physical health, Difficult Child (DC) sub-scales]
anthropoemetry, siblings,
nutrition, gestational age

Figure 1.1: Parent-child interaction and the role in brain development and function (modified
from [54])

The circumstances of the parent or caregiver play a major role in a child's development. These
include the parent/ caregiver's mental and emotional state, interpersonal skills, nutrition,
socioeconomic and, time resources, abuse of drugs and alcohol, environmental conditions,
lack of support from the family, culture, and the history of physical and emotional abuse. Under
conditions of stress or crisis, it may be difficult for parents/caregivers to connect with children
or notice their behaviors. Furthermore, it may be difficult to take care of their physical, mental,

and emotional well-being or their educational needs.

Maternal mental health is important, as it influences how the mother engages with her child.

A mental health mother or caregiver is at an advantage in making sound and informed
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decisions during parenting and nurturing, putting aside the other external factors that might be
playing. The chances for a child to be exposed to adverse experiences during development
when the mother is mentally fit are decreased, as compared to when the mother is
experiencing mental disturbances. It has been reported that maternal mental illnesses such
as depression, anxiety, schizophrenia, and borderline personality disorders can have
detrimental effects on the child’s emotions, physical growth, behavior and social
engagements, and cognitive development [57]. Children born to mothers with schizophrenia
history have been observed to show increased developmental challenges, which include
language skills disorder, delayed walking, and behavioral problems [57]. Maternal depression
has also been linked to negative outcomes, which include insensitive caregiving behavior,
minimal engagement in feeding and nurturing; these outcomes contribute to child

maltreatment.

Factors affecting the parenting dynamics in South African communities include the occurrence
of communicable and non-communicable diseases, family structures, household violence or
conflicts, culture and religion, and geography. Single mothers, who are mostly assisted by
their families to raise their children, head most South African homes [58,59]. Studies have
shown that children being raised by single mothers are at a high risk of being subjected to
adverse childhood effects as compared to their counterparts who are being raised by both
parents [60,61]. Non-parental caregivers also play an important role in child development,
especially within black South African communities, where maternal grandparents often
facilitate the majority of child-rearing when parents are required to participate in the labor
sector. Another major challenge that has led to grandparents raising children in South Africa
is the high maternal death rate due to HIV/AIDS in recent years. However, the availability of
ARV treatments has significantly reduced the mortality rate related to HIV/AIDS, allowing
mothers to raise their children and protect them from transmission of the virus through

preventive treatments such as nevirapine and associated practices.

Despite the issue of maternal death, grandparents in South African townships and rural areas
are still carrying the responsibility of ensuring child development, as the current generation of
mothers is often young and frequently disengaged from the process of raising their children.
Many young mothers are still focused on enjoying their lives by engaging in alcohol and
substance abuse, as well as attending parties and ceremonies. The involvement of
grandparents in the development of their grandchildren has protected the children from being

exposed to harsh parenting experiences from their biological parents [62]. Although
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grandparents have their own challenges, their involvement is beneficial for the children’s
safety, well-being, and development. There is increasing patterning of young mothers in South
African communities; these young mothers are not mentally and financially ready to take of
children. This calls for grandparents to take the responsibilities of raising grandchildren
together with their parents. In low-income families, this puts a huge financial strain on the
finances of family and may result in increased family distress. The issue of the current
generation of young mothers is a burden that needs prompt intervention because the circle of
disengaged mothers does not stop; instead, it is increasing. This puts more pressure on
grandparents and children born into such situations, forcing them to navigate through difficult

circumstances with little hope that their situation will improve.

Caregiving behavior can be passed from one generation to another and is influenced by the
history of good or bad circumstances. In instances where one has faced adversity during
childhood, this can have implications on how they will behave as a parent in the future. It is
known that what we become as adults is the product of the world we experienced as children.
Therefore, interventions aimed at equipping caregivers with positive nurturing behaviors are

necessary, especially in vulnerable communities.

There is limited knowledge on the dynamics of parent-child interactions and their role in early
childhood neurodevelopment in South African communities. This elicits the need for research
studies to be conducted to understand the dynamics of parent-child interaction in the South
African population and its role in early life neurodevelopment. The priority should be focused
on marginalized parent-child dyads who could potentially be at risk of being victimized by
adverse life experiences. Knowledge generation will facilitate more specific intervention
programs established to promote child well-being and positive development. Additionally,
knowledge will create awareness about the implications of positive child-rearing, and it will

further inform the development of new policies, which will ensure advocacy and practice.

1.2.3 Auvailable tools to assess the status of parent-child interaction

Parent-child interaction (PCI) is normally assessed through self-reports, observational scales,
and interviews [63]. Self-reports and interviews are normally amenable to bias reporting by
parents or caregivers, and this distorts the accuracy of the outcomes. Bias is prompted by
various factors, which include a lack of awareness, defiance, and others. Observational scales

are considered more effective compared to self-report and interviews. Observational scales
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are advantageous over the others because they offer the ability to generate data that goes
beyond that provided by the reports, clinical information, which could be used for decision-
making, and they are sensitive to changes produced by the treatment [64]. There are various
instruments available to measure PCI (Table 1.1). The instruments are not only chosen based
on validity and reliability, but they are also chosen based on the compatibility they offer for
psychometric properties with the population being studied. All the available instruments serve
a common objective of assessing the dynamics of the relation between child and parent or a
caregiver. The most renowned instrument that is used currently is the Parenting Stress Index
Short Form (PSI-SF) established by Abidin [65]. The PSI-SF is a condensed version of the
main Parenting Stress Index (PSI) instrument that has 101 items to assess parent-child
interaction stressors [65-67]. The PSI-SF instrument was condensed to 36 items, which
makes it conducive to use in research and clinical trials [68]. The PSI-SF instrument is made
up of three subscales, which are Parental Distress (PD), Parent-Child Dysfunctional
Interaction (PCDI), and Difficult Child (DC) [68]. This instrument has been validated in other
countries, but not in a South African context. However, it has been used in South African
research studies by Potterton et al [69] and recently by Mbatha [70]. Despite the knowledge
being presented by these studies, information on the context of parent-child interaction in
South African communities is still scarce. This underscores the need for more studies to be

conducted.

Table 1.1: Some available instruments to measure parent-child interaction

Total
Instrum | Age of a
Caregiver scales Child scales number | Location | Ref
ent child
of items
Sensitivity, Goal
setting, physical N
Positive
PCIS | 0-60 months interaction, . 11 Home [71]
involvement
relationship
among activities
Play, negative
effect and
. Quality of play,
behavior,
PCERA | 0-60 months _ interest and 57 Home [72]
responsiveness,
attentional skills
verbal interaction,
intrusiveness
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Verbalization, Verbalization, Home,
CARE- unresponsiveness, | cooperativeness laboratory,
0-30 months o o 15 _ [73]
Index sensitivity, and , difficulty, and in the
control passivity Hospital
Home, [65]
_ ) schools,
Responsiveness, | cooperativeness
PSI-SF | 0-36 Months o o 36 mental [66]
sensitivity difficultness
health
clinics [68]

Parent/Caregiver Involvement Scale-PCIS; Parent-Child Early Relational Assessment-
PCERA; Child-Adult Relation Experiment Index-CARE-Index

Factors affecting the parent-child relationship during early childhood development

1.2.3.1 Poverty and unemployment

South Africa is classified as an upper-middle-income country, and economic inequality
remains high; more than half of South African children live in poverty. The country is still
battling with issues of poverty, inequality, unemployment, and hunger, driven by historical
events and a political economy that is unique to South Africa. Poverty is not uniform across
the demographics of South Africa; people who reside in rural areas are more marginalized as

compared to people living in urban areas.

The family’s economic spectrum is very important for the child’s development; it influences the
extent of the family dynamics. It has been observed that the family dynamics improve if the
economy is positive and deteriorate when the economic situation is poor [74]. A poor economic
spectrum breeds poverty and exposes children to vulnerability, discrimination, and isolation.
Children born into poverty have high chances to be exposed to a broad spectrum of health
problems, maltreatment, and malnutrition [75,76]. Brook-Gunn and Duncan [76] illustrated the

three models of how poverty affects childhood development (Table 1.2).

Table 1.2: Three model effects of poverty on child development (sources from [77])

Model the | Model description Example
effect of
poverty

21



Moderated

A moderated effect is
one in which the effects
of poverty vary across
characteristics of

families or children

Families who are poorly educated with poor
decision-making skills may have more difficulty
protecting their children from the effects of poverty
than families who are better educated with rational

decision-making skills

Mediated

Refers to the effects of
poverty, which are felt
through disruptions in
family functioning, which
in turn have negative
the

repercussions on

children

Poverty associated with economic hardship may
lead to family stress and harm parental emotional
health,

parenting behavior and increasing the likelihood

well-being and mental undermining

of parents using harsh and controlling parenting

Transactional

In transactional models,
the effects of poverty
reverberate through the
relations between
families and children,
both

and

incorporating
moderated

mediated processes

Caregivers of temperamentally difficult children
are less likely to exhibit sensitive, responsive
caregiving and more likely to report depressive
symptoms than caregivers of temperamentally

easy children.

22




South Africa has been experiencing slow economic growth, largely due to the global recession.
During this period, many people lost their jobs as employers took actions to reduce the labor
force. In addition to this challenge, the emergence of the COVID-19 pandemic further
contributed to job losses across the country. This has worsened the unemployment burden
faced by South African citizens. Currently, the unemployment estimates record the overall
national rate of 34, 5%, with 63,9 % being youth aged 15-24 years and 42,1% percent for 24-
34 years; these estimates were recorded during the first quarter of 2022 by the Quarterly Labor
Force Survey (QLFS) [78].

Among the nine South African provinces, Limpopo is considered the second highest, with
11.2% of households living in poverty [79]. The Living Conditions Survey (LCS) and the
Income and Expenditure Survey (IES) conducted by Stats SA report that Limpopo Province
has the highest level of poverty in South Africa at 78,9% [55]. Limpopo is made up of five
different districts, which are mostly made up of rural villages. Statistics SA Quarterly Labor
Force Survey (QLFS) for the period 1 April 2021 to 30 June 2021 reported that Limpopo’s
unemployment rate is 49.9%, placing the province in third place on the unemployment
provincial list. Food insecurities are reported to be 37% in rural areas within Limpopo
provinces, having a hunger prevalence >30% [80]. In Mopani subdistrict, the majority of child
deaths (82% of children <1 year and 65% of children age 1-4 years) are caused by
communicable diseases together with maternal, perinatal, and nutritional conditions [81].
These high mortality figures suggest that the effects of social and economic inequality are
especially visible in this rural region, which suffered from increased poverty and poor access

to healthcare.

1.2.3.2 Nutrition

Nutrition is very important during early childhood development. It not only supports growth and
development, but it also ensures the health and well-being of an individual. Every child has a
right to access nutrition; however, the high levels of poverty in South Africa infringe this right.
Disadvantaged communities still have children who are facing high levels of food insecurity.
Adequate nutrition is necessary for normal brain development. Poor nutrition promotes the
loss of developmental potential, life-long health, and economic disparities among millions of
children younger than five years of age [82]. The negative outcomes of poor nutrition include
damage to brain development, as well as impaired cognitive and learning abilities [83]. One-
quarter of children are stunted, similar to rates found in nearby low-income countries,

according to UNICEF. Early-life exposures that are common in rural South Africa, including
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undernutrition and chronic infection, contribute to neurodevelopmental deficits that have

persistent effects throughout the school years and into adulthood [43,44].

The government has established programs aimed at reducing hunger, malnutrition, and food
insecurities in South African communities by providing child support grants and feeding
schemes in schools. The child support grant of R560.00 is given to eligible caregivers for
children under the age of 18 years [84]. The child support grant is aimed at assisting the
caregivers in providing basic needs for their children. This grant has been increasing over the
years; however, the challenge is that the grant is not enough, since the costs of living are high,
and food and fuel prices are continuously increasing. This makes it difficult for the grant to
cater to children’s basic needs, especially in households where no one is working. Additionally,
the government has implemented feeding schemes in schools, which have been very helpful
in providing nutrition to children. However, children from high-poverty-stricken families still
face the challenge of not getting food when they go back home after school and during the
weekends. Despite the establishment of these programs, food insecurity, malnutrition, and

hunger remain an epidemiological challenge in South Africa.

The establishment of social grants and feeding scheme programs has positively addressed
the issues of nutrition with relation to poverty, because needy people are benefiting. However,
these programs do not deal with the root cause of poverty in South Africa, and their
sustainability is not certain since the number of unemployed and low-income people who are
depending on social welfare is rapidly increasing, with no hope of positive changes in the

economy.

1.2.3.3 Health

Early childhood development can be improved by providing quality healthcare to mothers,
children, caregivers, and overall family members. A healthy mother, living with healthy people,
has the potential to nurture her child positively. On the other hand, an unhealthy mother or
caregiver, living in inadequate health and environmental conditions, struggles during
parenting, which subjects the child to detrimental adverse outcomes. To ensure healthy
development and well-being during early childhood, it is essential for the parent or caregiver
to be well-informed about child nurturing, maintain a positive attitude, and demonstrate well-
regulated behavior. A parent or caregiver who is knowledgeable about child nurturing, health,

and nutrition creates an environment that promotes positive child outcomes. It has been noted
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that the health gradient of children follows the socioeconomic spectrum; the circumstances in
which children are born significantly impact their health and development [85]. This contributes
to inequality in child development; children from poor backgrounds grow up under difficult
experiences as compared to their counterparts. Growing up in a poor family affects children’s

health and development.

About 80% of the South African population depends on the public health care system, which
is subsidized by the government and is normally underfunded and poorly managed [86]. The
majority of South African communities face barriers like poor infrastructure and understaffed
health facilities when seeking health care in their communities [87]. The situation is worse for
marginalized communities in rural areas, because it is not easy to access government
facilities, and they tend to receive limited healthcare services. Since some have to walk a long
distance to get health services, and when they arrive, they are not guaranteed to find help.
This has contributed to some people losing hope of finding health care from government

facilities.

Every child has the right to access basic health services, which is supported by section
28(1)(c) of the South African Constitution. These children’s right is infringed by the various
socioeconomic effects, including inequality and political dynamics. The health of a child
depends on access to adequate basic health services, proper housing, clean water, hygiene,
and sanitation. The maijority of South African children still reside in areas that are characterized
by poor access to clean water, housing, basic health services, hygiene, and sanitation. In
South Africa, rural communities make use of pit toilets or a bucket system for sanitation, in
conjunction with restricted or no access to clean water. This results in young children being
prone to a spectrum of diseases, which affects their health and development. The government
currently knows the association between poverty and health; however, the development of
new strategies to fight poverty and provide better health to citizens is paralyzed by high levels
of corruption and incompetence. The investigation on the relationship between child health
and early development trajectories is particularly important in high-poverty settings like rural
South Africa, where some children do not attend preschool and where preschool quality is
poor [88].
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1.2.3.4 Parents’ Educational Attainment

Parents’ educational attainment is one of the important predictors of child development. It
influences the economic, social, and behavioral dynamics of the child’s household. Since it
drives the parents’ occupation, income, housing, awareness, belief, behavior, goals, and

expectations [89,90].

There are distinct differences in parenting skills between educated parents and non-educated
parents. The parents’ level of education contributes to parenting skills. Parents who have a
high level of education are keen to source information to enhance their parenting skills. This
improves their parenting skills and practices, making parenting less difficult and beneficial for

their children's development and well-being [91].

Educated parents are flexible in using the current technological tools to source information,
which could benefit the development of their children. This makes high-level educated parents
not only rely on experiences attained through their parents. Moreover, this group of parents is
mostly motivated to expose their children to activities that will stimulate their cognitive system.
Low-level educated and uneducated parents mainly rely on the parenting skills attained
through their upbringing, and most of the time, they are less motivated to seek information that

could help to enhance their parenting skills for the better development of their children.

Parents’ level of education and socio-economic status influence child development
outcomes directly and indirectly. The children's outcomes are directly influenced
through the transfer of knowledge via biological pathways [92]. The indirect influence
is attributed to environmental pathways, one of which is illustrated graphically by
[90,93], depicted in Figure 1.2.

In South Africa, the rate of academic attainment has been progressively increasing since 1994.
Currently, the majority of people have some form of education. Statistics SA reported that in
2022, 73.4% of individuals aged 5 to 24 years were attending school [94]. The government
has various mechanisms operating to ensure that the citizens attain education. The
mechanism is not perfect, and the country is still battling with high levels of high school

dropouts [95,96]. The role of the parents’ level of education on child development has not
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been well studied in the South African context. This elicits the need to investigate the impact

of parents’ level of education on child development in South Africa.
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Figure 1.2: The influence of parents’ education on children's academic development [90]

1.2.3.5 Impact of culture and religion on ECD

Culture and religion play an important role in shaping how parents or caregivers interact with
their children. Parents who are rooted in culture and religion expect their children to follow suit.
During the early stage of development, parents culturally and religiously expose their children
to what they believe is good for their development. Character traits such as self-control,
communication style, and interpersonal skills of parents can be informed by their culture and
religious beliefs. The nature of the parents’ character traits structures the dynamics of the
relationship with their children. Good character traits facilitate a positive parent-child
relationship, which makes parenting manageable and conducive to the child’s development.

Whereas bad character traits promote negative outcomes.

Culture contributes to cognitive development through social processes during everyday
activities. It provides children with structured opportunities to learn [97]. Culture informs
children of customs, beliefs, language, and religion; this influences the development of
emotions, social, physical, and linguistic domains. Starting from birth, children partake in daily
routines and rituals, which influence them to observe and practice. The repetition of such
experiences enforces learning development around culturally acceptable values [98]. Parents

direct their children’s attention and involvement; this improves the social psychological
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process of a child, which includes observation, imitation, demonstration, and attention
regulation. The contribution of culture to cognitive development during ECD exists across all
cultural spectrums, but the context differs; each culture has its norms, beliefs, and practices.
Sociocultural experiences teach children what to attend to and how to behave; the caregiver's

routines and kin relations influence this.

Religion has been proven as a valuable resource for promoting positive child developmental
outcomes within households facing social disadvantage [99,100]. Religious parents remain
faithful through difficult situations, which enables them to thrive. Religion commands parenting
responsibilities as a covenant, in such a way that it is not prevalent for religious parents to
abandon their children. Mostly religious parents believe a child is a blessing from God; this
notion promotes better child nurturing. Previous studies have reported that religion has been
observed to enhance the parent-child bond for both mothers and fathers [101-103]. Despite
the positive contribution of religion to child development, associated adverse outcomes have
also been recognized through previous research studies [99,104]. In a South African context,
little is known about the positive and negative impact of religion on child development;

therefore, this underscores the need for investigation.

1.2.3.6 Role of alcohol and substance abuse on ECD

The use of alcohol and substance abuse by parents or caregivers affects children directly and
indirectly. The direct effect occurs during pregnancy, and this is considered a global public
health concern [105]. Substance abuse during pregnancy disrupts fetal development and
promotes life-threatening health-related problems [105-108]. The life-threatening health
problems do not end during the fetal stage, but they propagate throughout the life course of
the child.

Parents or caregivers who consume alcohol or abuse drugs are uncontrollable and indirectly
affect ECD. This breeds stress during parenting and to the whole family structure. This
promotes poor developmental outcomes for children [109,110]. The connection between
alcohol misuse and the accumulation of adverse childhood experiences is considered a global
public health crisis [111,112]. The intake of alcohol or drugs disrupts peace in families, it
creates households that are consumed by high levels of chaos and conflicts. A chaotic and

conflicting environment is not conducive to child development and well-being.
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Substance abuse remains a growing challenge in South Africa [113—115]. A previous study,
which aimed to investigate the effect of alcohol use amongst mothers/primary caregivers of
children aged 7-11 in rural communities of South Africa, observed food insecurity as a variable
that increased the odds of alcohol use [116]. The study researchers also observed that
children of mothers or caregivers who were drinking excessively showed higher mean scores
for psychological problems [116]. Such observations elicit the need for more studies to be
conducted, to generate evidence-based information that could be used to create effective
intervention programs, encourage advocacy, and emphasize practice to protect children

against the implications of substance abuse by parents or primary caregivers.

1.2.3.7 The role of violence in ECD

Violence against children is a human rights violation and a global public health problem [117].
Some children experience violence early in life through corporal punishment from their
parents, caregivers, and associated family members. The primary violence that children
experience at home is normally not reported to the authorities since perpetrators are family
and preschool teachers. This makes it difficult to estimate the prevalence of violence against
children during early development. The South African government has recently passed a law
that prohibits the spanking of children, as a way of protecting children from being physically
abused by parents, caregivers, family, and community members. Despite the passing of this
law, children are still subjected to violence at home and in preschool facilities. Criminal
incidents happen every day at a high rate. Women and children are exposed to violence in
their homes, at school and work, and in the surrounding community [118]. Children’s exposure
to violence promotes adverse outcomes that propagate to adulthood. The adverse outcomes
include depression, disrupted cognitive skills, dropping out of school, suicide, alcohol and

substance abuse, involvement in crime and violence, and possible further victimization [119].

Generally, the levels of violence in South African communities are increasing rapidly, and this
limits the capacity of the citizens to thrive [120,121]. The violent environment affects children
and future generations. Therefore, there is a need to study the root cause of violence in the
country and how it affects children and prominent future generations so that effective
intervention programs can be established to protect children. Using an ECD as an approach
to prevent violence is considered a positive route to mitigate this burden [122]. Although there
are policies advocating for the protection of children, gaps still exist between violence
prevention policies and ECD in South Africa, and there is no proper national strategic plan to

prevent violence [123].
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1.2.4 Biological embedding during the early childhood development period

Early childhood development is an important period for brain development; it is the time when
90% of a child’s brain development occurs, before the age of 5 [124]. When a child is born,
the brain is underdeveloped; it develops during the early childhood period, where it follows a
sequential development from bottom-up guided by life experiences [52,125-128]. The brain’s
plasticity makes the child capable of changing in response to experiences, especially repetitive
experiences [126,127]. Good experiences during ECD are conducive to the better
development of the brain, and for one to thrive throughout life. The occurrence of toxic stress
during ECD promotes the architectural modification in neural connections, as indicated in
Figure 1.3. On Figure 1.3, differences can be noted between the brain architecture of a normal
individual and that of a person who has been exposed to toxic stress. In the brain architecture
of a person who has been suppressed by stress, it can be seen that there is damage to neuron

connections.
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Figure 1.3: Depicts differences in brain architecture of a normal and toxic-stressed individual
[127,129]

It has been noted that toxic stress affects the development of neural connections in the regions
of the brain that are most significant for learning and behavior at home, school, and the

workplace [130].
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Biological embedding is defined as a process where life experiences cause alteration in
biological systems to affect one's health and well-being later in life [131-138]. There is
extensive literature linking adverse childhood experiences with changes in brain structure and
functioning [129,139,140]. Brain modifications due to early childhood adverse experiences
have been recognized to affect the most sensitive parts of the brain, which play a major role

in memory, learning, and emotion regulation [141].

Changes in the central nervous system, immune system, and endocrine system promote
alterations in gene expression. During ECD, gene and early childhood environmental
experiences conspire to set long-term developmental trajectories of neurobiological systems
underlying major cognitive, emotional, health, social, and behavioral function [134]. When a
child is being raised in a non-conducive environment, there are high chances that the child’s
genes can be turned off during the process where epigenetic marks are added to the DNA
[142,143]. This epigenetic mechanism is called DNA methylation, whereby the methyl groups
are added onto to cytosine residue on the DNA. The addition of methyl groups on cytosine
residues blocks gene expression, and this could remain unchanged throughout the course of
life. DNA methylation underlies biological embedding. A previous study looked at biological
embedding in rats, whereby rat babies were subjected to high maternal care by licking and
grooming. The findings showed an association of high care with reduced cytosine methylation
(mC) combination at a promoter of the glucocorticoid receptor gene involved in the regulation
of stress response [144,145]. Furthermore, a previous study by McGowan et al. [146],
observed that individuals who were exposed to child maltreatment had increased mC in the
NR3C1 promoter in the hippocampal tissue. This study was conducted using adults who

committed suicide.

Biological embedding is known to occur throughout the life course of a person; however, the
severity depends on time. Aristizabal et al. [131] noted that early life social experiences are
often associated with mC variations as compared to experiences later in life [147,148]. A child
cohort study conducted in the UK found the links between exposure to adverse experiences
with the changes in mC on 38 sites [149]. Site 38 is a DNA methylation site in the genomic
region connected to stress, immune regulation, and brain function. Their observations showed
that 35 of the 38 sites were informed by adverse experiences, which occurred at less than or
equal to 3 years of age as compared to the time when the study was conducted. In light of the

previous studies which have linked adverse childhood experiences with biological embedding,
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it can be noted that early childhood development requires proper attention to protect children

and to create a better community in the future.

In South Africa, there is limited information linking the brain development and function with
adverse early childhood experiences. This shows that there is a need for studies to be
conducted, so that early childhood development interventions could be guided by the
evidence-based principles of brain development. This will also help with the prevention of early
diseases, since early childhood adverse experience has been linked to the development of

various diseases (obesity, diabetes, cancer, Alzheimer’s, and others) later in life.

1.2.5 Politics and policy implications on early childhood development.

The South African political instabilities serve as a driving force for the country’s current
challenges. The instabilities place disadvantaged families under high pressure of living in
difficult circumstances, which are not conducive to positive child development and well-being.
The country’s political sphere is characterized by high levels of corruption, poor service

delivery, lack of accountability, and sympathy for the marginalized.

There are policies established to protect children and promote early childhood development
in South Africa. However, these policies and accompanying government strategies are not
sustainable to address the challenges faced by the marginalized children and their caregivers.
The alarming challenges to child development policies are that politicians form part of the
policy makers, and they have a final say on the establishment of policies that affect children.
Most of the time, politicians are not well informed about the challenges faced by the
marginalized children of South Africa on the ground level, which has implications for effective

policy improvements, advocacy, and practice.

There is limited public knowledge or awareness of how positive child rearing promotes a better
society and prevents diseases. There is a need to educate the public on matters relating to
child rearing and its implications on the economy, crime and violence, and the development
of diseases. This will improve the public perception of child rearing, which could help children
receive better development. Furthermore, there is a need for the establishment of evidence-
based policies aimed at protecting children and promoting early childhood development in

marginalized communities of South Africa. This could be achieved by the generation of data,
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sharing of information, and strategies by multifaceted stakeholders, which include the
community, healthcare workers, epidemiologists, economists, social development,

Department of Education, law enforcement department, policy makers, and politicians.

1.2.6 The benefits of investing in positive early childhood development

Positive early childhood development is the foundation of a prosperous community. Children
from disadvantaged backgrounds have low chances of experiencing positive early childhood
development due to various adverse experiences, which they are exposed to daily. The
children's exposure to adverse experiences breeds adverse outcomes that do not affect the
children, their families, and communities only, but the entire nation socially, economically, and
health-wise. The strategies to create a better community warrant more attention to enforcing
positive early childhood development. Several researchers have reported on how investing in
early childhood development can produce returns that could be beneficial for the individuals,
communities, and the country at large. The studies conducted by these researchers provide
information that demonstrates how investing in early childhood development yields high public
returns across domains such as educational performance and attainment, workforce earnings,
behavior, social skills, and health [150—156]. Additional public returns include preventing gaps
between the disadvantaged individuals and their counterparts, decreasing crime, and
promoting a better society. Apart from the government, the biggest obstacle to investing in
early childhood development for public returns is parents’ responsibilities to primarily nurture
and provide for their children. Parent awareness and intervention programs aimed at

equipping parents with skills or tools for positive child rearing are necessary.

In South Africa, there are limited government programs and information on how investing in
positive early childhood development could be beneficial for the citizens and future
generations. This necessitates the need for investing in ECD studies, since the current
strategies of building a better society are not sustainable. Investing in early childhood
development should be part of policymakers’ priorities to address the current challenges faced

by children.

1.2.7 Conclusion
South Africa is a middle-income country with a high frequency of children from disadvantaged
backgrounds. These children are vulnerable to various adverse psychosocial and health

outcomes due to the high levels of poverty, unemployment, crime and violence, poor housing,
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lack of clean water, and sanitation. There are human rights developed to protect children from
early adverse experiences, but the status of the country infringes on these rights. Children are
subjected to poor early development, which places them at high risk of experiencing difficult
adulthood in the future. The early establishment of a relationship between children and their
parents or caregivers is regarded as a very important foundation, which helps children to thrive
throughout life. The nature of this relationship determines the psychosocial and health
outcomes for the children. A good parent-child relationship breeds beneficial outcomes for the
child, whereas a poor parent or caregiver relationship breeds adverse outcomes. In South
African communities, the impact of the parent-child relationship during the development of
ECD is not well understood. Due to the lack of studies that demonstrate how the status of
these relationships helps or affects child development. The community lacks knowledge on
how investing in ECD could decrease child mortality, crime, violence, the accumulation of

health-related problems, and increase economic returns.

There is a need for studies to investigate the impact of parent-child relationships in South
African communities, especially the marginalized ones, such as rural areas. In order to
generate information that will be used to inform new evidence-based policies, advocacy, and

practice, we need to nurture, teach, and promote early childhood development.

1.3 Problem statement

Dysfunctional parent-child relationships affect early childhood development; this has been
proven to promote long-term adverse trajectories through adulthood [26,157-159]. In South
Africa, there is limited knowledge on the influence of dysfunctional parent-child relationships
on early childhood development. This is a challenge for the country because appropriate
support or interventions for children under 5 years and their caregivers cannot be implemented
if there is no information on the relationship between the challenges or adversity these
populations face and the negative influence on developmental outcomes. Factors influencing
dysfunctional parent-child relationships, such as family characteristics (e.g., financial
resources, parents’ education, employment) and home environment (e.g., time resources,
learning environment, and nutrition) in rural areas may also be different or poorer than those
in urban areas. The developmental delays and learning difficulties during childhood often have
life-long consequences such as unemployment, lack of education, and mental health problems
in adulthood [160]. It is important to understand the magnitude of the problem (i.e., prevalence
of dysfunctional parent-child relationships in rural Limpopo and the impact of child

development) so that appropriate interventions can be identified to support parents or
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caregivers and improve early childhood development in children under 5 years. There is a
growing body of evidence that suggests the negative impact of early adversity can be mitigated
through appropriate early-life interventions [161]. The development of effective interventions
requires better knowledge of exposures influencing dysfunctional parent-child relationships in
South African communities. Putting more focus on communities that are disadvantaged by
poor delivery service, high levels of unemployment, and domestic abuse, such as townships

and rural areas, will improve the status of child development in the country.

1.4 Research justification

The lack of information on the role of dysfunctional-parent-child relationships on early
childhood neurodevelopment in rural areas of South Africa highlights the need for studies to
be conducted to generate information that will be used to inform policies to support parents or
caregivers. Moreover, the development of knowledge will inform interventions that promote
better psychosocial development in children through improving parent-child interactions.
Conducting research that prioritizes the well-being of children is supported by the South
African National Development Plan 2030 goal to reduce mortality in children under 5 years

and to extend early childhood development services [162].

1.5 Research question
The current study sought to answer the following two questions:
1. Does a dysfunctional parent-child relationship affect early childhood
neurodevelopment in children under 5 years living in rural Mopani District, Limpopo?
2. What are the determinants of a dysfunctional parent-child relationship among child-

caregiver dyads living in rural Mopani District, Limpopo?

1.6 Research aims and objectives
This study aimed to investigate the impact of dysfunctional parent-child interactions (PCDI)
and difficult child (DC) behaviors on early childhood neurodevelopment in rural Mopani District,

Limpopo.

The study’s aim was pursued through focusing on the three following objectives:
1. Assess the magnitude of stress in the parent-child system using the parent-child
dysfunctional interaction (PCDI) and difficult child (DC) sub-scales of the Parental
Stress Index (PSI) at 17 months of age in two rural areas of Limpopo Province (i.e.,

Greater Giyani and Greater Tzaneen — both in Mopani District, Limpopo).

35



1.7
[1]

[2]

3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

2.

Identify factors (at birth and at 17 months of age) associated with an elevated DC (raw
score above 33) and PCDI (raw score above 27) when children are 17 months of age.
Determine the association between clinically elevated DC or PCDI and early childhood
neurodevelopment, as measured using the Child Rearing and Early Development
Inventory (CREDI)
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Abstract

Background: Parent-child dysfunctional interaction (PCDI) can adversely affect child
neurodevelopment domains, overall health outcomes, and their future success. In the context
of South Africa, there is a lack of understanding about how parent-child dysfunctional

interactions and difficult child behaviours affect a child's neurodevelopment.

Objectives: We assessed the prevalence of elevated neuro parent-child dysfunctional
interaction (PCDI) and difficult child (DC) scores and their association with

neurodevelopmental outcomes from rural Limpopo Province, South Africa.

Methodology: This cross-sectional analysis was part of a larger “Birth-to-2” cohort study
(PACTR 201710002683810) conducted in rural Limpopo Province, South Africa. Trained

fieldworkers conducted surveys with caregivers (aged 18 and older) at the household. Neuro
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PCDI and DC were measured using the Parenting Stress Index Short Form (PSI™-4-SF) at
17 months of age. We used multivariate regression to investigate the effect of clinically

elevated neuro PCDI scores (>27) and DC scores (>33) on neurodevelopmental outcomes.

Results: The study included 178 mother-child dyads, with 72 pairs from the control arm and
106 pairs from the intervention arm. The mean PCDI scores for the intervention and control
arms were 0.14 (+0.35) and 0.19 (+0.40), respectively. In terms of DC scores, the means were
0.29 (£0.46) for the intervention arm and 0.28 (+0.45) for the control arm. The study found that
elevated PCDI scores were significantly associated with negative cognitive development,

while elevated DC scores were linked to significant social-emotional challenges.

Conclusion: The findings highlight the significant impact of negative parent-child interactions,
stunting, and financial hardships on neurodevelopment in rural settings. This study
underscores the importance of early interventions targeting parent-child interactions and
socioeconomic support to mitigate developmental delays in rural South African children.
Further research is needed to address the barriers to CSG access and other factors affecting

child development in these communities.

Keywords: Early childhood development, Parent-child Interaction,

2.1 Introduction

Early childhood development (ECD) is a critical stage in one’s life, as it is the period when
neuroplasticity facilitates learning and adaptability, significantly influenced by interactions with
the environment [8]. Neurodevelopmental domains such as cognitive, communicative, social-
emotional, physical, and adaptive development serve as foundational building blocks during
the ECD period and are considered key indicators that predict later life outcomes [163—-165].
These domains play a vital role in shaping an individual's trajectory in terms of behaviour,
health, economic success, and academic achievement [166]. Among the most influential
factors in shaping these early childhood neurodevelopmental domains are parent-child
interactions, particularly those that are dysfunctional, as well as the temperamental

characteristics of the child, especially when the child displays challenging behaviours.

Dysfunctional caregiver-child interactions, such as inconsistent parenting, neglect, or harsh

discipline, are known to disrupt the formation of secure attachments, thereby impacting neural
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development. Nurturing interactions, on the other hand, have been shown to support positive
neurodevelopmental outcomes. Conversely, dysfunctional interactions can contribute to
negative developmental outcomes. It is important to note that the success of the caregiver-
child relationship does not solely depend on the caregiver’'s efforts. It is a bidirectional
relationship that involves the regulated interpersonal behaviour of both parties. While the
caregiver’s characteristics typically play a dominant role, the child’s temperament also
influences neurodevelopment. A child exhibiting difficult behaviours can strain the caregiver-
child relationship, potentially leading to negative neurodevelopmental outcomes The dynamics
of this relationship are further shaped by factors such as the caregivers age, gender,
responsiveness [167—171], socioeconomic status [172-181], politics, crime and violence,
psychosocial capacity [182—-186], and contextual beliefs, which include culture [187-194],

religion [195-200], and perception regarding parenthood [7,201-204].

Despite the availability of global and national policy frameworks aimed at safeguarding the
holistic early childhood development (ECD) period, children from low- and middle-income
countries (LMIC) continue to face the challenges of neurodevelopmental delays. In the South
African context, it is estimated that 71% of children under the age of 5 live below the upper-
bound poverty line. Additionally, about 21% of children do not live with their parents, and 42%
live only with their mothers. Furthermore, half of the children under 5 are not enrolled in any
early learning development programs, leaving them without adequate stimulation. Among

those enrolled in early learning programs, 55% are not developmentally on track.

PCDI and DC behaviours are key early childhood neurodevelopment indicators that have
received limited study, particularly in rural contexts. While most studies have explored the
impact of parent-child relationships on early childhood development, they have largely focused
on urban areas [5,205]. Most of these studies were centered on school-age children and
adolescents [206], with a notable lack of research specifically examining PCDI and DC and its
impact on early childhood neurodevelopment among children at 17 months of age, particularly

in impoverished populations.

Limpopo is one of the rural provinces in South Africa that has the highest headcount of adult
poverty [207]. In this context, the current study aimed to investigate the magnitude of elevated
parent-child dysfunctional interaction and difficult child (DC) and factors influencing the PCDI

and DC scores when children are 17 months of age in rural Limpopo. Furthermore, we aimed
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to determine the association between clinically elevated PCDI and DC on early childhood

development, as measured using CREDI-z-scores, in children at 17 months of age.

2.2 Methods

2.2.1 Study design

This cross-sectional analysis is part of the larger “Birth-to-2” cohort study (PACTR
201710002683810), conducted in rural Limpopo Province, South Africa. A cross-sectional
design was selected for this component because it focused solely on a single time point when
the children were 7 months old. The data is owned by the Health Economics and Epidemiology
Research Office (HE?RO), and permission for its use was facilitated by DE, the Principal
Investigator. The co-investigators on the primary intervention trial have approved the study’s
aims, objectives, and the use of trial data, with the condition that data transfer, storage, and
processing adhere to the requirements outlined in the study protocol and HE?RQO’s Data
Management SOPs. Before any data transfer took place, the new co-investigator signed a

data use agreement and a confidentiality agreement with HE?RO.

2.2.2 Study site and population

The trial’s study area was in the Mopani District, Limpopo Province, South Africa, specifically
covering two full sub-districts: Greater Tzaneen and Greater Giyani. Demographic data shows
that children under the age of 5 make up 13-15% of the overall population in this region [208].
Mopani, one of the five districts of Limpopo, faces significant socioeconomic challenges,
including high levels of poverty, unemployment, domestic violence, and limited access to
healthcare [209]. Most families in the region live below the poverty line, with many relying on
government grants or remittances from relatives working in urban areas. These conditions
create complex family dynamics that are essential to understanding how PCDI and DC
influence early childhood neurodevelopment. Given the socioeconomic and environmental
stressors experienced by families in this region, it’s critical to explore the factors contributing
to PCDI and DC. Ultimately, understanding the role of these factors on early childhood
neurodevelopment is crucial for identifying effective interventions to support families in this

underserved region.
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2.2.3 Primary study

The primary study focused on a cohort of 1,094 caregiver-child dyads, enrolled between
December 2017 and March 2018, to assess the impact of an early childhood intervention
package delivered by community health workers (CHWSs) during routine home visits, as
detailed by Rockers et al. [210]. The recruitment of CHWs was based on several criteria: they
needed to be part of a ward-based outreach team (WBOT) operating within the two subdistricts
of Greater Tzaneen and Greater Giyani, have been working for more than 3 months, be over
18 years old, and be willing to participate in the trial. Additionally, the CHWs needed to have
prospective caregiver-child dyads in their catchment area, not be using the mHealth
application, and have completed the standard Phase | training, which includes essential skills
for delivering community-based healthcare. All CHWs worked under the supervision of an
Outreach Team Leader, usually a professional nurse, based within a primary care facility in

the community ward.

The recruitment of caregivers and their children was facilitated by eligible CHWs. Caregiver-
child dyads were eligible if they resided in Greater Tzaneen or Greater Giyani in the Mopani
District, had a child born after December 15, 2017, and met other criteria, such as the caregiver
being at least 18 years old and willing to participate in the home visits. The recruitment process
targeted low-resource settings to ensure diverse family representation. Once enrolled, the

dyads were followed up during the intervention trial.

2.2.4 The neuro sub-study

During the enrolment, a subset from Greater Tzaneen was invited for assessments of neural
function at 17 months of age from April to August 2019. This assessment was limited to one
subdistrict due to financial constraints, and children with low birth weight (<2.5 kg) or
diagnosed developmental disorders were excluded from this subsample. The purpose of this
neural function study was to explore the impact of the intervention trial and
neurodevelopmental outcomes, such as language, social-emotional, motor, and cognitive
development. Caregiver-child dyads were contacted by phone to schedule appointments for
the neural assessment at the lab. On the day of the appointment, transport with a designated

driver was provided to ensure that the caregiver-child dyads could travel to and from the lab.
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2.2.5 Current analysis

For the current analysis, we excluded caregivers who were not biological mothers. This
decision was made because the study aimed to assess the impact of PCDI and DC,
specifically within the context of biological mother-child relationships on early childhood
neurodevelopment. Mother-child dyads who did not have the exposure and outcome of
interest were also excluded. The exposure in this study was the Parent Stress Index-Short
Form (PSI-SF), which was used to measure PCDI and DC, and the outcome of interest was
neurodevelopmental outcomes at 17 months, which were measured using CREDI z-scores
[211]. PCDI and DC raw scores were derived from caregiver responses using PSI-SF when
the children were 17 months old. By focusing on these specific criteria, the study aimed to
investigate the effect of elevated scores of PCDI and DC on neurodevelopment within a cohort

of 178 biological mother-child dyads.

2.2.6 Data collection and management

Data were collected by trained CHWs who were part of the WBOTSs operating in the Greater
Tzaneen and Greater Giyani subdistricts. Before starting the study, the CHWs underwent
training to ensure they were familiar with the study protocols, data collection tools, and ethical

guidelines.

All participating CHWs conducted home visits to gather data, using standardized data
collection tools. These tools were available in English but were also verbally translated into
the local languages (Sepedi and Xitsonga) to ensure accurate understanding and
administration, given the linguistic diversity of the study area. The data collection process
initially followed a paper-based approach, with a household survey conducted at baseline to
collect demographic and household assets information. In addition, the exposure data, related
to neuro PSI-SF, was collected using a standardized instrument, following the implementer's
guidelines. The outcome data, assessing early childhood neurodevelopment, was measured

using CREDI z-scores at the lab by trained professionals.

Once the paper-based forms were completed, the data were entered into the Research
Electronic Data Capture (REDCap) system. REDCap is a licensed, web-based application
designed to manage research data. Data entry was performed by the research team's data
capturers, ensuring that all data were accurately transferred from paper forms to the electronic

database [212]. This was performed to maintain data integrity and accuracy.
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Additionally, the data underwent a quality control (QC) process to ensure high standards. All
completed data entry forms were reviewed by senior researchers for consistency and
completeness before being finalized in REDCap. Any discrepancies or missing data were
flagged for clarification and correction, and regular spot-checks were conducted on random
samples of forms to verify the accuracy of the data entry process. Once the data were entered

into REDCap, it was exported into STATA version 18 for analysis.

2.2.7 Variables

The study focused on variables that were collected at baseline and at endline when the
children were 17 months of age. The baseline data were collected at the onset of enrolment,
a few days after the child was born. During enrolments, data on the caregiver’s household
demographics, income, and household assets, as well as child demographic information,
prenatal and early childhood health, family food security, caregiver demographics, the child’s

anthropometry, and information from the Road to Health Booklet (RTHB) were recorded.

2.2.7.1 Maternal measures

¢ Demographic information: Mothers’ demographic information, such as age, marital
status, education level, employment, and child’s grant, was used as categorical
variables. In addition, the household wealth index was calculated by the value of their
assets. The household index was categorized into five quintiles, from poorest (wealth
quintile 1) to richest (wealth quintile 5) [213].

e Food insecurity: Food insecurity was assessed with a question which asked if; “in the
past 30 days, was there ever no food to eat of any kind in your house because of lack

of resources to get food?”. The answer was either yes or no.

2.2.7.2 Child measures

¢ Demographic information: The child's demographic information was recorded (age,
sex, birthweight, number of siblings).

e Anthropometry: Child anthropometry measures, such as Length-for-Age z-scores
(LAZ), Weight-for-Age Z-score (WAZ), Weight-for-Height Z-score (WHZ), and Mid-
upper arm circumference (MUAC), were measured by following the child growth
standards stipulated by WHO [214]. Child anthropometry measures were taken closer

to birth and when the children were 17 months old of age.
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e Stunting: The Length-for-Age z-scores of less than -2 standard deviations were used
as a criterion for child stunting.

¢ Road to health: The Road to Health booklet was used to source information related
to child vaccinations, such as Bacille Calmette-Guérin (BCG), oral poliomyelitis
vaccine at baseline (opv0), and oral poliomyelitis vaccine at 6 months (opv1).

¢ Overall health: The overall health of a child was assessed by asking the caregiver to
rate the child’s health on the day of the screening. The following question was asked:
“Overall, how would you rate the child's health today?”; and the caregiver was made

to choose an option from “poor”, “fair

, “good”, “very good”, or “excellent”. For statistical

analysis, these options were categorized into three groups: “poor or fair,” “good, and

“very good,” and “excellent.”

Main exposure: Parent-child interaction was measured using the Parenting Stress Index-
Short Form (PSI-SF) screening tool [215]. The PSI-SF is a validated and reliable tool to assess
the magnitude of parent-child dysfunctional interactions (PCDI) and difficult child (DC). Parent-
Child Dysfunctional Interaction assessed the extent to which parents feel satisfied with their
child and their interactions with them, and DC assessed how a parent perceives their child to
be, whether the child is easy or difficult to take care of. Parents reported their level of
agreement with 24 items of the PSI-SF. In essence, there are normally three subscales, but
the Parent Distress (PD) subscale was not included in the current study’s survey. It was not
possible to calculate the total score and, therefore, the percentile, because we did not have
all three subscale scores. Instead, raw scores for PCDI and DC were calculated by adding
items 1 to 12 for PCDI and items 13 to 24 for DC. For PCDI, the cut-off conditions were set to
above 27 and <27. A score above 27 indicated clinically elevated PCDI. Furthermore, the cut-
off conditions for DC were set to 33 and <33, and a score above 33 indicated clinically elevated
DC. The parental distress was not calculated because the survey did not focus on this domain;
however, the PSI-SF was successful in measuring raw scores PCDI and DC domains as
intended. The PSI-SF was a suitable tool for the current study; it has been previously used in
the African context [216—219] and the South African population [220,221]. Apart from raw
scores, principal component analysis was computed to identify patterns in a data set. Kaiser-
Meyer Olkin (KMO) test and Cronbach's alpha [222] measured sample adequacy and internal

consistency reliability, respectively.

Main outcome: The Child Rearing and Early Development Inventory (CREDI) was the

outcome of interest. The CREDI is a comprehensive tool used to assess neurodevelopment
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across various domains in children up to 3 years of age. At 17 months, the CREDI evaluates
key neurodevelopmental areas, including cognitive, language, motor, and social-emotional
development [211,223]. The CREDI produces domain-specific scores and an overall
developmental score, providing a detailed assessment of early childhood development. This
tool has been validated in multiple settings and is widely used in research focused on early
childhood development. The CREDI data were presented as domain-specific z-scores to

capture variations in neurodevelopmental outcomes at 17 months.

2.2.8 Statistical approach

All analyses were conducted using Stata/MP Version 18.0 [224]. Descriptive statistics were
calculated separately for mothers and children, with categorical variables being reported as
counts and percentages, while continuous variables were summarized as means with

standard deviations (SD).

To compare the characteristics of mothers versus non-mothers (i.e., those included versus
not included in the study), as well as by geographic location (Giyani vs. Tzaneen), we
performed appropriate statistical tests. For continuous variables, we used the t-test to assess
differences between groups, while categorical variables were compared using the chi-square
test. This allowed us to identify any significant differences in the characteristics of the two

groups, depending on maternal status and location.

Subsequently, bivariate and multivariable logistic regression analyses were performed to
independently determine factors influencing PCDI and DC. A p-value less than 0.25 under a
bivariate analysis (unadjusted odds ratio and 95% CI) was used to select variables for the
multivariate analysis. Based on existing literature, the multivariate model (adjusted odds ratio
and 95% Cl) included the selected variables and additional variables known to influence PCDI
and DC, but were not statistically significantly associated with PCDI and DC in the bivariate
analysis. Multiple models were tested per domain (3 models each), and the best models were
chosen based on the AIC values (the lowest AIC value indicated a better-fit model), with a
significance level of p-value < 0.05. Lastly, the final models for PCDI and DC domains were

subjected to diagnostic testing.
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Finally, regression models were employed to evaluate the impact of elevated PCDI and DC
scores on neurodevelopment at 17 months. The analyses were only performed independently
on clinically elevated groups for PCDI and DC. The independent variables were the
neurodevelopmental domain scores for language, social-emotional, motor, and cognitive
development. Control variables, such as mothers’ age, child’s sex, mother’s education status,

family size, and family wealth, were included to adjust for potential confounding factors.

2.2.9 Ethics considerations

The primary intervention trial was approved by the Human Research Ethics Committee of the
University of the Witwatersrand (M160251) and registered with the South African Clinical Trials
Registry (SANCTR) under reference number PACTR201710002683810. All participants
provided written informed consent to take part in the study and agreed that their de-identified
data could be shared with co-investigators for research purposes. The current study utilized
secondary data extracted from the primary ftrial. Additionally, this cross-sectional study
received ethical approval from the Human Research Ethics Committee of the University of the
Witwatersrand (M220670).

2.3 Results

Figure 2.1 outlines the participant flow throughout the study, clearly illustrating the key stages
of participant selection, exclusion, and retention. Initially, 1,095 caregivers were assessed for
eligibility, but 540 were excluded because they were not biological mothers. This left 607
participants in the intervention group (IG) and 488 in the control group (CG). After this
exclusion, the remaining dataset included 555 participants, with 311 in the |G and 244 in the
CG (see Table 2 for further details). Of these, 377 participants were excluded from the neuro
sub-study, including 205 from the IG and 172 from the CG. Finally, 178 participants remained

eligible for the downstream analyses, including 106 from the I1G and 72 from the CG.
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CONSORT DIAGRAM

Assessed for eligibility (n=1095)
Intervention Group (n=607)

Control Group (n=488)

Excluded caregivers who were not biological mothers (n=540)

Intervention Group (n=296)

Remaining dataset (n=555) (Table 2.2)

Intervention Group (n=311)

Exclusions for Neuro sub-study (n=377)

Intervention Group (n=205)

Retained records eligible for the downstream analyses
(n=178) (Table 2.2)

Intervention Group (n=106)

Figure 2.1: Consort diagram showing data management
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Parent-child interaction using the Parental Stress Index

Table 2.1 shows that at 17 months, assessment using the Parental Stress Index indicated
moderate levels of stress in parent-child relationships. For the PCDI sub-scale, most
participants fell within the normal range. No significant group difference was observed
between the control and intervention arms, suggesting the intervention had no measurable

impact on dysfunctional interaction scores at this stage.

In contrast, results from the DC sub-scale indicated a significant group difference was
observed between the control and intervention arms. This suggests that children in the
intervention group were more often perceived as difficult, although the difference in

proportions was modest.

Table 2.1: Parent-child dysfunctional interaction (PCDI) and difficult child (DC) sub-scales at
17 months of age (n=178).

Mean (xSD) Elevated Normal P-value
n, (%) n, (%)

Total
PCDI 24.3 (+4.9) 29/178 (16.3)  149/178 (83.7) -
DC 29.4 (£7.5) 51/178 (28.7) 127/178 (71.3)
Parent-child dysfunctional interaction
CG 25.5 (#5.1) 14/72 (19.4) 58/72 (80.6) 0.881
IG 23.5 (¢4.6) 15/106 (14.2) 91/106 (85.8)
Difficult child
CG 29.0 (x7.1) 20/72 (27.8) 52/72 (72.2) 0.045
IG 29.6 (£7.8) 31/106 (29.2)  75/106 (70.8)

Abbreviations: SD -standard deviation, CG- Control Group, IG- Intervention Group

Characteristics at baseline in the primary cohort

Descriptive statistics (Table 2.2) showed that baseline characteristics of the cohort revealed
several key socio-demographic and regional differences. Mothers in Greater Giyani were
generally older, more likely to be married, and more dependent on child grants than their
counterparts in Greater Tzaneen. Educational attainment, employment status, and household

size were similar across sub-districts, although wealth distribution varied notably.

Among children, boys were more common in Greater Giyani. While average birth

measurements were similar, children in Greater Tzaneen had larger head circumferences and
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higher rates of stunting. Vaccination coverage was high but differed by region, with Greater
Tzaneen reporting better coverage for both BCG and OPVO0. Health status indicators also

varied, with more children in Greater Tzaneen reported as being in good or excellent health.
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Table 2.2: Socio-demographic characteristics of mothers and children pairs enrolled in the main study, by sub-district (n=555).

Variable Primary Greater Greater p- Primary p- Included in
cohort Giyani Tzaneen value* cohort (not value* analysis
(Mothers) mothers)
N=555 N=296 N=259 N=540 N=178
Treatment Control Group 244 (44.0) 131 (44.3) 113 (43.6) 0.882 243 (45.0) 0.092 72 (40.4%)
Intervention 311 (56.0) 165 (55.7) 146 (56.4) 297 (55.0) 106 (59.6%)
Group
Age, years Mean (£SD) 30.9 (+8.2) 31.9 (£8.5) 299 (x7.8) 0.004 326 (x12.1) 0.260 30.1 (7.5)
18-34 384 (69.2) 190 (64.2) 194 (74.9) 0.127 367 (68.0) 0.504 132 (74.2%)
35-40 110 (19.8) 66 (22.3) 44 (17.0) 67 (12.4) 31 (17.4%)
41-50 40 (7.2) 27 (9.1) 13 (5.0) 51 (9.4) 10 (5.6%)
51-60 9 (1.6) 6 (2.0) 3(1.2) 25 (4.6) 2 (1.1%)
61-70 6 (1.1) 4 (1.4) 2 (0.8) 19 (3.5) 1 (0.6%)
70-100 0 (0.0) 0 (0.0) 0 (0.0) 6 (1.1) 0 (0.0)
Missing 6 (1.1) 3(1.0) 3(1.2) 5(0.9) 2 (1.1%)
Marital status Married or 306 (55.1) 193 (65.2) 113 (43.6) <0.001 246 (45.6) <0.001 79 (44.4%)
Permanent
partner
Divorced or 8 (1.4) 3(1.0) 5(1.9) 9(1.7) 2 (1.1%)
separated
Single 229 (41.3) 94 (31.8) 135 (52.1) 253 (46.9) 93 (52.2%)
Widowed 6 (1.1) 5(1.7) 1(0.4) 17 (3.1) 1 (0.6%)
Missing 6 (1.1) 1 (0.3) 5(1.9) 15 (2.8) 3 (1.7%)
Years of 0-7 78 (14.1) 50 (16.9) 28 (10.8) 0.192 102 (18.9) 0.017 21 (11.8%)
education 8-11 267 (48.1) 134 (45.3) 133 (51.4) 219 (40.6) 87 (48.9%)
completed 212 200 (36.0) 107 (36.1) 93 (35.9) 207 (38.3) 67 (37.6%)
Missing 10 (1.8) 5(1.7) 5(1.9) 12 (2.2) 3 (1.7%)
Employment Unemployed 495 (89.2) 271 (91.6) 224 (86.5) 0.125 468 (86.7) 0.098 156 (87.6%)
Employed 56 (10.1) 24 (8.1) 32 (12.4) 71(13.1) 20 (11.2%)
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Missing 4 (0.7) 1 (0.3) 3(1.2) 1(0.2) 2 (1.1%)
Child grant No 287 (51.7) 113 (38.2) 174 (67.2) <0.001 309 (57.2) <0.001 125 (70.2%)
Yes 268 (48.3) 183 (61.8) 85 (32.8) 231 (42.8) 53 (29.8%)
Family size 0-4 144 (25.9) 82 (27.7) 62 (23.9) 0.029 127 (23.5) 0.114 43 (24.2%)
5-7 284 (51.2) 159 (53.7) 125 (48.3) 276 (51.1) 88 (49.4%)
=8 124 (22.3) 55 (18.6) 69 (26.6) 134 (24.8) 46 (25.8%)
Missing 3 (0.5) 0 (0.0) 3(1.2) 3 (0.6) 1 (0.6%)
Family wealth Poorest 120 (21.6) 80 (27.0) 40 (15.4) <0.001 111 (20.6) 0.009 27 (15.2%)
Poorer 117 (21.1) 62 (20.9) 55 (21.2) 89 (16.5) 35 (19.7%)
Middle 108 (19.5) 63 (21.3) 45 (17.4) 111 (20.6) 32 (18.0%)
Rich 113 (20.4) 53 (17.9) 60 (23.2) 106 (19.6) 44 (24.7%)
Richest 97 (17.5) 38 (12.8) 59 (22.8) 123 (22.8) 40 (22.5%)
Children characteristics
Primary Greater Greater p- Primary p-value Included in
cohort Giyani Tzaneen value cohort (not analysis
(Mothers) mothers)
Close to birth N=555 N=296 N=259 N=540 N=178
Treatment Control Group 244 (44.0) 131 (44.3) 113 (43.6) 0.882 243 (45.0) 0.092 72 (40.4%)
Intervention 311 (56.0) 165 (55.7) 146 (56.4) 297 (55.0)
Group 106 (59.6%)
Sex Male 284 (51.2) 170 (57.4) 114 (44.0) 0.002 147 (27.2) <0.001 76 (42.7%)
Female 271 (48.8) 126 (42.6) 145 (56.0) 162 (30.0) 102 (57.3%)
Missing 0 (0.0) 0 (0.0) 0 (0.0) 231 (42.8) 0 (0.0)
Age, days 57.6 (x37.2) 58.8 (+37.6) 56.3 (+36.7) 0.435 58.2(+36.4) 0.142 57.1 (37.3)
Birth weight (cm) Mean (SD) 3.1 (x0.5) 3.1 (x0.5) 3.0 (x0.5) 0.535 3.0 (x0.5) 0.125 3.1(0.4)
Birth head (cm) Mean (SD) 33.9 (+1.8) 33.7 (x1.7) 34.2 (1.8) 0.002 33.8(x1.7) 0.784 34.3 (1.5)
Birth length (cm)  Mean (SD) 49 (+4) 49 (+4) 49 (+4) 0.194 49 (¢4) 0.100 50 (3)
BCG vaccination No 23 (4.1) 9 (3.0) 14 (5.4) 0.252 3 (0.6) 0.016 8 (4.5%)
at birth Yes 482 (86.8) 257 (86.8) 225 (86.9) 173 (32.0) 161 (90.4%)
Missing 50 (9.0) 30 (10.1) 20 (7.7) 364 (67.4) 9 (5.1%)
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OPVO No 7 (1.3) 4 (1.4) 3(1.2) 0.968 1(0.2) 0.024 1 (0.6%)
Yes 502 (90.5) 267 (90.2) 235 (90.7) 175 (32.4) 167 (93.8%)
Missing 46 (8.3) 25 (8.4) 21 (8.1) 364 (67.4) 10 (5.6%)
OPV1 (at 6 No 9 (1.6) 6 (2.0) 3(1.2) 0.566 3 (0.6) 0.008 1 (0.6%)
months) Yes 494 (89.0) 260 (87.8) 234 (90.3) 172 (31.9) 167 (93.8%)
Missing 52 (9.4) 30 (10.1) 22 (8.5) 365 (67.6) 10 (5.6%)
Twin No 524 (94.4) 281 (94.9) 243 (93.8) 0.571 512 (94.8) 0.724 172 (96.6%)
Yes 31 (5.6) 15 (5.1) 16 (6.2) 28 (5.2) 6 (3.4%)
Sibling 1.6 (£1.3) 1.7 (£1.3) 1.4 (£1.2) 0.004 1.2 (%1.3) 0.316 1.4 (1.2)
At 17 months
Age, days Mean (SD) 496.5 - 496.5 499.9 496.5
(£14.7) (£14.7) (x17.4) (£14.7)
Weight (cm) Mean (SD) 10.3 (£1.3) - 10.3 (£1.3) 10.7 (£1.4) 10.3 (1.3)
Length (cm) Mean (SD) 77 (£3) - 77 (£3) 78 (£3) 77 (3)
Head (cm) Mean (SD) 45.8 (£1.6) - 45.8 (£1.6) 46.3 (£1.6) 45.8 (1.6)
LAZ score Mean (SD) -1.0 (¢1.3) - -1.0 (£1.3) -0.6 (£1.3) -1.0 (1.3)
WAZ score Mean (SD) 0.1 (£1.1) - 0.1 (£1.1) 0.3 (£1.1) 0.1(1.1)
WHZ score Mean (SD) 0.7 (x1.1) - 0.7 (x1.1) 0.8 (£1.2) 0.7 (1.1)
Stunting No 137 (24.7) - 137 (52.9) 122 (22.6) <0.001 137 (77.0%)
Yes 41 (7.4) - 41 (15.8) 17 (3.1) 41 (23.0%)
Missing 377 (67.9) - 81 (31.3) 401 (74.3) 0 (0.0)
Overall health Poor 5(0.9) - 5(1.9) <0.001 5(2.8%)
Fair 2(0.4) - 2(0.8) 2(0.4) 2 (1.1%)
Good 91 (16.4) - 91 (35.1) 6 (1.1) 91 (51.1%)
Very good 47 (8.5) - 47 (18.1) 68 (12.6) 47 (26.4%)
Excellent 33 (5.9) - 33 (12.7) 43 (8.0) 33 (18.5%)
Missing 377 (67.9) - 81 (31.3) 21 (3.9) 0(0.0)

Data are presented as mean (+SD) for continuous measures, and n (%) for categorical measures. Abbreviations: LAZ- Length-for-Age z-score;
WHZ- Weight-for-Height z-score; WAZ- Weight-for-Age z-score; BCG- Bacille Calmette-Guérin; OPOO0- Oral poliomyelitis vaccine at baseline;
OPV1- Oral poliomyelitis vaccine at 6 months. Additionally, * is comparing the total included by sub-district (Greater Giyani vs Greater
Tzaneen) and #is comparing groups (included vs. not included).
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Factors influencing elevated scores, PCDI, and DC

Table 2.3 presents the factors associated with an elevated PCDI score at 17 months of age. Multivariate analysis showed that child health was

a critical predictor of elevated PCDI scores. Children reported to be in good health were significantly less likely to have elevated dysfunctional

interaction scores, while stunted children were at increased risk. No significant associations were found with maternal education, employment,

marital status, or household characteristics.

Table 2.3: Factors associated with an elevated PCDI at 17 months.

Variable Category Proportion with the = OR (95% CI) P- Adjusted OR (95% P value
outcome (n= 29) Value Cl)
Treatment Control Group 14/72 (19.4%) 1.00 (ref) - - -
Intervention Group 15/106 (14.2%) 0.68 (0.31 - 1.53) 0.349 - -
Mothers' Age 18-34 22/132 (16.7%) 1.00 (ref) - - -
235 years 6/44 (13.6%) 0.79 (0.30 - 2.34) 0.635
Marital Status Not married or don’t have 19/99 (19.2%) 1.00 (ref) - 1.00 (ref) -
permanent partner
Married or permanent partner  10/79 (12.7%) 0.61 (0.26 - 1.41) 0.242 0.59 (0.24 - 1.46) 0.250
Education 0-7 3121 (14.73%) 1.00 (ref) - 1.00 (ref) -
Status 8-11 17/87 (19.5%) 1.46 (0.38 - 5.57) 0.580 1.52 (0.33-6.81) 0.584
212 8/67 (11.9%) 0.81(0.19 - 3.42) 0.778 0.76 (0.16 - 3.71) 0.736
Employment Unemployed 24/156 (15.4%) 1.00 (ref) - - -
Employed 5/20 (25.0%) 1.83 (0.61 - 5.56) 0.277 - -
Child Grant No 20/125 (16.0%) 1.00 (ref) - - -
Yes 9/53 (17.0%) 1.07 (0.45 - 2.55) 0.872 - -
Family Size 0-4 6/43 (14.0%) 1.00 (ref) - - -
S-7 17/88 (19.3%) 1.48 (0.53 - 4.09) 0.450 - -
28 5/46 (10.9%) 0.75 (0.21 - 2.69) 0.661 - -
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Child's Sex Male 11/76 (14.5%) 1.00 (ref) : 1.00 (ref) -
Female 18/102 (17.6%) 1.27 (0.56 - 2.88) 0.572 1.85(0.72-4.72) 0.197
Food Insecurity No 26/159 (16.4%) 1.00 (ref) ) - -
Yes 3/18 (16.7%) 1.02 (0.28 - 3.80) 0.973 - -
Wealth Poorest 4/27 (14.8%) 1.00 (ref) : - -
Poorer 8/35 (22.9%) 1.70 (0.45 - 6.51) 0.431 - -
Middle 6/32 (18.8%) 1.33 (0.33 - 5.37) 0.691 - -
Rich 7/44 (15.9%) 1.09 (0.28 - 4.17) 0.902 - -
Richest 4/40 (10.0%) 0.64 (0.14 - 2.85) 0.554 - -
Child's Health Poor or Fair 3/7 (42.9%) 1.00 (ref) - 1.00 (ref) -
Good or Very Good 20/138 (14.5%) 0.22 (0.05-1.12) 0.046 0.13 (0.02 - 0.82) 0.030
Excellent 6/33 (18.2%) 0.21 (0.03 - 1.43) 0.161 0.19 (0.03 - 1.47) 0.113
Stunted No 19/137 (13.9%) 1.00 (ref) - 1.00 (ref) -
Yes 10/41 (24.4%) 2.00 (0.84 - 4.79) 0.111 2.63 (1.01-6.89) 0.049

For elevated DC scores (Table 2.4), the only significant predictor was marital status. Children of married or permanently partnered mothers

were more likely to be perceived as difficult. Other maternal or household variables, including age, education, employment, and wealth, did not

significantly influence this outcome.

Table 2.4: Factors associated with an elevated neuro DC at 17 months.

Variable Category Proportion with the  OR (95% ClI) P-Value Adjusted OR (95% CI) P-Value
outcome (n= 51)
Treatment Control Group 20/72 (27.8%) 1.00 (ref) - - -
Intervention Group  31/106 (29.2%) 1.07 (0.55 - 2.09) 0.832 - -
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Mothers' Age 18-34 38/132 (28.8%) 1.00 (ref) - 1.00 (ref) -

235 years 11/44 (25.0%) 0.82 (0.38-1.803) 0.628 0.53 (0.12 - 2.36) 0.402
Marital Status Married or 29/79 (36.7%) 2.03 (1.04 - 3.96) 0.034 2.28 (1.34 - 5.56) 0.020

permanent partner

Not married and 22/99 (22.2%) 1.00 (ref) - 1.00 (ref)

not permanent

partner
Education Status 0-7 5/21 (23.8%) 1.00 (ref) - - -

8-11 27/87 (31.0%) 1.44 (0.47 - 4.37) 0.517 - -

>12 17167 (25.4%) 1.09 (0.34 - 3.44) 0.886 - -
Employment Unemployed 44/156 (28.2%) 1.00 (ref) - - -

Employed 7/20 (35.0%) 1.37 (0.51 - 3.68) 0.530 - -
Child Grant No 37/125 (29.6%) 1.00 (ref) - - -

Yes 14/53 (26.4%) 0.85(0.41 -1.76) 0.668 - -
Family Size 0-4 16/43 (37.2%) 1.00 (ref) - 1.00 (ref) -

5-7 26/88 (29.5%) 0.71 (0.33 - 1.54) 0.379 0.66 (0.30 - 1.45) 0.298

8-max 9/46 (19.6%) 0.41 (0.15-1.09) 0.066 0.42 (0.16 - 1.07) 0.069
Child's Sex Male 18/76 (23.7%) 1.00 (ref) - 1.00 (ref) -

Female 18/76 (23.7%) 1.54 (0.78 - 3.03) 0.207 1.42 (0.70 - 3.86) 0.329
Food Insecurity No 47/159 (29.6%) 1.00 (ref) - - -

Yes 4/18 (22.2%) 0.68 (0.21 - 2.19) 0.516 - -
Wealth Poorest 8/27 (29.6%) 1.00 (ref) - - -

Poorer 7135 (20.0%) 0.59 (0.18 - 1.95) 0.384 - -

Middle 8/32 (25.0%) 0.79 (0.25 - 2.53) 0.693 - -

Rich 13/44 (29.5%) 1.00 (0.35-2.87) 0.994 - -

Richest 15/40 (37.5%) 1.43 (0.50 - 4.10) 0.509 - -
Child's Health Poor or Fair 317 (42.9%) 1.00 (ref) -

Good or Very Good 39/138 (28.3%) 0.53 (0.11 - 2.34) 0.408 - -

Excellent 9/33 (27.3%) 0.510(0.09-2.79) 0.420 - -
Stunted No 38/137 (27.7%) 1.00 (ref) - - -

Yes 13/41 (31.7%) 1.21 (0.57 - 2.58) 0.623 - -
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The effect of elevated scores of PCDI and DC on neurodevelopment outcomes

Table 2.5 presents mean z-scores across four neurodevelopmental domains in Tzaneen. The
intervention and control groups demonstrated comparable scores across all domains, with
only marginal differences observed. The intervention group showed slightly higher mean
scores in the motor and social-emotional domains; however, these differences were minimal
and not statistically significant. No meaningful group differences were evident in cognitive,

language, or overall development scores.

Table 2.5: Neurodevelopment mean z-scores for development domains in Tzaneen.

Domain Treatment N Mean z-score (¥SD)
Cognitive 0 73 -0.13 (21.03)
1 106 -0.06 (+0.87)
Language 0 72 -0.12 (x0.90)
1 106 -0.06 (+0.87)
Motor 0 72 0.38 (+1.22)
1 106 0.47 (x0.97)
Social-emotional 0 72 -0.26 (£0.99)
1 106 -0.17 (20.86)
Overall 0 72 0.04 (+0.75)
1 106 0.05 (+0.84)

Figure 2.2 shows the distribution of neurodevelopmental scores at 17 months stratified by
PCDI scores. Children exposed to elevated PCDI scores consistently scored lower across all
assessed domains compared to those with normal PCDI scores. These differences were

statistically significant.
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Figure 2.2: Distribution of neurodevelopment at 17 months by PCDI. Data are presented as
median, IQR, and range.

Abbreviations: IQR interquartile range; PCDI Parent-child dysfunctional interaction

Similarly, Figure 2.3 illustrates the distribution of neurodevelopmental outcomes by DC scores.
Children with elevated DC scores had significantly lower scores across all developmental

domains relative to those with normal DC scores.
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Figure 2.3: Distribution of neurodevelopment at 17 months by DC. Data are presented as

median, IQR, and range.

Abbreviations: IQR interquartile range; DC difficult child
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Multivariable linear regression analysis assessed the association between elevated PCDI and

DC scores and neurodevelopmental outcomes (Table 2). Elevated PCDI was significantly

associated with lower cognitive development scores, while elevated DC was significantly

associated with poorer social-emotional development. No other statistically significant

associations were observed between elevated PCDI or DC and the remaining developmental

domains.

Table 2.6: The impact of elevated PCDI and DC raw scores on neurodevelopment CREDI z-

scores.
Elevated PCDI Elevated DC

Development B (95% ClI) P- Domain B (95% ClI)
Domain value
Language 6.52 (-1.25 - 14.29) 0.095 -0.30 (-4.00 - 3.41) 0.871
Social-Emotional -0.43 (-1.31-0.44) 0.313 -0.26 (-0.50--0.01) 0.043
Motor -9.22 (-19.11 - 0.68) 0.066 0.14 (-4.60 - 4.87) 0.954
Cognitive -1.53 (-2.56t0 -0.51) 0.006 0.12 (-0.36 - 0.60) 0.610
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2.4 Discussion

This study explored the associations between parent-child interaction, child behavioural
difficulties, and neurodevelopmental outcomes among children in two rural sub-districts of
Limpopo Province, South Africa. At 17 months, 16.3% of children exhibited clinically elevated
Parent-Child Dysfunctional Interaction (PCDI) scores, suggesting strained relational dynamics
between caregivers and children. Additionally, 28.7% showed elevated Difficult Child (DC)
scores, indicating behavioural or self-regulatory challenges. These findings align with previous
studies that have reported elevated relational stress and behavioural dysregulation in early

childhood among socioeconomically vulnerable populations [225-227].

The association between elevated PCDI scores and poor child health and stunting suggests
a bidirectional relationship between physical development and caregiver-child interactions.
Children with stunted growth or poor health may exhibit irritability or lower responsiveness,
making engagement more difficult, while caregivers may also experience stress or diminished
capacity for nurturing interaction due to socioeconomic burdens. This echoes findings from
previous studies, which noted that children with health-related issues often face adverse
experiences such as neglect, harsh disciplinary actions, and inconsistent caregiving [228,229].
The observed findings support UNICEF’s assertion that stunting is not only a marker for

malnutrition but it is also a predictor of developmental disadvantages if not addressed early.

Elevated DC scores were significantly associated with caregivers’ marital status, with higher
odds of difficult behaviour observed in children of married or partnered caregivers. This
counters the widely held assumption that single parenthood is consistently associated with
poorer child outcomes. However, it is evident in the literature that children born to married
parents or parents in permanent partnerships can also exhibit difficult behaviours [33,230].
This could be influenced by various factors, including financial strain, relationship stress,
differing parenting styles, or a lack of social support. Moreover, the presence of unresolved
conflicts between parents, even in stable partnerships, may affect the child’s emotional well-
being and contribute to behavioural challenges. Children often learn how to interact with others
based on what they observe in their parents’ relationship. If parents model unhealthy
relationship behaviours (such as poor communication, anger, or lack of conflict resolution),
children might replicate these behaviours in their own interactions, leading to challenging
behaviours like tantrums or defiance [33,203,230,231]. These findings reinforce the idea that
family structure alone is not a reliable predictor of developmental risk; instead, family dynamics

and stress exposure play critical roles.
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In terms of neurodevelopmental outcomes, this study found that elevated PCDI scores were
associated with poorer cognitive development, while elevated DC scores were linked to poorer
social-emotional development. These domain-specific patterns are consistent with the
transactional model of development, which posits that early child outcomes are shaped by
continuous and reciprocal exchanges between caregivers and children. In this cohort,
elevated scores of PCDI were influenced by stunting, which may help explain the negative
impact of elevated PCDI scores on cognitive neurodevelopment. A recent study by
Ekholuenetale et al. [232] reported that in their cohort, stunted children exhibited a 7%
reduction in cognitive development compared to non-stunted children. This underscores the
crucial role stunting plays in shaping cognitive outcomes in young children and highlights the
need for further research in this area. Furthermore, the observed findings related to elevated
levels of DC scores align with previous research suggesting a strong link between poor social-

emotional neurodevelopmental bases and difficult child behaviours [233—-238].

The underutilization of Child Support Grants (CSG) among eligible caregivers, as revealed in
this study, further points to structural challenges that impede access to essential support. Child
support grant is a South African government initiative that provides financial assistance to low-
income caregivers with children under the age of 18 years. The eligibility for CSG is for the
caregiver to earn less than R3100 per month, have an identity document, and a childbirth
certificate [239]. The main goal for CSG is to alleviate eligible caregivers from financial
challenges; however, across the country, some caregivers are still struggling to access CSG.
Previous research studies have noted that the exclusion of some caregivers from receiving
CSG is attributed to administrative technicalities, corruption, lack of information, and logistical
reasons [240,241]. Specific challenges related to the high number of caregivers not receiving
CSG were never probed in the current study population. Therefore, it is crucial to investigate
the barriers contributing to the lack of jobs and the exclusion of eligible caregivers from
receiving CSG in Limpopo, specifically in Greater Tzaneen and Giyani. So that appropriate
interventions could be constituted to help the caregivers and children by alleviating them from
spells of financial hardships and building a better society. Public health initiatives in this
context must go beyond service provision to include policy reforms and outreach strategies

aimed at maximizing grant coverage and minimizing bureaucratic exclusions.

Overall, many studies have explored factors contributing to negative neurodevelopment, but
most have focused primarily on socioeconomic (SES) factors. They have largely overlooked

a deeper examination of the role parent-child interactions play in this process. While SES

73



factors are undoubtedly important because they influence family structure and environmental
dynamics, less attention has been given to the role of negative parent-child interactions and
difficult child behaviours in rural contexts. These factors may have a significant impact on
neurodevelopment, yet they remain underexplored in research. The current study uncovered
the impact of negative parent-child interactions and difficult behaviours on
neurodevelopmental domains. These findings contribute to the growing body of knowledge
and, in a South African context, could serve as baseline information for further research aimed

at understanding how these factors affect child development, particularly in rural settings.

Importantly, our findings provide valuable insights into the clinical outcomes for PCDI and DC
scores and their role in various neurodevelopmental domains in young children from the
Mopani District, Limpopo Province. This highlights the importance of studying the impact of
PCDI and DC in rural communities. Investigating these factors' contribution to
neurodevelopment in early childhood will help generate context-specific information, which
can inform the design and implementation of psychosocial intervention programs tailored to

the unique challenges faced by rural communities in South Africa.

The strength of this study lies in the use of secondary birth cohort data that was structured
into intervention and control groups, allowing for a meaningful comparison of outcomes
between the groups. The dynamics of this data enabled the current study’s specific objectives
to be explored, offering new insights into the effect of elevated scores of PCDI and DC on
neurodevelopmental domains in two rural regions of Limpopo. Additionally, the study focused
on children at 17 months of age, which is a significant period for brain elasticity. To our
knowledge, is the first of its kind, as most related studies have primarily focused on preschool

children, mostly from urban areas.

2.5 Limitations and future direction

The instruments used were self-reporting, and there were possibilities for parents to respond
defensively to sound competent cannot be ruled out. Furthermore, the study focused on the
aspect where the tools were administered at one time point, limiting their ability to capture
dynamic interactions over time. To account for this, we suggest the inclusion of other

methodologies to increase the rigor of the study.
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Regarding the Parenting Stress Index (PSI), the Parental Distress (PD) scale was not
measured. This omission limits a comprehensive understanding of overall parenting stress,
as PD is a core component of the total stress score. Future studies should consider estimating
the total score or percentile ranks to allow for more robust interpretation of parenting stress

and its relationship with developmental outcomes.

Parent-child dyads did not include people living with disabilities. Future studies need to include
people with disabilities. In addition, the PCDI and DC domains can be bidirectional; they also
need to be studied longitudinally in the future to understand direction. The study was
conducted in Limpopo, which is characterized by different economic and social development
levels and cultural customs when compared with other provinces. Therefore, our results
cannot be generalized to other provinces of South Africa. We recommend that such studies
be conducted in other parts of the country. Lastly, our findings give a perspective, but do not
warrant causal inference, as it was focused on one point when the children were 17 months
old. This underscores the need for more studies to be conducted to understand the causal
links between PCDI and DC and development domains in children under 5 years of age across
South Africa. More studies will promote the implementation of informed context-relevant

interventions that will directly target the challenges faced by rural communities.

2.6 Conclusion

In conclusion, this study provides valuable insights into the complex factors affecting child
neurodevelopment in rural South Africa, particularly within the Limpopo Province. The findings
highlight the significant role that socioeconomic challenges, including stunting and limited
access to child support grants, play in shaping child development outcomes. Elevated scores
on the PCDI were found to have a direct impact on cognitive development, while DC scores
primarily affected social-emotional outcomes, emphasizing the need for focused interventions
in these areas. The study also underscores the importance of examining parent-child
interactions and difficult child behaviours, as these factors appear to have a considerable
influence on developmental domains that have often been overshadowed by socioeconomic

factors in prior research.

The findings suggest that addressing stunting, improving access to financial support programs
like the child support grant, and enhancing parent-child interactions can have a profound
impact on child development. Early intervention programs tailored to these specific needs

could help mitigate the risks associated with poor neurodevelopment, offering an opportunity
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to improve long-term outcomes for children in rural communities. Additionally, the study's

focus on children at 17 months provides a unique contribution, as this critical stage for brain

development is often overlooked in research predominantly focused on older children. Overall,

the study contributes to a growing body of knowledge and emphasizes the need for targeted,

context-specific interventions to address the challenges faced by rural children and their

families in South Africa. Further research is needed to explore the underlying barriers

to

financial assistance and access to healthcare in rural areas, which will help inform the

development of more effective strategies to support these vulnerable populations.
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