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Abstract

Trajectories of neurobehavioral development of children in disadvantageous situations in
terms of psychological, physiological, and environmental are retarded during the first 5
years of their life. It is also known that the factors like psychological, physiological, and
environmental are greatly influenced by cognitive functioning of the caregiver during that
time. With the background in mind, we aimed to examine whether there is any association
of maternal cognitive function with the neurobehavioral development of children living in
two urban slums in Dhaka city of Bangladesh. We enrolled 207 mother-child (12 to 42
months) dyads. Rigorously trained testers assessed children’s cognitive, language, and
motor development using adapted version of Bayley-1II and behavior using Wolke’s
behavior ratings. They also assessed cognitive function of mothers using modified version
of Mini-Mental State Examination (MMSE), and forward and backward Digit Span scale.
Other measures included assessment of home stimulation/home environment, parenting
practices, self-esteem of mothers and anthropometry of children using WHO standards. All
data were checked and transformed or categorized as required. Pearson bivariate correlation
showed that maternal cognitive function is positively associated with cognitive, language,
and motor performance of children (r = .22 to .26, p < .01) with or without controlling for
age of the children. Additionally, parenting practice was positively associated with each of
the three domain of neurodevelopment equally (r = .21, p <.01), and MMSE was positively
associated with both height and weight z scores (r = .21, p <.01). Finally, multiple linear
regression analysis divulged that MMSE is a significant predictor of both cognitive and
language development after controlling for possible covariates, but not for the motor
development. Standardized coefficient value indicated that one unit increase in MMSE

results in around .35 unit improvements in both the cognitive and language development.

Xiv
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Moreover, better home stimulation predicted improved cognitive ability (5 = .21, p <.05)
and higher self-esteem of mothers predicted improved motor ability of children (5 = .41, p
<.01). The findings of the study can be taken to suggest that maternal cognitive function
has really a significant influence on the improvements in neurobehavioral development of
underprivileged children in Bangladesh. Therefore, intervention programs need to be
emphasized on maternal cognition to improve neurobehavioral development of children

who are especially be raised in psychosocial adversity.
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Chapter One: Introduction



Introduction

This thesis concerns the neurobehavioral development of underprivileged children in
Bangladesh. It is widely accepted that children growing up in disadvantaged conditions
suffer from poor neurodevelopment from their early age, and this developmental deficit
exists throughout the lifecycle in various forms. We need to point out how we can improve
the trajectories of children’s neurobehavioral development. This cross-sectional study was
conducted in the two slum areas of the Dhaka city. We examined both maternal cognitive
function and neurobehavioral development of underprivileged children. The following
subheadings will be discussed in this chapter.

e Child neurobehavioral development and brain growth,

e Importance of early neurobehavioral development,

e Factors affecting early neurobehavioral development,

e Consequences of poor neurobehavioral development,

e Practical significance of the study,

e Hypothesis, and

e Objectives.

1.1 Child Neurobehavioral Development and Brain Growth

Child neurobehavioral development consists of several interdependent domains of sensory-
motor, cognitive-language, and social-emotional function of a children. Child development
is affected by a range of psychosocial and biological factors through changes in brain
structure and function, and behavioral changes (Wachs, 2000). Experiences in the first few
years of life are of particular importance because vital development occurs in all the
domains during this period, and the interaction between early environments and genetics

influences this development and human behavior (National Research Council and Institute
2



of Medicine, 2000). The brain growth occurs rapidly through neurogenesis, axonal and
dendritic proliferation, synaptogenesis, cell death, synaptic pruning, myelination, and
gliogenesis (Grantham-McGregor, Cheung, Cueto, Glewwe, Richter, & Strupp, 2007).
Brain development can be modified by the quality of the environment (Grantham-
McGregor et al., 2007). Independent animal research suggested that early undernutrition,
iron-deficiency, environmental toxins, stress, and poor stimulation and social interaction
can affect brain structure and function (Black, Jones, Nelson, & Greenough, 1998; Liu,
Diorio, Day, Francis, & Meaney, 2000; Meaney, 2001; Rodier, 2004; Webb, Monk, &
Nelson, 2001). In both humans and animals, variations in the quality of maternal care, a
part of home environment, can yield changes in stress reactivity, anxiety (Gunnar, in press),
and memory function in the offspring (Grantham-McGregor et al., 2007). In later childhood
the affected children subsequently have lower levels of cognition and education. It is
mentionable that remarkable recovery is often possible with early intervention through
more nurturing environment with adequate stimulation, despite the vulnerability of the

brain to early insults (Black et al., 1998; Bredy, Humpartzoomian, Cain, & Meaney, 2003).

1.2 Importance of Early Neurobehavioral Development

Thomson and Nelson (2001) assumed, after analyzing available data in the primates and in
the human, that early experiences in the first few years of life are essential for the
overproduction of synapses or neural connections which pour a great influence for the later
life brain functioning. This is a highly sensitive period of brain when it remains in
maximum receptive mode. Neural links or synapses are overabundant in the period of early
neurodevelopment in monkeys and human. As a consequence, a full-term newborn’s brain
is enchanted with the more abundance of synapses, known as synaptogenesis, compared to

the brain of adult one. On the other hand the period of having a great number of synaptic

3



production slows down with the inception of another period of synaptic retraction or
curtailment, which influences quality on brain functioning. The period for synaptic
“blooming and pruning” differs immensely by the area of human brain (see Figure 1). The
estimation made by Huttenlocher (1979) that the highest synaptic production in the visual
cortex happens at around the fourth month of postnatal period and consequently a slow
reduction of synapses continues until the preschool time when the measurement of synapses
has almost touched adult levels. In the medial prefrontal cortex, which controls a type of
upper level cognitive activity and self-regulation, the highest rate of synapses takes place
at the age of about one year, and it takes middle to late adolescent period to become dense

like adult type synapses (Thomson & Nelson, 2001), the period of 2" brain growth spurt.

Human brain development

Experience-dependent synapse formation

Neurogenesis in the hippocampus

(18-24 prenatal days)

Cell migration
(6-24 prenatal
weeks)

~y

LI N S B S B S S s B e B B S e S S S N E S H S LS L L L LI
1234567 8910111212 3 4567 8 9101112 1314151617 18 192030 4050 6070

Adult levels of synapses

Neurulation
1

Months Years Decades

Conception
Death

Age

Figure 1. The process of human brain development (Thomson & Nelson, 2001).

Both genetic form and experience have an influence over the timing and happening
of the synaptic production abundantly. Experiments with rodents suggested that the reason
of more synaptic creation is to catch and integrate experience into the growing synaptic
construction of the brain (Black et al., 1998; Greenough & Alcantara, 1993). It is opined
that human brain mechanism certainly follows the process existed in primates, but there are

confusions over how enormously and for which portions of brain it happens and the time

4



of development. Further, it can be assumed that early experiences in variety bestow on the
growth of distinct areas of the human brain, for example, the regions that control sensory
and motor functions, communication, emotion, thinking, and reasoning; but there is little

information about the type of experiences they are exposed to (Thomson & Nelson, 2001).

1.3 Factors Affecting Early Neurobehavioral Development

1.3.1 Poverty. Poor neurobehavioral development/ neurodevelopment is a big
problem in the developing countries or in the areas where children are exposed to
underlying poor social-economic conditions resulting in poor psychosocial care, food
insecurity, hunger, no access to education, micronutrient deficiency, repeated illnesses,
lacking of stimulation, and playing materials etc. Poverty is a factor that affects the
neurodevelopment in various ways. Before preparing any effective intervention program to
catch-up the developmental delay we need to assess the poor neurodevelopment as well as
the indicators for poor neurodevelopment.

Assessing poverty is very difficult as there are lots of dimensions of poverty we need
to take into consideration, especially when we attempt to unite them into a single platform
(Deaton, 2001). In order to measure absolute poverty, in one approach, it is defined by
severe deprivation of fundamental human needs (food, safe drinking water, education,
sanitation, health etc.), lack of access to social services, and availability of household
infrastructure (Gordon, Nandy, Pantazis, Pemberton, & Townsend, 2003). Granthan-
McGregor et al. (2007) utilized the rate of percentage of people having income of less than
US$1 per day as the indicator of poverty due to its availability of information for the
maximum number of countries.

It is estimated that over 200 million children under 5 years of age in low-income and

middle-income countries are not attaining their developmental potential. The primary
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causes of the developmental deficit include poverty and associated health, nutritional
deficiencies, and unstimulating home environment or inadequate cognitive stimulation, and
most of these children live in south Asia and sub-Saharan Africa (Grantham-McGregor et
al., 2007; Walker, Wachs, Gardner, Lozoff, Wasserman et al., 2007). The need for
intervention/stimulation is urgent to fulfill the developmental deficiency of millions of
young children (Walker et al., 2007; Walker, Wachs, Grantham-McGregor, Black, Nelson
etal., 2011).

The enrollment and grade attainment profile of the poor varies on the basis of regional
patterns. In South America, the poor succeeded in beginning their enrollment in first grade,
but they could not continue their education resulting in drop out in mammoth numbers. On
the other hand, the poor children in western and central Africa and south Asia could not
even register themselves in any educational institution, which creates enormous differences
in grade attainment between the rich and the poor children. In some countries, the gap of
the years of school completed between the rich and the poor is one or two years, while in
other countries including India the difference grasps at 9 or 10 years (Filmer & Pritchett,
1999).

Cognitive test scores revealed that children from disadvantaged/underprivileged
backgrounds have lower intellectual ability than children reared in more affluent families
(Najman, Hayatbakhsh, Heron, Bor, O’callaghan, & Williams, 2009). The above statement
has been made for the children from 2 years to adolescence. Najman et al. (2009) also
mentioned that the associations could not alter if parental education, mother’s cognition
and shape of family are statistically controlled. In cognitive tests children raised in high-
income families gain a range of 15% to 40% of a SD over children from lower income

backgrounds. It is summarized that previous researches have also ensured the independent
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association of parental and grandparental socioeconomic status with lower child intellectual
development at the age of 5 and 14 years (Najman et al., 2009).

Researchers have suggested that there is an impact of the timing and duration of
poverty experienced by children upon the cognitive measurements. It was evidenced that
poor family income in early childhood is the most important determinant of cognitive
achievement of children than the family economic conditions in middle childhood as well
as during adolescence (Duncan, Yeung, Brooks-Gunn, & Smith, 1998). Guo (1998) showed
that experiencing poverty during childhood has a much more harmful effect on childhood
cognitive ability than that of in early adolescence (cited from Najman et al., 2009). For the
duration of poverty, Najman et al. (2009) summarized the result of some studies and found
that long-term poverty has more deleterious effect on cognitive outcomes than transient
poverty. Guo’s study also reported that poverty exposed to four years before adolescence
did not have any extra effect on child cognitive measurements apart from the state perceived
for poverty during early childhood.

Multiple longitudinal studies suggested that children raised in low-income families
have standard mental developmental scores in their early life, but the scores reduce
significantly at the time of their preschool period (Black, Hess, & Berenson-Howard,
2000). Further, scores at the time of infancy are concentrated around the mean for national
norms, whereas during toddlerhood scores are lower than the national standards and this
difference in scores between infancy and toddlerhood has not appeared for children from
middle-income families. Black et al. (2000) examined the results of Bayley Scales of Infant
and Toddler Development-I1 (BSID-I11) using 87 infants and toddlers reared in low-income

families. They found that infants’ performances were in line with the normative scores, but
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the toddlers’ scores on mental, motor, and behavioral domain were below the normative
data.

Some studies suggested that there is an association between wealth and development
in preschool children. In an Indian study, rural children under 6 years of age attained poor
developmental milestones, and paternal occupation was a significant factor for
developmental milestones especially vision and fine motor, language and comprehension,
and personal social (Vazir, Naidu, & Vidyasagar, 1998). A sample of over 3,000
predominantly underprivileged preschool children was tested in Ecuador for language
ability using Peabody Picture Vocabulary Test where wealth and language test scores were
associated (Paxson & Schady, 2005). Hoff (2003) measured productive vocabulary
development of the children of 2 years of age and found that vocabulary performances
differ on the basis of their socioeconomic status. Clearly, it means children from low
socioeconomic background attain a poor performance in vocabulary tests.

Four different studies in different areas conducted at 6, 10, 12, and 18 months of age
of children found that poverty and development are associated (Grantham-McGregor et al.,
2007). A study was conducted in a periurban Egyptian village where child development
was examined by the motor performance of Bayley test of 6 months of age, and the result
revealed that poverty and child development are negatively related (Kirksey, Wachs, Yunis,
Srinath, Rahmanifar et al., 1994). In a cohort of 245 children in northeast Brazil, mental
and motor development was assessed at 12 months of age with the Bayley Scales of Infant
Development, and multiple regression analysis divulged that poverty-related
environmental factors have detrimental effect on mental and motor development (Lima,
Eickmann, Lima, Guerra, Lira et al., 2004). Infant development at 6 months and 10 months

was measured in a clinical setting with Bayley Scales of Infant Development-II in a
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randomized controlled trial in India where infants from lower socioeconomic status attained
poor scores on mental development outcomes (Black, Sazawal, Black, Khosla, Kumar, &
Menon, 2004). In Bangladesh, rural children’s language comprehension was associated
with parental income at their 18 months of age (Hamadini & Grantham-McGregor, 2004).

A number of longitudinal studies have shown that children from poor families have
substantial developmental shortfall compared with children from more affluent
backgrounds (Grantham-McGregor et al., 2007). One of the longest birth cohort studies in
developing countries was conducted in Brazil where the result of the study divulged that
there is a relation between parental income at birth and low outcomes on a developmental
test at the age of 12 months in 1400 children, and school performances achieved at the age
of 18 years in 2222 men on army recruitment list (Victora, Barros, Lima, Behague,
Goncalves et al., 2003; cited from Grantham-McGregor et al., 2007). As many as 1469
adults were followed up in a nutrition supplementation trial in Guatemala (Stein et al.,
2005). Parental socioeconomic status, as measured at the birth of respondents, was
identified as a strong predictor of schooling achievement. Further, socioeconomic status of
the participants was associated with cognitive functioning measured with Raven’s
Progressive Matrices.

The association between paternal wealth at birth and later educational and cognitive
achievement was further supported by the data from three other longitudinal studies (Table
1) analyzed by Grantham-McGregor et al. (2007). Wealth quintiles at the time of children’s
birth were associated with 1Q at 8 years of age in the Philippines, and with cognitive
outcomes at the age of 7 years in South Africa, and 9 years in Indonesia. The effect size of
the mentioned longitudinal studies was considerable. The range of scores between top and

bottom quintiles was from 0.70 to 1.24 SD in children from various socioeconomic statuses



in the three longitudinal studies. In the Guatemala study, the range was between 0.45 and
0.53 SD scores and the children who were participated in the study were from poor families.
Wealth quintiles were used as the assessment of poverty in lieu of cutoff of US$1 per day
due to the limitations in the data. In this way poverty works as an indicator of poor

development (Grantham-McGregor et al., 2007).

Table 1
Summary of longitudinal studies depicting relation between wealth quintiles at birth and cognitive and

educational outcomes (Grantham-McGregor et al., 2007)

Philippines Indonesia South Africa Brazil Guatemala*
Cognitive Score  Reasoning &  Ravens Attained Reading and vocabulary
(8 years of age arithmetic Progressive grades (26-41 years of age at
at assessment, (9 years of Matricest (18 years of  assessment)
n = 2485) age at (7 yearsofage  age at
assessment,  atassessment,  assessment,
n=371) n=1143) n =2222)
Boys Girls
(n =683) (n =786)
Fifth quintile 56.9 121 0.47 9.3 50.9 44.8
Fourth quintile  52.5 (-0.35) 11.0 (-0.31)  0.13(-0.34) 8.2 (-0.48)
Third quintile 51.6 (-0.42) 11.0 (-0.31)  -0.16 (0.63) 7.4(-0.84) 43.3(-045) 43.6(-0.01)
Second quintile  49.4 (-0.60) 9.5 (-0.74) -0.20 (-0.67) 6.8 (-1.11)
First quintile 46.4 (-0.84) 8.4 (-1.06) -0.23 (-0.70) 6.5(-1.24) 41.0(-0.53) 37.6 (-0.45)

Data are mean (effect size as unadjusted difference from the richest quintile in z scores). *Tertiles. TSD scores.

Several longitudinal studies showed substantial association between socioeconomic
status and parental wealth at birth, and cognitive attainment (Sigman, McDonald,
Neumann, & Bwibo, 1991; Stein, Behrman, DiGirolamo, Grajeda, Martorell et al., 2005).
Poverty and sociocultural background increase children’s exposure to psychosocial risks
that influence development through behavioral changes (Walker et al., 2007).

In low-income and middle-income countries (LMIC), 34% of children younger than
5 years have linear growth retardation or stunting (Walker et al., 2011) resulted from poor
nutrition often accelerated by infectious diseases (Walker et al., 2007). It was reported that
patterns of growth retardation are identical across countries (Shrimpton, Victoria, de Onis,
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Lima, Blossner, & Clugston, 2001). Although the vacillation in growth starts in utero or in
the first 12-18 months, continue to around 40 months (Martorell, Schroeder, Rivera, &
Kaplowitz, 1995), but most children having stunting remain stunted through to adulthood
(Grantham-McGregor et al., 2007).

Poverty and stunting both are connected to produce poor development because they
represent different types of biological and psychosocial risks. Poverty is related to
inadequate food, and poor sanitation and hygiene that increase infections and stunting in
children. Poverty is also connected to inadequate mother’s education, maternal stress, and
depression (Bradley & Corwyn, 2002; Hamadini & Grantham-McGregor, 2004; Baker-
Henningham, Powell, Walker, & Grantham-McGregor, 2003), and deficient stimulation in
the home (Paxson & Schady, 2005). All these elements deleteriously influence child
development which, in turn, produces poor school achievement that is further worsened by
low family support (Grantham-McGregor et al., 2007). Degree of development in children
becomes poor with the number of risk factors and risk factors associated with poverty
commonly happened together (Rutter, 1989). Deficits in child development are frequently
occurred in infancy (Feinstein, 2003; Espy, Molfese, & DilLaila, 2001), and become high
with age (Richter, Griesel, & de Wet, 1998; Walker & Grantham-McGregor, 1990). In this
way poverty affects the early neurodevelopment of children.

1.3.2 Malnutrition. Malnutrition affects neurodevelopment of children in different
ways. It includes undernutrition and stunting, intrauterine growth restriction (IUGR), iodine
deficiency, iron deficiency, other nutritional elements like zinc, breast milk, vitamin A etc.

1.3.2.1 Undernutrition and stunting. Childhood undernutrition has profound effects
on neurodevelopment of children raised in poor socio-economic society. It is consistently

documented that undernutrition early in life strikes in the neurodevelopmental process
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resulting intellectual deficits and poor school performance, and remains existed up to
adolescence (Chang, Walker, Grantham-McGregor, & Powell, 2002; Grantham-McGregor,
1995; Walker, Chang, Powell, & Grantham-McGregor, 2005). Chronic undernutrition is
measured by stunting which is originated from poor nutrition and sometimes co-exist with
repeated infectious diseases. The effect of undernutrition could be understood by the studies
of stunting and the researches concentrating on the effect of micronutrient insufficiency.
The linkage between undernutrition and intellectual deficits has been established in
various studies. Several cohort studies consistently obtained findings in favor of significant
relations between early childhood undernutrition and subsequent intellectual deficits. In
Philippines, a cognitive performance test was administered upon >2000 underprivileged
children at the ages of 8 and 11 years and the children’s undernutrition status was obtained
on the basis of anthropometric measurement accumulated between birth and 2 years of age
(Mendez & Adair, 1999). The cognitive test scores of children having undernutrtion status
were significantly lower than the score of non-stunted children. Further the shortage of test
scores among stunted children was significantly associated with decreased schooling as a
result of delayed school enrollment and high number of school absent. In another study in
Jamaica, 103 stunted and 64 non-stunted children during 9-24 months of age were
compared to see the effect of early intervention on cognition (Walker et al., 2005). The 1Q
test scores from 9-24 months to 18 years of age showed that early childhood undernutrition
is related to intellectual development, and educational deficits in late adolescence (Figure

2) are lessened by early childhood home-visiting intervention.
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Figure 2. 1Q scores of stunted and non-stunted children in Jamaica (Walker et al., 2005).

Cross-sectional studies involving school children also explored the association
between nutrient status and cognitive performance as well as school achievement. To
determine the influence of undernutrition on cognition, 566 school children at the age of 5-
12 years from Kolkata, India were selected to administer Raven’s colored progressive
matrices and to measure weight-for-age z scores (WAZ) and height-for-age z-scores (HAZ)
scores for nutritional statuses. The results indicated that cognitive test scores of the children
are significantly correlated to HAZ and WAZ scores (Ghosh, Chowdhury, Chandra, &
Ghosh, 2015). Another study in India, 598 school children having 6-10 years old from poor
socio-economic background were assessed with Kaufman Assessment Battery for Children
Il for cognition, and HAZ and WAZ were computed using WHO guidelines. The data

showed that 1 SD increase in HAZ and WAZ scores would cause to increase a 0.09 SD
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score in the cognitive test (Eilander, Muthayya, van der Knaap, Srinivasan, Thomas et al.,
2010).

Randomized trials of food supplementation studies suggested that undernutrition in
early childhood is connected to motor abilities in later childhood and school achievement.
In Jamaica, a cohort of stunted children was received randomized trial of nutritional
supplementation in early childhood and then they were compared with non-stunted children
using Grooved Pegboard and two subtests of the Bruninks-Oseretsky test of motor
proficiency at a mean age of 11 years 8 months. The under nutritious children obtained
significantly poorer score in the rapid sequential continuous movements in later childhood,
and the motor score, further, is associated with 1Q and school achievement (Chang, Walker,
Grantham-McGregor, & Powell, 2010).

Effect of supplementary feeding on motor development was investigated on 113
infants aged 6-20 months in twenty tea plantation centers in Indonesia. Measurement of
motor development divulged that changes in caloric intake through dietary supplement are
independently associated with motor test scores (Husaini, Karyadi, Husaini, Sandjaja,
Karyadi, & Pollitt, 1991). A meta-analysis of two studies involving 178 participants from
socio-economically disadvantaged children showed moderate positive effects of
supplementary feeding on psychomotor ability (Kristjansson, Francis, Liberato, Jandu,
Welch et al., 2015).

A community based cross-sectional study compared all the developmental domains
to the undernutrition and psychosocial factors of extremely poor children less than 5 years
old in southwestern Ethiopia. The developmental measurements encompassed personal-
social, language, fine and gross motor, and social-emotional domains. The findings

revealed that undernutrition and psychosocial factors are, independently, negatively
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associated with all neurodevelopmental outcomes of children (Worku, Abessa,
Wondafrash, VVanvuchelen, Bruckers et al., 2018). In addition, gross motor and language
skills are negatively associated with mother-child interactions and play activities of
children in extreme poverty (Figure 3).

Nutritional status and developmental milestone were investigated on 512 mother-
infant dyads of 6-8 months old infants in southwestern Uganda where the prevalence of
undernutrition is high among the children. Developmental milestone was assessed with
Bayley Scales of Infant and Toddler Development-111 (Bayley-111) and Ages and Stages
Questionnaires (ASQ), and WAZ, length-for-age z scores (LAZ), weight-for-length z
scores (WLZ), head circumference z scores (HCZ), and mid-upper arm circumference
(MUAC) were among the anthropometric measurements. Regression analysis divulged that
each developmental domain is positively and significantly related to all parameters of
nutrition except HCZ, and the main predictor of every developmental area is WAZ
(Muhoozi, Atukunda, Mwadime, Iversen, & Westerberg, 2016). Thus, it is concluded that
all neurodevelopmental domains of underprivileged children are strongly connected to
childhood undernutrition.

Stunting is a short body state defined in terms of impaired growth and
neurodevelopment in children exposed to chronic undernutrition, repeated infectious
diseases, and deficient psychosocial intervention. It is estimated that 155 million children
(i.e., 22.9% of children) under five years of age globally is affected by stunting in 2016
(UNICEF, WHO, WB, 2017). Stunting, as per World Health Organization (WHO) child
growth standards, goes height of a child fallen into more than 2 SD below the median
height-for-age z-scores among children of a specific sex (Perkins, Kim, Krishna,

McGovern, Aguayo, & Subramanian, 2017).
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Figure 3. Nutritional and psychosocial parameters in relation to developmental domain (Worku et al., 2018).

Early childhood stunting or growth retardation is one of the factors that contribute to
produce neurodevelopmental deficits in children in low- and middle-income countries
(LAMI). In The Lancet series (child development in developing countries 1), the prevalence
of stunting is identified as an indicator of poor development in underprivileged children
(Grantham-McGregor et al., 2007). A large literature has reported a strong connection
between stunting and neurodevelopment of children from the LMICs.

Cross-sectional observational studies. Relation between early childhood stunting and
delayed school enrollment or poor school progress has been established by numerous cross-
sectional studies. Buxton (2011) revealed that there is an association between stunted
children and delayed enrollment in primary school in Ghana. In Tanzania, 227 children
enrolled at primary school were compared with 214 non-enrolled children living in rural
area (Beasley, Hall, Tomkins, Donnelly, Ntimbwa et al., 2000). Results showed that stunted
children are less prone to be enrolled in school compared with non-stunted children.

In Terai, Nepal, data on 350 primary school age children were analyzed to assess the

relationship between nutritional status and school participation (Moock & Leslie, 1986).
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The results showed that height-for-age is appeared to be an important contributor of
enrollment in school for children in this study. Age of children at enroliment in primary
school was compared with 8-9 and 12-13 year old in Ghana (n = 1566), and Tanzania
(1390) with a range of nutritional measures (Brooker, Hall, Bundy, Adjei, Allen et al.,
1999). The results divulged that height-for-age z score (short stature) is significantly related
to late school enrollment, and stunted children are prone to drop out earlier than non-stunted
children.

Many studies have found an association between stunting and educational
achievement in children from low-income families. Primary school children (n = 399) from
low-income households in Malaysia were observed to investigate the relationship between
nutritional status and educational attainment (Shariff, Jenny, Bond, & Johnson, 2000). The
findings showed that stunting is strongly linked to educational achievement of children
even after controlling for household socioeconomic status. Similarly, Wisniewski (2010)
estimated the impact of nutrition on school test scores of grade four students in Sri Lanka
from a rich dataset on different variables and found that stunting has direct impact on
educational performances.

Observational evidence also suggested that early childhood stunting is connected to
motor development among children in LMICs were of similar magnitude to those observed
in cognition. A systematic literature review of 22 studies reporting motor domain
associations revealed that linear growth in first 2 years of age is positively associated with
motor development in LMICs (Sudfeld, McCoy, Danaei, Fink, Ezzati et al., 2015).

Across cross-sectional studies, it was found that stunting is linked to cognitive ability
of children raised in low- and middle-income families. A recent meta-analysis including 52

studies from LMICs on cognitive domain associations found a robust positive relation
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between HAZ for children <2 years old and cognitive development, and each unit increase
in HAZ was associated with +0.24 SD improvements in cognition (Sudfeld et al., 2015).
Similarly, cognitive performance of 5-year-old children was assessed with Kaufman
Assessment Battery for Children-I1 in Southern Ethiopia (Bogale, Stoecker, Kennedy,
Hubbs-Tait, Thomas et al., 2013). Mean cognitive test scores of stunting and non-stunting
children were significantly different from each other, and memory and visual processing
outcomes of children were significantly lower in children with growth deficits.
Furthermore, Perkins et al. (2017) reviewed other cross-sectional studies that overall
demonstrate a positive association between child growth and child development. One time
point nature of cross-sectional studies has limitation that it cannot confirm the relationship
over changes in stunting.

Longitudinal observational studies. Several longitudinal studies have supports the
link between early stunting and neurodevelopment of children from LMICs. Longitudinal
data from 1674 Peruvian children included anthropometric measurement collected for
children at 6-18 months (early stunting) and 4.5-6 years (concurrent stunting) of age along
with their cognitive assessment (Crookston, Dearden, Alder, Porucznik, Stanford et al.,
2011). Data analysis demonstrated that concurrent stunting is more strongly related to
cognitive outcomes of children entering school than the early stunting. A study in a poor
rural area in Bangladesh found that growth in the first 24 months is associated with the 1Q
at 64 months of children (Hamadini, Tofail, Huda, Alam, Ridout et al., 2014). A study using
the South African Birth to Twenty cohort data revealed that stunting at 2 years is strongly
associated with impaired fine motor skills and cognitive functioning in children at 5 years

of age (Casale, Desmond, & Richter, 2014).
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Numerous longitudinal studies documented that stunting in early childhood predicts
later cognition and/or educational progress at school. Grantham-McGregor et al. (2007)
analyzed the data from Philippines, Jamaica, Peru, Indonesia, Brazil, and South Africa to
observe the effect of stunting. In these studies, later cognitive outcomes or school
achievement were associated with stunting from 12 to 36 months. Further, compared with
not-stunted (HAZ > -1 SD), moderate to severe stunted was related to the outcomes for
cognitive tests in each study, and the effect size was between 0.4 to 1.05 SD. In addition, a
recent review of longitudinal studies found that stunting at the age of 9-24 months is related
to child neurodevelopment (Perkins et al., 2017). Most of the studies described above are
indicated that there is a consistent relation between early childhood stunting or child height
and poor neurodevelopment across each of the developmental domains.

1.3.2.2 Intrauterine growth restriction. The term IUGR is defined as poor growth of
fetus during pregnancy resulting in birth weight below the 10" percentile for the gestational
age. Generally IUGR happens for the factors related to maternal nutrition or stress,
inadequate oxygen supply to fetus, placental insufficiency etc. In LMICs, poor maternal
nutrition and infections are the primary cause of IUGR (Walker et al., 2007). The effects
of IUGR continue after the neonatal period is over and it disrupts the process of
neurodevelopment in children. Several follow-up studies bestowed that IUGR increases the
risk of neurodevelopmental deficits across different domains in children at the age of early
childhood.

A number of studies reported that children born with ITUGR have poor level of
neurodevelopmental outcomes in developing countries. A case control study was conducted
on 154 infants (77 IUGR and 77 controls) in Mexico and the results divulged that low

neurodevelopment has a close relation to IUGR (Fernandez-Carrocera, Chavez-Torres,

19



Casanueva, Barrera-Reyes, Ibarra-Reyes et al., 2003). Walker et al. (2007) summarized
some studies orchestrated in developing countries on children with IUGR. In Guatemala, it
was found that infants with low-birth-weight (LBW) achieved lower level cognitive
outcomes at 2 and 3 years old and in Jamaica, infants at 7 months performed lower problem
solving ability and poorer level of developmental outcomes at the age of 15 and 24 months
compared with infants with normal birth weight (> 2500 g). In another study,
developmental outcomes for LBW infants with [IUGR were lower than infants having birth
weight 3000-3499 g in Brazil. In addition, some behavioral features like less cooperative,
happy, vocal or active were detected for infants with LBW in Brazil and Jamaica. Effect

sizes of Guatemala, Jamaica, and Brazil studies are presented in Figure 4.
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Figure 4. Effect size (SD) of children born with or without IJUGR at term (Walker et al., 2007).
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The effects of IUGR on neurodevelopmental impairment tend to persist even after
childhood period is supported by studies in developed countries and it also disturbs the
process of academic achievement. In a follow-up study in Spain, 59 IUGR children were
recruited to compare cognitive functioning and academic achievement with 61 appropriate-
for-gestational-age children at their 6-8 years of age (Bellido-Gonzéalez, Diaz-Lo6pez,
Lépez-Criado, & Maldonado-Lozano, 2016). The study demonstrated that the IUGR
children performed poorer cognitive tasks than the children of control group as well as the
IUGR did lower in academic achievement test after adjusting for potential confounders. In
Croatia, it was found that children born with intrauterine growth restriction has a negative
effect on neuropsychological development at the age of 6 years and 4 months (Klaric, Galic,
Kolundzic, & Bosnjak, 2012). In another study, LBW were significantly related to delayed
developmental milestones in adolescence, and infants with LBW were at a higher risk of
behavioral problems than infants with normal-birth-weight (NBW) (Liu, Sun, Neiderhiser,
Uchiyama, & Okawa, 2001).

Fish oil supplementation in a randomized controlled trial during pregnancy did not
benefit infants’ development at 10 months and LBW infants scored significantly poorer
mental and psychomotor developments than those of NBW infants in a low-income
Bangladeshi community (Tofail, Hamadani, Ahmed, Mehrin, Hakim, & Huda, 2012). In a
double blind controlled intervention with dietary supplementation during pregnant women
in Taiwan revealed that the food supplementation does not improve 1Q or mental ability
but progresses child motor outcomes (Adair & Pollitt, 1985).

A systematic review of 16 studies suggested that children born with IUGR are at the
risk of neurodevelopmental impairment than those with NBW from 6 months to 3 years of

age (Levine, Grunau, McAuliffe, Pinnamaneni, Foran, & Alderdice, 2015). Similarly, 38
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studies on children born with IUGR were systematically reviewed and the review denoted
that children with IUGR born at > 35 and < 35 weeks of gestation attained a score of
approximately 0.5 SD and 0.7 SD respectively lower than non-lTUGR children in all
neurodevelopmental outcomes (Murray, Fernandes, Fazel, Kennedy, Villar, & Stein,
2015). Thus IUGR affects the neurodevelopmental outcome during early childhood.

1.3.2.3 lodine deficiency. lodine deficiency is one of the major causes of weakened
neurodevelopment. It is also connected to maturation of nervous system and functioning of
physiological process stemming from thyroid hormone (Pharoah & Connolly, 1995). In
low-income countries, iodine deficiency acts as a major concern for health and
development of children at their early childhood and pregnant women. According to WHO
publication report, the number of people having insufficient iodine intake is around 2
billion in the world (de Benoist, McLean, Andersson, & Rogers, 2008), and an estimated
246 million school-aged children (29.8%) in the world do not have sufficient iodine intake
(Zimmermann & Andersson, 2012).

Insufficient iodine intake can lead to hypothyroidism (goiter) which can happen at
any stage of life. The negative impact of iodine deficiency is severe during the period of
fetal development and the stage of early childhood. As a result it causes mental impairment
leading to reduced intellectual ability and poor school performance which is preventable
(de Benoist et al., 2008). Previous researches have pointed out to determine the effect of
maternal iodine deficiency on the neurobehavioral development of offspring. There is a
consistent finding that maternal iodine deficiency is connected to poor neurodevelopment
of children (Zimmermann, 2009).

A prospective mother and child cohort study was investigated the link between

maternal iodine deficiency during pregnancy and early childhood cognitive and motor
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development (Murcia, Espada, Julvez, Llop, Lopez-Espinosa et al., 2018). In this study,
cognitive and motor ability was measured applying McCarthy Scales of Children’s
Abilities in 1803 children at the age of 4-5 years, and maternal iodine status was detected
through urinary iodine concentration in a spot test. Regression analysis found an association
between lower urinary iodine during pregnancy and poorer cognitive function in children,
but no relation was showed with motor development.

A meta-analysis in China, 37 studies of 12,291 children less than 16 years old
compared 1Q scores of children raised in iodine deficient areas with children from naturally
iodine sufficient areas (Qian, Wang, Watkins, Gebski, Yan et al., 2005). Both groups were
reported to be comparable on the basis of social, economical, and educational aspects. 1Qs
of children reared in iodine deficient areas were 12.45 points lower in average than that of
children growing up in iodine sufficient areas, and iodine supplementation before or during
pregnancy helps the children recover 8.7 points of 1Q. A recent meta-analysis yielded a
slightly reduced 1Q differences than the previous review showing a range of 6.9 to 10.2
points lower 1Q in iodine shortage children relative to sufficient iodine enriched children
(Bougma, Aboud, Harding, & Marquis, 2013). The results of these studies echo the
negative consequences of iodine deficiency on intellectual development in the offspring.

lodine supplementation studies also investigated the effects of maternal iodine
deficiency on psychomotor development of children. In a follow-up study in Xinjiang
province in western China, a severe iodine shortage area, 207 children ranging from 4 to
7.3 years were examined (O’Donnell, Rakeman, Zhi-Hong, Xiu-Yi, Mei et al., 2002).
Among them, 80 children, who received iodine first time at their 2 years, served as control
group and rest of the children’s mothers received oral iodized oil as supplementation during

pregnancy. lodine intervention before the end of 2™ trimester predicted greater
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psychomotor scores for children compared with those who received iodine supplementation
later in pregnancy or at 2 years. Effect of iodine deficiency in the first trimester of
pregnancy on the psychomotor development was justified by another study conducted in
an iodine deficient region in Portugal in which the major determinant of psychomotor
development at 18 and 24 months was the thyroxine level before the second trimester
(Costeira, Oliveira, Santos, Ares, Saenz-Rico et al., 2011).

In Bangladesh, the impact of iodine shortage on school achievement was examined
in which two groups of children depending upon thyroxine hormone levels were compared
(Huda, Grantham-McGregor, Rahman, & Tomkins, 1999). The hypothyroid group (low
thyroxine group) did worse performance than the euthyroid children on reading and
spelling tasks, and general cognitive ability test. A comparative cross-sectional study in
southern Ethiopia echoes the similar findings which confirmed the detrimental effect of
goiter, a disorder caused by iodine deficiency, upon the school performance (Wolka,
Shiferaw, & Biadgilign, 2014). In this study, goiter was strongly related to poor academic
achievement even after controlling for parental education and school absenteeism. Thus
the results of these studies of varying quality yielded the congruent evidence relating to the
connection between iodine deficiency and the neurodevelopment in early childhood as well
as later school achievement.

1.3.2.4 Iron deficiency. Iron deficiency (ID) during pregnancy and in early childhood
is a major public health concerns which produce negative consequences on
neurodevelopment of children, particularly in LAMI. The requirement of iron during
pregnancy is very high for its indispensable role to neurotransmission, metabolism, and
myelination in the developing brain and infant cognition (Lozoff, Beard, Connor, Barbara,

Georgieff, & Schallert, 2006; Mireku, Davidson, Boivin, Zoumenou, Massougbodiji et al.,
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2016). There are numerous studies that evidenced poor cognitive and motor performance
in young children with iron deficiency anemia (IDA) that existed in a low state even after
the infants received iron therapy (Lozoff et al., 2006). However, a number of studies in
children consistently showed the linkage between maternal prenatal iron levels and
neurodevelopmental outcomes in the offspring (Christian, Murray-Kolb, Khatry, Katz,
Schaefer et al., 2010; Shafir, Angulo-Barroso, Calatroni, Jimenez, & Lozoff, 2006).

In a cohort follow-up study, 676 children aged 7 to 9 years old, whose mothers had
been received iron supplementation from early pregnancy through 3 months postpartum,
were included to examine the intellectual and motor functioning in rural Nepal (Christian
et al., 2010). Children of iron treatment group did better performance than control group in
the all tests of intellectual ability including working memory and motor ability. In a
randomized trial with home intervention study, infants with IDA and non-IDA at the age
of 6 and 12 months were treated with iron therapy and divided into intervention who
received an hour long counseling to foster development and surveillance randomly (Lozoff,
Smith, Clark, Perales, Rivera, & Castillo, 2010).

Bayley Scales of Infant Development was administered at the beginning and end
points which showed less positive social-emotional behavior and poor cognitive
performance exhibited by the infants with IDA before the supplementation, but the both
scores were improved at the later point. Another follow-up study in China, social-emotional
skills of children with IDA during infancy but corrected by food supplements later were
compared with non-anemic children at the age of 4 years in which the children with chronic
IDA displayed less positive social-emotional behavior than the non-anemic pre-school aged

children (Chang, Wang, Wang, Brouwer, Kok et al., 2011). These findings suggest that ID
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and IDA are associated with the later early childhood intellectual, motor, and social-
emotional development in low income countries.

A meta-analysis of 14 randomized controlled trials has assessed the effects of iron
intake of infants and school aged children on the measures of cognitive function in which
control groups were provided iron intake through natural food sources or supplements for
at least 2 months duration (Hermoso, Vucic, Vollhardt, Arsic, Roman-Vifias et al., 2011).
The review suggested that iron intervention has a modest positive effect upon the cognitive
and psychomotor development of anemic infants and children. Grantham-McGregor and
Ani (2001) reviewed the correlational and case-control studies and found relations between
IDA and poor cognitive and psychomotor function, and behavioral problems. Review of
longitudinal studies also revealed that children with ID in infancy persist the lower
intellectual capability, academic achievement, and behavioral problems before middle
childhood.

Thus these studies evidenced that ID and IDA affect neurodevelopment process of
infants for the short term and it is also evidenced that the disturbance caused by anemia
continues for long term by slowing their cognitive development as well as lowering the
school achievement.

1.3.2.5 Other nutritional elements. Apart from iodine and iron, there are nutritional
sources such as zinc, breastfeeding, vitamin A that are linked to child neurodevelopment.
The evidence of the contribution of vitamin A and B> to neurodevelopment is scarce.

Breast milk, a source of nutrients such as essential fatty acids, enters into the body of
infants through breastfeeding which reduces the chance of morbidity, and closers mother-
child relations, and contributes to the development (Grantham-McGregor, Fernald, &

Sethuraman, 1999; cited from Walker et al., 2007). A meta-analysis of 20 studies which
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compared the cognitive scores of breast-fed children with that of formula-fed children
delineated that higher cognitive development is significantly associated with breastfeeding
from infancy to adolescence (Anderson, Johnstone, & Remley, 1999). A cohort study of
697 infants in Korea that tested mental development index at age 12, 24, & 36 months using
Korean version of the BSID-II reported that breast-fed infants show significantly better
cognitive development than formula-fed infants (Lee, Park, Ha, Hong, Ha et al., 2016).
Two randomized trials in Honduras reported that exclusive breast-fed for 4 months
improves the motor ability of infants than the infants given solid foods (Dewey, Cohen,
Brown, & Rivera, 2001). The findings indicated that breastfeeding is associated with
neurodevelopment of young children.

Around 25% of the world’s population is affected by zinc deficiency and it is in the
main risk factors for disease in developing countries (Brown, Rivera, Bhutta, Gibson, King
et al., 2004). Krebs, Miller, and Hambidge (2014) opined that zinc deficiency is a primary
cause of lower growth and neurodevelopment in children. In a supplementation study, zinc
and iron together administered on 221 infants at 6 and 12 months of age from rural
Bangladesh (Black, Baqui, Zaman, Persson, Arifeen et al., 2004). The result showed that
zinc supplementation with iron has a beneficial effect on motor development and behavior.
In a randomized controlled trial in Jamaica, zinc supplementation along with psychosocial
stimulation benefited cognitive and psychomotor performance of undernourished children
(Gardner, Powell, Baker-Henningham, Walker et al., 2005). The effect of zinc deficiency
on the neurodevelopment still remains dubious as there are also contradictory findings
relating to the lone impact of zinc (Walker et al., 2007).

1.3.3 Infectious diseases and environmental exposures. Child neurodevelopment

is also affected by various infectious diseases and environmental exposures. Prevalence of
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infectious diseases is widespread in young children in low income countries. It includes
intestinal helminth, human immunodeficiency virus (HIV)/ acquired immune deficiency
syndrome (AIDS), diarrhoea, malaria etc. which affect child neurodevelopment in
developing countries.

Any species of helminth cause intestinal infections to a third of the world’s
population, particularly the intensity of infections is highest among the school-aged
children (Watkins & Pollitt, 1997). The study investigated the effect of helminthes on early
childhood neurodevelopment is scarce. In a cross-sectional program in rural Nicaragua, 961
infants and children were screened for intestinal parasites and developmental delays
(Oberhelman, Guerrero, Fernandez, Silio, Mercado et al., 1998). The study showed that
language test is significantly associated with intestinal parasites. A recent longitudinal
cohort study was conducted in Peru on 880 children who were recruited at one year of age
and followed up at 18 months in which soil-transmitted helminth was measured (Blouin,
Casapia, Joseph, & Gyorkos, 2018). A relationship was found between helminth infections
in one or two years of age and poor cognitive and verbal development later in childhood.

Children infected with HIV/AIDS in early childhood lead to neurodevelopmental
deficits. It is estimated that 2.1 million children under 15 years old are living with
HIV/AIDS (UNICEF, 2017). Infants with HIV infections are at the risk of strong
encephalopathy with catastrophic consequences. Despite without severe outcomes,
children could entangle with the possibility of delayed development, particularly in the
language domain (Brown, Lourie, & Pao, 2000). If the caregivers of children are infected
with HIV, the impacts on child development are mediated by reduced resources and

psychosocial factors (Walker et al., 2007).
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Diarrhea, a waterborne disease, causes disturbance in the process of
neurodevelopment of children, particularly in the first 2 years of life due to poor access to
clean water and shortage of sanitation facilities in the low income countries. A cohort study
in Brazil reported that children with diarrhea in the first 2 years of life show significantly
lower intelligence scores even after controlling for possible confounders (Niehaus, Moore,
Patrick, Derr, Lorntz et al., 2002). In another study in Brazil, early childhood diarrhea was
associated with impaired school achievement suggesting that diarrhea in the early age
hinders school performance (Lorntz, Soares, Moore, Pinkerton, Gansneder et al., 2006). In
this way diarrhea has a profound effect on child neurodevelopment.

Malaria is another infectious disease that poses a great threat to the children aged less
than 5 years in sub-Saharan Africa. A number of studies reported the neurocognitive and
language impairments in children suffered from severe forms of malaria. Cerebral malaria
was associated with poor performance in neurocognitive assessments of children, and the
deficits are visible as long as nine years later in Kenya (Carter, Mung’ala-Odera, Neville,
Murira, Mturi et al., 2005). Considerable language impairment was found in the children
admitted to hospital with cerebral malaria in another study in Kenya (Carter, Lees, Gona,
Murira, Rimba et al., 2006).

Environmental exposures (lead, arsenic, pesticides etc.) often play a vital role in the
genesis of childhood neuropsychological impairments, particularly in the low income
countries. Tong, von Schirnding, & Prapamontol (2000) summarized observing studies on
lead poisoning that at a low level of human exposure to lead is responsible for the impaired
psychological and neurobehavioral functions. Average blood lead concentration was
negatively associated with full-scale 1Q scores conducted on 1,333 children aged from

infancy to 10 years in seven longitudinal cohort studies in both developing and developed
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countries (Lanphear, Hornung, Khoury, Yolton, Baghurst et al., 2005). In a cohort study,
children living in a town adjacent to a lead smelter in Kosovo, Yugoslavia reported modest
decrements in intelligence, motor scores and small higher behavior problems even
controlling for social confounders (Factor-Litvak, Wasserman, Kline, & Graziano, 1999).

Maternal child rearing
[ i b J [ knowledge, attitude & J

healtl practice

T

Poor socio-economic Malnutrition
condition s

¥ y N Y
Parenting & Mother-child
interaction

Intervention. stumulation
& learning

Child
neurobehavioral
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Figure 5. Conceptual framework of factors affecting child neurobehavioral development.

Exposure to arsenic through drinking water has negative consequences on
neurodevelopment during childhood. A meta-analysis evaluating pre and post natal
exposure to arsenic indicated that a 0.4 decrease in 1Q scores is as a result of 50% increase
in arsenic concentration in urine (Rodriguez-Barranco, Lacasafia, Aguilar-Gardufio,
Alguacil, Gil et al., 2013). In a cross-sectional investigation in Bangladesh, researchers
reported that arsenic exposure from contaminated water is related to lower intellectual
scores in a dose-response manner after adjustment for potential covariates (Wasserman,
Liu, Parvez, Ahsan, Factor-Litvak et al., 2004). Similarly, intelligence of children was
affected by high concentrations of arsenic in a study in China (Wang, Wang, Cheng, Li,

Sang et al., 2007).
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1.3.4 Parenting factors. Researches revealed three aspects of parenting associated
with young children’s cognitive and social-emotional competence: cognitive stimulation,
caregiver sensitivity and responsiveness to the child, and caregiver affect (National
Research Council and Institute of Medicine, 2000; cited from Walker et al., 2007).
Cognitive stimulation or learning opportunities as a part of parenting factor facilitates early
cognitive development of children. Several studies examined the effect of stimulation or
intervention on children reared in developing countries, including children living in
poverty, which strongly supports the importance of early cognitive intervention for
facilitating better cognitive and non-cognitive outcomes (Gardner, Walker, Powell, &
Grantham-McGregor, 2003; Grantham-McGregor, Powell, Walker, & Himes, 1991). A
cohort study in northeast Brazil was conducted to see the impact of psychosocial
intervention on cognitive and psychomotor development during childhood in which the
researchers obtained significant improvements in cognitive and motor domains of the child
development as a result of intervention (Eickmann, Lima, Guerra, Lima, Lira et al., 2003).

Two studies in low-income areas of Istanbul evaluated the long term benefit of early
intervention (Kagitcibasi, Sunar, & Bekman, 2001). One study tested the effects of early
enrichment comprising mother-focused and child-focused intervention after a gap of over
4 years, and the second study involved a follow-up of study one which was 7 years after
the end of intervention. Superior cognitive development and school adjustment were
produced by both interventions, and the second study identified the sustained effects of
interventions in the light of school attainment, academic grades, and verbal scores. Walker
et al. (2007) summarized studies assessed the effect of cognitive stimulation on young
children and found that additional learning opportunities or psychosocial interventions

cause greater cognitive functioning than non-intervention groups. The range of most effect
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sizes was between 0.5 SD and 1.0 SD and follow-up studies reported long sustainable
effects of early intervention mentioning as long as 17 years of age.

Randomized controlled trials were conducted to investigate the long term effects on
cognitive and non-cognitive outcomes from psychosocial intervention. In Jamaica,
researchers examined cognitive and non-cognitive (behavior) long term outcomes from
psychosocial stimulation in which children in intervention group received psychosocial
stimulation for 2 years from their birth (Walker, Chang, Younger, & Grantham-McGregor,
2010). The results showed that visual-spatial memory scores were higher in the intervention
group and they experienced lesser behavior problems than the control group. Low birth
weight term (LBW-T) infants of home-visiting intervention group exhibited higher scores
in the cognitive test and performed well in behavior than control group in a randomized
controlled trial (Gardner et al., 2003). These findings support the importance of early
psychosocial intervention on neurodevelopment of young children.

Early experience with the family (e.g., caregiver/mother) is important for the
neurodevelopment of children. Walker et al. (2007) summarized that more secure infant
attachment was related to mother’s sensitivity in studies conducted in Chile, Colombia,
India, and South Africa and greater cognitive development and fewer behavior problems in
early childhood were related to greater levels of maternal responsitivity. Mothers’ quality
of instruction was associated with 1Q and academic achievement in 1 and 3" grades of
their children raised in low-income families and academic scores in 1%t grade of children
had direct effects on mothers and fathers expectation (Englund, Luckner, Whaley, &
Egeland, 2004). In a study of low-income rural families, maternal and paternal sensitive
parenting was related to their children’s cognitive development (Mills-Koonce,

Willoughby, Zvara, Barnett, Gustafsson et al., 2015).
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Appropriate  caregiver-child interactions facilitate early social-emotional
development and learning materials promote age-appropriate language and problem-
solving skills (Walker et al., 2007). Furthermore, maternal depression is another risk factor
that causes reduced levels of cognitive function and higher levels of behavior problems
(Patel, DeSouza, & Rodrigues, 2003). These psychosocial factors discussed above are the
part of maternal cognitive function which implies that there might be a link between factors
evolved from maternal cognitive state and child neurodevelopment. Rubalcava and Teruel
(2004) showed that maternal cognitive ability works as an important factor in progressing
children’s height, even after controlling for age of children and gender, parental age,
mother’s and father’s years of schooling, and mother’s height.

1.3.5 Risk factors. There are some risk factors in different categories which have
greatly influence the neurobehavioral development of children. The Lancet series (child
development in developing countries 2) mentioned that there are some risk factors that
contribute to not attaining developmental potential in children under 5 years of age in
developing countries (Walker et al., 2007). Risk factors are categorized broadly into two
groups, i.e., biological risk factors and psychosocial risk factors. Biological risk factors
include nutrition, infectious disease, and environmental exposures. On the other hand,
parenting factors and contextual risk factors fall into psychosocial category. Walker et al.
(2007) presented a framework showing psychosocial risk factors and biological risk factors
as mediators to influence child neurodevelopment from socio-cultural factors (i.e., low
maternal education, gender inequity, and reduced access to service) and poverty. The

framework is shown in Figure 6.
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Figure 6. Pathways showing impact of poverty on child development (Walker et al., 2007).

1.4 Consequences of Poor Neurobehavioral Development
In the developing countries, information on early child neurobehavioral development is not
convenient as there is no national statistics either in the government level or in any private
source, which leads to the darkness of the problem of inadequate neurodevelopment.
UNESCO (2016) reported that 263 million children and adolescents do not have currently
access to primary and secondary schools and in low-income countries, on present trends
only 70% of children will be able to finish elementary school by 2030, which means that
the sustainable development goal on education (SDG 4) will not be achieved in time.
Children from sub-Saharan Africa and south Asia dominate those who do not have
opportunity to accomplish primary school. In addition, children from U.S. and other
developed countries outperformed their peers in science participating from some
developing countries in the same grade (Gonzalez, Guzman, Partelow, Pahlke, Jocelyn et
al., 2004). Grantham-McGregor et al. (2007) analyzed 12 studies on different African
countries where records of grade 6 students described that around 57% children did not
have minimum reading ability. Stunting and absolute poverty were identified as the

potential indices for poor neurodevelopment which is mentioned earlier, and good
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predictors of poor educational attainment and cognitive ability because of their consistency
in definition all over the world (Grantham-McGregor et al., 2007). Instead of cognitive
tests, studies on neurodevelopment frequently evaluate learning and schooling outcomes
for instance, school test scores, enrollment status, years of schooling as representations of
cognition.

Researches in developed countries showed that early cognitive and socio-emotional
ability have significant effect on future educational outcomes (Feinstein, 2003; Currie &
Thomas, 1999; Pianta & McCoy, 1997). Two longitudinal studies in developing countries
found connection between early child neurobehavioral development and future school
achievement.

In Guatemala, cognition of preschool period forecasted the possibility of education
beyond primary school (Stith, Gorman, & Choudhury, 2003), and performance in school
in adolescence (Gorman & Plollitt, 1996). Liddell and Rae (2001) found that academic
achievement in grade 1 and cognitive test scores of rural South African children are strong
predictors for their educational retention, which corroborates the finding of developed
countries. Grantham-McGregor et al. (2007) analyzed studies conducted on the children of
Philippines, Jamaica, and Brazil by following multiple regression of school performance
and logistic regression for dichotomous score, which revealed that early intellectual
outcome predicts future education after controlling for sex and age of children, mother’s
education and wealth. In addition, every SD improvement in early cognition or
developmental quotient was related to considerably enhance educational achievements.

The significance of supplementary feeding or interventions in early childhood for
cognitive and school benefits is proved in some studies. In a longitudinal investigation,

early supplementary feeding provided better performance on psychoeducational and
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information processing tests and highest levels of primary schooling attainment (Pollitt,
Gorman, Engle, Martorell, & Rivera, 1993). In a cohort study, stimulation, compared with
no intervention group, helped obtain higher scores on cognitive tests as well as educational

tests (Walker et al., 2005).

Primary caretaker
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Poverty Low responsivity home stimulation
Low education
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deficiencies/infections
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Figure 7. Hypothesized associations among poverty, stunting, child neurodevelopment, and school

achievement (Grantham-McGregor et al., 2007).

1.5 Practical Significance of the Study

It is worth mentioning that substantial improvement in child development is unlikely to be
made without increasing early learning opportunities (Black, Walker, Wachs, Ulkuer,
Gardner et al., 2005), though there has been recent attention to the effect of nutrition on
development (Victora, Adair, Fall, Hallal, Martorell et al., 2008). Non-US intervention
studies showed that cognitive benefits were better in case of interventions having
stimulation and educational components compared with those involving nutrition or
economic assistance only (Nores & Barnett, 2010). We have further observed that different
early interventions that showed some benefit but a few of them are integrated. Most of the

intervention programs include nutritional supplementation, food intake, psychosocial
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counselling, home stimulation, or parental education. Information is limited regarding the
combined contribution of interventions to promote child neurodevelopment.

In Bangladesh, almost 60% children are exposed to the risk of insufficient
development caused by high prevalence of LBW, stunting, poverty, and lack of early
stimulation due to low parental knowledge. Most of the data from low and middle income
countries including Bangladesh mainly focused on the cognitive and motor outcome of
children giving less emphasizing on the maternal cognitive function which is crucial for
optimum child neurobehavioral development. This is why, in addition to the existing
information, we need to assess maternal cognitive function and neurobehavioral
development of the underprivileged children in order to prepare appropriate psychosocial
intervention formula, particularly for the children living in developmental deficits.

It is clear from the previous studies that underprivileged children require not only
good health, nutrition, and wealth but also supportive and caring home environments and
cognitive stimulation with a view to achieving their optimum developmental potential as
in the case of Bangladesh. According to The Lancet review, most disadvantaged children
get the maximum benefit of intervention (Engle, Fernald, Alderman, Behrman, O’Gara et
al., 2011). Cognitive function of parents, especially mothers, is vital for having the
optimum outcome from intervention. It is also mentationable that maternal education
emerged as a protective factor in recent researches However, little is known regarding the
importance of mothers’ cognitive functioning influencing different domains of their young
children’s neurobehavioral developmental outcome, particularly who are from
underprivileged community in Bangladesh. We know of no other study, however, that
directly emphasized the relationship between maternal cognitive function and different

domains of neurobehavioral development of underprivileged children in Bangladesh.
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The present research was, therefore, conducted to examine whether there is any
significant association between cognitive function of mothers and neurobehavioral
development i.e., cognitive development, language development (receptive and
expressive), and motor development (fine and gross motor) of children living in
underprivileged environment.

1.6 Hypothesis
Mothers with better cognitive function would have children with better neurobehavioral
development even they reside in underprivileged community.
1.7 Objectives
The primary objective of the study was to determine the association between maternal
cognitive function and the domains of neurobehavioral development of underprivileged
children.
The specific objectives of the study were to:
a. measure the association between maternal cognitive function and
children’s cognitive development,
b. measure the association between maternal cognitive function and
children’s language development,
c. measure the association between maternal cognitive function and

children’s motor development.
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Methods

2.1 Study Location and Population

The study was conducted in the urban borough of Dhalpur, Jatrabari and Lalmati (Kalshi),
Mirpur in Dhaka, Bangladesh. These areas are densely populated regions of Dhaka which
are predominantly low level households living in poor slum conditions. The populations of
the Dhalpur and Lalmati areas are approximately 450000 and 252000. Most of the
dwellings are made of tin or mud brick and open drains flow around the areas.

The main professions of the dwellers are garments workers, transport workers,
rickshaw/van pullers, service holders, small traders, construction workers, porter/day
labors, domestic aides, street hawkers etc. Drinking water comes from tap or tube-well.
Latrine facility is another indicator of socio-economic condition. Sanitary latrine, pit
latrine, tin built latrine, hanging/Kutcha latrine are used by the slum dwellers of the two
study areas. Kitchen facilities are poor for the slum people. They have shared or
independent kitchen, and the kitchens are indoor and outdoor with limited facilities. The
slum dwellers use different sources of cooking fuel. Gas, wood/bamboo, hay/leaf/paper and
kerosene are the main sources of cooking fuel for them. About 80% of the population is
Muslims and the remainders, with few exceptions, are Hindus. Most of the slum dwellers
are rootless, shelter less and landless, and they are bound to live in the slum areas for their
livelihood.

The study population was drawn from these areas where the inhabitants, in the light
of above parameters of living conditions, are considered as underprivileged. The
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) has two field

offices at the study locations with data collection facilities.
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Figure 8. Living condition of Lalmati study area.
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Figure 9. Living condition of Dhalpur study area.
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2.2 Study Design

Cross-sectional research design was adopted in the present study.

2.3 Participants

A total of 207 underprivileged mother-child dyads (pair sample) participated in the study.
We excluded 3 children who had been observed to have developmental problems at the

time of neurodevelopmental assessment. Age range of children was from 12 to 42 months.

Sample = 207 mother-
child dyads

—

Dhalpur = 105 mother- Lalmati = 102 mother-
child dyads child dyads

Figure 10. Sample size according to study area.

Inclusion criteria
e Mothers of 12 to 42 months old children,
e Both male and female children,
e Mothers are primary caregiver, and

e Written consent provided by parents.

Exclusion criteria
Any child with —
e Developmental anomalies,
e Known chronic illnesses like epilepsy, tuberculosis etc.,
e Twins and multiple births, and

e Parents not consenting.
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48% M Female

Figure 11. Pie chart of the male and female children.

2.4 Study Development and Training

Two testers, two interviewers, and four field organizers (FOs) were employed to complete
the data collection procedures. They all are female having skilled in communication with
mothers. The testers were graduated in child development and they had previous
experiences on Bayley-I1l administration under the research projects in icddr,b. The
interviewers were also experienced in taking interviews and had previous work experiences
in icddr,b. The FOs were familiar with the study locations and had previous knowledge on
how to recruit participants according to inclusion criteria. Prior to the start of data
collection, they were extensively trained until they achieved 85% agreement with the
trainer. The 3-day refresher training integrated how to administer the Bailey-111 test, other
questionnaires, and specific discussion of participant’s enrollment, quality control,
documentation, best ethical practices, and proper consenting procedures for illiterate

mothers.

Data collecting staffs = 8 persons

FOs =4 Testers = 4 Interviewers = 4

Figure 12. Number of staffs for data collection.
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2.5 Procedures
Following the training program, the two slum areas were divided among the four FOs. They
along with the researcher (the author) conducted a door-to-door survey in the study areas
to identify the mothers having children between 12 to 42 months age range. The participants
were selected on the basis of inclusion criteria. The FOs invited them to join the study.
For taking written consent from the mother, the interviewers went to the participants’
home at the scheduled time. First, they read out the consent form before the mothers and
collected their signature or left thumb impression, if they agreed to participate in the study
with their children. This process was done in a manner appropriate for their literacy level.
After getting written consent, they were enrolled in the study, interviewed for home visit

and given an appointment time for developmental test at field office.

Figure 13. Interview during home visit.

During home visit, the interviewers collected information about socioeconomic status
(SES), amount of stimulation children receives at home using modified version of Home

Observation for Measurement of Environment (HOME) questionnaire in the presence of

45



their children, parenting information, and information about mother’s self-esteem using

Rosenberg Self-esteem Questionnaires.

Figure 14. Bayley-I11 assessments at icddr,b field office.

The mothers were invited at the adjacent icddr,b field offices with their children at
their earliest available time. Two well-trained testers administered the Bayley-111 upon the
children when the mothers came to the offices guided by the FOs. The assessment was done

in a quiet, well ventilated, and well lightened room with clinical settings.

Figure 15. Head circumference and height measurements of children.

Then the anthropometric measurements of mothers and their children were taken

which includes weights, heights, mid-upper arm circumference, and head circumference
(OFC) following WHO guidelines. The mothers were then interviewed with the

questionnaires comprising modified version of Mini-Mental State Examination (MMSE)
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and Digit Span scales. Each mother received one liter soybean oil and a beauty-soap, and
the child received some biscuits, a standard packet noodles, and chocolates as token gift to

spend their valuable time in the study.

Sample identification &
enrollment by FOs & author

Consent form filled-up at
home

Interview of Parenting,
HOME, Self-esteem at home

Bayley-111 administration on
children at icddr,b field office

Interview of MMSE & Digit
Span on the mothers at the
icddr,b office

Anthropometric
measurements of mothers &
children at the icddr,b office

Figure 16. Flow chart of data collection process.

The interviewer assigned an identification number against a mother-child dyad and
documented all information comprising address, mobile number etc. in a registered book.
The testers summed-up all item raw scores in a subscale to obtain composite score and
converted it into scaled score with the help of user manual (Bayley, 2006b). In this way,
the tester completed the Bayley-Il1 record form and put it along with other questionnaires

in a file.
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2.6 Measures

2.6.1 Direct assessments on children. Two different assessments were conducted
on children. These are as follows:

2.6.1.1 Neurobehavioral development assessment. Neurobehavioral development of
the children was measured with the culturally adapted version of the Bayley Scales of Infant
and Toddler Development, Third Edition (Bayley-I11). The Bayley-1ll is a widely used
individually administered instrument that assesses neurobehavioral development of infants
and young children aged from 1 month to 42 months. The Bayley-I11 was culturally adapted
by the child development unit of the icddr,b to make it appropriate for the Bangladeshi
population. As most of the items are non-verbal, cultural adaptation was done on the basis
of modifying some pictures of the books maintaining the original intent of the questions,
particularly for language component. This version was not normalized to the Bangladeshi
children in spite of cultural adaptation. This adapted version has been used in several
researches in rural and urban settings in Bangladesh (e.g., Donowitz, Cook, Alam, Tofail,
Kabir et al., 2018; Jiang, Tofail, Ma, Haque, Kirkpatrick et al., 2017). The instrument
consists of five scales across different domains: cognitive scale, language scale (expressive
communication and receptive communication subtests), motor scale (fine motor and gross
motor subtests), social-emotional development scale, and adaptive behavior questionnaire.
The first three domains are assessed using items directly administered to the child. The
social-emotional and adaptive domains are conducted by a questionnaire responded by
primary caregivers (Bayley, 2006a). According to the objective of the study, we used
cognitive scale, language scale, and motor scale of the Bayley-Ill to measure the

neurobehavioral development of the children.
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Figure 17. Subtests/Scales of the Bayley—Ill (Bayley, 2006a).

Cognitive Subtest/Scale. The Cognitive Scale comprised items that assess
sensorimotor development, exploration and manipulation, object relatedness, concept
formation, memory, and other aspects of cognitive processing. The majority of cognitive
items comes from the BSID-I1 Mental Scale. In addition, the items were rewritten to reduce
the effect of motor ability and to further strengthen the uniqueness of the cognitive scale.
This part consisted of 91 items.

Language Subtest/Scale. The language scale included receptive communication and

expressive communication subtests.
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Receptive Communication: It assessed preverbal behaviors and vocabulary

development, such as being able to identify objects and pictures that are referenced;
vocabulary in relation to morphological development, such as pronouns and prepositions;
and understanding of morphological markers. It had a total of 49 items.

Expressive _Communication: This subtest includes items that assess preverbal

communication and vocabulary development, such as naming objects, pictures, and
attributes (e.g., color and size); and morpho-syntactic development. It had a total of 48
items.

Motor Subtest/Scale. The Motor Scale comprised the Fine Motor and Gross Motor
subtests. As per the suggestions of content experts items from the BSID-11 Motor Scale
were moved to appropriate subtest in the Motor Scale. Further, new items were added to
strengthen content coverage in line with the arena of motor development.

Fine Motor: The fine motor subtest included prehension, perceptual-motor
integration, motor planning, and motor speed. The measurements were visual tracking,
reaching, functional hand skills, responses to tactile information and grasping. It had a total
of 66 items.

Gross Motor: It mainly measured the movement of the limbs and torso. Items assess
static positioning, (e.g., sitting, standing), dynamic movement, balance and motor planning.
It had a total of 72 items.

Cultural adaptation of Bayley-I1l. In the adaptation procedure, no modifications were
done for the cognitive and motor subtests of the scales. In the language subtest, the pictures
that were not recognized by the children were changed into local pictures so that it could
be identified by the children. Some changed pictures are presented here. The whole process

of this cultural adaptation was done by the child development unit of icddr,b.
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(B)

Figure 18. Two examples of items from cognitive scale (A), and motor scale (B).
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Examples of Expressive Language:

Original Picture

Figure 19(A). Chair, table and feature of picture (item # 34) were changed into Bangladeshi culture to make it more
appropriate.

Original Picture

Figure 19(B). Food of dog & cat (item # 40) was replaced with bone & milk and dress of the girl was changed.
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Examples of Receptive Language:

Original Picture

Changed Picture

Figure 20(A). Picture of car and dog (item # 28) was modified into that of local culture.

Original Picture

Figure 20(B). Picture of children and toys was changed into Bangladeshi culture.

53



Scoring system of Bayley-11l test. Trained testers, blinded to the children’s histories
and clinical parameters, administered the Bayley-I11 to the children in a clinical setting in
the presence of their mothers. It took approximately 60 minutes to test one child. Reversal
and discontinue rules for all subtests were applied to ensure that the most appropriate items
are administered to the child. According to reversal rule, the child must get a score of 1 on
the first three consecutive items at his or her age-specific start point to go forward. If the
child receives a score of 0 on any of the first three items, move to the start point for the
immediate before age and administer those items in a forward way. The reversal rule
continues until the child become successful to the first three items at any age. As per
discontinue rule the tester ends administration if the child obtains scores of O for the five
consecutive items. The total raw scores for each subtest were calculated by adding the total
number of items for which the child obtained a score of 1 along with the unadministered
items preceding the basal.

Then the total raw scores of cognitive, language, and motor scales were converted to
norm-referenced standardized scores for composite scores. The composite scores were
prepared on a scale to a metric with a mean of 100 and a SD of 15, and range from 40-160.
This normative information was prepared on a sample of 1700 children aged 1 month
through 42 months from U.S. population (Bayley, 2006b). The Bayley-11I has been used in
studies of child development in many LAMI after minor adaptation using the normative
information based on U.S. population.

Psychometric properties of Bayley-111: The short-term test-retest reliability of the
Bayley-I11 test was determined by administering the test two times on an interval of 7 days.
The reliability coefficients were satisfactory for cognitive scale (r = .53), language scale

(r = .50), and motor scale (r = .78). Inter-observer reliability (intraclass correlation)
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between tester and trainer was high (r = .99). Ten percent of all tests were observed by Dr.
Fahmida Tofail, the co-supervisor of the present study.

2.6.1. Behavioral Assessment. Children’s behavior during Bayley test was assessed
by the modified version of Wolke’s Behavior Rating Scales (Wolke, Skuse, & Mathisen,
1990). The Wolke’s behavior rating scales were developed by Wolke for Western children
and was prepared to some extent on the basis of Bayley. The behavior rating scales have
been used in several studies in Bangladesh after adaptation (e.g., Nahar, Hamadini, Ahmed,
Tofail, Rahman et al., 2009). These scales assesse five specific behaviors (given below)
and each of which has 9-point rating options. The behavioral subscales are:

Approach scale. This scale measures the initial response of a child to the tester in the
first 10 minutes only. It measures if the child is avoiding, hesitant, accepting, friendly or
inviting. The tester starts observing the child soon after the child enters the test room and
looks at the tester. To pick up this behavior, at the starting of the Bayley test, the examiner
makes a few introductory remarks to the child. Then she hands a toy to the child and starts
talking with the mother. The examiner rates child’s approach immediately after the initial
10 minutes in a 9 point scale, ranging from “avoiding=1", to “friendly and inviting=9".

The activity scale. This measure of the rating scales includes how physically active
the infant is during an observation period e.g., the total testing session of Bayley-Ill. This
assessment is mainly based on gross motor activities, self-initiated movements and
wiggling of child during test period (roughly 45 min in Bayley tests). It covers activity level
of the child in 9 point ratings, ranging from “very still=1", to “overactive=9".

The scale for emotional tone. This scale measures the general emotional tone (e.g.,

how unhappy, fussy, cheerful or happy) of the child during any time / test period. It covers
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emotional tone of the child in 9 point ratings, ranging from “unhappy and crying and fussing
for long periods = 17, to “radiates happiness and not upset = 9”.

The scale for vocalization. This scale measures the non-crying utterances or to
recognizable utterances embedded in crying for the sake of conversing / chatting. These
behaviors covered cooing, babbling, consonant sounds or words. It covers vocalization of
the child in 9 point ratings, ranging from “definitely quiet = 17, to “excessive vocalizations
=97,

The scale for cooperation. Cooperation includes a measure of how well the children
cooperates with the tester and complied with her requests. It covers co-operation of the
child with tester in 9 point ratings, ranging from “resists all suggestions = 17, to “always
complies =9”.

Psychometric properties of Wolke’s behavior scales. Inter-observer reliability
(intraclass correlation) between tester and trainer was high (r =.99). Ten percent of all tests
were observed by the co-supervisor of the present study.

2.6.2 Direct assessments on mothers. Maternal cognitive function was measured
by the direct assessments on mothers.

2.6.2.1 Cognitive function. Cognitive function of mothers was measured with two
different tests. The tests are described as follows:

Neuropsychological test for cognitive abilities. The modified version of Mini-Mental
State Examination scale was used to measure the cognitive function of mothers. MMSE
(Folstein, Folstein, & McHugh, 1975) is a commonly used brief global instrument that
measures five areas of cognitive functioning. This scale included orientation to time and
place, memory and attention, language skills, and visuo-spatial abilities. It was reported

that modest to high correlations were obtained between the total score of MMSE and other
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tests of intelligence, memory, attention, and executive functioning e.g., The Wechsler

Adults Intelligence Scale (Rush, First, & Blacker, 2000).

The Bangla version of MMSE was adapted by Kabir & Herlitz (2000) and named

after the Bangla Adaptation of Mini-Mental State Examination (BAMSE). Later this scale

was modified by the child development unit of icddr,b to make it appropriate for the

underprivileged population of Bangladesh. The BAMSE was designed in such a way that

it could be culturally appropriate for literate and illiterate individual in Bangladesh. The

modified version of MMSE covered a broad areas of cognitive functions. The areas of the

cognitive functions measured by the items of the scale are presented concisely in Table 2.

Table 2

Description of the items of the modified version of MMSE scale

Item No. | Areas of cognitive function | Content of items
1-4 Orientation to time (4) Day, date, month, year,
5-8 Orientation to place (4) Country, thana, village, name of Prime
Minister
Three objects registration Orange, house, cat
9-14 Calculation (6) I have 20 taka and give you 5 taka. How

much do I have left? ........

15(A)-15(C)

Recall (3)

Name the three objects (orange, house, cat)

learned earlier.

16a-16¢

Attention (3)

Subtract 7 from 100. Then subtract 7 from
this answer. Again subtract 7 from the

second answer.
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17-22 Naming (6) Pen, watch, tool, knuckles, elbow, shoulder
23 Repetition (1) Repeat ‘Paka papay kaca papaya’
24-26 Three-step task (3), Individual is asked to follow the
sequencing and memory interviewer’s instruction: ‘Take the paper in
your right hand, fold the paper in half, and
put the paper on lap’.
27-32 Copying a story (6) The individual is asked to remember a short

story. The story is: ‘Three children were
alone in a house and the house caught on
fire. A brave person managed to climb and
carry them to safety. Aside from minor cuts

and bruises, all the people were well.’

The number of total items of the modified version of MMSE scale was 36 and total

score was 36. There were two type of answer options in the questions. Out of 36 questions,

two answer options (yes or no) were for 6 questions and three answer options (yes, no, &

don’t know) for 30 questions of the scale. In case of correct answer the respondent was

given a score of 1, for wrong answer the item received a score of 0 and 99 was given if

respondent replied “don’t know”. At the time of scoring the ‘99° was recoded to ‘0’. Then

the total score was computed by adding the individual score of each item.

Psychometric properties of the modified version of MMSE: A good association (r =

0.57) was found between the MMSE and BAMSE instruments (Kabir & Herlitz, 2000).

Test-retest reliability of BAMSE was satisfactory (r = 0.70), and it was reported that

BAMSE was less sensitive to age and education than the MMSE (Kabir & Herlitz, 2000).
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The instrument demonstrated good internal consistency reliability (Cronbach Alpha
= .79). Further, each interviewer achieved high inter-observer reliability (intraclass
correlation) with the trainer before the study began (r > .85).

Neuropsychological test for short-term verbal memory. Bangla version Digit span
scale (forward & backward) was also used to measure the cognitive function of mothers. It
is a common global instrument to measure the cognitive function, where subjects were
asked to recall some digits of different span in a forward or backward way. The Digit Span
scale consisted of digits forward subscale and digits backward subscale. The digits forward
scale had 7 pairs (Part A & Part B) of items comprising different digits and in each pair
possesses equal number of digits. The interviewer read the number and the respondent was
asked to recall it in the same direction the interviewer pronounced. The first item consisted
of 3 digits and the last item had 9 digits. The respondents were given a score of 1 score for
correct response and 0 for wrong answer in each item. When the respondent gave incorrect
response to any pair of items the test was stopped.

The digits backward was the similar of digits forward. The first pair of items consisted
of 2 digits. In this case the respondents were asked to recall the digits in the backward
direction. The scoring and rule were same as the digits forward. The total score was

computed by adding the individual item score.

Psychometric properties of the Digit Span scale: The scale showed high internal
consistency reliability (Cronbach Alpha = .84). In addition, inter-observer reliability
(intraclass correlation) between interviewer and trainer was perfect (r = 1).

2.6.3 Other measurements. The other measurements included anthropometry of

both mothers and children, socioeconomic status, home stimulation, parenting practices,
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and self-esteem of mothers. The home stimulation, parenting, and mothers’ self-esteem
were taken as covariates in the present study.

2.6.3.1 Anthropometry. Weights, heights, MUAC, and OFC of all the study children,
and weights, heights, and MUAC of their mothers were measured by the testers after
completing the Bayley-Ill tests according to standard techniques (Lohman, Roche, &
Martorell, 1989; WHO, 1983). The testers were trained on anthropometric measurements
according to WHO guidelines. Body Mass Index (BMI) of all mothers was calculated using
the formula as weight (kg)/height (m)?. Afterwards, anthropometric measures of children
were converted into HAZ, WAZ, and weight-for-height (WHZ) scores using WHO Anthro-
software, version 3.0.1.

2.6.3.2 Socioeconomic status (SES). Information of socioeconomic status was
obtained on the families’ house-hold possessions, standard of housing, family structure,
and parental education and occupation. The indices described was calculated to measure
the socioeconomic status of the family: (a) housing, on the basis of the condition of the roof
and walls of the house and presence or absence of electricity in the house; (b) utility index,
according to electricity connection and water sources; (c) assets, based on the possession
of certain household items; (d) crowding, composed of the number of people per room.

2.6.3.3 Home environment/home stimulation. Home environment or quality of home
stimulation was assessed using modified version of Caldwell’s Home Observation for
Measurement of Environment scale (Caldwell, 1967). The scale was developed in 1965 for
use in Head Start and the intention was to describe the environment of the children. We
used the following subscales of HOME:

e Emotional and verbal responsivity of caregiver,

e Avoidance of restriction and punishment,
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e Caregiver promotes child development,
e Organization of physical and temporal environment, and
e Provision of appropriate play materials.

The HOME was modified and adapted by the child development unit of icddr,b for
the use in Bangladesh and this scale has been used in many research conducted by icddr,b.
The number of total items was 36 and answer option was dichotomous (e.g., yes = 1/no =
0). Total score was computed by adding the individual item score. The items of the HOME
were based on the combination of interview and observation. The data
collectors/interviewers were trained on how to interview and observe mothers at home in
the presence of their children.

Psychometric properties of HOME. Short-term test-retest reliability (within 7 days)
was high for the modified version of HOME (r = .86, p < .01), and the scale demonstrated
high internal consistency reliability (Cronbach Alpha = .92). Inter-observer reliability
(intraclass correlation) between interviewer and trainer was high (r = .94).

2.6.3.4 Parenting. The parenting style was measured using the modified version of
parenting questionnaire originally developed in Jamaica by Prof Sally Grantham
McGregor’s group. This questionnaire was adapted by the child development unit of
icddr,b for the use in Bangladeshi population and has been used in many studies of icddr,b.
The parenting questionnaire consisted of 20 questions about positive and negative parenting
practices e.g., expressing love and care, help children learning through play, praising
children, giving psychosocial stimulation to the children, learning technique, forcing,
maltreating, pushing towards early academics etc. Responses are in 4 point Likert scale (0

to 3) with sum of score giving a total score of parenting practices, indicating higher is better.
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Psychometric properties of parenting scale. The short term test-retest reliability of
the parenting questionnaire was high (r = .79), and the scale had adequate internal
consistency reliability (Cronbach Alpha = .67). Inter-observer reliability (intraclass
correlation) between interviewer and trainer was high (r = .98).

2.6.3.5 Self-esteem of mothers. The self-esteem of mothers was assessed using
Bangla version (Uddin, 2014) of the Rosenberg Self-Esteem Scale (Rosenberg, 1965). It is
a widely used instrument to measure self-esteem for research purpose. It was an 8-item
scale and there were 4 positive and 4 negative items in the scale. The total score of the
five-point Likert type scale was calculated by summing the individual item score.

Psychometric properties of the self-esteem scale. The short term test-retest reliability
of the self-esteem scale was high (r = .88) and it demonstrated adequate internal consistency
reliability (Cronbach alpha = .64). In addition, inter-observer reliability (intraclass

correlation) between interviewer and trainer was high (r = .99).

2.7 Ethical Approval
The study was reviewed and approved by the ethical review committee of the Faculty of
Biological Sciences, University of Dhaka. This study was registered with

ClinicalTrials.gov of US National Institutes of Health (NIH), and the ID: NCT03321591.

2.8 Statistical Analysis

Participants’ responses were scored according to the scoring systems of the Bayley-lll,
MMSE, Digit span, HOME, Parenting, and self-esteem. Data were then fed into the SPSS,
version 20.0 of a personal computer and converted to STATA, version 14.0 for analyzing
the data. All data were checked for normality. According to the design of the study, Pearson

bivariate correlation was conducted between maternal cognitive function and
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neurobehavioral outcomes of children, and partial correlation was conducted controlling
for age of the children. Graphs showing Mean and SD of the outcome variables were
prepared using Adobe Illustrator. Multiple regression analysis was performed by taking
neurobehavioral development as outcome variable and maternal cognition and other
covariates as predictors. In the multiple regression analysis, residual diagnosis was done by
creating histogram and normal P-P plot of standardized residuals. Finally, bivariate
correlations were conducted among maternal cognition, mother’s BMI, child HAZ, child

WAZ, and child WHZ.
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Chapter Three: Results
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Results
3.1 Sample Characteristics

The characteristics of the 207 mothers and 207 children who were tested are shown in
Table 3. The sample came from underprivileged family.

Table 3
Characteristics of the Study Sample

Characteristics M SD Min-Max SE

Maternal Age (years) 25.08 4.84 18-42 0.337
Maternal Education (years) 5.12 3.56 0-16 0.248
Mother’s Height (cm) 15041 6.41 137.50-193.40 0.446
Mother’s Weight (kg) 5341 10.38 30.50-86.20 0.721
Mother’s MUAC (cm) 27.17 3.88 15.50-39.40 0.270
Mother’s BMI 23.63 445 10.53-35.57  0.309
Child’s Age (months) 3143 640 16.23-41.26  0.445
Child’s Height (cm) 86.11 6.26 45.40-98.40  0.437
Child’s Weight (kilogram) 1124 184  7.20-19.10  0.128
Child’s MUAC (cm) 15.17 3.93 11.50-45.80 0.274

Child’s Head Circumference (cm)  45.68 442  14.20-51.00 0.308

Housing Index 9.40 1.46 1.30-11.00 0.101
Crowding Index 3.72 1.68 1.00-14.00 0.117
Utility Index 11.38  0.87 8-13 0.061
Asset Index 7.67 4.95 1-26 0.344
Child WHz -.76 1.22 -4.32-3.1 0.085
Child HAZ -1.77 1.47 -13.01-3.32 0.103

Child WAZ -1.47 1.19 -4.16-3.48 0.083




3.2 Graphical Presentation of Data

The mean and standard deviation of housing index, crowding index, utility index, and

asset index representing the characteristics of socioeconomic status, are shown in the bar

diagram (Figure 21).

12

10

N

N

0
Housing Index Crowding Index Utility Index

Figure 21. Bar diagram showing mean and SD of different characteristics of SES.

Span is shown in the bar diagram in Figure 22.
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Figure 22. Bar diagram showing Mean and SD of MMSE and Digit Span.

The graphical presentation of the mean and standard deviation of MMSE and Digit
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The graphical presentation of mean and standard deviation of the cognitive composite

score, language composite score and motor composite score of the children are shown in

bar diagram in Figure 23.

1

00

80

60

40

20

Cognitive

Language

Motor

m SD
[ Mean

Figure 23. Bar diagram showing mean and SD of neurodevelopment.

The mean and standard deviation of the behavior ratings representing approach,

emotion, activity, cooperation, and vocalization are displayed in bar diagram in Figure 24.
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Figure 24. Bar diagram of mean and SD showing behavior ratings.

The graphical presentation of SD of nutritional characteristics representing WHZ,

HAZ, and WAZ of the children is shown in Figure 25.
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Figure 25. Bar diagram showing SD of WHZ, HAZ, and WAZ of children.

Nutritional status (BMI) of the mothers is shown according to the number of

underweight, healthy weight, ideal weight and obese mothers in bar diagram in Figure 26.
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Figure 26. Bar diagram showing nutritional characteristics of mothers.

3.3 Correlation of Maternal Cognition with Child Neurobehavioral Development

Bivariate correlation analysis was conducted to measure the association between maternal
cognitive function and the domains of neurobehavioral development of underprivileged
children (Table 4). Positive significant correlations were found between the MMSE of
mothers and cognitive composite (r = .26, p < .01), language composite (r = .23, p < .01),

68



and motor composite scores (r = .22, p <.01) of children. Similarly, the analysis revealed

that Digit Span of mothers is positively and significantly correlated to cognitive composite

(r =.22, p <.01), language composite (r = .19, p < .01), and motor composite scores (r =

.18, p < .01) of children.

Table 4

Correlation Matrix of Cognitive, Language, & Motor Composite, Behavior Ratings,

MMSE, and Digit Span (N = 207)

Variables 1 2 3 4 5 6 9 10
1. Cognitive Composite -

2. Language Composite .55~ -

3. Motor Composite 64 567 -

4. Approach 277 357 267 -

5. Emotional tone 317 347 347 547 -

6. Activity -08 08 .01 .09 -04 -

7. Cooperation 377 327 317 457 737 -15"

8. Vocalization 16" 457 237 527 46T 327 .

9. MMSE 267 237 22 09 .10 -.04 -

10. Digit Span 227 19" 18™ .02 .07 -07 637 -

Note. MMSE = Mini-Mental State Examination.
*p <.05. **p<.01.

MMSE of mothers showed poor positive correlations with approach (r = .09),

emotional tone (r =.10), cooperation (r =.07), and vocalization (r = .02) ratings of children.

Similarly, Digit Span of mothers was poorly positively associated with the behavior ratings

of approach (r = .02), emotional tone (r = .07), cooperation (r =.12), and vocalization (r =

.03) of children. Conversely, activity behavior was negatively correlated to MMSE (r = -

.04), and Digit Span (r = -.07) of mothers.

69



Table 5
Matrix of Partial Correlation of Cognitive, Language, & Motor Composite, Behavior
Ratings, MMSE, and Digit Span Controlled for Child’s age (N = 207)

Variables 1 2 3 4 5 6 7 8 9 10
1. Cognitive Composite -

2. Language Composite .54 -

3. Motor Composite 677 587 -

4. Approach 307 367 267 -

5. Emotional tone 357 377 337 54T -

6. Activity -08 .08 .01 .09 -04 -

7. Cooperation 437 357 317 447 727 -16° -

8. Vocalization 227 497 237 527 457 327 337 -

9. MMSE 247 227 22 10 11 -04 .09 .05 -

10. Digit Span 207 19" 19™ 03 .09 -07 .14° 04 627 -

Note. MMSE = Mini-Mental State Examination.
*p <.05. **p<.01.

A further bivariate correlation analysis was performed after controlling for the age of
children. The correlations existed in the same pattern even after controlling for the
children’s age (Table 5). Positive significant correlations obtained between MMSE and
cognitive composite (r = .24, p < .01), language composite (r = .22, p < .01), and motor
composite scores (r = .22, p < .01). Similarly, the analysis divulged that Digit Span was
positively and significantly correlated to cognitive composite (r = .20, p < .01), language
composite (r = .19, p < .01), and motor composite scores (r = .19, p < .01) of children.
Corresponding to behavior ratings, poor positive correlations were obtained between
MMSE and approach (r = .10), emotional tone (r = .11), cooperation (r = .09), and
vocalization ratings (r = .05). In parallel, Digit Span showed poor positive association with

behavior ratings of approach (r = .03), emotional tone (r =.09), and vocalization (r = .04),
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but significant association with cooperation (r = .14, p <.05). Activity rating was negatively

correlated to MMSE (r = -.04) and Digit Span (r = -.07) of mothers.

3.4 Associations Among Child Neurodevelopment, MMSE, and Covariates

Linkage between the neurodevelopmental outcomes and the covariates were showed in the
bivariate correlation analysis (Table 6). The results indicated significant positive
correlations between HOME and cognitive composite (r = .24, p < .01), and language
composite score (r = .18, p < .01) of children. Parenting was positively and significantly
associated with cognitive (r =.21, p <.01), language (r =.21, p <.01), and motor composite
scores (r =.21, p <.01). Motor composite score of children was positively and significantly
correlated to self-esteem of mothers (r = .26, p < .01). Poor positive correlations were
observed between HOME and motor score (r = .08), self-esteem of mothers and cognitive
score (r =.10), and language score (r =.03). Moreover, MMSE showed positive significant
correlations with HOME (r = .26, p < .01), parenting (r = .37, p <.01), and self-esteem of
mothers (r = .22, p < .01). Digit Span also showed positive significant correlations with
HOME (r =.18, p < .05), parenting (r = .28, p < .01), and self-esteem of mothers (r = .24,

p <.01).
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Table 6
Correlation Matrix of Child Neurodevelopment, MMSE, HOME, Parenting, and Self-
Esteem of Mothers (N = 207)

Variables 1 2 3 4 5 6 7 8
1. Cognitive Composite -

2. Language Composite .55 -

3. Motor Composite 64" 577 -

4. MMSE 267 237 227 -

5. Digit Span 227 19" 18™ 637 -

6. HOME 247 187 .08 267 .18 -

7. Parenting 217 217 21 377 287 407 -

8. Self-Esteem 10 03 267 227 247 -09 .287 -

Note. MMSE = Mini-Mental State Examination.

HOME = Home Observation for Measurement of Environment.
*p <.05. **p< .01
3.5 Child Behavior Ratings and Covariates
Correlation analysis was conducted to see the relationship between five scales of behavior
ratings and the covariates (Table 7). The results divulged that cooperation is positively and
significantly correlated to parenting (r = .15, p <.05) and self-esteem of mothers (r = .16,
p <.05). Poor positive correlations were observed between approach and HOME (r = .07),
Parenting (r = .11), and self-esteem of mothers (r =.01). Similarly, emotional tone is poorly
positively correlated to HOME (r = .02), Parenting (r = .07), and self-esteem of mothers (r
=.10). In addition, poor positive correlations were found between activity and self-esteem
of mothers (r = .02), and between vocalization of children and parenting (r = .03).
Conversely, a significant negative correlation was obtained between activity and HOME (r

=-.16, p <.05), and HOME showed weak negative association with cooperation (r = -.01),
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and vocalization (r =-.07). Further, poor negative correlations were found between activity

and parenting (r = -.05), and between vocalization and self-esteem of mothers (r = -.03).

Table 7

Correlation Matrix of Child’s Behavior, Home Environment, Parenting, and
Mothers’ Self-Esteem (N = 207)

Variables 1 2 3 4 5 6 7 8

1. Approach -

2. Emotional tone .54 -

3. Activity 09 -04 -

4. Cooperation 457 737 -15° -

5. Vocalization 527 467 327 357 -

6. HOME 07 .02 -16" -01 -07 -

7. Parenting 11 .07 -05 .15° .03 407 -

8. Self-Esteem 0l .10 .02 .16° -03 -09 .28 -
Note. HOME = Home Observation for Measurement of Environment.
*p < .05, **p< .0l

*

3.6 Correlations of Maternal Cognitive Function and Nutrition of Children

Pearson bivariate correlation was computed to explore the relationship between maternal
cognitive function and WHZ, HAZ, and WAZ of children (Table 8). Positive significant
correlations were obtained between MMSE, and HAZ (r = .27, p <.01) and WAZ (r = .22,
p < .01). Digit Span showed positive significant association with HAZ (r = .19, p < .01)
and weak positive correlation with WAZ (r = .13). The matrix further showed a poor

positive correlation between MMSE and WHZ of children (r = .08).
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Table 8
Correlations Among MMSE, Digit Span, and Child Nutrtion (N = 207)

Variables 1 2 3 4 5
1. MMSE -

2. Digit Span  .63™ -

3. WHZ 08 .01 -

4. HAZ 277 197 .08 -

5. WAZ 227 13 80" 667 -

Note. MMSE = Mini-Mental State Examination;
WHZ = weight-for-height z score; HAZ = height-for-age z score;
WAZ = weight-for-age z score.

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

3.7 Correlations of Neurobehavioral Development with Nutrition

Bivariate correlation analysis was computed among the three domains of neurobehavioral
development and WHZ, HAZ, and WAZ of the children (Table 9). The result showed a
positive significant correlation between language score and WAZ (r = .15, p < .05).
Cognitive score was poorly positively correlated to WHZ (r = .01), HAZ (r = .11), and
WAZ (r =.08) of children. Similarly, poor positive correlations were found between motor
score and WHZ (r = .06), HAZ (r = .13), and WAZ (r = .12). Language score was poorly

positively associated with WHZ (r =.12), and HAZ (r = .09).
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Table 9
Correlations of Child Neurodevelopment with Nutrition (N = 207)
Variables 1 2 3 4 5 6

1. Cognitive Composite -

2. Language Composite ~ .55" -

*% *k

3. Motor Composite .64 57 -

4, WHZ .01 A2 .06 -

5. HAZ A1 .09 A3 .08 -

6. WAZ .08 15" 12 807 667 -

Note. WHZ = weight-for-height z score; HAZ = height-for-age z score;
WAZ = weight-for-age z score.
*p<.05. **p<.01.

3.8 Correlations of Behavior Ratings with Child Nutrition

The correlation analysis revealed no significant relation between five scale of child
behavior and WHZ, HAZ, and WAZ (Table 10). The matrix showed weak positive
correlations between WHZ and approach (r = .02), cooperation (r = .01), and vocalization
(r = .09) of children. Activity behavior rating was poorly positively associated with the
WHZ (r = .09), HAZ (r = .04), and WAZ (r = .10). Emotional tone was poorly negatively
associated with WHZ (r = -.05), HAZ (r = -.07), and WAZ (r = -.08) of children. Poor
negative correlations were obtained between approach and HAZ (r = -.02), and between
cooperation and HAZ (r = -.04), and WAZ (r = -.03). Vocalization was poorly positively

associated with WAZ (r = .05) but negatively with HAZ (r = -.01).
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Table 10

Correlations of Behavior Ratings with Nutrition (N = 207)
Variables 1 2 3 4 5 6 7 8
1. Approach -

2. Emotional tone .54 -
3. Activity 09 -04 -
o737 -15" -

*%k

46" 327 .35 -

*%

4. Cooperation 45

*%

5. Vocalization 52

6. WHZ 02 -05 .09 .01 .09 -
7.HAZ -02 -07 .04 -04 -01 .08 -
8. WAZ 01 -08 .10 -03 .05 .80 .66 -

Note. WHZ = weight-for-height z score; HAZ = height-for-age z score;
WAZ = weight-for-age z score.
*p<.05. **p<.0L

3.9 Impact of Maternal Cognition and Covariates on Neurobehavioral Development

Simultaneous multiple regression analyses were conducted to examine the impact of
changes in MMSE, HOME, Parenting, and mother’s self-esteem (predictors) on the
neurobehavioral development.

3.9.1 Impact of maternal cognition and covariates on cognitive development. The
R-squared value of the multiple linear regression model (Table 11) revealed that MMSE,
HOME, Parenting, and mothers’ self-esteem together explained an estimated 10.58% of
the variability in cognitive development of children, and the highly significant global F-test
(p <.001) indicated that the model fits the data better than the intercept only model.

The model further divulged that both MMSE and HOME are statistically significant
predictors of cognitive development of children with p values <.05. The coefficient value
of MMSE indicated that one unit increase in MMSE results in .35 unit gain in cognitive

development of children on average, and the coefficient value of HOME suggested that .21
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unit increase, on average, in cognitive development is caused by one unit improvement in

HOME score.

Table 11
Regression of Cognitive Scores on MMSE, HOME, Parenting, and Self-Esteem of Mothers

Source SS df MS Number of obs = 207

F(4, 202) = 5.98

Model 1523.23707 4 380.809269 Prob > F = 0.0001
Residual 12868.0673 202 63.7033033  R-squared = 0.1058
Adj R-squared = 0.0881

Total 14391.3043 206 69.8607007 Root MSE = 7.9814
Cognitive ~e Coef. Std. Err. t P>t [95% Conf. Interval]
MMSE .3516703  .1387429 2.53  0.012 .0781003 .6252404

HOME .2145729  .0943478 2.27 0.024 .0285401 .4006058
Parenting .0767337  .1207419 0.64 0.526 -.1613425 .3148099
Self Esteem .1004567  .1198876 0.84 0.403 -.135935 .3368484
_cons 66.23198  4.464483 14.84  0.000 57.42901 75.03495

3.9.1.1 Model diagnosis of regression of cognition. Model diagnostics were done to
check the validity of the underlying assumptions of the regression model. It was conducted
on the basis of residual analysis which is usually done graphically to assess normality. In
the present research the graph showed that histogram produces normality of residuals

(Figure 27).
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Figure 27. Histogram showing residuals of regression of child cognitive development.

In addition, The P-P plot of regression standardized residuals of cognition showed
normality of residuals (Figure 28). So the model diagnosis indicated that the regression

model does not violate the assumptions.
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Figure 28. Normal P-P plot of residuals showing regression of child cognitive development.

3.9.2 Impact of maternal cognition and covariates on language development. The
R-squared value of the multiple linear regression model (Table 12) showed that MMSE,

HOME, Parenting, and mother’s self-esteem together explained an estimated 7.94% of the
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variability in language development of children and the significant global F-test (p < .01)
suggested that the model fits the data better than the intercept only model.

According to the model, MMSE is the only statistically significant predictor of
language development of children with p values < .05. The coefficient value of MMSE
indicated that one unit increase in MMSE produces .35 unit improvement, on average, in

language development of the underprivileged children.

Table 12
Regression of Language Scores on MMSE, HOME, Parenting, and Self-Esteem of Mothers

Source SS df MS Number of obs = 207

F(4, 202) = 4.35

Model 1357.34142 4 339.335355 Prob > F = 0.0021
Residual 15745.876 202 77.949881  R-squared = 0.0794
Adj R-squared = 0.0611

Total 17103.2174 206 83.0253271  Root MSE = 8.8289
Language C~e Coef. Std. Err. t P>|t] [95% Conf. Interval]
MMSE .3460274 1534749 2.25 0.025 .0434091 6486458

HOME .1211102 1043659 1.16  0.247 -.0846761 3268965
Parenting .2010659  .1335626 1.51  0.134 -.0622898 4644215
Self Esteem -.0617563  .1326176 -0.47  0.642 -.3232487 .199736
_cons 74.90825  4.938533 15.17  0.000 65.17057 84.64594

3.9.2.1 Model diagnosis of regression of language development. Model diagnostics
were orchestrated on the basis of residual analysis which is generally done graphically to
assess normality of residuals. In Figure 29, the graph depicted that histogram produces a

normal curve which confirms the normality of residuals.
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Figure 29. Histogram showing residuals of regression of language development.

The P-P plot of regression standardized residuals indicated normality of residuals
(Figure 30). So the residual analysis revealed that the regression model follows the

underlying assumptions.
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Figure 30. Normal P-P plot showing residuals of regression of language development.

3.9.3 Impact of maternal cognition and covariates on motor development. The R-
squared value of multiple linear regression model (Table 13) revealed that 10.24% of the

variability in motor development of children can be explained by MMSE, HOME,
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Parenting, and mother’s self-esteem together and the highly significant global F-test (p <
.001) indicated that the model fits the data better than the intercept only model.

The model further divulged that mother’s self-esteem is the only statistically
significant predictor of motor development of children with p values < .01. The coefficient
value of self-esteem indicated that one unit increase in self-esteem causes .41 unit gain in

motor development of children, on average.

Table 13
Regression of Motor Scores on MMSE, HOME, Parenting, and Self-Esteem of Mothers

Source SS df MS Number of obs = 207

F(4, 202) = 5.76

Model 2131.43688 4 532.859221 Prob > F = 0.0002
Residual 18692.2153 202 92.5357193  R-squared = 0.1024
Adj R-squared = 0.0846

Total 20823.6522 206 101.08569 Root MSE = 9.6195

Motor Comp~e Coef. Std. Err. t P>t [95% Conf. Interval]
MMSE .2909012  .1672185 1.74  0.083 -.0388165 .6206189

HOME .0311162  .1137118 0.27 0.785 -.1930981 .2553305
Parenting .1806409 .145523 1.24  0.216 -.1062981 .46758
Self Esteem .4050688  .1444934 2.80 0.006 .1201599 .6899776
_cons 67.53733  5.380776 12.55  0.000 56.92763 18.14702

3.9.3.1 Model diagnosis of regression of motor development. Model diagnostics
were conducted based on residual analysis. The analysis checked the normality of residuals
graphically. The graph showed that the standardized residuals produces histograms of a

normal curve which detects the normality of residuals (Figure 31).
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Figure 31. Histogram showing residuals of regression of motor development.

The P-P plot of regression standardized residuals of motor development showed
normality of residuals in Figure 32. However, the residual analysis confirmed that the

regression model of motor development fulfill the underlying assumptions.
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Figure 32. Normal P-P plot showing residuals of regression of motor development.
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Discussion
The objective of the present study was to examine whether there is any association between
maternal cognitive function and neurobehavioral development of underprivileged children.
The neurobehavioral development of the children consisted of cognitive, communication,
and motor development of children. In the light of the objective, simple correlation, partial
correlation, matrix of correlation, and multiple regression were computed.
In the following sections | will describe correlation of maternal cognitive function

with

e Child cognitive development

e Child language development

e Child motor development
In each section I will also describe independent as well as combined association of other
factors related to maternal cognition e.g., home environment, parenting practices and
maternal self-esteem. In the other sections, the association of child behavior with maternal
cognitive function and the covariates will be discussed. The results of correlation between
maternal cognitive function and child nutrition will be described in the final section.
4.1 Maternal Cognitive Function and Child Cognitive Development
The bivariate correlation revealed that maternal cognitive function measured with MMSE
and Digit Span scale is positively related to cognitive development measured with Bayley-
I11 scale of underprivileged children as expected. The positive association existed even after
controlling for age of the children in partial correlation. The matrix of correlation showed
that home environment and parenting practices are positively related to maternal cognitive
function and cognitive development of children. Mothers’ self-esteem was positively

associated with maternal cognitive function. Considering the significant results of
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correlation, simultaneous multiple regression analysis was conducted to obtain the
independent effect of maternal cognitive function and the covariates. The multiple
regression indicated that maternal cognitive function, quality of home environment,
parenting practices, and mothers’ self-esteem jointly explained 10.58% variability in
cognitive development of children living in disadvantaged community. Maternal cognitive
ability and home environment were the strong predictors of cognitive development in this
model.

This finding is consistent with the result of the multi country study conducted by the
MAL-ED network investigators (2018) on LMICs including Bangladesh. They found that
maternal reasoning ability is positively related to child cognitive development which is
measured by the Bayley-1ll. The emerging knowledge of gene research suggested that X
chromosome from their mothers contributes to cognitive function of children (Gecz &
Mulley, 2000). Though it remains unclear as to what portion of variability in a population’s
IQ is attributable to the effects of genetic factor (Devlin, Daniels, & Roeder, 1997). Some
other research reported the similar associations in children at age 5. Maternal intellectual
ability is an important predictor of intellectual development of very preterm (VPT) and full-
term children at age 5 (Lean, Paul, Smyser, & Rogers, 2018), and maternal intellectual
ability had a unique connection to children's cognitive development (Bacharach &
Baumeister, 1998; Tong, Baghurst, Vimpani, & McMichael 2007).

Early parental interventions are vital for brain development in the early stages
(Barros, Matijasevich, Santos, & Halpern, 2010), and maternal cognitive ability is a key
determinant of neurocognitive development of the early stages of life (Forns,
Julvez, Garcia-Esteban, Guxens, Ferrer et al., 2012). Every child grows up in a family with

a close contact to his or her mother who is the primary caregiver. In a common sense, a
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child’s development is affected by the behavior pattern of the mother and surrounding
stimulating environment of the child. The behavior pattern includes the way of interaction,
the style of parenting (mother-child synchrony), the way of sharing information, the nature
of play with the child, the arrangement of playing instruments, and the cognitive stimulation
projected to the child. These all things together influence the cognitive development of a
child.

A mother’s good understanding ability, in other words high cognitive function, is key
to improving all these facets of behavior. By way of explanation, the mother from
underprivileged community lacks of having the playing materials or stimulation items or
other proper knowledge to deal with her child. To overcome this shortage, the
disadvantaged mother needs to apply her understanding ability to manage the surroundings
for optimum outcome. This is why maternal cognitive function is positively associated with
the cognitive development of disadvantaged children.

Mothers of the present study were from underprivileged community having low level
education provides poor cognitive stimulation for children. Previous research in this regard
found that socioeconomic status and low maternal education are strong predictors of child
neuropsychological development (Barros, Matijasevich, Santos, & Halpern, 2010; Forns et
al., 2012). Studies further suggested that mothers with poor educational attainments lack
cognitive skills essential for stimulating their children (Hackman, & Farah, 2009). Forns
et al. (2012) concluded in their study that mothers with better intelligence have children
with better intelligence, regardless of maternal educational level and these mothers can
provide more stimulating environment for their children by giving better opportunities for

their cognitive development.
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Tong et al. (2007) reported that maternal intellectual ability and home environment
(measured by HOME scale) are positive predictors of cognitive development of children
even after adjustmenting for different confounding factors. Therefore, the higher the
maternal 1Q, the better is the home environment, and the greater the cognitive performance
of the children (Tong et al., 2007). In a recent study, the role of home environment
(providing cognitive stimulation) on cognitive skills of children living in poverty and
suffering from frequent infections was investigated (Nampijja, Kizindo, Apule, Lule,
Muhangi et al., 2018). The result showed that the data describe a good fit to the model
where home environment (measured by HOME score) mediates the combined effect of
SES and child health on cognitive performance.

Early years of life are a crucial period for every child to receive parenting as it has
great impact on developmental outcome and their personality pattern in later life. In our
study, bivariate correlation showed that parenting practices is associated with cognitive
development of the children. Whereas independent contribution of parenting practices was
not significant in the regression model, which is paradox to the findings of previous
research on parenting and its relationship with cognitive ability of children (Lugo-Gil &
Tamis-LeMonda, 2008; Merz, Zucker, Landry, Williams, Assel et al., 2015). Parents of our
study might not provide optimal learning environments required for child cognitive
development as the mothers of the children lacked of good education and proper knowledge
on parenting practices. Mothers with a higher education would be more knowledgeable to
rear and learn their children in an appropriate way. Perhaps, the effect of parenting is
mediated by other variables like child characteristics or personality of parent. On the other

hand, most of the previous research on parenting and children’s cognitive development

87



were of longitudinal nature which would allow researchers to make better inferences of

causality.

Mother’s self-esteem, as per our analysis, also was not a significant predictor of
cognitive development of disadvantaged children. No previous study is available that
investigated directly the impact of mother’s self-esteem on the cognitive development of
underprivileged children. In a cohort study in Mexico, the results showed an association
between maternal self-esteem and cognitive development of lead exposed children at the
age of 24 months (Surkan, Schnaas, Wright, Téllez-Rojo, Lamadrid-Figueroa et al., 2008).
Our findings are not supported by the study of Surkan et al. (2008). Mother’s self-esteem
may work through a behavioral pathway. In addition, mother’s self-esteem was associated

with parenting in our study.

4.2 Maternal Cognitive Function and Child Language Development

The simple correlation showed that maternal cognitive function is positively associated
with language development (both comprehensive and expressive language measured with
Bayley-I11) of the underprivileged children as hypothesized. The positive correlation
existed even after adjusting for age of the children. The matrix of correlation further showed
that home environment and parenting are positively related to maternal cognitive function
and language development of children. Mothers’ self-esteem was positively associated with
maternal cognitive function. Additionally, we have conducted simultaneous multiple
regression analysis to obtain the independent effect of maternal cognitive function and the
covariates. The multiple regression analysis showed that maternal cognitive function, home
environment, parenting, and self-esteem of mothers together accounted for 7.94% of the

variance in language development of children living in underprivileged community.
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However, maternal cognitive function appeared as the only significant predictor of child
language development in this model.

Prior research is very limited that explored directly the relationship between maternal
cognitive function and language development of children living in adversity. Our finding
is consistent with the result of the study conducted on the children reared-up in the affluent
society of Italy (Ronfani, Vecchi Brumatti, Mariuz, Tognin, Bin et al., 2015). Ronfani et
al. (2015) have shown that maternal intelligence is related to child language development
at 18 months in a cohort study. Maternal intellectual ability predicted the language
development of VPT children at the age of 5 years and maternal full scale intelligence
quotient score were positively related to VPT children’s language score (Lean et al., 2018).
In addition, Luster and dubow (1992) indicated that maternal intellectual ability is a
significant predictor of children’s verbal ability at the age of 3 to 5 years measured by the
Peabody Picture Vocabulary Test — Revised when the effect of home environment was
statistically controlled.

Bivariate correlation further revealed that cognitive development of the
underprivileged children is positively correlated with their language development. It can be
speculated that mothers with higher intellectual ability can have good verbal ability, and
they spend more quality time and interacted more with their children when they share good
verbal information with their children. As a result, the children receive lots of
communication knowledge that helps increase their ability to communicate. In the
underprivileged community, a child has less opportunity to develop language ability at
home. Mother’s company and interaction is the main source of learning communication
knowledge of these children. So, mothers’ effective input style which depends on the

cognitive function influences language development of the children. It is evident that
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parental language input style is modestly but significantly correlated with the language
development of children (Dale, 2015). Rowe (2012) demonstrated that quantity of parental
input and diversity of parental vocabulary are the predictors of vocabulary growth between
18 and 42 months of children. It can easily be assumed that maternal language input style,
amount of input, diversity of maternal vocabulary, and interaction all these things are the
outcome of good maternal cognitive function.

Home environment and parenting are positively correlated with language
development of the children in our study. The independent effect of the two variables was
not found when we considered the other two covariates in the regression analysis. Home
environment, parenting practices, and mother’s self-esteem were not uniquely predictive of
language development of the children in this model. Concerning home environment, our
finding is contrary to the result of the study conducted by Luster and dubow (1992). They
found that home environment, measured by the shorter version of HOME, is significantly
associated with verbal intelligence of children when maternal intelligence is statistically
controlled, and the contribution of home environment was greatest for preschool children
around age of 3 to 5 years. One plausible explanation is related to the age of assessment of
the children. Our children were younger compared to that study. Second possible
explanation is concerned with the socioeconomic status of the children. The children in our
study has been reared up in underprivileged community but their children came from
various socioeconomic conditions. Thirdly, nutritional status could be another underlying
cause. Around two-third of our children were moderate to severely malnourished.

Parenting practices have been connected to early language outcome of children
rearing in low-income families (Dodici, Draper, & Peterson, 2003; Mistry, Biesanz, Taylor,

Burchinal, & Cox, 2004). This finding is consistent with our result. Maternal sensitivity, a
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factor of parenting, was uniquely associated with language development of children living
in low-income and middle-income families (Pungello, Iruka, Dotterer, Mills-Koonce, &
Reznick, 2009). The independent contribution of parenting practices was not found in our
study. The possible explanation of the finding could be associated with the way of
measuring the parenting practices. In the previous studies, parenting practices was
determined by measuring the factors of parenting like maternal sensitivity, negative
intrusive parenting etc. Furthermore, prior studies suggested that cultural differences may
alter the effects of parenting practices (Deater-Deckard & Dodge, 1997). Finally it was
maternal report and could be respondent bias.

4.3 Maternal Cognitive Function and Child Motor Development

The bivariate correlation indicated that maternal cognitive function is positively associated
with motor development of the underprivileged children as expected. The positive
correlation existed even after adjusting for age of the children. As evident in the correlation
matrix, parenting and mothers’ self-esteem were positively related to maternal cognitive
function and motor development of children. Home environment was positively associated
with maternal cognitive function. Additionally, simultaneous multiple regression analysis
was conducted to obtain the independent effect of maternal cognitive function and the
covariates.

Multiple regression analysis showed that maternal cognitive function, home
environment, parenting, and self-esteem of mothers jointly explained 10.24% of the
variance in motor development of children living in underprivileged community. After
adjusting for the covariates, the effect of maternal cognitive function was restricted and
didn’t act as a significant predictor, whereas the contribution of mothers’ self-esteem was

significant in this model.
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To our knowledge, prior studies are very limited that explored the connection between
maternal cognitive function and motor development of disadvantaged children. Similar to
our finding was reported in a mediation analysis conducted by Ronfani et al. (2015). They
found that maternal intelligence affects motor development of children, measured by
Bayley-I11, at 18 months in a cohort study in Italy. A recent prospective large-scale birth
cohort study also divulged the relationship between maternal 1Q and motor development of
children at 18 months; children born to greater 1Q mothers had lower frequency of motor
delay in contrast to those born to lower 1Q mothers (Ye, Yan, Huang, Mao, Ge et al., 2019).
However, relevant available research concentrated on the impact of maternal stress,
depression, personality trait or self-esteem, maternal education on the language
development of children (Saccani, Valentini, Pereira, Muller, & Gabbard, 2013; Valla,
Birkeland, Hofoss, & Slinning, 2017; Ye et al., 2019).

The role of mothers’ self-esteem is more important for the child motor development.
Mothers with greater intellectual ability possesses higher self-esteem and are thus more
likely to communicate positive attitude and good interactions that help develop motor
ability of children. Previous literature reported that home environment and parent-child
interaction may play a vital role in the development of motor ability (Miquelote, Santos,
Cacola, Montebelo, & Gabbard, 2012; Saccani et al., 2013). Surkan et al. (2008) found that
mothers’ self-esteem is positively correlated with neurodevelopment of children, and after
controlling for covariates, an increase of one standard deviation on the self-esteem score in
mothers was associated with two unit increase in motor development score of children,
which is in line with our finding in relation to the effect of mother’s self-esteem.

In our study, self-esteem was positively associated with parenting, and parenting was

positively correlated with motor development of the children. Self-esteem is a marker of
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parenting qualities, and it is speculated that high maternal self-esteem provides positive
mother-child interactions leading to better motor development. In another explanation,
higher self-esteem mothers may have less depression and stress that in turn provide good
intellectual stimulation and emotional support which could be beneficial for motor
development (Surkan et al. 2008). However, the present study does not address the issue
of maternal depression and stress as intervening variables between mother’s self-esteem,
and intellectual stimulation and emotional support.

4.4 Maternal Cognitive Function, Covariates, and Child Behavior

Child behavior was measured by five behavior rating scales including approach, emotional
tone, activity, cooperation, and vocalization of the underprivileged children. The matrix of
correlation divulged that approach, emotional tone, cooperation, and vocalization of
children were poorly positively associated with maternal cognitive function, measured by
both MMSE and Digit Span scale. Activity was positively correlated with home
environment of the children. In addition, cooperation was positively associated with
parenting practices and mothers’ self-esteem of the children. We didn’t find any study that
investigated the relationship between maternal cognitive function and child behavior.
Furthermore, no study is available focusing on the association between child behavior and
home environment, parenting, or mothers’ self-esteem.

4.5 Maternal Cognitive Function and Nutrition of Children

Matrix of correlation reported that maternal cognitive function was positively related to
HAZ (stunting) and WAZ (underweight) of the underprivileged children. There are only
few studies that investigated the association between maternal cognitive function and
nutrition of children in the LMICs. One corroborative evidence was found in the study

conducted by Wachs, Creed-Kanashiro, Cueto, & Jacoby (2005) in which they highlighted
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the importance of maternal characteristics (maternal education and maternal intelligence)
for the diet and nutritional status of offspring. They found that maternal education and
intelligence independently contribute to the nutrition of children. However, it can be
assumed that mothers with higher cognitive function have better understanding ability
which maximizes child food intake that, in turn, contributes to achieve good nutrition
status.

4.6 Strengths and Limitations

The major strengths of this study include the use of Bayley-l1ll, considered as the Gold
Standard of neurodevelopmental assessment, which was adapted to Bangladeshi children.
Data collectors have intensive training and previous experiences in the field of child
development researches. Before the inception of data collection, we have confirmed inter-
rater agreement and test-retest reliability. Inclusion of the participants, interviews, and test
administration were monitored, that further strengthens the quality of the study. All
possible covariates were controlled at the time of data analysis.

Despite the strengths, design of the study had a number of limitations. The study
didn’t involve any control group comprising children and mothers from well-off families
to compare with the children from underprivileged conditions. We cannot select large
sample due to limited budget and time constraint. We were therefore unable to detect the
mediating factors of child neurobehavioral development using SEM. The outcome
variables are measured at only a one-time point assessment, and we are unaware of the
neurodevelopmental status over time, especially into the schooling years. The Bayley-IlII,
used to assess neurobehavioral development, was not standardized for Bangladesh. We also
do not have information about maternal depression as a covariate of early child

neurodevelopment.
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Chapter Five: Conclusion
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Conclusion
The findings of the study revealed that maternal cognitive function is associated with
neurobehavioral development of underprivileged children living in urban slums at a very
young age. We found that cognitive, language, and motor development of the children are
significantly correlated to their mother’s cognitive function, and the correlation exists
significantly even after adjusting for the age of children. According to our knowledge, the
association we found is the first report of its kind in Bangladesh. Multiple regression
analysis further revealed that maternal cognition independently contributes to the cognitive
and language development of children, but not to their motor development. It is uncovered
that maternal self-esteem is a strong predictor of child motor development. We also found
that both home environment and parenting are correlated to cognitive and language
domains of neurodevelopment, and maternal cognitive function is connected to child
nutrition (HAZ and WAZ). Key learning from the study has been that to optimize child
neurobehavioral development we require good maternal cognitive function. Now, an
important next step would be to prepare policies and programs to generate maternal
cognition and then the comprehensive interventions for the children would be more

effective. Thus, the child neurobehavioral development can ultimately be improved.
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Appendix B

“Maternal Cognitive Function and Neurobehavioral Development of
Underprivileged Children” Study

Name of the Child:

Sex of the child: Male=1, Female=2 | _ |

Date of birth (Day/Month/Year): | _ | _ /| _ | _I/1 _| _ 1 _ 1| _|

Age of the child:

HH head name:

Mother’s name:

Mother’s age:
Mother’s education:

Address & Mobile No.

Child’s Preschool Name:
Start Time:/ [/ [./___ [ ___ [am/pm

Endtime:/___/ [/ __ [ [am/pm.

Tester/Interviewer name & code:

. Date of Interview (Day/Month/Year): | _ | _ V| _ | _|/] _ | _ |

Edited by: Date:

Data entered by: Date:
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Appendix E

Child Care Infant/Toddler HOME

w®|ed [@te [Ten

Emotional and Verbal Responsivity of Caregiver

H_ 1 | o seipletl ST Q10 S iobla A SFIPIeaa 7 R I FoeFe ©oq | =3 |||
2 I 10 o=
(FOSFSOIT B6F fateT 3T W6 FR=1, (FOsFO0IT GGq a1 freey T Sreaer 71 Face7=0 1) .

H 2 | ol o 9 e/ =% a0 N GhReeld el @ | O =3 ||

o=+

H 3 | 7R« velareie sTNe I-0 S ABIE CRITER STty (@1 (S0 w1 =3 ]|
Jfeg am ez O o=
( 97 Teq QT T 19 799 Q028 CFIF 70T 1) _

H 4 | <= s <1 (8, % @< 7208 C1e1 qiiveet | O =3 ||

o=+

H 5 | 311 fer 2eeg sifmeaidia siee Sea=eed o s | O =2 ||
( &0y Sara 9130 Forve faca=1, a1 farer=0) °:“_T

H 6 | I[N (I I RIS ARG ARvaaiaig e Rewei worws ffbeer | | =3 |||
O o=T4T
( Tf3FE CGTFT (50 (A R FEIRE A GF X (A IR 0 A GG (@A IR T TeF
faer=1, 7 facer=0 )

H_7 | AR 5ot 5o Q-1 N TogFeelca Amhia @el<et 1 wivael e swses | =30 |||
VIR & It | O o=

H_8 | JAI- I T A1 A0 TR IR 17 26 ol e Affoeet | O | =30 | |_|

o=d

H 9 | +fmedd S s IR0- S ST G A1 e Feareet | O =L
(53T (R, T© JEICT, TG 4T T =T 5IG) °=“T

H_10 |~ seipietil T AfRveaaiar qmoia (i eIt Fae ReAeRr ia o | =30 | ||
31 Efoqms efsfe aam @i 1 O o=
(PIFRSFEIAT AT AT e 9P oA Faer=1,  Faer=0) |

H 11 | ARvaes S I-Sr A1 o1 @EIRe JF Amwie s sifecs @otiee | =3 ]|

o=+
Avoidance of Restriction and Punishment

H_12 | <= Qi o1 s S /12 | O =T

o=7]

H_13 | I 9161 s 33 (@ e / Siermigs sivae (rai 718 1 O =2 1|

o=+

H_ 14 | AR Soirete e IR1- o1 fretss 59/ »er Aisd @i om a2 1 O =30

o=7]

H_15 | o 7eIE I (W) GRS =R =1 (S1ee 31 =) efeem? | =3 1|

o=71

H 16 | sifawf Serietia s q1- o1 fereeas 36T o 1/ feeqr seaise sea 12 10 | =30 | |_|

o=71
Caregiver Promotes Child Development

H_17 | *few< SeTieretis] 1 <1i- X1 QA1 effo (et (uifeeett g o face q/r | 3=30 | ||

7 oifbReT | O o=l
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H_I8 | qmi-=1 f e 1ot 4190 31 A4 (1) 002 201 qeeey? | =3 1|
o=+
H_19 | IRI-XT ACESTSIE A LT WIS (1) fFZ RITIR &y Stz 2 | =3 ]|
(FFF T, o1, 1, 2 G, SI-J[_1F T3 CrIear, i et ar cr=ier ) °=“_T
H_ 20 | 3msi( ) e 6 & @2 @ g s B & 6 e | =3 ||
(2 e reer=1, 77 eea=0) °=“T
H 21 | Sitomm mi(am) fFeig @i sier 41 ey @@« fires 2es anewr | | =3 ||
(1 PR, o4 fRITaTE, @7 S fiRizre=1, 51 e =0) o=
Organization of Physical and Temporal Environment
H 22 | Sreoify 9 IO6TCR(AIN) (0 e AR T O (F DI (e wea? | ||
(FRIfre 1-3 o oriredt F30eT = 1, (eI G 7 (P M2 I FqIfar
W = 0) |
H 23 | Qssiea(am) & @y (e 6T (Rl ITR2 I 3397 597 | =3 |
(3 #1712 977 &7 =1, 37 7307 12 9287 305 &7 = 0) o=
H 24 | I 0! 7 AN & (T ABICF (V1) TASIFSIL (GTTCACETSI) =3 ]|
479 < A1 GIBIG! T, ©12eT 2 | o=
H 25 | Imbieas(am) & eRE seaes 3T S e w6 ez a7 | = 1|
(FeTZ FIATF @7 T = 1, 7 = 0) o=
H 26 | <=y JoBIcas(a) Fed Ty e fiaees (Bt fce ar eom fare)?l | =3 | |_|
(FrIfSre 31w oy a7 ey 2, P, wi% 51 o9 fager = 1, a1 ¢zt = 0) o=
H 27 | I®R(EAM) (&4 1 G oria 3| & [We @@ e =i 52 E =3 1|
(8 oI SRt 22T = 1, 7T /92T = 0) o=
H_28 | =iore (et wifca! fovatsim <t <iicaetiye feaie O =L
o=d
H 29 | pott weoreigpe Sy a1 e 2ot siz? O =T ||
o=7T
H 30 | <t =ie e @iz O =3, |||
o=+
H 31 | =ca i@ qrept same e O =3 1|
o=+
H 32 | <ifews Gion sz O =, |_|
o=+
H 33 | <o Griom cie? O =3, |||
o=+
Provision of Appropriate Play Materials
H 34 | i) i & fea eres 2w s@r E =3 |||
(1T %7 71 o7t = 1, 7 370 = 0) o=+
H_35 | T3 (RET1 1 (e T TG (AT &y (11T ety 2 O A9 (Lol Oieg. | =3 | ||
%O)E o=+
H_36 | ~Ifvee batreralie ST TR1-31 QI Gl (Rl fzez? O =3 |||
i

Q0 v

**% (O = Observation, I = Interview, E = Either
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Appendix F

HOW | THINK ABOUT MYSELF (Self-Esteem)

AR e TS S 6 I, o7 [T Sf SIAies g -1 I | Sl 47 o9 e @w e |
@12 AN A AE PR TSNS @I S AN ICed A {Eree Mg A8 A | WMo g @
TS I T T 2R AN TWHT AN TSR AN T ©F ANME @ | AW (I AT JATS {27
O P feree™ir S0 |

No Question T | feer | e | feger | e | o
i Wi | T8 | wfvmr | osfeEr '
SE 1 | Sieife Seeaa TSI SIS A1 | 8 © 2 N )
(TR T AT &R 8 3RS
1Y)
SE_2 | S*[IF I ST (@I e T© 8 © N > o
A |

SE_3 | (SRl o= oy f a1 Ssiens
< g S0z 71 0w o 9 | o)
& IECe RGIE, (AN A

I FEfRAT) SR T o IR
T© (o 552 712 | (T AW I
I ST CF FeC, SIReeT SieAfa
TECS BITRA AT MY 44 I TS
(ox 553 7E?)

SE_4 | S W N = A (@I FICeas
1 (M e W o) Wi
FEC, SIRCE SAoAfe IS HIRT
e (I FICERR A7)

SE_5 | Sm=if 3ty sea Siisife i A5 8 © 3 S o
ST NICEF TS (FG Sl T |

SE_6 | S« Nt 7F Wil (i g
foTe Fare Al =1 |

(I W e "W T o) qE o > R © 8
FEC, SIZCE A4 IS G
ifey 17 iR e TS #IEe?)

SE_7 | Smeifw 73R g FCa ©f FoNaR 8 © N > o
SIS FCA |

SE 8 | S#fe Sieieet §i_e 982 F90e ANEw
2| (N I e W o1 e
FECR, OIRCE WA Fo1Ce HITsR - o N N © 8
oA G @ g8 TS “AET
17?)
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Appendix G

Mini—Mental State Exam

To the interviewer: Please take note of the special instruction in the administration manual provided in your
kit. Make sure you have the right tools with you before giving this assessment.

ArFIPRARIOR S AT Wl S0 SIS (Rl I [ fNoaT (e b, JenRe od =td
e @F @ N FICR AT FARTE S0g | @ 1S, W Frover, 1 B @i Topife |

2=y, M=o, T T=bd

MMSE

MQ1 What day of the week is it? (can give English or Bangla)

S AYIER (@I T 7 (I A BLRGICS W AMA) 0| 1] 99
MQ2 What is the day today? (can give English or Bangla)

EF F© SIfFL? (IS A FLIGICS (T AMA) 0| 1] 99
MQ 3 | What is the month? (can give English or Bangla)

BT (P T (T T BT 7T ) 01 1] 99
MQ4 What is the year? (can give English or Bangla)

G (I 27 (I A1 BLAGCS Rl AC) 01 1] 9
MQ5 What country are we in?

ST (@ @ g2 0|1 99
MQ6 What thana are we in?

ST I TS W22 01| 9
MQ7 What is the name of the village you are in now?

oA Q2T (T AR ST OF T 752 01| 9
MQ8 What is the name of the Prime Minister of this country?

4F (AR TR TN (57 SRR SR 8 B T T 7 01 1| 99

Interviewer: Answer is Sheikh Hasina

Interviewer Say: "'l am going to name three objects. After | have said them. | want you to repeat them.
Remember what they are because I am going to ask you to name them again in a few minutes: Orange,
House, Cat."
AT AP /I ¢ T o1 ferfaeors 91w Ie79 | ST @09 27 =iy {7137 Fereqey
G2 (TG [ ©F Vo TR FIF P (N[5 A7 SAICF ST ferceasT F=<: P, I,

fawrer

Interviewer Say: "Now we are going to play some games with numbers. This is sometimes hard for people,
just try to do the best you can.”

FAFIPIF ARSI IEAE/IH 8 T I LT 703 [FF (T (3777 | FICAT FICA &) 5T GG
FIT 2@ AT, ©Cq WA AGTS (BB BT |

MQ9 If | have 20 taka and give you 5 taka, how much do | have left?
R FC2 M 20 Bl ACF 3R APAICF ¢ BT (2, AMNF IR F© 0l 1] 99
YFCq?

Interviewer: Answer is 15 Tk

T QAT ¢ A3 Teq =T 3¢ DIl |

MQ10 If one kilogram of rice costs 20 Taka, how much would 2 kilograms of rice
cost? Interviewer: Answer is 40 Tk

T qF (@S BIETT W Qo0 Bl 2, O 1R (@S BIET i 97 01 1] 99
AT QAT ¢ TF T & 80 BT |
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MQ11 How much would three kilograms of rice cost? Interviewer: Answer is 60

Tk 0|1 99
o (@S DI WIN Fo? ArFIEHIT AR ¢ Al T8 22T wo BT |

MQ12 How much would four kilograms of rice cost? Interviewer: Answer is 80
Tk 0|1 99

B (& BT A Fo? AFICHIT QAT 3 AT T&T T bro BiF |

MQ13 Interviewer: Show the subject a 20 Tk piece.

How many 20 taka pieces does it take to make 100 taka? Interviewer:
Answer is 5 20-Tk pieces.

TFIHIF AT ¢ ACEIE G Q0 BIFH ]! (AT | FI6! R0 BIFT
T G Brt =2 AFITR AR 8 AT TeF 7 20 51 ¢ B @G |

MQ14 If someone gave you this amount of change from 100 taka, how muchwould | 0 | 1 99
you have spent? Interviewer: Answer is 80 Tk
0 AANCE (FC G BIF (ATF R0 BIF (FF© AW S AN F© Bl

LD FCACRA ? FAFIEHT AT ¢ % T6F T bro BIl |

MQ15 Do you remember the three objects | asked you to remember a few minutes
ago? (Interviewer circle all the objects they remember)

g witer (@ foaft fef e T qeefe Siem [ CreteT I =g ?
(ST AT T FACS A, AP SRR GTRTAT o v e |

A. Orange () 0|1 99
B. House (IT) 01| 99
C. Cat (fRomT) 01| 99
MQ16a | Now can you subtract 7 from 100? 0 1

G AT F Soo (ATF q [T FAC© ARE?
Interviewer: Answer is 93

HAFISII AR : T 2T 50

MQ16b | Can you subtract 7 from this answer?

Interviewer: Answer is 86. Answer is also correct if difference between
answer in 16a and 16b is 7 even if 16a was incorrect.

w1y fF 4% Te (0 4 R Fa0e SAHCEe? AT AR ¢ o 0 1
T by | 162 97 Ted i 2eT ge ASS Rew o 79 I 163 @97
16b @ Te=w “1dey A 27 |

MQ16c | Can you subtract 7 from this answer? 0 1

Interviewer: Answer is 79. Answer is also correct if difference between answer in 16a and 16b is 7
even if 16a was incorrect.

ef 5 @B Te (A0F q R[REE F0e 9@ AFIFF 4TI ¢ e = a5 | 16a @3 16b @7 Tew
T R&T A@e AF R oy 7@ I 16b @z 16¢ 97 Teraw Ay q = |

Interviewer Say: "l will now point to some things and | would like you to tell me the name of the objects™
AFISFT SAFIAT IR 8 9T T AT (B [T 211 FCT (AT 432 Qroifey e ferfoer eeans
NI ¢ |

MQ 17 (Interviewer. Hold up a pen) What is this called?

(TFIFIT AR 8 GfB FoT 43F7) BT 57 0] 1 ]9
MQ18 (Interviewer. Point to watch) What is this called?

(ST AR 3 X Fce TR ) B 1 o 01 119
MQ19 (Interviewer. Point to tool) What is this called?

(ST RIS P e T eeer) «Bfar =T o 01 119

MQ20 (Interviewer. Show your knuckles) What do we call these?

(TP RIS SN ZITST O (FAI) ST Q@IS 5 32 0] 1 ]9

MQ21 (Interviewer. Point to your elbow) What do we call these?

(IR AR AT FTOT I3 (ARIT) AT @&t 5 fer? 0| 1 |99
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MQ22 (Interviewer, Point to your shoulder) What do we call this part of our
body?
(TIPS WA HIee s S Teeey) Wone =1 @3 1199
ST AT 5 qfer?
MQ23 Now | am going to say some words and | would like you to repeat them
back to me: Paka papay kaca papaya
Interviewer: allow only 1 trial. Code ""1" requires perfect articulation
of the words.
QY S ST fBg =7 @I QAR * T A SR AW 16 | 1 |99
AT CoATot, FIBT (A |
TFIHIF AT ¢ YNNG I G (R | S’ CFIF (4100 T
HHETA GIFANT AP THRT FCS TS |
Interviewer. Read the full statement below and then hold out a blank piece of paper and | Score
tell the following instructions to the respondent. Do not repeat the instructions, give TF 8
demonstrations or coach the respondent. Give the instruction ONLY ONCE.
"Take this piece of paper in your right hand, fold the paper in half, and put the paper down on
your lap."
AT AR 3 o7 T4 TIDT 1w, Sii qfb At Froie g2 @R e
RO SRR I | AT i3t wat et Rifker orat e | “arre e
TS [, P> ACGF OIer PP G2 PIAGo (FICETT ST AT
MQ24 (Respondent takes the piece of paper in right hand)
(TR PSS BT 2ITS ) 0] 1
MQ25 (Respondent folds paper in half)
(TR PTG AEF SIer I97) 011
MQ26 (Respondent put the piece of paper on lap)
(TR PGS (AT B9 T 011

Interviewer Say: "Now I would like to ask you to try to remember a short story. | am going to read you the
story first and when | am through, I am going to wait a few second and then ask you to tell me as much as
you can remember. The story is: Three children were alone in a house and the house caught on fire. A brave
person managed to climb and carry them to safety. Aside from minor cuts and bruises, all the people were
well." (Wait a few seconds then say). "Please tell me the story."
Interviewer: Write the subjects response verbatim in the space below. Then score the six basic ideas of the
story as present or absent.

ArFISHIT AP IR & G FIN G G (RIG V& 579 JT A 3¢ TR (5B PRI |
ST I FATICF VFOT TG <N G2 T VT T 207 NI FHF CNPS GO FI9 472

SIFAT S [Greee™ P99 - VGO TOGF F AR FIICE I |

VT T 8 “ fonG BT GG AGre G 2T G NGCS AGH T | GFEH AN VT T8
BT (O TIST G2 OICqe =117 Gz e | S FBT - (RO QST IR AqIZ I %o

(FEE CUFS AT I ©IFAT G ) “Foga’R 507 VG0 AP TG

FFIH AR ¢ ARSI TR &7- Foa et ity forgw | @219 ofege @b Ghifers

QIR T TR [ - of (BT |

MQ 27 Three children
of AT ol B
MQ 28 House on fire 1 99
3ifere Sew @afee
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MQ 29 Person climbed in
e @ Tom

99

MQ 30 Children rescued

99

MQ 31 Minor injuries

99

MQ 32 Everyone well
ERIESCIGRPS]

99

Result : Completed =1, Incomplete=2, Refused = 3
FEeT: I ROACR =), TI=3, SOFIRIT FRCRA=O

INOB Interview Observation:
Attention during the test was? Appropriate = 1, Somewhat distracted = 2, Very distracted = 3

U535 BRIl SN ATFIFRATOR NI ReT? TARA=), FROT SCA@IN=2, T @
ST = ©

Comments:
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Appendix H

DIGITS FORWARD

READ EACH DIGIT SPAN ONLY ONCE AT AN EVEN RATE OF 1 DIGIT PER SECOND. READ PART
A OF QUESTION; PAUSE FOR RESPONSE, THEN SCORE. READ PART B OF QUESTION; PAUSE
FOR RESPONSE, THEN SCORE. IF MOTHER DOES NOT RESPOND, DO NOT ENCOURAGE
FURTHER.

G35 Sl M IeT9 N7 Y92 Ie70e 201 W AfSfb fBfes Iaria vy «s G v fNee =9 | A%
A TR I FFRBT IR I SRR (FF F900 7(J | #A16 B T N P01 77 07 SR (FIF FA00
@ | N I (FIAT TR TS 7 BT ST SItF (& FA I A

STOP WHEN CHILD MISSES PART A AND PART B OF ANY ONE QUESTION.
MG AN B O3 T4 (I &% 7w 37 207 19 o0 (596 99 A0S A |

I am going to say some numbers. Listen carefully, and when | am through, say them right after
me. SAY: "Ready" BEFORE EACH QUESTION

I QT AATICE (g T/ @19 | WA M $703e @32 SN TRAQTEAT I A7 A S TR/
JECIA | QL SR ST 7P B |

Correct (3if5%)=1 Wrong ($%1)=0
1A. 9-b-Y
1A. 3-8-6
1B. Y-3-%
1B. 6-1-2
If both 1A and 1B are wrong, skip to reverse items
W 1A @R 1B 762 951 T OF (55f6 % I90® TR
2A. ©9-8-3%-19
2A. 3-4-1-7
2B. b-d-G-Vb
2B. 6-1-5-8
If both 2A and 2B are wrong, skip to reverse items
3 2A Gk 2B 7562 95 T OR (5516 % 90O TR
3A. b-8--9-%
3A. 8-4-2-3-9
3B. &--3-b¥-v
3B. 5-2-1-8-6
If both 2A and 2B are wrong, skip to reverse items
I 3A R 3B bR 91 =¥ O (535 6 % T 7T
A4A. ©O-b-5->-9-8
4A. 3-8-9-1-7-4
4B. 9-5-Y-8-b-9
4B. 7-9-6-4-8-
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If both 4A and 4B are wrong, skip to reverse items
I 4A @R 4B bR o =X orF (655 B 3% TS =01

5A. €-5-49-8--9-b
5A. 5-1-7-4-2-3-8
5B. ®-br-€-->-Y-9
5B. 9-8-5-2-1-6-3
If both 5A and 5B are wrong, skip to reverse items
I 5A @R 5B 762 9o =& o1 (655 6 3% TS 71
6A. 5-Y-8-€¢-5-9-Y-9
6A. 1-6-4-5-9-7-6-3
6B. R-9-9-Y-9-5-¢-8
6B. 2-9-7-6-3-1-5-4
If both 6A and 6B are wrong, skip to reverse items
M 6A a3k 6B 76 o1 =7 o[ 655 b 7w sare =@
TA. €-9-b-9-5>-3-8-b-5
7A.5-3-8-7-1-2-4-6-9
7B. 8-2-Y-5-5-9--9-¢
7B. 4-2-6-9-1-7-8-3-5
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DIGITS BACKWARD

Now | am going to say some more numbers, but this time when | stop, | want you to say them
backward. For example, if | say 9-2-7, what would you say? | said 9-2-7, so to say it backward you
would say 7-2-9. Now try these numbers. Remember, you are to say them backward: 3-6-5.
Q¥ I AT g T77 R, € Q4 N Flr (<17 FA0eT A4 SCH1 W (AT e S FACR | T
Y I AT 5-3-9, SR WA 5 F@rer? 7 w70 0T Sraes wwEr (65 @ bUeT T | W N e A0
0 AN AT 9T (A | (TN AT 19, 9-3-9 AT ST W (ACF I &F FA0T ©f XA, 9-2-5 |
QT AT 9T TRAGTEAT SEBTSI I (O, (R G AT FATFo! I900 A 71 | Q2 SAfey Fe,
©0-Y-¢ OF TTBT FACA [ 2017

Correct (Af3%)=1 Wrong (g1)=0
BA. }-¢
8A. 2-5
8B. Y-©
8B. 6-3
IF BOTH A & B ARE CODED WRONG, STOP TEST.
I BA 9k 8B 4fb% w1 *F ©R (556 B 7% Fa0® W
9A. @-14-8
9A. 5-7-4
9B. R-€-5
9B. 2-5-9
IF BOTH A & B ARE CODED WRONG, STOP TEST.
A 9A @k 9B 7% w1 xA o (596 B a e x|
10A. a-3-5-Y
10A. 7-2-9-6
10B. b-8-5-v9
10B. 8-4-9-3
IF BOTH A & B ARE CODED WRONG, STOP TEST.
T 10A 4R 10B 768 991 <7 o1 (576 b 77 sare =
11A. 8-3-9-¢-19
11A. 4-1-3-5-7
11B. 5-9-b-@-3
11B. 9-7-8-5-2
IF BOTH A & B ARE CODED WRONG, STOP TEST.
3 11A @3 11B %63 91 1 S) 636 6 3% 340 =@
12A. 5-Y-G¢-2-5-V
12A. 1-6-5-2-9-8
12B. ©9-%-9-5-5-8
12B. 3-6-7-1-9-4
IF BOTH A & B ARE CODED WRONG, STOP TEST.
3 12A @3 12B 462 v =7 o1 (655 6 3% Fa0e =3
1BA. b-G-5-3-9-8-23
13A. 8-5-9-2-3-4-2
13B. 8-@-9-5-2-b-)
13B. 4-5-7-9-2-8-1
IF BOTH A & B ARE CODED WRONG, STOP TEST.
I 13A 9k 13B o] w91 =1 o1 (536 & 7% Faee 1
14A. b-5-5-Y-9-3-¢-b
14A. 6-9-1-6-3-2-5-8
14B. ©-5-9-5-¢-8-b-23
14B. 3-1-7-9-5-4-8-2
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Appendix I

Nutritional Information of Mother and Child

T @3 e 2wy

No Respondent’s Anthropometries Responses

Anthro_1 |Mother’s Height in centimetre(cm) [
W el (GI.)

Anthro_2 | Mother’s MUAC in centimetre(cm) ]
(L)

Anthro_3 |Mother’s Weight in Kg L
1 ge (T3fer)

Anthro_4 | Weight of child in gram [ T
e ge (&)

Anthro_5 | Height /Length of child in centimetre(cm) ]
firg St (GfY.)

Anthro_6 |MUAC of child in centimetre(cm) ]
e (@)

Anthro_7 | Head Circumference in centimetre (cm) ]

e (@)
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Appendix J

Wolke’s Behaviour Ratings

Approach

Initial response to the examiner. The examiner addresses a few introduction remarks to the

child and then talks with the mother after giving the child a toy.

Response in the first 5 to 10 minutes is rated. It should be rated immediately, not at the end

of the test.

1. Avoiding: shows stray signs of fear - clinging onto the mother/fussing /looking away,
withdrawing.

2. Between land 3.

3. Hesitant: some fear/obviously worried/ wary and watchful/not happy /not smiling/ not
fussing/ not readily playing but may be slight touching of toy. May look fleetingly at
examiner.

4. Between 3 and 5.

5. Accepting: No sign of fear but aware of examiner /not offering/vocalising or smiling
at examiner / but looking at her from time to time without fear. Plays with toy but not
with vigour.

6. Between5and 7.

7. Friendly: Not afraid. May smile or vocalise or offer toy to examiner after a few
minutes, plays with toy or readily .

8. Between 7 and 9.

9. Inviting: Fully accepts examiner, happily. Interacts with her smiling, vocalizing and/

or approaching. Obviously enjoys toy, may show enthusiasm in playing.

General Emotional Tone

This scale refers to how unhappy and fussy or cheerful and happy the infant appeared

during the examination.

1.

2.

Child seems unhappy throughout assessment, gets very upset, cries and fusses for long
periods or frequently may protest and wail.

Between land 3.
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At times rather unhappy begins to fuss with cries. Short verbal protest but may respond
happily to some procedures.

Between 3 and 5.

Moderately happy or contented (may smiles once or twice and positively vocalises
occasionally in response to some tasks), may become upset occasionally but recovers
fairly easily.

Between 5 and 7.

Generally appears to be in a happy state of well being. Smiles often with some
excitement. Only becomes briefly unhappy once or twice during the whole assessment.
Between 7 and 9.

Radiates happiness, highly excited, nothing is upsetting (never becomes upset),

animated, expressive, smiling and gleeful.

Activity

This scale refers to how physically active the infant was during the testing (gross motor

activity).

1.

Very still, little gross motor movement. Stays quietly in one place, with practically no
self-initiated movement, never wiggles around.

Between 1 and 3.

Usually quiet and inactive, rarely wiggles but responds appropriately in situations
calling for some gross motor activities (motor task)

Between 3 and 5.

Moderate activity, wiggles occasionally and may get up or change position a number
of times, can be quieted for sedentary tests without much difficulty.

Between 5 and 7.

In action during much of the assessment period, gets up frequently, moves around the
room, wiggles, and movements are consolable and can be quieted for sedentary tests,
however with difficulties sometimes.

Between 7 and 9.

Overactive, on the move all the time, wiggles a lot, cannot be quieted for most of the

sedentary tests.
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Co-operation

This is a measure of how well the infant co-operates with the examiner and complies with

her requests.

1.

Resists all suggestions or requests, which are assessment related, very resisting and
uncooperative.

Between 1 and 3.

Refuses or resists several specific examinations initially or refuses to co-operate during
part of the session (e.g., initially or towards the end).

Between 3 and 5.

Accepts the assessment or situation, neither cooperative nor resistant in relation to
examiner, may occasionally say" No" but will conform.

Between 5 and 7.

Seems to enjoy the interaction with the examiner, is happy to participate most of the
time.

Between 7 and 9.

Enjoys the session and always complies, readily accepts the examiner's manipulation.

Vocalisation

Vocalizations refer to non-crying utterances or to recognisable utterances embedded in

crying. These may be cooing, babbling, consonant sounds or words. Crying per se, no

matter how varied, does not qualify.

1.

2
3
4.
5

. Vocalisations occur as part of the activities but too intermittent to constitute vocal

Definitely quiet, 1 or 2 vocalizations.
Between 1 and 3.
Few vocalisations and of short duration.

Between 3 and 5.

excitement, chatter or the like.

Between 5 and 7.

Vocalisations constitute an obvious part of the infant's activity: infant vocalizes for the
sake of vocalizing.

Between 7 and 9.

Excessive vocalisations, high vocal excitement.
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Appendix K

Record Form

Child’s name:
Sex: OM OF ID#:

Examiner’s name:

School/Child care program:

Reason for referral:

Subtest Summary Scores Calculate Age and Start Point
Total Conf. Years Months Days
Raw Scaled  Composite Percentile Interval
Subtest Score Score Score Rank  (__%) Date Tested
Cognitive (Cog) l | | L ] I J ¢
Use Table A.5 e otbinn
Language (Lang) o
Receptive Communication (RC) - . =
i ears X
Expressive Communication (EC) Age ";r'\‘fiogat;": i
monthsi
Sum I | | | Adjustment for | Adjust through
Use Table A4 Prematurity | 24 months
Motor (Mot) Adjusted Age
Fine Motor (FM
: Start Point Calculate start point
Gross Motor (GM) ol according to chart below
1 ]
Use Table A.4
A 16 days-1 month 15 days A
Social-Emotional (SE) l | i l I I I I 1 month 16 days-2 months 15 days B
Use Table A.5 2 months 16 days-3 months 15 days C
Adaptive Behavior 3 months 16 days-4 months 15 days D
*Communication (Com) 4 months 16 days-5 months 15 days E
Community Use (CU) 5 months 16 days-6 months 15 days E
Functional Pre-Academics (FA) ; moﬁ :)6ddays;§ m:::"s :(()) :ays 'c-:
. mon! ays-10 months 30 days
H L HL
St 11 months 0 days-13 months 15 days I
Healivap Sty () 13 months 16 days-16 months 15 days =
*Leisure (LS) 16 months 16 days-19 months 15 days K
SSelEGale () 19 months 16 days-22 months 15 days L
*Self-Direction (SD) 22 months 16 days-25 months 15 days M
*Social (Soc) 25 months 16 days-28 months 15 days N
*Motor (MO) = (GAQ) 28 months 16 days-32 months 30 days (0]
sum |08 i I | I 33 months 0 days-38 months 30 days - P
*For children younger than one year, the GAC is calculated Use Table A.6 39 months 0 days—42 months 15 days Q

using only those skill areas indicated by an asterisk.

P E A R So N Copyright © 2006, 1993, 1984, 1969 by NCS Pearson, Inc. @Psych(_‘orp
All rights reserved. Printed in the United States of America. :
14 15 16 17 18 19 20 A B C D E 9780154027238

ISBN 015402723-5
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Appendix L

o Wﬁrﬂ Tel : 8613243

’{f}}?‘a m Pf\ BX  :9661900-59/4355, 7489
Fax : 880-2-865583
& W lil d E-mail : deanbio@univdhaka.edu
== Wﬁm, Fm—)OOO, ?RW mimdadul07@yahoo.com
. Sy —
- e ol A / S Wge/058-3059 Sifds: db/oe/2054

Professor Dr. Md. Kamal Uddin
Department of Psychology
University of Dhaka

Dhaka-1000.

Sub: Ethical Clearance of Research Proposal entitled “Maternal cognitive
function and neurobehavioral development of underprivileged children”.

Dear Professor Kamal,

I am happy to inform you that your proposal entitled “Maternal cognitive function and
neurobehavioral development of underprivileged children” was placed in the
Ethical Clearance Certificate for Human Participants Committee meeting held on
16.05.2017 and has been approved for conducting your research project.

I wish for the success of your research project.

Professor Dr. i Imdadul Hoque

Dean, Faculty of Biological Sciences
University of Dhaka
Dhaka-1000.
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Appendix M

Protocol Registration and Results System

ClinicalTrials.gov Protocol Registration and Results System (PRS) Receipt

Release Date: October 27, 2017

ClinicalTrials.gov ID: NCT03321591

Study Identification

Unique Protocol ID:
Brief Title:

Official Title:

Secondary IDs:

Study Status

Record Verification:
Overall Status:
Study Start:

Primary Completion:
Study Completion:

Sponsor/Collaborators

Sponsor:

Responsible Party:

Collaborators:

Oversight

U.S. FDA-regulated Drug:
U.S. FDA-regulated Device:
U.S. FDA IND/IDE:

Human Subjects Review:
Data Monitoring:

FDA Regulated Intervention:

89/2015-16

Matermal Cognitive Function and Neurobehavioral Development of
Underprivileged Children

Maternal Cognitive Function and Neurobehavioral Development of
Underprivileged Children

October 2017

Recruiting

September 12, 2017 [Actual]
December 31, 2017 [Anticipated]
February 28, 2018 [Anticipated]

University of Dhaka

Principal Investigator

Investigator: Abu Yusuf Mahmud [amahmud]
Official Title: Principal Investigator
Affiliation: University of Dhaka

No
No
No
Board Status: Not required
No
No

- Page1of7 -

-The End-
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