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ABSTRACT

Introduction

Neurocognitive development in early childhood is a complex process with multiple genetic
and environmental influences. The Birth to Twenty study conducted neurocognitive
assessments of children at 1- and 5 years of age using the Griffiths Mental Development Scale
(GMDS) and the Denver Prescreening Developmental Questionnaire (DPDQ) respectively. The
current study examined the effects of breastfeeding until the age of 6 months, childhood linear
growth, household asset index, maternal parity, maternal level of education, and maternal

depression on children’s neurocognitive development.

Objective

The primary objective of the study was to investigate the associations between various
sociodemographic factors with both the GMDS and the DPDQ. The secondary objective was to
examine each of the sociodemographic factors across different cognitive developmental

patterns among children between 1- and 5-years of age.

Method

The study used historical data from the Birth to Twenty longitudinal cohort study. Secondary
data analyses were used to examine the associations between the selected sociodemographic
factors and cognitive development scores. The childrens’ performance on the GMDS and the
DPDQ were divided into tertiles in order to examine the role of each selected factors on the

GMDS and DPDQ.

Results
Findings revealed significant associations between linear growth at 2 years of age and both

the GMDS (r =0.20, p =0.036) and the DPDQ scores (r = 0.21, p =0.034), maternal parity and
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the DPDQ score (r = -0.16; p= 0.041), and maternal education and the DPDQ score (F(1,166)
=15.92, p<0.001). Linear growth and maternal education differed significantly in
cognitive development tertile groups, but these results were unexpected and of

uncertain significance.

Conclusion

This study has shown the expected positive effect of higher levels of maternal education,
better linear growth at age 2 years and lower maternal parity on early childhood
neurocognitive development in predominantly black South African children. It did not find
the expected associations between neurocognitive development and household demographics,

breastfeeding and maternal depression. More research in this field is required.
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1.0 Introduction
The development of the brain is a complex and not fully understood process. Although
neurodevelopmental sequences are genetically determined, it has been established that
biological and psychosocial factors associated with poverty adversely affect early childhood
neurocognitive development. The implications of poor early childhood neurocognitive
development are far-reaching, influencing schooling and adult productivity. It is estimated
that 200 million children younger than 5 years are not attaining their developmental potential
in the developing world.! Identifying factors that adversely affect neurocognitive outcomes in
these children is essential not only to the individual but also to alleviate the cycle of poverty in
which they live. This research project therefore examined the correlates of neurocognitive

development in Sowetan children in the 1990s.

1.1 Literature Review

Neurodevelopmental Assessment in South Africa

There is limited data on patterns and factors influencing neurocognitive development in South
African children. The measurement tools available for assessing early childhood
neurocognitive development are created, validated and frequently used in high-income
countries. These tools are typically administered by trained professionals, rely on excellent
communication between the administrator and the child and parent, and often depend on
parent recall. These instruments are often modified and used in low and middle income
countries (LAMIC) such as South Africa. Whilst in high income countries, there are large
bodies of evidence examining the influence of various biological and psychosocial factors on
children’s early cognitive development, as well as the mechanisms underlying the complex
process of early childhood neurocognitive development; there is limited data in low and
middle income countries such as South Africa. South African evidence is thus critical to
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understand patterns of and factors influencing neurocognitive development, in order to

inform South African policy on early childhood neurocognitive development.

The Birth to Twenty (Bt20) cohort study enrolled 3273 children born in Soweto in 1990 and
followed them up to twenty four years of age. It was initiated during the changing political
climate as the Apartheid regimen in South Africa was crumbling, and rapid, unorganised
urbanisation was anticipated. It was excepted that this urbanisation would have profound
effects on children’s’ health and development.? Data measured included antenatal
information about the pregnancy, growth, health, family socio-demographics, well-being and
educational progress of participants and their families as well as a focus on factors
influencing early cognitive neurodevelopment, performing two neurocognitive
assessments on the enrolled children?. The study administered two instruments to assess
children’s cognitive development, the Griffiths Mental Development Scale (GMDS) when
participants were 1 year of age, and the Denver Prescreening Developmental Questionnaire
(DPDQ) when participants were 5 years of age?. Bt20 is one of five longitudinal birth cohort
studies in LAMIC and forms part of the the Consortium of Health-Oriented Research in
Transitioning Countries (COHORTS); it represents a unique database because of both the
population that it studies as well as the sociodemographic and neurodevelopmental

data available®2,

The Griffiths Mental Development Scale

The Griffiths Mental Development Scales (GMDS) 3 are comprised of six sub-scales: locomotor,
personal-social, hearing and language, eye and hand co-ordination, performance and practical
reasoning. Sub-scales are tabulated to form an overall total score. The GMDS is the most
extensively used neurodevelopmental tool in South Africa*® however population specific
norms have yet to be established. When GMDS scores of “normal” black South African children
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between 13 and 16 months of age were compared to the 1996 British norms, South African
children achieved higher scores in the hand-eye co-ordination and performance scales while
the British children performed better in the personal-social scale.’ A study in 2001 examined
the construct validity of the GMDS and found that the items tested in each sub-scale relied on
multiple constructs, suggesting that restructuring of the sub-scales would produce more
meaningful results. Furthermore the study raised concerns about employing the GMDS in the
South African context, especially on the personal-social sub-scale as this scale is particularly
sensitive to cultural norms.> However, the GMDS is used widely in South African studies*?.
Laughton et al found normal GMDS scores in 11-month old infants which declined over time in
children from low socio-economic backgrounds.’ Laughton et al also used the GMDS to assess
neurocognitive development in children with Human Immunodeficiency Virus (HIV) and
found that neurodevelopmental delay associated with HIV was improved to almost normal by
early commencement of antiretroviral treatment. ® Davies et al assessed neurocognitive
development in children with foetal alcohol syndrome using the GMDS and found significant
developmental delay in these children 8. Evidence thus exists that the GMDS is a useful and

valid tool in the South African context.

The Denver Prescreening Developmental Questionnaire

The Denver Prescreening Developmental Questionnaire (DPDQ) and the revised-DPDQ are
parent-report instruments aiming to identify children at risk for neurodevelopmental delay
and who will require further screening and neurodevelopmental intervention. Its advantages
are that it is cost-effective, does not require extensive expertise and can be performed quickly,
however there are concerns about its sensitivity and positive predictive value.'* 1! Luiz,
et al compared the GMDS to the DPDQ in Xhosa-speaking South African children and found
that the children performed better on the GMDS than on the DPDQ, possibly suggesting that
the DPDQ is more sensitive than is necessary. The study also suggested that for the DPDQ,
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children’s performance was poorest on the personal-social sub-scale, and that these items
may have been culturally inappropriate.'? The DPDQ used in the Bt20 cohort adapted some of
the items in order to render the assessment more culturally appropriate. For instance, the
item ‘What is a hedge? was changed to ‘What is a fence?’ as children in this context would be
more familiar with a fence than with a hedge.!® Such modifications were necessary to prevent
children from under-scoring in the assessment due to cultural misunderstanding rather than

true cognitive delay.'3 4

Factors Influencing Neurocognitive development

Breastfeeding

The benefit of breastfeeding of young infants is well documented. Breastfeeding has been
shown to reduce mortality owing to infectious disease in developing countries.’> The
Cochrane Review in 2012 published data showing that breastfeeding reduces the risk of
gastrointestinal and respiratory tract infections in infants, promotes maternal weight loss and
prevents recurrent pregnancy in mothers.’®The World Health Organisation promotes
exclusive breastfeeding to six months of age, and thereby limits randomisation of infants to
exclusive formula-feeding groups in randomised controlled trials. Therefore the evidence for
neurodevelopmental benefit of breastfeeding is riddled with issues, as most systematic
reviews are retrospective, have small sample sizes and do not adequately adjust for
confounding factors, including socio-economic status and maternal Intelligence Quotient (1Q).
17-24 The question as to whether breastfeeding independently confers neurodevelopmental
advantage to children, or whether confounding factors associated with a breasted child’s
environment are responsible for improved neurodevelopmental outcome is topical. A
secondary, yet unanswered, question is whether the duration or exclusivity of
breastfeeding confers the most benefit, or whether or not this neurodevelopmental
benefit is dose-dependent.
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The Millennium Cohort Study (2005) enrolled 18 500 infants in the United Kingdom, taking
into account socio-economic status, infant health status, household composition and adult-
child interaction and examined the association between breastfeeding and
neurodevelopmental outcomes. The study found that the proportion of infants who attained
their developmental milestones at 9 months of age increased with duration and exclusivity of
breastfeeding.!” This not only supports the positive association between improved
neurodevelopmental outcomes and breastfeeding, but also suggests that this association is
dose-dependent. The Cochrane Review found that breastfed infants crawled significantly
earlier and that there was and a trend towards earlier sitting compared to formula-fed infants,
suggesting some association between breastfeeding and gross motor milestones.'® This
finding is confirmed by a Spanish cohort of breastfed infants attaining higher
neurodevelopmental scores at 14 months of age than formula fed infants, with results
adjusted for social, psychological and nutritional factors.?> A cohort of 22 399 of infants
enrolled in a prospective study in the United States, found that mothers of breastfed infants
had fewer concerns about the achievement of language and motor development than mothers
of formula fed infants.?® Therefore there is a growing body of evidence suggesting that
breastfeeding is independently associated with improved neurodevelopmental outcomes and
steps have been made to eliminate the effect of confounding factors that may otherwise

explain the association.

A prospective study in Poland using neurodevelopmental information of children up to the age
of 7 years found that the higher 1Q scores attained by 1-year old breastfed infants were also
sustained at 7-years, supporting the long term influence of breastfeeding on children’s

cognitive development.?’
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The exact mechanism for the neurotrophic effect of breast milk itself is not fully understood.
Breast milk contains fatty acids and micronutrients which are known to aid in
neurodevelopment. Docosahexaenoic acid and arachidonic acid which are found in human
breast milk but are absent in formula and cow’s milk have been shown to improve eyesight
and cognitive ability.?” A Spanish study in 2011, the first of its kind, investigated the
concentration of various polyunsaturated fatty acids (PUFA) in maternal colostrum to
determine if there was a correlation between the achievement of neurodevelopmental
milestones and a particular PUFA. The study found that there were improved
neurodevelopmental outcomes in infants who received breast milk with higher levels of n3-
PUFA, including docosahexaenoic acid. This effect was strengthened with an increased
duration of breastfeeding.?® A review published in 2014 in the Nutritional Journal
hypothesises that improved nutritional supplementation of infant formulas may improve

neurodevelopmental outcome in pre-term infants.?°

Emerging evidence in the field of neuro-imaging contributes to our knowledge of the
mechanism underlying the influence of breastfeeding on neurodevelopment3®. Deoni et al
published a study in 2013 showing increased white and grey matter volumes as well as
increased parietal lobe thickness associated with increased 1Q in adolescents who were
breastfed as compared to those who were formula fed.3? This study attempted to eliminate
bias by correcting for socio-economic status and maternal education level as a surrogate for
maternal 1Q. Other confounding factors that were accounted for were using only singleton
pregnancies, with Apgar scores of at least 8, no history of head trauma, no intensive care unit
admissions, no family history of neurological or psychological illness, no complications or
illicit drug use during the pregnancy. The findings of this study seem to support the
hypothesis of the neurodevelopmental effect of breastfeeding, and seeing this benefit into
adolescence. However the inferences made in this study between breastfeeding, increased
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white matter volume and intelligence have been criticised3. It is possible that the differences
in white matter volume may be explained better by premature introduction of cow’s milk in
the formula fed groups as opposed to the breastfed groups3l. The counter-hypothesis is that
the avoidance of cow’s milk in early childhood is the factor that confers the

neurodevelopmental benefit and not the breast milk itself.3!

Linear Growth

Malnutrition is a significant problem worldwide, with an estimated 165 million children
under the age of 5 years being classified as stunted in 2011, with the vast majority of these
children living in the developing world.3! Stunting is defined as height for age of two
standard deviations below the median3? and has been associated with poor cognitive
development!# 33-3¢ during the first two years, occurring frequently in developing countries
owing to multiple factors. As breastfeeding becomes insufficient to support rapid growth at
about 6 months of age, poor complementary feeding practices, recurrent infections, exposure
to toxins and poor infant nurturing lead to malnutrition which is marked by impaired linear
growth.3? Although stunting itself is associated with neurodevelopmental delay, stunting
occurs within a setting of low socio-economic status, inadequate stimulation and low levels of
parental education33-36, These confounding factors must be considered when investigating the

relationship between stunting and neurodevelopment.

Many studies have found that stunting is independently associated with poor
neurodevelopmental outcomes333%. A cross-sectional study in Burkina-Faso found that
stunting was associated with motor, language and personal-social developmental delay.3¢ A
Peruvian study published in 2002 followed children into late childhood and found a significant
correlation between stunting at the age of 2 and cognitive deficit at the age of 9, and this
association was independent of other diarrhoeal diseases.3* In a review of birth cohorts from

17



five developing countries, Martorell et al found that weight gain in the first two years of life
was more important than weight gain after two years of age in predicting schooling outcome.
33 This was supported by the World Bank Economic Review study which found that nutrition
in the second year of life is the most significant in predicting neurodevelopmental outcome.3”
[t is hypothesised that the cognitive deficit inflicted by stunting at age 2 is ameliorated if there

is significant catch-up growth by 5 years of age.33

A possible neurobiological mechanism explaining the association between stunting and
cognitive development could be the inflammatory processes, which are initiated when a child
enters a malnourished physiological state. Both the nutritional deficiency and the
inflammatory processes can be implicated in impaired neuronal differentiation and
maturation3®, which result in global neurodevelopmental delay. There is a growing body of
evidence on the impact of stunting on neurodevelopmental outcome, and it is an essential

factor to consider when profiling neurodevelopmental patterns.

Household Demographics

Caregiver income can only partially serve as an indicator of socioeconomic status
because it may not reflect household income, and household income may vary widely if
the members of the household work in informal economy as traders for instance. For
this reason, studies in low and middle income countries generally use household assets
as an index of socioeconomic status38. This approach has been frequently used in the

literature3? 49,

A topical study published in Pediatrics in 2008 found an association between energy
insecurity and increased neurodevelopmental delay.*! It suggested that with decreased access
to electricity, owing to rising costs of petroleum and energy resources, the ability of low-
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income households to sustain safe and healthy environments for their children decreased. A
study published in Cape Town found that the GMDS scores of children from low
socioeconomic backgrounds decreased significantly between 11 and 21 months of age,
suggesting a detrimental effect of low socioeconomic status in the critical second year of

neurodevelopment.”

Recent data published in Nature Neuroscience found that the surface area in the brain was
proportionate to household income and that this discrepancy was most marked in children of
low socioeconomic status.*? It was found that the deficits in surface area in children from low
income families affected predominantly areas of the brain that are thought to be involved with
language, reading, and executive function spatial skills. This evidence is supported by
functional magnetic resonance imaging (fMRI) showing lower levels of prefrontal neuronal

activity in children from low-income families.*?

Therefore as poverty is undoubtedly a significant problem in South Africa, and its effect on the
rapidly developing brain has been documented, this study will aim to add to the evidence in a
South African context, with the hope of highlighting the importance of promoting the best

possible environment for South African children to develop neurologically.

Maternal Education

Maternal education, as outlined by the Millennium Development Goals*3, should be prioritised
in the developing world. Early childhood neurodevelopment is influenced not only by
nutrition and home environment, but also by appropriate stimulation at home?!3, It is thought
that higher levels of maternal education increase the propensity to a safe and nurturing home
environment, and provide the mother with greater resources to use in interaction with and
stimulation of her child** *>.

19



The Rhea study in Greece also found maternal education level to infer the greatest benefit to
neurodevelopment at 18 months of all the psychosocial factors measured.** This finding is
supported by a small Johannesburg study which found that maternal level of education was
associated with higher overall scores and higher gross-motor scores on the GMDS.*> A South
African study has shown that higher levels of maternal education attenuated initially poorer
neurodevelopment milestone achievement at 1 year by an assessment made at 5 years of age.
13 This finding suggests that the protective effect of maternal education modifies a poor
neurodevelopment trajectory, highlighting this modifiable factor perhaps above all other

factors.

Higher maternal education is likely to foster a healthier and safer home environment, better
health behaviours, greater access to services, higher quality of child care and higher levels of
infant stimulation.*® 47 Mothers who have higher levels of education may also have access to
greater intellectual resources with which to stimulate their children, and to interact with their
children with greater verbal responsiveness by asking them questions, providing guidance
and scaffolding, and involving them in learning activities such as book reading** all of which
provide the type of home stimulation that contribute significantly to children’s cognitive

development.

Maternal Depression

Both pre- and postnatal maternal depression are not only detrimental to the mother, but have
significant consequences in terms of the child’s neurodevelopment. 851 A recent South
African study showed that the prevalence of maternal postpartum depression in a South
African township was 31.7%.%® Despite such high rates of maternal postnatal depression,
studies examining its impact on child neurodevelopment in South Africa are limited.
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A recent neuroimaging study found significantly lower fractional anisotropy and axial
diffusivity in the right amygdala of infants exposed to maternal pre-natal depression.*® This
suggests changing neuronal interactions which seem to be related to neurobiological factors
and not only decreased stimulation postnatally. A study in the United States suggests that it is
the prenatal activation of the hypothalamic-pituitary axis that infers insult to the
neurodevelopment process.’® There is suggestion that prenatal maternal depression results in
abnormal neural programming which results in abnormal neurodevelopment persisting at

least into adolescence.>!

A literature review published in 2007 found that there was a significant association between
maternal perinatal depression and neurodevelopmental problems. This review found that
prenatal depression independently predicted poorer neurodevelopmental outcomes, when
both postnatal depression and anxiety were taken into account.®® The Rhea study supports
these findings, and additionally proposes that postnatal depression predominantly affects
cognitive and fine-motor development. > A review of the literature from developing countries
found that children from depressed mothers were at increased risk of stunting®® and this
growth faltering is known to be associated with neurodevelopmental delay.3 5456 A South
African study found that postnatal depression doubled a child’s risk of neurocognitive

problems at the age of 10 years.>’

Maternal Parity

Lastly, greater maternal parity has been shown to have an adverse impact on childhood
neurodevelopment* and is taken into account when considering factors influencing

neurodevelopmental outcomes. Having one or more older sibling(s) at home may reduce the
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mother’s attention, emotional availability, and resources, and hence have a significant
influence on the child’s home environment#*4.

Justification for this research project

As outlined in the Millennium Development Goals focusing on mother and child health and
aiming to achieve universal primary education, it is clear that improving our understanding of
the factors influencing early childhood neurodevelopment in South African children is an
important goal 3 The assessment of neurodevelopment is particularly difficult in South Africa
owing to the limited applicability of internationally developed assessment tools and lack of
locally designed and developed instruments. There is a wealth of evidence from high income
countries on the impact of breastfeeding, linear growth, household demographics, maternal
education, maternal depression and maternal parity on the neurodevelopment of a child, but a
paucity of evidence exists in LAMICs. The availability of early childhood neurodevelopment
assessments which were adapted to suit the local South African context, as well as various
child, maternal, and socio-demographic information in the Birth to Twenty study, assessed
within a longitudinal framework, can contribute significantly to our current knowledge of the

factors influencing early childhood neurodevelopment in South Africa.

The aim of this study is twofold: first, to examine the influence of a host of maternal and
sociodemographic factors (exclusive breastfeeding, linear growth, household demographics,
maternal education, maternal depression, and maternal parity) on early childhood
development in South Africa; and second, to profile neurocognitive development patterns in
South African children between 1 and 5 years of age. Results from this study provide a basis
for further research on children’s cognitive development and can have significant implications
in the design of interventions to improve childhood neurodevelopmental outcomes in South
Africa.
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1.2 Hypothesis and Objectives

Based on the extant literature, it is expected that breastfeeding, adequate linear growth,
higher household income, higher levels of maternal education, lower levels of maternal
depression and lower maternal parity would have a positive association with children’s

neurocognitive development at both 1 and 5 years of age.

Primary Objective
To investigate the associations between each of the following variables with children’s scores
on the Griffiths Mental Development Scale (GMDS) at year 1, and Denver Prescreening

Developmental Questionnaire (DPDQ) scores at year 5:

1. Breastfeeding at 6 months
2. Child linear growth
3. Household asset index
4. Maternal level of education
5. Maternal Pitt depression Inventory
6. Maternal parity
Secondary Objective
To profile neurocognitive development patterns in South African children between 1 and 5

years of age.

Study Design

This study is based on secondary analysis of longitudinal cohort data from the Birth to
Twenty study. These data included:

GMDS (measured at 1 year)

DPDQ (measured at 5 years)
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Breastfeeding at 6 months

Child height for age z-score (measured at 2 years)
Household asset index (assessed between 0 and 2 years)
Maternal level of education (assessed at birth)

Maternal parity at birth (assessed at birth)
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2.0 Methodology

2.1 Participants and setting

Soweto is an urban township covering 108 square kilometers south west of Johannesburg. The
Bt20 study was based in Soweto, Johannesburg and included all singleton children born to

mothers between 23 April and 8 June 1990.2

2.2 Measures

Griffiths Mental Development Scale (GMDS)

The GMDS consists of five sub-scales: locomotor, personal-social, hearing and speech, eye-
hand co-ordination, and the performance scale. The current study used the General Quotient
(GQ), which is a sum of the five subscale quotients, and is frequently used as a measure of

children’s cognitive development at 1 year of age.!3

Denver Prescreening Developmental Questionnaire (DPD

The revised DPDQ employed by Bt20 involves 32 items covering the child’s personal-social,
fine-motor, gross motor and language abilities. It includes tasks such as hopping on one foot,
drawing shapes, defining words and a rating of the child’s speech. Children’s scores on the
DPDQ are age-adjusted. Some items were adapted to make them more culturally appropriate,
and to avoid children’s underperformance caused by language and cultural barriers. It is
administered in the participant’s home language and the instrument includes both

direct observations and the caregiver report!*

Breastfeeding

Feeding choice in the Bt20 cohort was assessed through a questionnaire administered to
mothers when children were 6 months of age. The questions included in the current analysis
are, “Have you ever breastfed this baby?”, “Are you still breastfeeding this baby?”, and “At what
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age was the baby when you started this (introduced bottle feeds?)”. Mothers’ responses were
categorised into those who were breastfeeding at six months of child age, and those who were

not.

Linear Growth

Child linear growth was indexed by the height-for age Z-score (HAZ) at 2 years of age. As
defined by the WHO, stunting is assessed when a height is more than 2 standard deviations
(SD) below the median height for a child’s gender and age. °® Children were classified as
stunted when the height for age z-score was less than -2SD, and not stunted, when the height

for age z score was more than -2SD.

Household Demographic

The household asset index was obtained when children were between 0 and 2 years of age.
The score was based on the family’s ownership of; electricity, a television, a radio, a motor
vehicle, a fridge, a washing machine and/or a telephone. Ownership of assets was summed

with the total household asset score ranging from 0 to 7.

Maternal Education
Maternal education was assessed when children were 2 years of age. Mothers were asked
their highest standard of school passed. The results were categorised into mothers attaining a

level of education below a Standard 8 level, and those above a Standard 8 level.

Maternal Postnatal Depression

Maternal perinatal depression was assessed using the Pitt Depression Inventory (PDI) when
the children were 6 months old. The PDI comprises of 24 questions pertaining to current
maternal mood, attitudes and behaviour. Mothers’ answers, which ranged from 0 to 2 for each
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question, were coded and summed. Of a possible maximum score of 48, mothers who scored
above 19 were classified as being affected by postpartum depression.>® The PDI has been used
widely and has been shown to correlate closely with the Edinburgh Postnatal Depression

Scale.®®

Maternal parity

Mothers were asked 2 questions antenatally: “Have you been pregnant before”, and if yes,
“Please give the details for each pregnancy” including date of birth, mode of delivery, sex,

gestational age and current health. From these data maternal parity was ascertained.

2.3 Statistical analysis
Primary objective: To investigate the associations between maternal and demographic
variables with children’s scores on the Griffiths Mental Development Scale (GMDS) at year 1,

and Denver Prescreening Developmental Questionnaire (DPDQ) scores at year 5.

Associations between the continuous variables, including the HAZ, household asset index,
maternal PDI and maternal parity with the GMDS and the DPDQ were determined using a
Pearson’s correlation. Associations between categorical variables, including maternal feeding
choice, stunting and maternal education, and the outcome variables were determined through

an Analysis of Variance (ANOVA).

Secondary objective: To profile neurocognitive development patterns in South African

children between 1 and 5 years of age
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Maternal and sociodemographic variables were compared across children’s cognitive
development profile from 1 to 5 years. To establish children’s profile in early cognitive

development, four groups of children were identified:

1. Those who performed in the top tertile of both the GMDS and the DPDQ

2. Those who performed in the top tertile of the GMDS but in the bottom tertile of the
DPDQ

3. Those who performed in the bottom tertile of the GSMD but in the top tertile of the
DPDQ

4. Those who performed in the bottom tertile of both the GSMD and DPDQ

Next, continuous background variables (parity, maternal PDI, HAZ and household asset index)
were compared across the 4 profile groups through a one-way ANOVA. The categorical
variables (maternal feeding choice, stunting and maternal education) were compared across

the 4 groups using Chi-square tests.

2.4 Ethical Considerations
Permissions for the study were obtained from the Human Research Ethics Committee
(Medical) of the University of the Witwatersrand (see Appendix 1) and the MRC/Wits

Developmental Pathways for Health Research Unit (see Appendix 2).

The Birth to Twenty cohort runs in conjunction with a community advisory board which is
consulted if any ethical concerns are raised for the duration of the study. Staff involved in the
cohort undergo Good Clinical Practice and ethical research conduct training. The Bt20 was

initially funded by the Medical Research Council, but as it developed gained other seed
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funding. Participants in the cohort are compensated for transport, and when necessary are

provided with a limited social and medical referral service.?
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3.0 Results

3.1 Study Group Characteristics

The cohort enrolled 3273 of the 5449 children born during this 7-week period. The attrition
rate at follow up has been approximately 30%, which is on par with birth cohorts in other
developing countries!. The children lost-to-follow-up tended to be children from wealthier
white families. The current analysis included only those children who had complete data on
both the GMDS at 1 year and the DPDQ at 5 years. The resulting sample size for the study
included 167 participants (89 boys and 78 girls). The mean age at which the GMDS was
performed was 1.14 years (M = 0.95; 1 SD = 0,33) and the DPDQ at 5.23 years (M = 4,96; SD =
6.18). The study sample did not differ significantly from the rest of the cohort with
available data in terms of household assets F(1, 2858) = .27, p = .603 and maternal
education Chi-Square (5, N=2932) = 4.105, p = .534. Participant demographic information

is presented in Table 1.

Table 1: Characteristics of the study group

N (%)
Gender Boys 89 (53.3)
Black 166 (99.4)
Ethnicity
Coloured 1 (0.6)
Married 41 (24.6)
Marital Status Living together 1 (0.6)
Single n=125 (74.9)
Mean (SD), Range
Birth weight (kg) 3.14 (0.43),1.77 ~ 4.15
Maternal age (years) 24.45 (5.74) 16~42
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3.2 Neurocognitive measures
The results of the GMDS and DPDQ are shown in Table 2.

Table 2: GMDS and DPDQ scores

Mean (SD), Range

GMDS Total Score 106.67 (12.00), 52.53~144.88

DPDQ age adjusted Score 43.62 (4.11), 23.92~50.74

3.3 Maternal and Sociodemographic factors

The maternal and sociodemographic factors are demonstrated in Table 3.

Table 3: Descriptive statistics of maternal and sociodemographic factors

Measure Categories N (%) Total
Breastfeeding at 6 Yes 97 (84.3)
N=115
months No 18 (15.6)
Completed Std 8 90 (53.9)
Maternal Education  Completed matric or post matric N=167
77 (46.1)
studies
Height for age z-score <-2SD 14 (13.1)
Stunting N=107
Height for age z-score >-25D 93 (86.9)
Total
Mean (SD), Range
Household Asset Index 3.98 (1.246),0 ~ 7 N=167
Maternal PDI 15.31(7.341),2 ~ 42 N=113
Maternal Parity 1.94 (1.269),1~8 N=167
HAZ -0.98 (0.917),-3.9 ~ 1.43 N=107
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3.4 Influence of Maternal and Sociodemographic factors on neurocognitive measures

Household asset index was not significantly associated with the GMDS (r = -0.24, p = 0.168)
but was positively correlated with the DPDQ (r = 0.14, p = 0.076). Maternal PDI was negatively
correlated with both the GMDS (r=-0.03, p = 0.738) and DPDQ (r=-0.07, p = 0.436). Maternal
parity and the DPDQ were negatively correlated but this was only marginally significant (r =
-0.16, p = 0.041). Height for age z-score was significantly associated with the GMDS (r=0.20, p
= 0.036) and the DPDQ (r = 0.21, p =0.034). Children who were breastfed at 6 months did not
differ significantly from children who were not breastfed at 6 months on both the GMDS (F(1,
204) = 1.34, p = 0.821) and DPDQ (F(1, 114) = 0.03, p = 786). Compared to children whose
mothers completed only a Standard 8 level of education, children of mothers who finished
matric or further studies performed significantly better on the DPDQ (F(1,166) =15.92,
p=0.000). There was significant difference in the mean DPDQ between the stunted (HAZ < -2)
and non-stunted (HAZ > -2) groups (F(1, 106) = 4.58, p=0.038). ANOVA analysis was not

performed on GMDS and HAZ as the outcome was measured before the variable. See Tables 4

and 5.
Table 4: Correlations between continuous variables and GMDS and DPDQ
GMDS (p) DPDQ (p)
Household Asset Index -0.24 (0.168) 0.14(0.076)
Maternal Pitt Depression Inventory -0.03 (0.738) -0.07 (0.436)
Maternal Parity -0.03 (0.912) -0.16 (0.041)
Height for age z-score 0.20 (0.036) 0.21 (0.034)
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Table 5: One way ANOVA between categorical variables and GMDS and DPDQ

GMDS (p) DPDQ (p)
Mean SE F Mean SE F
Breastfed at 6 months 106.78 0.83 43.83 0.45
1.34 0.03
104.11 3.05 43.65 0.80
Not breastfed at 6 months
Completed Std 8 106.03 0.87 42.49 0.47
0.84 15.92%*x
Matric/graduate 106.87 1.20 4493 0.37
HAZ <-2 42.15 1.18
4.58**
HAZ >-2 44.43 0.36

*p<0.1, **p<0.05, ***p<0.001

3.5 Maternal and sociodemographic factors across cognitive development profiles from

1 year to 5 years of age

Participants were divided into four groups to determine the influence of the maternal and

sociodemographic factors on children’s neurocognitive developmental trajectory.

Results from a one-way ANOVA comparing the continuous variables across all 4 groups
showed that household asset index varied significantly between the 4 groups (F(3,73) =2.31, p
= 0.063, df = 3). Tukey’s HSD posthoc analyses indicated that the household asset index score
was higher for children in group 2 (children who performed in the top tertile of the GMDS but
in the lowest tertile of the DPDQ) than children in group 1 (children who performed in the top

tertile of both the GMDS and the DPDQ) (p = 0.068). Maternal parity also varied across the four
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groups (F(3, 73) = 2.32, p= 0.072, df = 3). Children in group 3 (who performed in the lowest
tertile of the GMDS but the top tertile of the DPDQ) had fewer siblings than children in group 1
(children who performed in the top tertile of the both the GMDS and the DPDQ), post hoc
analyses revealed that there was no difference between any of the groups in terms of maternal
PDI or HAZ. See Table 6.

Table 6: Comparisons of continuous variables across GMDS and DPDQ tertile groups

GMDS-DPDQ Groups Mean  Standard Deviation F

1 3.7 28 1.31
Household 2 4.692 0.75
2.31*
Asset Index 3 3.87 0.74
4 4.19 1.33
Maternal Pitt 1 16.93 8.62
2 15.33 4.62
Depression 0.53
3 11.80 3.90
Inventory 4 15.42 10.40
1 2.482 1.6
Maternal 2 1.69 0.85
2.32%*
Parity 3 1.532 0.64
4 1.95 1.07
1 -1.529 1.02
Height for age 2 -0.873 0.96
1.23
Z-score 3 -0.843 0.95
4 -1.004 1.04

Means with lettered superscripts differed significantly at p<0.1 with post hoc Tukey’s HSD

*p<0.1, **p<0.05

Note:

Group 1: children who performed in the top tertile of both the GMDS and DPDQ.

Group 2: children who performed in the top tertile of the GMDS but the lowest tertile of the DPDQ
Group 3: children in the lowest tertile of the GMDS but the top tertile of the DPDQ

Group 4: children in the lowest tertile of both the GMDS and the DPDQ
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Chi-square analyses revealed that there were no group differences in terms of feeding choice.
With regards to maternal education, children in group 1 (children who performed in the top
tertile of both the GMDS and the DPDQ) were more likely to have mothers who had completed
a Standard 8 level of education (df = 3, p= 0.032). Children in group 2 (children who
performed in the top tertile of the GMDS but the lowest tertile of the DPDQ) were more likely
to have mothers who had completed matric or higher levels of education. (df = 3, p= 0.028).
Children in group 1 (children who performed in the top tertile of both the GMDS and the

DPDQ) were more likely than chance to be stunted. (df = 3, p= 0.032). See Table 7.

Table 7: Comparisons of categorical variables across GMDS and DPDQ tertile groups by Chi-

squared tests

Feeding choice Maternal Education Stunting
GMDS- Breastfed Not
Matric/
DPDQ at 6 Breastfed Std 8 HAZ <-2 HAZ >-2
Graduate

Groups months at 6 months

1 12(13,-0.9) 3(2,0.9) 19 (13.9,2,5)** 6 (11.1,-2.5)* 4 (1.7,2.2)** 8 (10.3,-2.2)**

2 12(104,1.6)  0(16,-1.6) 4(7.2,-2)** 1(1.6,-0.6) 10 (9.4,0.6)
9(5.8, 2)**

3 4(5.2,-1.5) 2(0.8,1.5) 8(8.3,-0.2) 7(6.7,0.2) 1(1.7,-0.7) 11 (10.3,0.7)

4 11(104,0.6)  1(1.6,-0.6)  10(11.6,-0.8)  11(9.4,0.8) 1(2,-0.9) 13 (12,0.9)

Observed count (Expected count, Adjusted standardised residual)

*p<0.1, **p<0.05
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4.0 Discussion
The most significant findings in this study are the associations between the neurocognitive
assessments and maternal parity, maternal level of education and linear growth. While lower
maternal parity and higher levels maternal education were significantly associated with
higher scores on the DPDQ at 5 years of age, improved linear growth was associated with
higher scores in both the 1-year GMDS and the 5-year DPDQ. The expected significant trends
associated with breastfeeding at 6 months of age, household asset index, and maternal Pitt

Depression Inventory were not demonstrated.

Interestingly, in terms of children’s profiles of neurocognitive development between 1 and 5
years of age, children who performed in the top tertiles on both the GMDS and the DPDQ were
more likely to have mothers with a Standard 8 level of education, and less likely to have
mothers with matric or a graduate level of education; whereas children who performed in the
top tertile of the GMDS but the lowest tertile of the DPDQ were more likely to have mothers
with matric or graduate level of education than to have mothers with only a Standard 8 level
of education. The other unexpected finding in analysis of these profiles is the finding that
children who performed in the top tertiles of both the GMDS and DPDQ (group 1) were more

likely than by chance to be stunted.

Limitations of this study

Neurocognitive assessments in any study are fraught with bias, and have limited correlation to
neurophysical processes demonstrable only by neuro-imaging techniques. Neurocognitive
assessments outside of high-income countries are limited by language and cultural barriers,
and have very little data validating their efficacy. Neurocognitive developmental assessments
in this study were performed by trained examiners using adapted assessments tools, however
these were performed by multiple examiners with limited consistency which may have
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introduced subjective bias. The GMDS is an assessment tool whereas DPDQ is a screening tool
and would have missed children with learning disabilities. Furthermore, as the GMDS is a
formal assessment, and the DPDQ a screening tool, the DPDQ results may not be as
robust as those attained from the GMDS. As delineated earlier, neither tool has been
standardised in South Africa and may falsely underestimate neurocognitive development.
However as culture is less likely to play a role in neurocognitive developmental processes at
12 months of age, the GMDS may have given a more accurate reflection of the development of
the child at that age. The study may have been less biased had the follow up of children’s

cognitive development at 5 years also been assessed using the GMDS.

In terms of the factors influencing early childhood neurocognitive development, as with any
similar study, because there are innumerable factors influencing the process, it is impossible
to isolate any single factor to explain a neurocognitive developmental pattern. Any observed
association may be explained by either expected or unexpected confounding variables, as it is
very difficult to collect data on every variable that may influence the complex process of early
childhood neurocognitive development. Other possible confounding factors, which were not
available in the current study, include children’s Human Immunodeficiency Virus (HIV) status
and psychosocial factors associated with the disease which are known to have negative

cumulative influences on child neurodevelopment.

However, as there is little data in the LAMICs on patterns of and factors influencing early

childhood neurocognitive development, findings from this report add to current knowledge

and forms a platform for much needed further research.
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Discussion of Results

Breastfeeding

Breastfeeding at 6 months was not significantly associated with higher scores on either the
GMDS or DPDQ. This is inconsistent with extant literature.'® 17> 25 26 This may in part be
explained by relative protein deficiency of breastmilk for preterm infants®!, as prematurity
was not adjusted for in this analysis. This lack of association may be explained by the low
number of non-breastfed infants in the study (15%), it is thus possible that the sample size
was too small to detect the expected difference between the groups. The presence of
breastfeeding at 6 months also did not appear to significantly alter the trajectory of the child’s
neurocognitive development, as there was no significant difference found in feeding choice

between the four GMDS-DPDQ groups.

Linear Growth

The data suggests that higher height-for age z-score is significantly associated with the GMDS
and the DPDQ, children who were stunted tended to also have lower scores on the DPDQ and a
trend towards lower scores on the GMDS. This is consistent with similar studies that have
found a positive association between linear growth and improved neurocognitive
development.!® 33 34 36 In terms of neurocognitive developmental trajectories, there were
more stunted children than expected that performed consistently in the top tertiles of the
GMDS and DPDQ (p<0.05), but neither stunting nor absolute height for age z-score differed
between the other tertile groups. This is an important finding as it highlights the
multifactorial nature of neurocognitive development, suggesting that the features of the
home-environment that result in stunting may be more important than stunting itself
in the developing brain33 34 36, It also suggests that the association between stunting and
neurocognitive development is more complex than previously reported. Casale et al 3> showed
that children who recover from stunting by the age of two achieve similar neurocognitive
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scores to those who were not stunted, thus suggesting some reversibility. The unexpectedly
higher proportion of stunted children performing in the top tertiles of the GMDS and DPDQ
may therefore be explained by later nutritional recovery, but this cannot be confirmed as

height for age was not measured at 5 years of age.

Household demographic

Results from the current analysis indicated that children with higher DPDQ scores also tended
to come from households with higher asset indices. (p<0.1). This is consistent with similar
studies” 40 41 Interestingly, when comparing across developmental patterns, children in group
2 (those who performed in the top tertile of the GMDS but in the lowest tertile of the DPDQ)
tended to come from households with higher household asset indices than those in group 1
(those who performed consistently in the top tertiles in both the GMDS and DPDQ). The effect
of poverty on the developing brain is known to be multifactorial, and is hypothesized to be in
part due to reduced language and cognitive stimulation at home3® which is expected to be
greater in homes with higher household asset indices. It is difficult to explain why this
association is different in this study. The findings of this study point to the need for further
research to better understand the complex associations between early cognitive development
and household demographics in the South African context. Future directions might include
examining the mediating or moderating factors underlying the link between household

demographics and early cognitive development.

Maternal level of education

Maternal education was positively associated with DPDQ scores (p<0.001). This effect was not
seen with the GMDS. The literature suggests that higher levels of maternal education
contribute to more stimulating and safer home environments that improve early childhood
neurocognitive development. ** 4> A similar study has suggested that maternal education
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buffers the effect of an initially poor neurocognitive developmental assessment on a later
neurocognitive assessment.!> However, children who performed in the top tertile of both the
GMDS and the DPDQ were significantly less likely to have mothers with higher levels of
education. Furthermore, children who performed in the top tertile of the GMDS but the lowest
tertile of the DPDQ were more likely to have mothers with higher levels of education. This
unexpected lower proportion of children of highly educated mothers in group 1 and higher

proportion in group 2 differs from extant literature, and more research need to be performed.

Maternal depression

There was a trend towards higher GMDS and DPDQ scores with lower maternal Pitt
Depression Inventories. There was no significant difference in the maternal PDI across the 4
GMDS-DPDQ tertile groups, however, the mean depression score was lowest in group 3
(children who performed in the lowest tertile of the GMDS and the top tertile of the DPDQ).
This supports the notion that maternal mental health has a significant influence on children’s
neurocognitive development >% 5257, Children with initial poor cognitive development during
infancy, but with mothers who are emotionally healthy and hence emotionally available and
attuned to their children’s needs, may receive the stimulation and care necessary to improve

their cognitive development>2.

Maternal parity

Results from the current study support prior research that higher maternal parity is
associated with poorer neurocognitive outcomes in early childhood**. This study’s findings
show that DPDQ and parity are negatively associated. Furthermore, those children who
performed in the lowest tertile of the GMDS but in the top tertile of the DPDQ (group 3) had
significantly fewer siblings than those who performed consistently in the top tertiles of both
assessments (group 1). This suggests that a lower maternal parity, as with good mental health,
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may allow the mother the time and resources necessary to appropriately stimulate her child

to improve his/her neurocognitive development.
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5.0 Conclusion

This study has shown the expected positive effect of higher levels of maternal education,
better linear growth and lower maternal parity on early childhood neurocognitive
development in predominantly black South African children. It did not find the expected
associations between neurocognitive development and household demographics,

breastfeeding and maternal depression.

There is a paucity of research concerning early childhood neurocognitive development in low
and middle income countries and especially in the South African context. Although these
findings from the Birth to Twenty cohort do add to current knowledge, our findings here
highlight the need for further research. The main gaps in current knowledge identified by this
study include the development of a standardised neurocognitive assessment tool for South
African children, the relationship between household demographics and early cognitive

development, and neurocognitive development patterns in black South African children.

It is a very exciting field for future research. As neuroimaging techniques develop,
researchers will be able to better understand the complex processes of early childhood
neurodevelopment, and more accurately delineate how this process is influenced by

genetic and environmental factors.
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6.0 Recommendations

This study relied on developmental tools modified for the South African context. More work
needs to be done on validating these tools. It will be useful to reappraise various moderating
factors on early childhood development, particularly household demographics, stunting and

maternal level of education.
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